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trolled current source by means of which a bal- anced input voltage is
converted into a balanced The invention relates to a filter arrangement
output current. The proportionality factor between comprising a balanced
amplifier having an inverting  the output current and the input voltage is
given by input, a non-inverting input, an inverting output and    5   the
transconductance (1/R). Generally, this tran- a non-inverting output, a
first input terminal and a  sconductance can be varied over a comparatively
second input terminal, a first feedback circuit com-  wide range, thus also
enabling the time constant of prising a first capacitor and arranged
between the  the filter arrangement to be varied over a compara-
non-inverting output and the inverting input, a sec-  tively wide range.
ond feedback circuit comprising a second capacitor   10  A first embodiment
of a filter arrangement in substantially identical to the first capacitor
and ar-  accordance with the invention is characterized in [err] between
the inverting output and the non-     that a load circuit is arranged
between the outputs inverting input, a transconductor circuit with vari-
of the transconductance circuit which load circuit able tranconductance
comprising two inputs con-     comprises two current-source transistors
whose nected to the Input terminals of the filter arrange-  15  collectors
are connected to the otuputs of the tran- ment and two outputs coupled to
the inverting and  sconductance circuit and whose bases are con-
non-inverting inputs of the balanced amplifier.     nected to a common
control input which is coupled Such a filter arrangement is known from
United  to the junction point of two resistors arranged be- States Patent
Specification 4,509,019. Said filter  tween the outputs of the
transconductance circuit. arrangement constitutes an integrator. Between
the   20  The output currents of the transconductance cir- two input
terminals and the two inputs of its am-   cuits are fed directly to the
inputs of the amplifier. plifier two MOS resistors are arranged. The resis-
The load circuit accurately defines the direct vol- tance values of these
resistors can be adjusted by  tages on the outputs and ensures that only
the means of a control voltage applied to the gate     signal currents are
transferred to the outputs. electrode. This control voltage enables the
RC-time   25  A second embodiment of the filter arrangement constant of the
resistor and the capacitor to be   in accordance with the invention may be
character- adjusted to the desired value.                      ized in that
the transconductance circuit comprises A balanced input voltage is applied
to the first  a differential amplifier with two transistors whose input
terminal and the second input terminal of the  bases are connected to the
input terminals, whose filter arrangement and a balanced output voltage is
30  collectors are connected to the outputs of the tran- available on the
inverting output and the non-invert-  sconductance circuit, and whose
emitters are con- ing output of the amplifier. This output voltage is
nected to a common current source whose current substantially exempt of
even-order harmonic distor-  is variable. A differential amplifier is the
simplest tion, which is caused inter alia by non-linearities of  form of a
transconductance circuit. The transcon- the MOS resistors. This is because
such distortions   35  ductance of such a circuit can be varied by varying
are cancelled as a result of the balanced drive and  the current supplied
by the common emitter-cur- the symmetrical construction of the arrangement.
rent source. In such a transconductance circuit the A drawback of this
known arrangement is that    signal currents increase as a linear function
of the [err ]time constant of the arrangement is only adjust-  input
voltage over a comparatively small range able over a comparatively small
range, because the   40  only, so that the transconductance is constant
only resistance values of the MOS transistors can be     over a
comparatively small range of input voltages. varied only over a
comparatively small range.      A larger linear input voltage range of the
transcon- Therefore, it is the object of the invention to  ductance circuit
can be obtained in a third embodi- provide a filter arrangement whose time
constant   ment of a filter arrangement in accordance with the can be
adjusted over a comparatively wide range.  45  invention, characterized in
that the transconduc- In accordance with the invention a filter arrange-
tance circuit comprises two differential amplifiers ment of the type
defined in the opening paragraph   each comprising two transistors which
have un- is characterized in that the transconductor circuit  equal emitter
areas and whose emitters are con- comprises a plurality of active devices
each having  nected to a common current source whose current a control
input terminal and first and second output  50  is variable, of which two
differential amplifiers the terminals, the control input terminals of at
least two  bases are interconnected and the collectors of two of said
active devices being connected to the in-  transistors with different
emitter areas are con- puts of the transconductor circuit, the first output
nected to each other to an output of the transcon- terminals of the at
least two active devices being  ductance circuit. In the case of a suitable
choice of connected together and the second output termi-  55  the ratio
between the emitter areas the linear range nals being coupled respectively
