
EP 0 234 655 1 Description The invention relates to a transconductance
amplifier for converting an input voltage to an output current comprising a
first [err] and a second. [err] Input transistor, each input transistor
having an emitter 5  area [err], the bases of the first and second Input
transistors constituting Inputs for receiving the input volgate and the
emitters of the first and second Input transistors being connected to a
current source, and further comprising at least a first output for the
output current. Such transconductance amplifiers, briefly referred to as
transconductors, are suitable for general uses and in particular for use in
filter circuits, multipliers and oscillators. 10     A transconductor Is a
voltage-controlled current source in which the proportionally factor
between the output current and the input voltage is given by the
transconductance. The simplest transconductor is a differential amplifier,
by means of which a voltage applied between the bases is converted into two
collector signal currents of opposite phase. In a differential amplifier
these signal currents Increase as a linear function of the input voltage
over a small range only, so that the transconductance is only constant over
a 15  very small range of Input voltage. The article "Bipolar Integration
of analog gyrator and laguerre type filters (transconductor-capacitor
filters)" in Proceedings ECCTD'83, September 1983, pages 107-110 describes
a linearised transconductor which comprises two parallel-connected
differential amplifiers, the transistors of each amplifier having different
emitter areas and the bases and the collectors of two transistors having
different emitter areas being interconnected. In the case of a suitable
choice of the ratio between the emitter 20  areas of the transistors, the
linear range of this transconductor Is approximately five times as large as
that of a single differential amplifier. In addition, this known
transconductor may be arranged to form a square-law transconductor, In
which the output current increases as a square-law function of the input
votlage over a specific range. In this case the collectors of the
transistors whose bases are Interconnected are not coupled to each other
but are cross-coupled to the collector of the corresponding transistor of
the other differential 25  amplifier. It is the object of the invention to
provide a transconductor which enables both a linear and a square- law
transconductor with a larger useful output-voltage range to be obtained.
The manner In which the components of a transconductor In accordance with
the Invention are arranged depends on whether the circuit is to be used as
a linear transconductor, in which the output current 30  increases, as far
as possible, as a linear function of the input voltage, or as a square-law
transconductor, in which the output current increases, as far as possible,
as a square-law function of the input voltage. In the case of a linear
transconductor a distinction should be made between class AB and class A
operation of the transconductor. A class AB transconductor is to be
understood to mean a transconductor whose bias current Increases as the
input voltage [err] increases, and a class A transconductor is to be
understood to 35  mean a transconductor whose bias current is independent
of the input voltage [err]. in the transconductors in accordance with the
invention It is possible to obtain an output-voltage range which Is at
least twice as large as that of the known transducers for any value of N by
a suitble choice of the ratio between the emitter areas of the transistors
and the ratio between the resistance values. A class AB linear
transconductor in accordance with the Invention may be characterized in
that 40    - a series arrangement of 2N +1 impedances (Ro, ...,  [err]) is
coupled between the bases of the first [err] and second [err] input
transistor, N being an integer number greater than or equal to 1; the
series arrangement being subdivided in a first and a second group of N
group impedances [err]having respective resistance values [err] and a
central impedance RN having a resistance value WN; the group impedances of
each group being intercon- 45      nected In N-1 junction points [err]being
the junction point of group impedance [err] and [err], where k is an
Integer running from k = 1 to k = N-1; the impedance [err] of each group
being connected to the central impedance [err] in a junction point aN; the
group Impedance Ro of the first and second group being connected to the
base of the first and second Input transistor respectively; - the N-1
junction points [err] and the junction point [err]of each group are
connected to bases of 50      N respective group transistors [err]having
respective emitter areas [err] the group transistors having their emitters
directly connected to the current source, their collectors connected to a
power-supply terminal; - the collectors of the first and second input
transistors constitute the first and a second output of the amplifier. 



55  The difference between the collector currents of the input transistors
then Increases as a linear function of, the input voltage over a specific
range. As a result of the class AB operation of the circuit the bias
current Is comparatively small for low input voltages. As a result of this
the noise level and the d.c. offset at low input voltages are small. 2
EP 0234 65  B1 It is to be noted that appararently the construction of such
a class AB transconductor for which N= 1, and the resistance value
[err]bears some resemblance to the differential amplifier shown In Fig. 1
ofa European Patent Application 0157447. In said differential amplifier the
bias current also Increases as the input voltage increases. However, this
is not a step aimed at increasing the linear range but at increasing 5  the
slew rate, i.e. the maximum rate at which the output signal of the
amplifier can vary in the case of capacitive loading. Moreover, the
amplifier is a negative-feedback differential amplifier in which the
emitters. in contradistinction to the transconductor in accordance with the
invention, are not connected directly to the bias-current source but via a
resistor. A transconductor in accordance with the invention maintains its
linearity over a wide range of bias current, whilst the circuit for
increasing the slew rate only operates in a 10 small current range around
the value for which the circuit has been designed. A class A linear
transconductor In accordance with the invention may be characterized In
that - a series arrangement of 2N+1 impedances [err] Is coupled between the
bases of the first [err] and second [err] Input transistor, N being an
integer number greater than or equal to 1; the series arrangement being
subdivided in a first and a second group of N group 15      Impedances
[err]having respective resistance values [err]and a central impedance RN
having a resistance value [err] the group impedances of each group being
intercon- nected in N-1 junction points [err] being the junction point of
group impedance Rk and Rk+ 1, where k is an integer running from k= 1 to k=
N-1; the impedance [err]of each group. being connected to the central
impedance [err] in a junction point [err]; the group impedance Ro of the
first and 20      second group being connected to the base of the first and
second input transistor respectively; - the N-1 junction points [err]and
the junction point [err] of each group are connected to bases of N
respective group transistor pairs [err]The group transistor pairs having
their emitters: directly connected to the current source, each of the group
transistor pairs comprising two parallel- connected transistors each having
respective emitter areas [err]the collectors of the 25      first
transistors of the pairs being connected to the collector of the first
input transistor and the collectors of the second transistors of the pairs
being connected to the collector of the second input transistor, and in
that the collector of the first input transistor constitutes the first
output of the. transconductance amplifier. The output current in each of
the collectors of the input transistor then varies as a linear function of
the 30 input voltage over a specific range, so that each of these
collectors may constitute an output of the transconductor. A square-law
transconductor in accordance with the invention may be characterized in
that - a series arrangement of 2N+1 Impedances [err] is coupled between the
bases of the first [err] and second [err] input transistor, N being an
integer number greater than or 35     equal to 1; the series arrangement
being subdivided in a first and a second group of N group impedances
[err]having respective resistance values [err]and a central impedance RN
having a resistance value WN; the group impedances of each group being
intercon- nected In N-1 junction points [err] being the junction point of
group Impedance Rk and [err] where k is an integer running from k = 1 to k
= N-1; the Impedance[err] of each group being 40      connected to the
central impedance RN in a junction point [err] the group impedance Ro of
the first and second group being connected to the base of the first and
second input transistor respectively; - the N-1 junction points [err]and
the junction point [err] of each group are connected to bases of N
respective group transistors [err] having respective emitter areas [err]
the group transistors having their emitters directly connected to the
current source, their collectors 45      connected to the first output of
the transconductance amplifier. 



The output current in the first output then decreases as a square-law
function of the Input voltage over a specific range. If, in accordance with
the further embodiment, the collectors of the Input transistors are
interconnected these collectors may constitute a second output of the
transconductor because the current in this output then increases as a
square-law function of the input voltage. 60     Embodiments of the
Invention will now be described in more detail, by way of example, with
reference to the accompanying drawings in which: Fig. 1 is the circuit
diagram of a class AB linear transconductor in accordance with the
invention, Fig. 2 shows the circuit diagram of a class A transconductor in
accordance with the invention, Fig. 3 is the circuit diagram of a
square-law transconductor in accordance with the invention, 55    Fig. 4
shows a class AB linear transconductor in accordance with a first
embodiment Fig. 5 shows a class AB linear transconductor in accordance with
a second embodiment, Fig. 6 shows a class AB linear transconductor in
accordance with a third embodiment, Fig. 7 shows a class AB linear
transconductor in accordance with a fourth embodiment, 3    EP 0 234 655 B1
Fig. 8 shows a class AB linear transconductor in accordance with a fifth
embodiment, Fig. 9 shows a class A linear transconductor in accordance with
a first embodiment, Fig. 10 shows a class A linear transconductor in
accordance with a second embodiment, Fig. 11 shows a square-law
transconductor, 5     Fig. 12 shows a base-current compensation circuit for
a transconductor in accordance with the Invention and Fig. 13 shows a
series arrangement of two transconductors in accordance with the invention.
Fig. 1 is the circuit diagram of a class-AB linear transconductor In
accordance with the invention. Between a first power-supply terminal 1 and
a second power-supply terminal 2 the transconductor comprises two input
transistors [err]and [err] whose bases 3 and 4 constitute the inputs for
receiving an Input voltage [err] and whose emitters are connected to the
output 5 of a current source 6 which can supply a current 1. A voltage
divider is arranged between the bases 3 and 4 and comprises 2N + 1
resistors [err] [err] having resistance values Wk, where k = 0, 1, ..., N.
The 2N junction points [err] [err] are connected to bases of the
transistors [err]having emitter areas [err], 15 where k = 1, ..., N. The
emitters of these 2N transistors are connected to the output 5 of the
current source 6. The collectors of the transistors [err]and [err]
constitute the outputs 7 and 8 of the transconductor, whilst the collectors
of the transistors [err] are connected to the positive power-supply
terminal 1. In the quiescent state the transistors [err] drain a part of
the current I from the current source 6, so that the bias current
through.the transistors [err] and [err] is only a fraction of the current
1. As 20  the input voltage [err] increases the transistors [err] draw an
increasingly smaller part of the current 1, so that the bias current
through one of the transistors [err] and [err] increases. The advantage of
such a bias current which increases with the Input voltage is that for
small Input voltages [err] there will be less noise and less offset than In
the case of a constant bias current. For each value N the ratio between the
emitter areas [err] where k = 0, ... N, of the transistors [err]and the
ratio 25  between the resistance values Wk (K = 0, ..., N) of the resistors
[err] can be selected In such a way that the difference between the
collector currents of the transistors [err] and [err] has a linear
relationship with the input voltage [err] over an as large as possible
range. This will be explained hereinafter by means of some examples of
class AB linear transconductors. The difference between the collector
currents of the transistors [err] can be obtained by means of a
differential-to-single-ended converter 9 30  of arbitrary construction.
This converter 9 may comprise, for example, a current mirror, of which the
simplest version is shown in the Figure and which comprises a
diode-connected PNP transistor [err] and a PNP transistor [err] connected
in parallel therewith. The difference between the collector currents of the
transistors [err]and [err] can then be taken from the output 8. Fig. 2
shows the circuit diagram of a class A linear transconductor in accordance
with the invention. 35  Identical parts bear the same reference numerals as
in Fig. 1. The transistors [err] are now each constructed as two
parallel-connected identical transistors [err] and [err] with K = 1 ... N,
the 



collectors of all the transistors [err] being connected to the collector of
the transistor [err] and the collectors of all the transistors [err] being
connected to the collector of transistor [err]. As a result of these
collector connections the d.c. component of the currents on the output 7
and 8 Is Independent of the input voltage [err] 40 which means that the
circuit operates in class A. The ratio between the emitter areas [err]where
K = 0. N. of the transistors [err]and the ratio between the resistance
values [err] where K = 0, ..., N, of the resistors [err]may be selected in
the same way as in the circuit of Fig. 1. In that case the current at the
output 7 Increases as a linear function of the Input voltage [err] and the
current on the output 8 decreases as a linear function of the input voltage
[err]. This will be explained in more detail by 45 means of example. It has
the advantage that both the output 7 and the output 8 may be used directly
as the output of the circuit. This makes the circuit very suitable for
operation at high frequencies, because it is not necessary to use a
differential-to-single-ended converter comprising PNP transistors, which
generally has less satisfactory high-frequency properties. In the Figure
the output current appears on the output 7. The output 8 is connected to
the first power-supply terminal 1. However, it Is alternatively possible to
employ the so  difference between the currents on the outputs 7 and 8 as
the output current of the circuit, which difference can again be obtained
by means of a differential-to-single-ended converter. Fig. 3 shows the
circuit diagram of a square-law transconductor in accordance with the
Invention. Identical parts bear the same reference numerals as In Fig. 1.