to the outputs of  of this transconductor is substantially five times as
the transconductor circuit.                        large as that of a
single differential amplifier. A transconductance circuit is a voltage-con-
An even larger linear range of the transconduc- 



2    3                 EP0270156B1                         4 tance circuit
can be obtained, if the filter arrange-  in accordance with the invention,
ment in accordance with a fourth embodiment is        Fig. 2 shows a
transconductance circuit for use characterized in that the transconductance
circuit   in the arrangement shown in Fig. 1, comprises a differential
amplifier with two transis-  Fig. 3 shows another transconductance circuit
tors, whose bases are connected to the input termi-   5  for use in the
arrangement of Fig. 1, nals, whose collectors are connected to the outputs
Fig. 4 shows yet another transconductance cir- of the transconductance
circuit, and whose emitters   cuit for the arrangement of Fig. 1, are
connected to a common current source whose        Fig. 5 shows an amplifier
for use in the arrange- current is variable, and in that a voltage divider
is  ment of Fig. 1, and arranged between the bases of the two transistors
10  Fig. 6 shows two filter arrangements in accor- and has its junction
point connected to the bases     dance with the invention coupled to each
other. of two transistors whose emitters are connected to     Fig. 1 shows
the basic diagram of a filter the common current source and whose
collectors      arrangement in accordance with the invention. The are
connected to the outputs of the transconduc-   filter arrangement comprises
an amplifier 1 having tance circuit.                                 15  a
non-inverting input 2, an inverting input 3, an Instead of bipolar
transistors the transconduc-  inverting output 4 and a non-inverting output
5. tance circuit may comprise field-effect transistors.  Further, the
filter arrangement comprises a tran- In accordance with a fifth embodiment
the tran-     sconductance circuit 10, briefly referred to as tran-
sconductance circuit may then be characterized in   sconductor. The
simplest form of such a transcon- that it comprises a first differential
amplifier with  20  ductor 10 is a differential amplifier comprising two
two field-effect transistors whose source electrodes  transistors [err] and
T2 whose bases are connected are connected to a first common current source
to the input terminals 6 and 7 of the filter arrange- and whose drain
electrodes are connected to the     ment and whose emitters are connected
to an outputs of the transconductance circuit, and a sec-  adjustable
common current source [err] The collec- ond differential amplifier arranged
in parallel with  25  tors of these transistors constitute the outputs 11
said first differential amplifier and comprising two  and 12 of the
transconductor and are connected to field-effect transistors whose source
electrodes are  the inputs 2 and 3 of the amplifier 1. Between the
connected to a second common current source         outputs 11 and 12 of
the transconductor 10 a load and whose drain electrodes are cross-coupled
to     circuit is arranged, comprising two substantially the drain
electrodes of the field-effect transistors of  30  identical resistors
[err] and R2, whose junction point the first differential amplifier.
is connected to the common base of two PNP A sixth embodiment of a filter
arrangement in   transistors [err] and [err] by means of a diode, the
accordance with the invention is characterized in   emitters of said PNP
transistors being connected to that the balanced amplifier comprises two
transis-  the positive power-supply terminal and the collec- tors arranged
as a differential pair, whose bases   35  tors to the outputs 11 and 12 of
the transconductor. are coupled to the non-inverting input and the
It is to be noted that, instead of by means of a inverting input and whose
collectors are connected  diode, the junction point between the resistors
[err] to the inverting output and the non-inverting output  and R2 may also
be connected to the common of the amplifier, between which two outputs a
load  base of the transistors [err] and T4 by means of a circuit is
arranged comprising two current-source   40  transistor whose control
electrode is at a reference transistors whose collectors are connected to
the   voltage of an operational amplifier of which one inverting output and
the non-inverting output of the  input is connected to the junction point
between amplifier and whose bases are connected to a        the resistors
[err]  and the other input is at a common control input which is coupled to
the        reference voltage. junction point between two load resistors
arranged   45  By means of the resistors [err] and R2 and the between the
outputs of the amplifier.              diode [err] the common base of the
transistors [err] Generally, such a filter arrangement in accor-  and [err]
is driven in such a way that the transistors dance with the invention is
utilized in circuits in  [err] and [err] supply the direct currents for the
transis- which it is coupled to a second filter arrangement.  tors [err]
and T2. The direct voltages on the outputs In accordance with a further
embodiment the input  50  11 and 12 of the transconductor are then equal to
terminals of the second filter arrangement are con-  the positive
power-supply voltage minus one diode nected to the tappings provided on the
load resis-  voltage and one base-emitter voltage. As the direct tors of
the load circuit of the amplifier of the first  voltages on the outputs 11
and 12 are equal no filter arrangement.