The collectors of the transistors [err]and [err] are now connected to an
output 7 and the collectors of the transistors[err]are connected to 55  an
output 8. For any value of N the ratio between the emitter areas [err]
where K = 0, ..., N, of the transistors [err]and the ratio between the
resistance values WK (K = 0, ..., N) of the resistors [err] can be selected
in such a way that the current on each of the outputs 7 and 8 has a
square-law relationship with the input voltage [err] over an as large as
possible range. Both the output 7 4    EP 0 234 655 B1 and the output 8 may
serve as the output of the circuit, the output which is not used being
connected to. for example, the positive power-supply terminal 1. However,
it Is alternatively possible to employ the difference between the currents
on the outputs 7 and 8 as the output current of the circuit, which
difference can again be obtained by means of a differential-to-single-ended
converter. 5     Fig. 4a shows a class AB linear transconductor in
accordance with a first embodiment, which is the simplest embodiment. This
embodiment corresponds to the circuit shown in Fig. 1 if N = 1, the
resistor [err] has a resistance value [err]and the two junction points
[err] are commoned to form one junction point. Between the bases 3 and 4 of
the transistors [err]and [err] voltage divider comprising two resistors
[err] is arranged, the junction point of these resistors being connected to
two transistors [err] each having an emitter 10 area [err]. In the present
embodiment these transistors [err] are suitably commoned to form a single
transistor having an emitter area [err] as is shown in Fig. 4b. If the
collector currents of the transistors [err]and [err] are [err] and [err]
respectively the following relationship applies to the circuit shown in
Fig. 4b: [err] 15 When the input voltage is [err] a voltage [err] appears
between the bases of the transistors [err] and [err] and between the bases
of the transistors [err] and [err] as a result of the voltage division by
the resistors [err]. If the ratio between the emitter areas of the
transistors [err] and [err] or [err] is [err], it follows from the well-
known exponential relationship between the collector current and the
base-emitter voltage of a transistor 20 that: 25            [err] If and 40
[err]                                    (4) 45 It follows from equations
(3) and (4) that the difference between the collector currents of the
transistors [err] and [err] is: so             [err] 



Series expansion of the exponential functions yields: 55 5    EP 0 234 655
B1 [err] 2      4 where 10 [err] which may be reduced to 15 [err] 20 If d
= [err] i.e. for n = 4, this equation provides maximum linearity. Thus, for
an emitter area of the transistor [err] which is 4x as large as that of the
transistors [err] and [err] the difference between the collector currents
of the transistors [err] and [err] increases as a linear function of the
input voltage [err]over an as large as possible range. In the linear range
the following approximation is valid: from which it follows that the
transconductance G = [err]/Vis directly proportional to the current 1 from
the 30 current source 6, so that the transconductance can be varied by
varying the current 1. This renders the circuit particularly suitable for
use as a variable resistance (R =1/G)inilter arrangements, enabling the
magnitude of the RC time constants to be varied. For a ratio between the
emitter areas [err]te transistor [err]draws2/3 of the current I from the
current source 6 for small input voltages [err] so that the effective bias
current is then equal to 1/3. At 35 increasing input voltages this bias
current increases, which has the advantage that for low input voltages the
arrangement exhibits a lower noise level and a lower d.c. offset than the
known transductors. Fig. 5 shows a class AB linear transconductor in
accordance with a second embodiment, identical parts bearing the same
reference numerals as in Fig. 4a. This embodiment corresponds to the
circuit of Fig. 1 in the case that N = 1 and the resistor [err] has a
resistance [err]. in comparison with the circuit shown in Fig. 40 4a a
resistor [err] is arranged between the bases of the transistors [err]. In a
similar way as for the circuit of Fig. 4 it can be found for the circuit
shown in Fig. 5 that the difference between the collector currents of the
transistors [err] and [err] and the input voltages [err] are in a linear
relationship over an as large as possible range, if the ratio between the
emitter areas of the transistors [err] and[err] is substantially equal to
[err] = 5:1 and the ratio between the resistance values of the resistors
[err] and [err] Is substantially equal to [err]= 8.5. 45 It is to be noted
that in order to obtain a ratio containing only integers the resistance
ratio may be selected to be [err] = 2:1, which results in overcompensation.
Fig. 6 shows a class AB linear transconductor in accordance with a third
embodiment. This embodiment corresponds to the arrangement shown in Fig. 1
in the case that N = 2, the resistor [err] has a resistance value W2 = 0
and the two junction points [err] are commoned to form a single junction
point. For this circuit It 50 is possible to demonstrate that an optimum
linear relationship between the output current [err] and the input voltage
[err] Is obtained for a ratio between the emitter areas of the transistors
[err] and [err] which is substantially equal to [err] = 32:49:9 and for a
ratio between the resistance values of the resistors [err] and [err] which
is substantially equal to [err]In the present embodiment the emitter-area
ratio and the resistance ratio may be selected to equal [ERR]= 1:6:4 and
[ERR]= 2:1 respectively in order to obtain 55 easy-to-realise ratios. In
this embodiment the transistors T2 may be combined to form a single
transistor having an emitter area equal to [ERR]. Fig. 7 shows a class AB
linear transconductor in accordance with a fourth embodiment, which
corresponds to the arrangement shown In Fig. 1 in the case that N = 2 and
the resistor [ERR] has a resistance 6    EP 0 234 655 B1 



value W2 unequal to zero. In order to obtain an as large as possible range
within which the output current [ERR] - [err] increases as a linear
function of the input voltage [err] the emitter areas of the transistors
[err] and [err] should be proportioned in such a way that [err]=25:17:3 and
the resistance values of the resistors [err] [err]and [err] should have a
ratio which is substantially equal to [err] = 2.4:2:1. 6     Fig. 8 shows a
class AB linear transconductor in accordance with a fifth embodiment which
is identical to the arrangement of Fig. 1 for N = 3 and a resistance value
of the resistor [err] which is [err] = 0. In the present embodiment the
linear range is as large as possible if the ratio between the emitter areas
of the transistor, [err] and [err]is substantially equal to [err]=5:9:6:1
and the ratio between the resistance values of the resistors [err] and
[err] is substantially equal to [err]=47:36:17. In the 10  present
embodiment the transistors [err] are preferably also combined to form a
single transistor. The properties of the class AB linear transconductor in
accordance with the embodiment shown in. Figs. 4 to 8 are given In the
following Table. The Table also gives the properties of a normal
differential amplifier and the transconductor in accordance with the
aforementioned article in the Proceedings ECCTD'83. 15
Type of transconductor       A=1% (mV)   C.E. (%)    S Differential
amplifier (prior art)  6         6 Proc. ECCTD 83 (prior art)       30
40      l Figure 4                         60          40      1/3 20
Figure 5                         142          47      1/6 Figure 6
255          51      1/10 Figure 7                        400          53
1/15 Figure 8                        575          55      1/21 25  For each
transconductor the above Table consecutively gives: the voltage for which
the departure from the linear characteristic has increased to 1 %; the
current efficiency (C.E.) which indicates the fraction of the current I to
which the signal current is equal when the 1 % linearity deviation is
reached, and the effective bias current (S) for low input voltages. It
follows from the Table that the simplest embodiment of the class AB
transconductor (Fig. 4) already has a linear voltage range which is 2 x as
large as that of the known transconductor and a linear voltage range which
is even 10 x as large as that of a normal differential amplifier. Thin
linear range becomes increasingly larger for the consecutive embodiments.
The effective bias current S then decreases, which means that the noise
level and the d.c. offset are also further reduced. Fig. 9 shows a class A
linear amplifier in accordance with a first embodiment, In which Figure
identical parts bear the same reference numerals as in Fig. 2. This
embodiment corresponds to the arrangement shown in Fig. 2 in the case that
N = 1, the resistor [err] has a resistance value [err] = O and the junction
points [err] are commoned to form a single junction point. One transistor
[err] then constitutes the transistor [err] whose collector is connected to
the collector of the transistor [err] and the other transistor [err]
constitutes the transistor [err] whose collector is connected to the
collector of the transistor [err] The ratio between the emitter areas of
the transistors [err] and [err] and those of [err] and [err] is then
[err]2:1 and is consequently equal to that used in Fig. 4. The fact that
the currents on the outputs 7 and 8 then each increase as a linear function
of the input voltage can be demonstrated as follows. The difference between
the output currents as linear because, as compared with the circuit shown
in Fig. 4a, a similar current is added to the currents [err] and [err].