direct current will flow through the resistors [err] and 



Embodiments of the invention will now be de-  55   R2. A balanced input
voltage is applied to the input scribed in more detail, by way of example,
with    terminals 6 and 7 of the filter arrangement. The reference to the
accompanying drawings, in which   transconductor 10 converts this input
voltage into Fig. 1 is a basic diagram of a filter arrangement  two signal
currents of opposite phase which are 3    5                  EP0270156B1
6 superimposed on the direct currents through the      published 02, 09,
87. The transconductor 10 com- transistors [err] and T2. The signal current
through    prises a differential amplifier, comprising two tran- the
resistors [err] and [err] is only very small because   sistors whose bases
are connected to the input the negative-feedback amplifier 1 ensures that
the   terminals, whose emitters are connected to a com- signal voltage
between inputs 2 and 3 is very low.   5   mon current source 15, and whose
collectors are The signal currents flowing into the collectors of
connected to the outputs 11 and 12 of the tran- the transistors [err] and
T2 are applied almost fully to  sconductor. A voltage divider comprising
two sub- the capacitors [err] and C2 on account of the nega-     stantially
identical resistors [err] and [err] is arranged tive feedback of the
amplifier 1. Consequently, an   between the bases of the transistors [err]
and [err] integrated balanced output voltage will appear on   10   The
junction point between the resistors [err] and R4 the outputs 4 and 5 of
the amplifier 1. The even-   is connected to the bases of two transistors
T12 order harmonic distortions caused by the non-         and [err]  whose
emitters are connected to the emit- linearities of the arrangement
substantially cancel  ters of the transistors [err] and [err]  and whose
each other owing to the symmetrical construction     collectors are
connected to the outputs 11 and 12. of the filter arrangement and the
balanced drive. As   15   The emitter areas of these transistors [err] and
T13 a result of this, the range over which the output    are twice as large
as those of the transistors [err] voltage increases as a linear function of
the input  and [err]  . For this ratio between the emitter areas voltage is
comparatively large. The time constant   the linear voltage range of the
transconductor is of the arrangement is equal to the product of the   found
to be approximately twice as large as that of [err] of the capacitors [err]
and C2 and the   20  the transconductor shown in Fig. 2. inverse of the
transconductance of the transcon-        For transconductors constructed by
means of ductor 10. The transconductance of the transcon-     bipolar
transistors the transconductance is gen- ductor can then be varied over a
wide range by       erally proportional to the current of the supply-
varying the current of the current source [err] so that  current source. By
making this current program- a large range of time constants can be
obtained.  25   mable, for example in a binary manner, it is possi- Fig 2
shows an example of a transconductor      ble to construct programmable
filters. for use in the arrangement shown in Fig. 1. Iden-        Fig. 4
shows another transconductor for use in tical parts bear the same reference
numerals. It is  the arrangement shown in Fig. 1. Identical parts to be
noted that this transconductor is known per    bear the same reference
numerals as in Fig. 2. se from the article "Bipolar Integration of analog
30   This transconductor comprises MOS transistors in- gyrator and laguerre
type filters (transconductor-   stead of bipolar transistors. It is to be
noted that capacitor filters") in Proceedings ECCTD '83, Sep-  this
transconductor is known per se from the article tember 1983, pages 107-110.
The transconductor       "Analog Integrated Filters or Continous Time
Filters 10 comprises a first differential amplifier which is  for LSI and
VLSI", ESSCIRC Sept. '85, page 292. constituted by two transistors [err]
and [err] whose   35   The transconductor 10 comprises a first differential
bases are connected to the input terminals 6 and 7,  amplifier comprising
two MOS transistors Ts and whose emitters are connected to a common current
[err] whose gates are connected to the input termi- [err]  and whose
collectors are connected to     nals 6 and 7, whose source electrodes are
con- [err] outputs 11 and 12. The emitter area of the         nected to a
first current source 12, and whose drain transistor Ts is four times as
large as that of the   40  electrodes are connected to the outputs 11 and
12. transistor T6. Further, the transconductor 10 com-   The transconductor
10 further comprises a second prises a second differential amplifier
comprising    differential amplifier comprising two MOS transis- two
transistors [err] and [err] having their bases con-   tors [err] and [err]
whose source electrodes are con- nected to the bases of the transistors
[err] and [err]    nected to a second current source 13. The gate of their
collectors to the collectors of the transistors  45  the transistor [err]
is connected to that of the transis- Ts and T6, and their emitters to the
common cur-    tor [err] and the gate of the transistor [err] is con- rent
source [err] which is identical to the current     nected to that of the
transistor [err] The drain of the source 12. The transistor [err] has an
emitter area     transistor T7 is connected to the drain of the tran- which
is four times as large as that of the transistor  sistor Ts and the drain
of the transistor [err] is [err] For this ratio between the emitter areas
of the   50  connected to the drain of the transistor [err] The 



transistors the linear range of the transconductor 10  transistors [err]
and [err] are identical to each is found to be approximately five times as
large as  other. This transconductor also has a comparatively that of the
transconductor shown in Fig. 1.         large linear voltage range. Fig. 3
shows another example of a transcon-          It is to be noted that
instead of the transcon- ductor for use in the arrangement shown in Fig. 1.
55  ductors shown other transconductors may be em- It is to be noted that
this transconductor is de-    played. scribed in
Fig. 5 shows a suitable example of an amplifier European Patent Application
EP-Al-0 234 655,         1 for use in the filter arrangement shown in Fig.
1. 4    7                  EP 0 270156 B1                      8 The
amplifier 1 comprises a differential pair with   Identical parts bear the
same reference numerals the transistors [err] and T22 whose bases
constitute   as in Fig. 1, the parts of the second amplifier the
non-inverting input 2 and the inverting input 3,  arrangement being primed.
The amplifiers 1 and 1' whose collectors are connected to the positive
each comprise a load circuit identical to the load poser-supply terminal,
and whose emitters are con-   5   circuit of the amplifier shown in Fig. 5,
the only nected to the bases of two transistors [err] and [err]
difference being that the load resistors [err] and [err] arranged as a
differential pair, whose collectors are  are tapped. The input terminals 5'
and 7' of the cross-coupled to the bases and whose emitters are    second
filter arrangement are connected to these connected to a current source
[err] via a common        tappings of the first filter arrangement. The
full resistor Rs. Further, the amplifier comprises two   10  signal voltage
appears across the load resistors [err] transistors [err] and T24 arranged
as a differential   and [err] In order to prevent the transconductor 10'
pair, whose bases are connected to the emitters of   from being ovedriven
only a fraction of this voltage the transistors [err] and [err] and whose
emitters are   may be applied to the input terminals 6' and 7' of connected
to the current source [err] The collectors  the second filter arrangement.
It is to be noted that of the transistors [err] and T24 constitute the
invert-  15  the input terminals of the second filter arrangement ing
output 4 and the non-inverting output 5 of the   may also be cross-coupled
to the outputs of the amplifier. A load circuit is arranged between the
first amplifier arrangement. outputs 4 and 5 and comprises a PNP transistor
The invention is not limited to the embodi- [err] whose emitter is
connected to the positive       ments shown. Within the scope of the
invention power-supply terminal, whose collector is connect-  20   many
variants are conceivable to those skilled in ed to the output 4, and whose
base is connected to  the art. For example, in each embodiment shown the
base of a PNP transistor [err] whose emitter is    one transconductor is
connected to the inputs of connected to the positive power-supply terminal
the amplifier. However, it is alternatively possible to and whose collector
is connected to the output 5.    connect a plurality of transconductors to
the inputs The common base of the transistors T27 and [err] is  25  of the
amplifier, another balanced input signal be- connected to the junction
point between two iden-   ing applied to each transconductor. In addition,
it is tical resistors [err] and R7 via a diode D2, which      possible to
combine the load circuits of these tran- resistors are arranged between the
outputs 4 and     sconductors. Moreover, it is obvious that the out- 5.
Instead of a diode D2 it is possible to use a     puts of one or more
similar filter arrangements may transistor whose base is at a reference
voltage or   30   be connected directly to the inputs of an amplifier. an
operational amplifier of which one input is con- nected to the junction
point between the resistors   Claims [err] and R7 and of which the other
input is at a reference voltage. It is to be noted that this am-   1. A
filter arrangement comprising a balanced plifier is the subject of a Patent
Application (PHN    35  amplifier (1) having an inverting input (3), a
11.936) filed simultaneously with the present Ap-        non-inverting
input (2), an inverting output (4) plication. In this respect it is
observed only that the  and a non-inverting output (5), a first input
balanced Input voltage applied to the bases 2 and       terminal (6) and a
second input terminal (7), a 3 is converted into a balanced current by the
first feedback circuit comprising a first capaci- differential pair [err]
the differential pair [err]  40  tor (C2) and arranged between the
non-invert- [err] providing an increased slope of the arrange-        ing
output (5) and the inverting input (3), a ment. The differential pair [err]
provides addi-      second feedback circuit comprising a second tional
current gain, which gain is defined by the        capacitor [err]
substantially identical to the first value of the resistor Rs which
determines the ratio      capacitor (C2) and arranged between the in-
between the bias currents of the differential pair  45   verting output (4)
and the non-inverting input [err]  and the differential pair [err]  The
load   (2), a transconductor circuit (10) with variable 



circuit ensures that the direct voltages on the out-     tranconductance
comprising two inputs con- puts 4 and 5 remain accurately constant. The
tran-       nected to the input terminals (6,7) of the filter sistors [err]
and [err] compensate for the bias cur-         arrangement and two outputs
(11,12) coupled rents of the transistors [err] and [err] so that only  so
to the inverting (3) and non-inverting (2) inputs signal currents appear on
the outputs 4 and 5.           of the balanced amplifier (1), characterized
in Since the signal currents on the outputs 4 and 5        that the
transconductor circuit (10) comprises a remain accurately balanced, no
signal voltage will       plurality of active devices [err] each having
appear on the junction point between the resistors       a control input
terminal and first and second Rs nand [err] Therefore, the junction point
con-   55     output terminals, the control input terminals of stitutes a
virtual signal earth.                         at least two of said active
devices being con- Fig. 6 shows two filter arrangements in accor-
nected to the inputs (6,7) of the transconductor dance with the invention
coupled to each other.          circuit (10), the first output terminals of
the at 5    7                 EP0270156B1                         8 The
amplifier 1 comprises a differential pair with  Identical parts bear the
same reference numerals the transistors [err] and T22 whose bases
constitute  as in Fig. 1, the parts of the second amplifier the
non-inverting input 2 and the inverting input 3.  arrangement being primed.