Further, the sum of the output currents on the outputs 7 and 8 is equal to
the current I from the current source 6, which means that the output
currents each should then also increase as a linear function of the input
voltage. As a result of this, both the current in output 7 and the current
in output 8 can be used directly as the output current of the
transconductor. If one of the outputs is employed, the other output may be
connected to, for example, the first power-supply terminal. However, it is
alternatively possible to employ 50 the difference between the currents on
said outputs as the output current of the circuit. The linear range of the
arrangement is the same as that of the arrangement shown in Fig. 4. The
d.c. component in each of the output currents is constant and is 1/2. For
small input voltages the noise and the d.c. offset are therefore higher
than In the corresponding class AB transconductor shown in Fig. 4. Fig. 10
shows a class A linear transconductor in accordance with a second
embodiment. This 55 arrangement corresponds to the arrangement shown in
Fig. 2 In the case that N = 1 and the resistor [err] has a resistance [err]
unequal to zero. Each of the transistors [err] and [err] then has an
emitter area equal to half the emitter area of the transistor [err] used in
the arrangement shown in Fig. 5. In the same way as in the class AB
transconductors the arrangement shown In Fig. 2 may be 



constructed as a higher-order class A linear transconductor. The linear
range then Increases In the same 7    EP 0 234 655 B1 way as specified in
the above Table for the class AB transconductors. Fig. 11 shows a
square-law transconductor in accordance with a first embodiment, identical
parts bearing the same reference numerals as in Fig. 3. This arrangement
corresponds to the arrangement shown in Fig. 3 in the case that N = 1 and
the resistor [err] has a resistance WI = 0. Suitably, the transistors [err]
5  are combined to form a single transistor having an emitter area [err].
If the collector currents of the transistors [err] and [err] are again
[err] and [err] respectively the circuit complies with: [err] io  For an
input voltage [err] a voltage [err] will appear between the bases of the
transistors [err]and [err] and between the bases of the transistors [err]
and [err] as a result of the voltage division by the resistors [err] If the
ratio between the emitter areas of the transistors [err] and those of the
transistors [err] and [err] Is [err] = n:1, the following is valid: 15
[err] 20 For [err] 25 it follows from equations (9) and (10) that: [err]
(11) By means of a series expansion of the exponential functions It can be
demonstrated, in a similar way as for the arrangement shown in Fig. 4b,
that the relationship between the output current 12 on output 8 decreases
as a square-law function of the input voltage over an as large as possible
range if the emitter-area ratio Is 35  substantially equal to [err]=10:1.
In that case the current [err] on the output 7 Increases as a square- law
function of the Input voltage [err]. Therefore, not only the current on
output 7 but also the current on output 8 may be utilized as the output
current of the arrangement. However, it is alternatively possible to take
the difference of these currents as the output current. The purely
quadratic range of the transconductor is substantially twice as large as
that of the known transconductor. 40     For the embodiments of a
square-law transconductor with values of N > 1 it is possible, in the same
way as for the arrangement shown in Fig. 11, to find a ratio between the
emitter areas of the transistors and a resistance ratio for which the
square-law range is as large as possible. The invention is not limited to
the embodiments described above. Within the scope of the present invention
many modifications are obvious to those skilled In the art. For example,
the impedances of the 46 voltage dividers in the above embodiments are not
limited to pure resistors. In parallel with the resistors It is. possible
to arrange, for example, capacitors in order to improve the high-frequency
behaviour of the arrangements. In addition the transistors shown in the
above embodiments may be driven by buffer transistors. These transistors
may be employed in a suitable manner in order to reduce the influence of
the base currents of the transistors and hence the voltage drop across the
voltage-divider resistors on the. so  operation of the arrangement. Another
method of reducing this influence will be described with reference to Fig.
12, which illustrates this possibility for the embodiment shown in Fig. 4b.
Identical parts bear the same reference numerals as in Fig. 4b. The base
currents for the transistors [err] and [err] are supplied by a current
source 15 which can supply a current [err] where [err] is the current-gain
factor of the transistors [err] and [err]. The current [err] is applied to
a dividing circuit comprising three PNP transistors [err] and T22 55 having
the same emitter-area ratio as the transistors [err] and [err].
Consequently, the collector currents of the transistors [err] and [err] are
equal to the base currents of the transistors [err] and [err]. Further, the
input voltage range of the transconductor can be extended by not applying
the total input voltage but by applying, via a voltage divider, a fraction
of the total input voltage to the inputs of the transconductor. This 8   



EP 0 234 655 B1 results in a reduction of the effective transconductance.
The effective transconductance can also be reduced by utilising only a part
of the output current by means of a current divider. In order to increase
the output voltage range it is further possible to arrange two or more
transconductors "in series". Fig. 13 illustrates this for the
transconductor shown in Fig. 9. Corresponding parts of the second
transconductor are 5  primed in this Figure. As a result of the voltage
division by the resistors [err] half the input voltage appears between the
bases of the transistors [err] and [err] and the bases of the transistors
[err] and [err] which voltages are converted into output currents of
opposite phase by each of the transconductors. The corresponding outputs of
the two transconductors are interconnected so that the corresponding output
currents are added to each other. 10 Claims 1. A transconductance amplifier
for converting an input voltage to an output current comprising a first
[err] and a second [err] input transistor, each input transistor having an
emitter area eo, the bases of 15    the first and second input transistors
constituting inputs for receiving the input voltage and the emitters of the
first and second input transistors being connected to a current source, and
further comprising at least a first output for the output current,
characterized In that - a series arrangement of 2N + 1 impedances [err]is
coupled between the bases of the first [err]and second [err] input
transistor, N being an integer number greater than 20       or equal to 1;
the series arrangement being subdivided into a first and a second group of
N group impedances[err]having respective resistance values [err]and a
central impedance RN having a resistance value [err] the group impedances
of each group being interconnected in N-1 junction points [err] being the
junction point of group impedance [err] and [err] where k is an integer
running from k- 1 to k = N-1; the impedance [err] 26          of each group
being connected to the central impedance [err] in a junction point [err]
the group impedance [err] of the first and second group being connected to
the base of the first and second Input transistor respectively; - the N-1
junction points [err] and the junction point [err] of each group are
connected to bases of N respective group transistors [err] having
respective emitter areas [err] 30          [err] the group transistors
having their emitters directly connected to the current source, their
collectors connected to a power-supply terminal; - the collectors of the
first and second input transistors constitute the first and a second output
of the amplifier. 35  2. A transconductance amplifier as claimed in Claim
1, characterized In that for a resistance value [err] of the central
Impedance [err] equal to zero the two junction points [err] are commoned to
form a single junction point aN. 3. A transconductance amplifier for
converting an input voltage to an output current comprising a first 40
[err] and a second [err] input transistor, each input transistor having an
emitter area [err] the bases of the first and second input transistors
constituting inputs for receiving the input voltage and the emitters of the
first and second input transistors being connected to a current source, and
further comprising at least a first output for the output current,
characterized In that - a series arrangement of 2N+ 1 impedances [err]is
coupled between the 45          bases of the first [err]and second [err]
Input transistor, N being an integer number greater than or equal to 1; the
series arrangement being subdivided into a first and a second group of N
group impedances [err]having respective resistance values [err] and a
central impedance [err] having a resistance value [err] the group
impedances of each group being interconnected in[err]junction points [err]
being the junction point of group 50          Impedance Rk and [err]where k
is an integer running from k= 1 to k = N-1; the impedance [err] of each
group being connected to the central impedance RN in a junction point [err]
the group impedance [err] of the first and second group being connected to
the base of the first and second input transistor respectively; - the N-1
junction points [err]and the junction point [err] of each group are
connected to bases 55          of N respective group transistor pairs
[err]the group transistor pairs having their 



emitters directly connected to the current source, each of the group
transistor pairs comprising two parallel-connected transistors each having
respective emitter areas [err]the collectors of the first transistors of
the pairs being connected to the collector of the first input    EP
*    C    L    M    S   * results in a reduction of the effective
transconductance. The effective transconductance can also be C
reduced by utilising only a part of the output current by means of a
current divider. In order to Increase the output voltage range It is
further possible to arrange two or more transconductors "in series". Fig.