The amplifiers 1 and 1' whose collectors are connected to the positive
each comprise a load circuit identical to the load poser-supply terminal,
and whose emitters are con-   5   circuit of the amplifier shown in Fig. 5,
the only nected to the bases of two transistors [err] and [err]  difference
being that the load resistors [err] and R7 arranged as a differential pair,
whose collectors are  are tapped. The input terminals 5' and 7' of the
cross-coupled to the bases and whose emitters are   second filter
arrangement are connected to these connected to a current source [err] via
a common       tappings of the first filter arrangement. The full resistor
[err] Further, the amplifier comprises two   10  signal voltage appears
across the load resistors [err] transistors T23 and T24 arranged as a
differential  and R7. In order to prevent the transconductor 10' pair,
whose bases are connected to the emitters of  from being ovedriven only a
fraction of this voltage the transistors [err] and T22 and whose emitters
are  may be applied to the input terminals 6' and 7' of connected to the
current source [err] The collectors  the second filter arrangement. It is
to be noted that of the transistors T23 and T24 constitute the invert-  15
the input terminals of the second filter arrangement ing output 4 and the
non-inverting output 5 of the  may also be cross-coupled to the outputs of
the amplifier. A load circuit is arranged between the   first amplifier
arrangement. outputs 4 and 5 and comprises a PNP transistor          The
invention is not limited to the embodi- [err] whose emitter is connected to
the positive      ments shown. Within the scope of the invention
power-supply terminal, whose collector is connect-  20  many variants are
conceivable to those skilled in ed to the output 4, and whose base is
connected to  the art. For example, in each embodiment shown the base of a
PNP transistor [err] whose emitter is   one transconductor is connected to
the inputs of connected to the positive power-supply terminal     the
amplifier. However, it is alternatively possible to and whose collector is
connected to the output 5.   connect a plurality of transconductors to the
inputs The common base of the transistors T27 and T28 is  25  of the
amplifier, another balanced input signal be- connected to the junction
point between two iden-   ing applied to each transconductor. In addition,
it is tical resistors [err] and R7 via a diode D2, which     possible to
combine the load circuits of these tran- resistors are arranged between the
outputs 4 and    sconductors. Moreover, it is obvious that the out- 5.
Instead of a diode [err] it is possible to use a    puts of one or more
similar filter arrangements may transistor whose base is at a reference
voltage or  30  be connected directly to the inputs of an amplifier. an
operational amplifier of which one input is con- nected to the junction
point between the resistors  Claims [err] and R7 and of which the other
input is at a reference voltage. It is to be noted that this am-  1. A
filter arrangement comprising a balanced plifier is the subject of a Patent
Application (PHN   35  amplifier (1) having an inverting input (3), a
11.936) filed simultaneously with the present Ap-       non-inverting input
(2), an inverting output (4) plication. In this respect it is observed only
that the  and a non-inverting output (5), a first input balanced input
voltage applied to the bases 2 and      terminal (6) and a second input
terminal (7), a is converted into a balanced current by the           first
feedback circuit comprising a first capaci- differential pair [err]  the
differential pair T25,  40  tor [err] and arranged between the non-invert-
[err] providing an increased slope of the arrange-        ing output (5)
and the inverting input (3), a ment. The differential pair [err]  provides
addi-     second feedback circuit comprising a second 



tional current gain, which gain is defined by the       capacitor [err]
substantially identical to the first value of the resistor R5 which
determines the ratio     capacitor [err] and arranged between the in-
between the bias currents of the differential pair  45  verting output (4)
and the non-inverting input T23, T24 and the differential pair [err]  The
load   (2), a transconductor circuit (10) with variable circuit ensures
that the direct voltages on the out-    tranconductance comprising two
inputs con- puts 4 and 5 remain accurately constant. The tran-      nected
to the input terminals (6,7) of the filter sistors T27 and [err] compensate
for the bias cur-        arrangement and two outputs (11,12) coupled rents
of the transistors T23 and T24, so that only  50  to the inverting (3) and
non-inverting (2) inputs signal currents appear on the outputs 4 and 5.
of the balanced amplifier (1), characterized in Since the signal currents
on the outputs 4 and 5        that the transconductor circuit (10)
comprises a remain accurately balanced, no signal voltage will
plurality of active devices [err] each having appear on the junction point
between the resistors      a control input terminal and first and second
[err] nand [err] Therefore, the junction point con-   55     output
terminals, the control input terminals of stitutes a virtual signal earth.
at least two of said active devices being con- Fig. 6 shows two filter
arrangements in accor-      nected to the inputs (6,7) of the
transconductor dance with the invention coupled to each other.
circuit (10), the first output terminals of the at 5    9
EP 0 270 156 B1                      10 least two active devices [err]
being con-           second differential amplifier arranged in par- nected
together and the second output termi-          allel with said first
differential amplifier and nals being coupled respectively to the outputs
comprising two field-effect transistors [err] (11,12) of the transconductor
circuit (10).           whose source electrodes are connected to a 5
second  common  current source  [err] and 2. A filter arrangement as
claimed in Claim  1,           whose drain electrodes are cross-coupled to
characterized in that a load circuit is arranged      the drain electrodes
of the field-effect transis- between the outputs (11,12) of the transcon-
tors of the first differential amplifier. ductor circuit (10), which load
circuit comprises two current-source transistors [err] whose   10  7. A
filter arrangement as claimed in Claim 1, 2, collectors are connected to
the outputs (11,12)       3, 4, 5 or 6, characterized in that the balanced
of the transconductance circuit (10) and whose   amplifier comprises two
transistors [err] bases are connected to a common control
arranged as a differential pair, whose bases input which is coupled to the
junction point of       are coupled to the non-inverting input (2) and two
resistors [err]  arranged between the   15      the inverting input (3) and
whose collectors are outputs of the transconductance circuit.