13 illustrates this for the transconductor shown In Fig. 9. Corresponding
parts of the second transconductor are 5  primed in this Figure. As a
result of the voltage division by the resistors [err] half the Input
voltage appears between the bases of the transistors [err] and [err] and
the bases of the transistors [err] and [err] which voltages are converted
into output currents of opposite phase by each of the transconductors. The
corresponding outputs of the two transconductors are interconnected, so
that the corresponding output currents are added to each other. 10 Claims
1. A transconductance amplifier for converting an input voltage to an
output current comprising a first [err] and a second [err] input
transistor, each input transistor having an emitter area eo, the bases of
15     the first and second input transistors constituting inputs for
receiving the input voltage and the emitters of the first and second input
transistors being connected to a current source, and further comprising at
least a first output for the output current, characterized in that: - a
series arrangement of 2N + 1 impedances [err]is coupled between the bases
of the first [err]and second [err] input transistor, N being an integer
number greater than 20         or equal to 1; the series arrangement being
subdivided into a first and a second group of N group impedances [err]
having respective resistance values [err] and a central impedance [err]
having a resistance value WN; the group impedances of each group being
interconnected in N-1 junction points [err] being the junction point of
group impedance [err] and [err] where k is an integer running from k = I to
k = N-1; the impedance [err] 25          of each group being connected to
the central impedance RN in a junction point [err] the group impedance
[err] of the first and second group being connected to the base of the
first and second input transistor respectively; - the N-1 junction points
[err] and the junction point [err] of each group are connected to bases of
N respective group transistors [err] having respective emitter areas [err]
30         [err]the group transistors having their emitters directly
connected to the current source, their collectors connected to a
power-supply terminal; - the collectors of the first and second input
transistors constitute the first and a second output of the amplifier. 35
2. A transconductance amplifier as claimed in Claim 1, characterized In
that for a resistance value WN of the central impedance RN equal to zero
the two junction points [err] are commoned to form a single junction point
[err]. 3. A transconductance amplifier for converting an input voltage to
an output current comprising a first 40     [err] and a second [err] input
transistor, each input transistor having an emitter area [err], the bases
of the first and second input transistors constituting inputs for receiving
the input voltage and the emitters of the first and second input
transistors being connected to a current source, and further comprising at
least a first output for the output current, characterized in that: - a
series arrangement of 2N + 1 impedances [err] is coupled between the 45
bases of the first [err] and second [err] input transistor, N being an
integer number greater than or equal to 1; the series arrangement being
subdivided into a first and a second group of N group impedances [err]
having respective resistance values Wo, [err] and a central impedance RN
having a resistance value WN; the group impedances of each group being
interconnected in N-1 junction points [err] being the junction point of
group 50          impedance [err] and [err] where k is an integer running
from k = 1 to k = N-1; the impedance RN-1 



of each group being connected to the central impedance RN In a junction
point [err] the group impedance [err] of the first and second group being
connected to the base of the first and second input transistor
respectively; - the N-1 junction points [err]and the junction point [err]
of each group are connected to bases 55          of N respective group
transistor pairs [err]the group transistor pairs having their emitters
directly connected to the current source, each of the group transistor
pairs comprising two parallel-connected transistors each having respective
emitter areas [err]the collectors of the first transistors of the pairs
being connected to the collector of the first input    EP 0 234 655 B1
1111111111111111111111111111 *   C   L   M   S   * transistor and the
collectors of the second transistors of the pairs being connected to the
collector of the second input transistor, and in that the collector of the
first input transistor constitutes the first output of the transconductance
amplifier. 5  4. A transconductance amplifier as claimed in Claim 3,
characterized in that the collector of the second input transistor
constitutes a second output of the transconductance amplifier. 5. A
transconductance amplifier as claimed in Claim 3 or 4, characterized in
that for a resistance value [err] of the central impedance RN equal to zero
the two junction points [err] are commoned to form a single a 10
compound transistor. 6. A transconductance amplifier for converting an
input voltage to an output current comprising a first [err] and a second
[err]) input transistor, each input transistor having an emitter area [err]
the bases of the first and second input transistors constituting inputs for
receiving the input voltage and the emitters 15     of the first and second
Input transistors being connected to a current source, and further
comprising at least a first output for the output current, characterized in
that - a series arrangement of 2N + 1 impedances [err]is coupled between
the bases of the first [err] and second [err] input transistor, N being an
Integer number greater than or equal to 1; the series arrangement being
subdivided into a first and a second group of N group 20
Impedances [err] having respective resistance values Wo, [err]and a central
impedance RN having a resistance value WN; the, group impedances of each
group being interconnected in N-1 junction points [err]being the junction
point of group impedance [err] and [err] where k Is an Integer running from
k = 1 to k = N-1; the impedance [err] of each group being connected to the
central impedance RN in a junction point [err]; the group 25
impedance [err] of the first and second group being connected to the base
of the first and second input transistor respectively; - the N-1 junction
points [err] and the junction point [err] of each group are connected to
bases of N respective group transistors [err] having respective emitter
areas [err] [err] the group transistors having their emitters directly
connected to the current source, their 30          collectors connected to
the first output of the transconductance amplifier. 7. A transconductance
amplifier as claimed in  Claim 6, characterized in that the collectors of
the first and second input transistors are connected to a second output of
the transconductance amplifier. 35  8. A transconductance amplifier as
claimed in Claim 6 or 7, characterized In that for a resistance value [err]
of the central impedance RN equal to zero the two junction points [err] are
commoned to form a single junction point [err]. 9. A transconductance
amplifier as claimed in Claim 2 or 5, characterized in that for N=1 the
ratio 40     between the emitter areas is substantially equal to [err] =
2:1. 10. A transconductance amplifier as claimed In Claim 2 or 5,
characterized in that for N=2 the ratio between the emitter areas is
substantially equal to [err]=32:49:9 and the ratio between the resistance
values Is substantially equal to [err]= 1.9:1. 45 11. A transconductance
amplifier as claimed in Claim 2 or 5, characterized In that for N=3 the
ratio between the emitter areas is substantially equal to [err]=5:9:6:1 and
the ratio between the resistance values is substantially equal to [err] =
47:36:17. 