connected to the inverting output (4) and the non-inverting output (5) of
the amplifier, be- 3  A filter arrangement as claimed in Claim 1 or
tween which two outputs a load circuit is ar- 2, characterized in that the
transconductance         ranged comprising two current-source transis-
circuit comprises a differential amplifier with   20  tors (T27,T28) whose
collectors are connected two transistors [err] whose bases are con-
to the inverting output (4) and the non-inverting nected to the input
terminals (6,7), whose col-       output (5) of the amplifier and whose
bases are lectors are connected to the outputs (11,12) of       connected
to a common control input which is the transconductance circuit (10), and
whose          coupled to the junction point between two load emitters are
connected to a common current   25       resistors [err] arranged between
the outputs source [err] whose current is variable.                (4,5) of
the amplifier. 4. A filter arrangement as claimed in Claim 3,        8. A
filter arrangement as claimed in Claim 7, characterized in that a voltage
divider [err]       characterized in that the filter arrangement is is
arranged between the bases of the two   30         coupled to a second
filter arrangement, the transistors [err]  and has its junction point
input terminal [err] of the second filter ar- connected to the bases of two
transistor              rangement being connected to tappings pro- [err]
whose emitters are connected to the         vided on the load resistors of
the load circuit of common current source [err] and whose collec-
the amplifier of the first filter arrangement. tors are connected to the
outputs (11,12) of the   35 transconductance circuit.
Revendications A filter arrangement as claimed in Claim 1 or     1.
Dispositif de filtrage comportant un amplifica- 2, characterized in that
the transconductance          tour 6quilibr6 (1) muni d'une entree
inverseuse circuit (10) comprises two differential amplifiers   40  (3),
d'une entree non inverseuse (2), d'une 



[err]  each comprising two transistors        sortie inverseuse (4) et
d'une sortie non inver- which have unequal emitter areas and whose
souse (5), d'une premiere borne d'entr6e (6) et emitters are connected to a
common current            d'une deuxibme borne d'entree (7), d'un pre-
source [err] current is variable, of which two      mier circuit de
couplage b reaction comportant differential amplifiers the bases are
intercon-   45  un premier condensateur (C2) et dispos6 entre nected and
the collectors of two transistors          la sortie non inverseuse (5) et
Pentree inver- with different emitter areas are connected to         seuse
(3), d'un deuxibme circuit de couplage a each other and to an output (11;
12) of the            reaction comportant un deuxibme condensa-
transconductance circuit (10).                        tour (Ci) qui est
pratiquement identique au 50       premier condensateur (C2) et dispose
entre la 6. A filter arrangement as claimed in Claim 1 or          sortie
inverseuse (4) et Pentrde non inverseuse 2, characterized in that the
transconductance         (2), d'un circuit de conductance de transfert
circuit comprises a first differential amplifier      variable (10) muni de
deux entrdes connect6es with two field-effect transistors [err] whose
aux bomes d'entrde (6, 7) du dispositif de source electrodes are connected
to a first  55        filtrage et de deux sorties (11, 12) coupl6es common
current source [err] and whose drain            aux entr6es inverseuse (3)
et non inverseuse electrodes are  connected  to  the  outputs           (2)
de l'amplificateur 6quilibr6 (1). caract6ris6 (11,12) of the
transconductance circuit, and a        en ce que le circuit de conductance
de trans- 6    11                 EP 0 270156 B1                      12
fert (10) comporte plusieurs dispositifs actifs      collecteurs desdits
deux transistors presentant (Ti, T2) qui presentent chacun une borne d'en-
des faces d'6metteur differentes sont intercon- tree de commande et des
premibre et deuxie-          nect6s a une sortie du circuit de conductance
me bornes de sortie, les bornes d'entr6e de          de transfert (10).
commande d'au moins deux desdits dispositifs   5 actifs etant connectees
aux entrees (6,7) du     6. Dispositif de filtrage selon la revendication 1
circuit de conductance de transfert (10), les        ou 2, caracterise en
ce que le circuit de premieres bornes de sortie d'au moins deux
conductance de transfert (10) comporte un dispositifs actifs (Ti, T2) 6tant
interconnect6es    premier amplificateur diff6rentiel muni de deux et les
deuxiemes bornes de sortie 6tant cou-  tO    transistors a effet de champ
(Ts, T6) dont les plees respectivement aux sorties (11, 12) du
electrodes de source sont connect6es a une _.,.,    circuit de conductance
de transfert (10).          premibre source de courant commune (12) et dont
les electrodes de drain sont connect6es 2. Dispositif de filtrage selon la
revendication 1,      aux sorties (11, 12) du circuit de conductance
caracterise en ce qu'un circuit de charge est  15    de transfert, et d'un
deuxieme amplificateur dispose entre les sorties (11, 12) du circuit de
diff6rentiel monte en parallele avec ledit pre- conductance de transfert
(10), lequel circuit de     mier amplificateur differentiel et muni de deux
charge comports deux transistors sources de         transistors a effet de
champ (T7, Ts), dont les courant (Ta, T4) dont les collecteurs sont
electrodes de source sont connect6es a une connectes aux sorties (11, 12)
du circuit do   20    deuxibme source de courant commune (13) et
conductance de transfert (10) et dont les bases      dont les electrodes de
drain sont coupl6es en sont connectees a une entr6e de commando
croix aux electrodes de drain des transistors a commune qui est couplee au
point de jonction         effet de champ du premier amplificateur diffe- de
deux resistances (RF, R2) disposees entre         rentiel. les sorties du
circuit de conductance de trans-  25 fort (10).