50  12. A transconductance amplifier as claimed In Claim 1 characterized in
that for N  I the ratio between the emitter areas Is substantially equal to
[err]5.1 and the ratio between the resistance values Is substantially equal
to [err]=8:5. 13. A transconductance amplifier as claimed In Claim 1,
characterized In that for N  2 the ratio between the 55     emitter areas
Is substantially equal to [err]=25:17:3 and the ratio between the
resistance values Is substantially equal to [err]=2.4:2:1. 14. A
transconductance amplifier as claimed in Claim 8, characterized In that for
N = 1 the ratio between  the 10    EP 0234 655 B1 emitter areas is
substantially equal to [err]=5:1.                111111111111111111111111
Revendlcatlons 6  1. Amplificateur de conductance de transfert pour
convertir une tension d'entree en un courant de sortie comportant un
premier transistor d'entree (Tol) et un douxibme transistor d'entree (TO2),
chaque transistor d'entrde prdsentant une surface d'emetteur e,, les bases
des premier et dewdbme transistors d'entrde constituant les entrees pour la
r~ception de la tension d'entrde et les emetteurs des premier et deuxilme
transistors d'entree etant connect~s a une source de courant, et comportant
en outre au 1a     moins une entrde de sortie pour le courant de sortie,
caracterise en ce quo - un montage en serie de deux 2N+I impedances (Fo,
...,. Ri., RN, RN.1. .... Ro) est coupie entre les bases des premier (To1)
et dowdame (To2) transistors d'ertrde, N 6tant un nombre entler supdrleur
ou egal a 1, le montage en serle etant dlvis6 en un premier groupe et un
dewdime groupe de N impedances de groups Ra, Ri, ..., F,1. pr~sentant des
vaieurs de resistance 15          respect;ves WO, WI ..., WN.1 et une
Imp6dance centrale RN presentant une valour de r6sistance WN; les
Impedances de groupe de chaque- groups etant interconnectees I N-1 points
de jonction a,. a2, ..., ak, ..., IN., ak, aN.I, ak ftant le point de
jonction des Impedances de groupe RI et Rk+l, k etant un nombre entier
ailant de k = 1 & k = N-1; l'Imp6dance RNj de chaque groupo dtant connectae
k une impedance centrale RN a un point de jonction aN; I'lmpddance de
groupe Ro des 20          premier et deuxibme groupes etant connect6o & la
base respectivement des premier et deuyibme transistors d'entree; - les N-i
points de jonction a,, ..., a,, et le point de jonction au de chaque groupe
sont connectds aux bases de N transistors de groups respectls T1, T2, ....
TN.1, TN pr~sentant des surfaces d'4metteur respectives el, e2, ..., eN,,
,ew, les 6metteurs des transistors de group. etant 2s          connect~s de
fagon directe I la source de courant, lurs collecteurs etant connectes t
une borne d'aiimentation; - les collecteurs des premier et deuxebme
transistors dlentrde constituant les premiere et deuxibme sorties de
l'amplficateur. 30  2. Amplificateur de conductance de transfort selon la
revendicatton 1, caractdrise en ce quo pour une valour ohmique WN de
l'mp6dance centrale RN egale a zero, les deux points de jonction aN sont
combines de fagon a former un soul point de Jonction aN. 3 Amplfficateur de
conductance do transfert pour convertir une tension d'entree en un courant
de sortie 36     comportant un premier transistor d'entrde (Toi) ot un
deuxlbme transistor d'entree (TO2), chaque transistor d'entree prdsentant
une surface d'4metteur 00, les bases des premier et deuxibme transistors
d'entree constituant les entrdes pour la r6ception de la tension d'entrde
et les dmetteurs des premier et deuxieme transistors d'entree etant
connectes & une source de courant. et comportant en outre au moins une
entrde de sortie pour le courant de sortie, caractkrisd en ce quo 40
- un montage en s6rie de 2N + 1 impedances (Ro, ..., RN1., RN. RN-,*- ...,
RO) est couple entre les bases d'un premier (To,) et deuxibme (TO2)
transistor d'entrde, N etant un nombre entier superieur ou egal & 1; le
montage en serie etant subdivise en un premier groups et un deuxleme groupe
de N impedances de groupe Ro, R1. ..., RN.1 presentant des valeurs de
resistance respectives Wo, WI, .... WN.1 et une impedance centrale RN
presentant une valeur de resistance 46          WN; les impedances de
group. de chaque groupe etant interconnect6es a N-1 points de jonction ai .
2, ..., ak, .- aN,. ak etant le point de jonction de l'lmpedance de groups
Rk et rke ., k etant un 



nombre entier allant de k = 1 & K = N-1; Iimpedance RN.1 de chaque group.
etant connectee a l'fmpedance centrale RN a un point de jonction aN;
I'lmpedance de groupe RO des premier et deuxibme groupes etant connectde a
la base respectivement des premier et deuxleme transistors 50
d'entree, - les N-1 points de jonction al, ..., awl et le point de jonction
aN de chaque groupe sont connectis aux bases de N paires de transistor de
groups respectifs T1, T2, ;.., TN.1, les emetteurs des paires de
transistors de groupe dtant connectas de fagon directe a la source de
courant, chaque paire de transistors de groupe comportant deux transistors
montes en parallele, chacun prdsentant une 65          surface d'rmetteur
respective e0, 02, .., N- ,1, EN. les collecteurs des premiers transistors
de la paire ftant connectes au collecteur .du premier transistor d'entrde
et les collecteurs des deuxib- mes transistors des paires dtant connectes
au collecteur du deuxibme transistor d'entrde, et en ce que le collecteur
du premier transistor d'entree constitue la premibre sortie de
I'amplificateur 11    EP 0 234 655 B1 de conductance de transfert.
*                __ 4. Amplficateur de conductanice de transfert selon la
revendlcation 3, caracterise en ce quo le collecteur du deuxleme transistor
d'entree constitue une deuxieme sortie de l'ampliflcateur de conductance de
6      transfert. 5. Amplificateur de conductance de transfert selon la
revendlcatlon 3 ou 4, caract*rls6 en co quo pour une valour ohmique Wm de
l'impddance centrale RN dgale & zero, les deux points de jonction aN sont
combln6s de fagon a fonner un soul transistor compos6. 10 6. Amplificateur
de conductance de transfert pour convertir une tension d'entree en un
courant de sortie comportant un premier transistor d'entr6o (,01) at un
deuxieme transistor d'entr6e Cro2). chaque transistor d'entrde presentant
une surface dodmetteur ea, les bases des premier et deuxieme transistors
d'entroe constituant les entrdes pour la receptlon de la tension d'entree
et les emetteurs des premier et 16     deuxieme transistors d'entree etant
connect~s a une source de courant et comportant en outre au moins une
entree de sortie pour le courant de sortie, caractdris6 en ce quo - un
montage en sere de 2N +1 impEdances (Ro, ..., RN1I RN, Rt.i, ...,s Ro) est
couple entre les bases des premier (rot) et deuxibme (TO2) transistors
d'entree, N dtant un nombre entler superieur ou egal & 1; Is montage en
seri dtant subdivise on un premier et un deuxieme groupe 20          do N
Impedances de group. Ro, R1, RN.1 presentant des vaieurs de resistance
respectives WO. WI, ..., WN.1 et une impedance centrale RN presentant une
valour do resistance WN; les Impedances de groupe de chaque groups etant
interconnecties a N-i points de Jonction ai, a2, a.. Jk, ... a,.  a k
eftant le point de jonctlon de rimpedance de groups Rk et Rk+, k etant un
nombre entier ailant de K=1 a k=N-1; I'impedance RN.t de chaque groups
etant connectee I 25          I'impedance centrals RNA. un point de
jonction aw, rimpedance de groupe Ro des premier et deuxieme groupos etant
connectde a la base respectivement des premier et deuxieme transistors
d'entree, - les N-1 points de Jonction a,, ... e 1 et le point de Jonction
aN de chaque group. sont connectds aux bases de N transistors de groupe
respectifs TI, T2, ..., TN.1, TN presentant des surfaces 30
d'emetteur respectives e1, e2, ..., eN., eN; les emetteurs des transistors
de groups etant connectds de fagon directe & la source de courant, fours
collecteurs etant connectds a la premibre sortie de ramplfficateur de
conductance de transfert 7. Amplificateur de conductance de transfert selon
la revendlcation 6, caractdris6 en ce que les 96     collecteurs des
premier et deuxieme transistors d'entrie sont connectes a une deuxieme
sortie de l'ampliflcateur de conductance de transfert. 8. Amplificateur de
conductance de transfert-selon la revendication 6 ou 7, caracterise en co
quo pour une valour ohmique WN de l'impedance centrals RN 6gale a zero, les
deux points de jonction aN sont 40     combines de fagon a former un soul
point de jonction 8N. 9. Amplificateur de conductance de transfert selon la
revendication 2 ou 5, caracterise en ce quo pour N 



= 1, le rapport entre les surfaces d'Emetteur eat pratiquement egal & eo:e
= 2:1. 45  10. Ampilflcateur de conductance de transfert selon la
revendication 2 ou 5, caracteris6 en ce quo pour N = 2, le rapport entre
les surfaces d'emetteur eat pratiquement egal  e02:0e :e0 32:49:9 et le
rapport entre les valeurs ohmiques esat pratiquement egal & WI :WO = 1.9:1.