7. Dispositif de filtrage selon la revendication 1, 2, 3, 4, 5 ou 6,
caracterise en ce quo 3. Dispositif de filtrage selon la revendication 1
I'amplificateur equilibre comporte deux transis- ou 2, caracterise en ce
quo le circuit de           tors (T21, T22) mont6s en paire differentielle,
conductance de transfert (10) comporto un am-   30   dont les bases sont
couplees I I'entree non plificateur differentiel muni de deux transistors
inverseuse (2) et a lPentree inversouse (3) et (Ti, T2) dont les bases sont
connectees aux          dont les collecteurs sont connectes a la sortie
bornes d'entree (6, 7), dont les collecteurs sont    inverseuse (4) et la
sortie non inverseuse (5) connect6s aux sorties (11, 12) du circuit de
de l'amplificateur, sorties entre lesquelles est conductance de transfort
(10) et dont les emet-  35  dispose un circuit de charge comportant deux
tours sont connectes a une source de courant         transistors sources de
courant (T27, T28)dont 



commune (I) dont le courant est variable.           les collecteurs sont
connectes a la sortie inver- souse (4) et la sortie non inverseuse (5) de J
4. Dispositif de filtrage selon la revendication 3,       I'amplificateur
et dont les bases sont connec- caract6rise en ce qu'un diviseur de tension
40     tees a une entrde de commando commune qui (R3, R4) est dispose entre
la base des deux          est couplee au point de jonction entre deux
transistors (Tio, Ti1) et son point de jonction      resistances de charge
(Rr, R7) disposees entre est connecte aux bases des deux transistors
les sorties (4, 5) de l'amplificateur. (Ti2, Tia) dont les emetteurs sont
connect6s a la source de courant commune (Is) et dont les   45   &
Dispositif de filtrage selon la revendication 7, collecteurs sont connect6s
aux sorties (11, 12)      caracterise en ce que le dispositif de filtrage
du circuit de conductance de transfert.              est coupl6 a un
deuxibme dispositif de filtrage, les bornes d'entree (6, 7') du deuxibme
dispo- 5. Dispositif de filtrage solon la revendication 1       sitif de
filtrage etant connectees aux prises ou 2, caract6rise en ce que le circuit
de   50       prevues sur les resistances de charge du cir- conductance de
transfert (10) comporte doux          cuit de charge de l'amplificateur du
premier amplificateurs differentiels (T5, Tr; T7, Ts) mu-    dispositif de
filtrage. nis chacun de deux, transistors qui pr6sentent des faces
d'emetteur in6gales et dont les        PatentansprUche emetteurs sont
connectes a une source de   55 courant commune (12, I3) dont le courant est
1. Filteranordnung, die oenen Gegentaktverstdrker variable, amplificateurs
dont les bases des          (1) mit einem invertierenden Eingang (3), ei-
deux transistors sont interconnectees et les         nem
nichtinvertierenden Eingang (2), einem in- 7    13                EP 0
270156 B1                     14            c  ;  M vertierenden Ausgang
(4) und elnem nichtin-    4. Filteranordnung nach Anspruch 3, vertierenden
Ausgang (5), eine erste Eingangs-     dadurch gekennzeichnet, daB ein
Spannungs- klemme (6) und eine zweite Eingangsklemme          teller (R3,
R4) zwischen den Basen der zwei (7), eine erste RUckkoppelschaltung mit
einem      Transistoren (T. o, Ti i) angeordnet und mit sei- ersten
Kondensator (C2), der zwischen dem    5     nem Knotenpunkt an die Basen
von zwei Tran- nichtinvertierenden Ausgang (5) und dem in-        sistoren
(Ti2, T13) angeschlossen ist, deren vertierenden Eingang (3) angeordnet
ist, eine      Emitter mit der gemeinsamen Stromquelle (15) zweite
RUckkoppelschaltung mit einem zweiten       und deren Kollektoren mit den
Ausgangen (11, Kondensator (C,), der im wesentlichen gleich       12) der
Durchgangsleitwertschaltung verbun- dem ersten Kondensator (C2) ist und
zwischen   10  den sind. dem  invertierenden Ausgang (4) und dem
nichtinvertierenden Eingang (2) angeordnet ist,  5. Filteranordnung nach
Anspruch 1 oder 2, eine Durchgangsleitwertschaltung (10) mit an-
dadurch gekennzeichnet, daB die Durchgangs- derbarem Durchgangsleitwert mit
zwei Eingan-       leitwertschaltung (10) zwei Differenzverstlrker gen, die
an die Eingangsklemmen (6,7) der  15      (Ts, Tc; T7, Ta) mit je zwei
Transistoren ent- Fllteranordnung angeschlossen sind, und mit        hilt,
die ungleiche Emittergebiete besitzen und zwei Ausgingen (11, 12), die mit
den invertie-     deren Emitter mit einer gemeinsamen Strom- renden (3) und
den nichtinvertierenden (2) Ein-    quelle (12; Is) verbunden sind, deren
Strom gangen des Gegentaktverstarkers (1) gekop-         variabel ist,
wobei die Basen der zwei Diffe- pelt sind, dadurch gekennzeichnet, dalB die
20    renzverstarker miteinander und die Kollektoren
Durchgangsleitwertschaltung (10) eine Anzahl       von zwei Transistoren
mit verschiedenen Emit- aktiver Einrichtungen (Ti,T2) mit einer Steuer-
tergebieten miteinander und mit einem Aus- eingangsklemme und ersten und
zweiten Aus-         gang (11, 12) der Durchgangsleitwertschaltung
gangsklemmen enthalt, wobei die Steuerein-         verbunden sind.