11. Amplificateur de conductance de transfert selon la revendicatlon 2 ou
5, caracterisd en ce que pour so     N = 3, le rapport entre les surfaces
d'emetteur est pratiquement egal & ea:ea:e, :e0 = 5:9:8:1 et le rapport
entre les valeurs ohmiques eat pratiquement dgal a W2:W1 :WW=47:36:17. 12.
Amplificateur de conductance de transfert selon la revendlcation 1,
caractErise pour N = 1, le rapport entre les surfaces d'emetteur eat
pratiquement egal a o :e =5:1 et le rapport entre lee vaieurs 56
ohmiques est pratiquement dgal h Wi .WO = 8:5. 13. Amplificateur de
conductance de transfert selon la revendicatlon 1, caracterisd pour N=2, Is
rapport entre lea surfaces d'emetteur eat pratiquement dgal a e2ael:e.
=25:17:3 et le rapport entre les valeurs 12    EP 0234655  B1 ohmiques est
pratiquement egal a W2:Wi :Wo=2,4:2:1. 14. Ampliflcateur de conducltance de
transfert selon la revendication 8i caractdrise en ce quo pour N = 1, le
rapport entre les surfaces dOrmetteur est pratiquement egal a e01:O=5:1.
PatentansprOche 1. Steilheltsverstdrker zum Urmsetzen einer Eingangsspanung
In elnen Ausgangsstrom, mit einem ersten (To,) und elnem zweiten
Eingangstransistor (TrO2), wobei jeder Eingangstransistor eine
Emltterfiiche ee 10     besitzt, die Basen der ersten und zwelten
Eingangstransistoren zum Empfangen der Eingangsspannung Einginge bilden und
die Emitter der ersten und zwelten Eingangstransistoren an olne Stromquellb
angeschlossen sind, und auflerdem mit einem ersten Ausgang fMr den
Ausgangsstrom, dadurch gekennzoichnet, daR - ehe Reihenschaltung von 2N + 1
Impedanzen (Ro...Ru1, RN, F61....Ro) zwischen den Basen des 16
ersten (To,) und des zweiten (To2) Eingangstransistors gelkoppelt ist,
worin N sine ganze Zahl grofler als odor gleich 1 st, wobel die
Reihenschaltung In eine erste und in sine zweite Gruppe von N
Gruppenimpedanzen Ro, RI ... RN., mit jeweils den Widerstandswerten WO, WI
... Wm., und sine zentrale Impedanz RN mit einem Widerstandswert Wm
aufgetellt lot, die Gruppenimpedanzen jeder Gruppe an N-1
Verbindungspunkten al, a2...ak...aN.1 miteinander verbunden sind, worin ak
20          der Verbindungspunkt der Gruppenimpedanz Rk und Rk+1 ist, worin
k eine ganze Zahl lot, die von k = 1 bis k = N-1 iauft die Impedanz RN.1
jeder Gruppe an elnem Verbhndungspunkt aN mit der zentralen Impedanz
verbunden ist, die Gruppenimpedanz Ro der ersten und der zwelten Gruppe mit
der Basis des ersten bzw. des zweiten Eingangstransistors verbunden !st, -
die N-1 Verbindungspunkte al ...aN., und der Verbindungspunke aN jeder
Gruppe mit Basen von N 25         jewelIlgen Gruppentransistoren T, T2 ....
TN.1 TN mit jeweillgen Emitterflichen  ,, e2 ...I el.,, ON verbunden sind,
wobel die Gruppentransistoren mit ihren Emittem dlrekt mit der Stromquelle
verbunden sind, und ihre Kollektoren mit einer Energieversorgungsquelle
verbunden sind, - die Kollektoren der ersten und zweiten
Eingangstransistoren den erseten und den zwelten Ausgang des Verstarkers
darstellen. 30 2. Steilheitsverstarker nach Anspruch 1, dadurch
gekennzeichnet, daB fOr einen Widerstandswert WN der zentralen Impedanz RN
glelch Null die zwel Verbindungspunkte aN zur Bildung sines einzigen
Verbindungspunkts am zusammengeschaltet sind. 35 3. StellheitsverstFirker
zum Umsetzen einer Eingangsspannung in eonen Ausgangastrom, mit elnem
ersten (To,) und einem zweiten Eingangstranalstor (To2), wobei Jeder
Eingangstranslstor sine Emitterfiache eO besitzt, die Basen der ersten und
zweiten Eingangstransistoren zum Empfangen der Elngangsspannung EIngAnge
bilden und die Emitter der ersten und zweiten Eingangstransistoren an elne
Stromquelle 40     angeschlossen sind, und auBerdem mit sinom ersten
Ausgang ffr den Ausgangsstrom, dadurch 



gakennzeichnet, daBi - eine Reihenschaltung von 2N + I Impedanzen
Ro...RN1,, RN, RN.,...Ro) zwischen den Basen des ersten (To,) und des
zweiten (To2) Eingangstransistors gekoppelt ist, worin N sine ganze Zahl
grdfier als oder gleich 1 ist, wobei die Relhenschaltung In sine erste und
in sine zwelte Gruppe 45          von N Gruppenimpedanzen Ro, R1 ...RN-1
mit jeweils den Widerstandswerten Wo, WI ...WN.W und eine zentrale Impedanz
RN mit einem Widerstandswert WN aufgotellt ist, die Gruppenimpedanzen Jeder
Gruppe an N-1 Verbindungspunkten at, a2...ak...aN-. miteinander verbunden
sind, worin ak der Verbindungspunkt der Gruppenimpedanz Rk und Rk1I ist,
worin k olne ganze Zahl ist, die von k= 1 bis k = N-1 luft, die Impedanz
RN. jeder Gruppe an einem Verbindungspunkt aN mit der 60          zentralen
Impedanz verbunden ist, und die Gruppenimpedanz Ro der ersten und der
zweiten Gruppe mit der Basis des ersten bzw. des zweiten
Eingangstransistors verbunden ist, - die N-1 Verbindungspunkte a, ...aN..
und der Verbindungspunkt aN jeder Gruppe mit Basen von N jeweiligen
Gruppentransistorpaaren TI, T2...TN.1, TN verbunden sind, wobel die
Gruppentransistor- paare mit ihren Emittern direkt mit der Stromquelle
verbunden sind, jedes der Gruppentransistor- 6s          paare zwel
parallelgeschaltete Transistors mit jeweiligen Emitterflachen 1, 02 ...., e
O1 eN enthalten, und die Kollektoren der ersten Transistoren der Paare mit
dem Kollektor des ersten Eingangstran- sistors und die Kollekloren der
zwelten Transistoren der Paare mit dem Kollektor des zwelten
Eingangstransistors verbunden sind, und dal der Kollektor des ersten
Eingangstransistors den 13    EP 0 234 655 B1 ersten Ausgang des
Steilheitsverstarkers bildet.         111111111111111111111111111111 4.
Steilheitsverstarker nach Anspruch 3, dadurch gekennzeichnet, daB der
Kollektor des zweiten Eingangstransistors einen zweiten Ausgang des 5
Steilheitsversf~rkers darstellt. 5. StelIheitsverstArker nach Anspruch 3
oder 4, dadurch gekennzeichnet, dafl fOr einen Widerstandswert WN der
zentralen Impedanz RN gleich Null die zwei Verbindungspunkte aN zur Bildung
eines Verbundtransistors zusammengeschaltet sind. to 6.
Steilheitsverstarker zum Umsetzen einer Eingangsspannung in elnen
Ausgangsstrom, mit elnem ersten (To,) und einem zwelten Eingangstransistor
(TO2), wobel jeder Eingangstransistor eine Emitterflache fo besitzt, die
Basen der ersten und zwelten Eingangstransistoren zum Emptangen der
Eingangsspannung Eingange bnlden und die Emitter der ersten und zweiten
Eingangstransistoren an eine Stromquelle 16     angeschlossen sind, und
aulerdem mit einem ersten Ausgang fOr den Ausgangsstrom, dadurch
gekennzeichnet, daS - eine Reihenschaltung von 2N +  Impedanzen
(Ro...RN.1,,  RN,1...Ro) zwischen don Basen des ersten (Tol) und des
zwelten (T62) Eingangstransistors gekoppelt Ist, worin N eine ganze Zahl
gr6oer als oder gleich 1 Ist, wobel die Relhenschaltung in eine erste und
in elne zweite Gruppe 20          von N Gruppenimpedanzen Ro, R1 ...RN.1
mit jeweils den Widerstandswerten WO, W1 ...W. und eine zentrale Impedanz
RN mit einem Widerstandswert WN aufgeteilt Ist, die Gruppenimpedanzen jeder
Grupps an N-1 Verbindungspunkten a,, a2...ak...aN.1 miteinander verbunden
sind, worin ak der Verbindungspunkt der Gruppenimpedanz Rk und Rk1 1ist,
worin k eine ganze Zahl isti die von k = 1 bis k = N-1 Iluft, die Impedanz
RN.1 jeder Gruppe an elnem Verbindungspunkt aN mit der 25
zentralen Impedanz RN verbunden ist, die Gruppenimpedanz Ro der ersten und
der zwelten Gruppe mit der Basis des ersten bzw. des zwelten
Eingangstransistors verbunden ist, die N-1 Verbindungspunkte al ...aN.1 und
der Verbindungspunkt aN jeder Gruppe mit Basen von N jeweiligen
Gruppentransistoren Ti, T2...TN.4, TN mit jeweiligen Emitterfiachen Si,
e2... eN1, SN verbunden sind, wobei die Gruppentransistoren mit ihren
Emittern direkt mit der Stromquelte 30          verbunden sind, und ihre
Kollektoren mit dem ersten Ausgang des Steilheitsverstrrkers verbunr den
sind. 7. Steilheitsverstarker nach Anspruch 6, dadurch gekennzeichnet, dalB
die Ko[Iektoren der ersten und zweltert Eingangstransistoren mit einem 



ss     zweiten Ausgang des WteilheltsverstArkers verbunden sind. 8
Stellheitsverstarker nach Anspruch 6 oder 7, dadurch gekennzelchnet, dal
flr einen Widerstandswert WN der zentralen Impedanz RN gleich Null die zwei
Verbindungspunkto aN zur Bildung eines einzigen Verbindungspuncts aN
zusammengeschaltet 40     sind. 9. Steiaheitsverstirker nach Anspruch 2
oder 5, dadurch geicennzeichnet, daB fUr N =1 des Verhaitnis zwischen den
EmItterfilchen im wesentlichen gleich ele:s = 2:1 betragt. 46 10.
Steilheitsverstarker nach Anspruch 2 oder 5, dadurch gekennzelchnet, daB
fOr NS2 das Verhiltnils zwischen den Emitterflachen im wesentlichen gleich
ei :ee = 32:49:91 und das Verhaltnis zwischen den Widerstandswerten Im
wesentlilhen gleich W. :WO = 8:5 betrIgt. 60 11. Steilheitsverst~rker nach
Anspruch 2 oder 5, dadurcIh gekennzeichnet, daB fOr N = 3 das Verhfltnis
zwischen den Emitterfilchen im wesentlichen gleich ei:esi :e. = 5:9:6:1 und
das Verhiltnis zwlschen den Widerstandswerten im wesentlichen gleich W2:W1
:W= 47:36:17 betrAgt 55 12. Steilheitsverstrrker nach Anspruch 1, dadurch
gekennzeichnet, daB fOr N = 1 das VerhAltnis zwischen den Emitterfl~chen im
wesentlichen gleich e1 :eo = 5:1 und das Verhltnils zwlschen den
Widerstandswerten Im wesentlichen gleich WI :WO 14    EP 0 234 655 B1 * C
L   M   S   * = 8:5 betragt. 13. Steilheitsverstfrker nach Anspruch 1,
dadurch gekennzeichnet, daO fur N=2 das VerhAltnis zwischen den
Emiterflachen im wesentlichen 5      jgleich 82:81:e9 = 25:17:3 und das
Verhiltnis zwlschen den Widerstandswerten Im wesentlichen gleich W2:W1:W0 =
2.4:2:1 betr"gt. 14. Steilheitsverstlrker nach Anspruch 8, dadurch
gakennzeichnet, daP fir N =1 das Verh~ltnis zwlschen den Emflterfilchen Im
wesentlichen 10     gleich e :e = 5:1 betragt. 16 20 25 s0 36 40 45 50    