gangsklemmen von wenigstens zwei der akti-  25 ven Einrichtungen mit den
Eing~ngen (6, 7)     6. Filteranordnung nach Anspruch 1 oder 2, der
Durchgangsleitwertschaltung (10) verbun-       dadurch gekennzeichnet, dali
die Durchgangs- den sind, die ersten Ausgangsklemmen der
leitwertschaltung (10) einen ersten Differenz- wenigstens zwei aktiven
Einrichtungen (Tj, T2)     verstarker mit zwei Feldeffekttransistoren (Ts,
zusammengeschaltet und die zweiten Aus-  30        TG) enthait, deren
Quellenelektroden an eine gangsklemmen mit den betreffenden Ausgan-
erste gemeinsame Stromquelle (12) und deren gen (11, 12) der
Durchgangsleitwertschaltung       Abzugselektroden an die Ausgange (11,12)
der 



(10) gekoppelt sind.
Durchgangsleitwertschaltung   angeschlossen sind, und ein zweiter
Differenzverstarker paral- 2. Filteranordnung nach Anspruch 1,           35
lel zum ersten Dlfferenzverstarker angeordnet dadurch gekennzeichnet, daB
zwischen den           ist und zwei Feldeffekttransistoren (T7, Ta) be-
Ausgangen (11, 12) der Durchgangsleitwert-         sitzt, deren
Quellenelektroden an eine zweite schaltung (10) ein Verbraucherkreis
angeord-       gemeinsame Stromquelle (13) angeschlossen net ist, der zwei
Stromquellentransistoren (T3,    und deren Abzugselektroden kreuzweise mit
T4) umfaflt, deren Kollektoren an die Ausgange   40  den Abzugselektroden
der Feldeffekttransisto- (11, 12) der Durchgangsleitwertschaltung (10)
ren des ersten Differenzverstarkers verbunden liegen und deren Basen an
einen gemeinsa-          sind. men Steuereingang angeschlossen sind, der
mit dem Knotenpunkt von zwei Widerstanden      7. Filteranordnung nach
Anspruch 1, 2, 3, 4, 5 (Ri, R2) zwischen den Ausgangen der Durch-  45
oder 6, dadurch gekennzeichnet, dal der Ge- gangsleitwertschaltung
gekoppelt ist.              gentaktverstgrker zwei als Differenzpaar ge-
schaltete Transistoren (T2i, T22) enthalt, deren 3. Filteranordnung nach
Anspruch 1 oder 2,             Basen mit dem nichtinvertierenden Eingang
(2) dadurch gekennzeichnet, daB die Durchgangs-        und dem
invertierenden Eingang (3) verbunden leitwertschaltung (10) einen
Differenzverstarker  50  sind und deren Kollektoren mit dem invertie- mit
zwei Transistoren (Ti,T2) enth~it, deren       renden Ausgang (4) und dem
nichtinvertieren- Basen mit den Eingangsklemmen (6, 7) ver-          den
Ausgang (5) des Verstarkers verbunden bunden sind, deren Kollektoren mit
den Aus-        sind, und zwischen diesen zwei Ausgangen ein gingen (11,
12) der Durchgangsleitwertschal-       Verbraucherkreis mit zwei
Stromquellentransi- tung (10) und deren Emitter mit einer gemein-  as
storen (T27, T2s) angeordnet ist, deren Kollek- samen Stromquelle (Ii)
verbunden sind, deren       toren mit dem invertierenden Ausgang (4) und
Strom einstellbar ist.                             dem nichtinvertierenden
Ausgang (5) des Ver- starkers und deren Basen mit einem gemein- 8    samen
Steuereingang verbunden sind, der mit dem Knotenpunkt zwischen zwei
Belastungswi- derstanden (Rr, R7) gekoppelt ist, die zwi- schen den
AusgAngen (4,5) des Verstirkers angeordnet sind.
5 8. Filteranordnung nach Anspruch 7, dadurch gekennzeichnet, daB die
Filteranord- nung mit einer zweiten Filteranordnung gekop- pelt ist, wobei
die Eingangsklemmen (6', 7')  lo der zweiten Filteranordnung an Anzapfungen
\..0    aufden BelastungswiderstAnden des Verbrau- cherkreises des
Verstarkers der ersten Filte- ranordnung angeschlossen sind. 15 20 25 30 35
40 45 50 55 9    


