
EP 0 345 880 B1 Description The invention relates to a filter arrangement
comprising a first balanced amplifier having a non-inverting and an
inverting input and having a non-inverting and an inverting output, a first
and a second input terminal, 5   a first and a second output terminal, a
first and a second feedback circuit, each comprising a first capacitor, the
first feedback circuit being arranged between the inverting output and the
non-inverting input of the first amplifier, and the second feedback circuit
being arranged between the non-inverting output and the inverting Input of
the first amplifier, a first and a second input circuit, each comprising
the parallel arrangement of a first resistor and a second capacitor, the
first Input circuit being arranged between the first Input terminal and the
10  non-inverting Input of the first amplifier and the second input circuit
being arranged between the second Input terminal and the inverting input of
the first amplifier, a connection between the Inverting output of the first
am- plifier and the second output terminal and a connection between the
non-inverting output of the first amplifier and the first output terminal.
Such a filter arrangement is very suitable for realising active RC filters
comprising balanced ampliflers. 15      Active RC filters comprising
balanced amplifier are known from United States Patent Specification US
4,509,019. Said specification describes the basic principle of an active RC
filter comprising a balanced am- plifier. Moreover, said specification
reveals some filter types based on said principle including a first-order
low- pass filter (Fig. 3). There are several known methods of designing a
filter having specific desired character- istics. A frequently employed
method is that in which lower-order filter sections are cascaded. it is
common 20   practice to employ first-order and second-order sections for
this purpose. Sections orders higher than four are hardly ever used because
such sections are difficult to realise. Afilter arrangement of a type as
defined in the opening paragraph is known from the article "New Structures
for MOSFET-C Filters, Proceedings of the IEEE, Vol. 75, No. 7, July 1987,
page 957. This article describes how difficult It may be to translate known
filter de- signs into versions comprising balanced amplifiers. Said article
proposes three different second-order filter 25  sections comprising
balanced amplifiers. Adisadvantage of these known filtercircuits is
thatonly second-order filters are mentioned and that neither of the filters
is suitable for realising all the filter operations which are customary and
possible for said orderwithoutthroughly modifying the circuit
configuration, i.e. without chang- ing the interconnections between the
filter elements and, sometimes, the positions of the inputs and outputs of
the network. For this reason the systematic design of active RC filters
comprising balanced amplifiers is a 30  difficult task. Therefore, it is
the object of the invention to provide filter circuits by means of which
first-order and higher- order active RC filters can be realised simply.
According to the invention a filter arrangement of a type defined in the
opening paragraph is characterized in that the filter arrangement also
comprises a third and a fourth input circuit, each comprising a third
capacitor, 35  the third input circuit being arranged between the first
Input terminal and the inverting input of the first amplifier, and the
fourth input circuit being arranged between the second input terminal and
the non-inverting input of the first amplifier. This filter arrangement
constitutes the elementary configuration which serves as a basis for
realising first- orderand higher-orderfilter arrangements, enabling active
RC filters of a specific orderforsubstantially every 40   possible filter
function to be realised by merely changing the values of resistors and
capacitors. A first embodiment of a filter arrangement In accordance with
the Invention is characterized in that the filter arrangement further
comprises a first and a second coupling circuit, each comprising a second
resistor, the first coupling circuit being arranged between the
non-inverting input of the first amplifier and the inverting output of the
first amplifier, and the second coupling circuit being arranged between the
inverting input of the 45  first amplifier and the non-inverting output of
the first amplifier. The addition of two network elements yielding a
general first-orderfilter arrangement. Filter arrangements having special
characteristics are obtained by an appropriate choice of the values of the
filter elements. A further embodiment is characterized in that the
capacitance values of the third capacitors in the third and the fourth
input circuit and the first capacitors in the first and the second feedback
circuit are substantially 50  equal, and in that the conductance values of
the first resistors in the first and second input circuit and the sec- ond
resistors in the first and second coupling circuit are substantially equal.
This yields a first-order all-pass network. IEEE Transactions on Circuits
and Systems, CAS-34, No. 8, August 1987, "Analysis and compensation of
high-frequency effects in Integrated MOSFET-C continuous-time filters", pp.
862-875 discloses in its Figs. 55   1 and 4 a filter arrangement as set out
in Claim 1 in which the second capacitor is not included. 1985 Interna-
tional Symposium on Circuits and Systems Proceedings, 5-17 June 1985 Kyoto,
Vol.3, 'Considerations in the design of high frequency fully integrated
continuous time filters', pp. 1439-1442, also shows in its Fig. 1 a filter 



arrangement as set out in Claim 1 without the second capacitor. 2    EP 0
345 880 B1 By extending the elementary configuration a second embodiment of
a filter arrangement in accordance with the invention is obtained, which is
characterized in that the filter arrangement further comprises a second
balanced amplifier having a non-Inverting and an Inverting input and having
a non-Inverting and an Inverting output, a fifth and a sixth input circuit,
each comprising a fourth capacitor, the fifth input circuit being arranged
5   between the first Input terminal and the non-inverting Input of the
second amplifier, and the sixth input circuit being arranged between the
second Input terminal and the Inverting Input of the second amplifier, a
seventh and an eighth Input circuit, each comprising a third resistor, the
seventh input circuit being arranged between the non-inverting output of
thefirstamplifierand the non-Inverting Input of thesecond amplifier, and
the eighth input circuit being arranged between the inverting output of the
first amplifier and the Inverting input of the 10 second amplifier, a third
and a fourth feedback circuit, each comprising a fifth capacitor, the third
feedback circuit being arranged between the inverting output and the
non-inverting Input of the second amplifier, and the fourth feedback
circuit being arranged between the non-inverting output and the inverting
Input of the sec- ond amplifier, a first and a second coupling circuit,
each comprising a second resistor, the first coupling circuit being
arranged between the non-inverting input of the first amplifier and a first
node, and the second coupling 15  circuit being arranged between the
inverting input of the first amplifier and a second node, a third and a
fourth coupling circuit, each comprising a fourth resistor, the third
coupling circuit being arranged between the first node and the
non-inverting input of the second amplifier, and the fourth coupling
circuit being arranged be- tween the second node and the inverting input of
the second amplifier. A modification thereof constitutes a general
second-order filter arrangement which, in accordance with 20  the invention
is characterized In that the first node and the inverting output of the
second amplifier and a fourth output terminal are interconnected, and in
that the second node and the non-inverting output of the second amplifier
and a third output terminal are interconnected. Special embodiments of the
second-order filter ar- rangement are obtained by varying the values of the
resistors and the capacitors. An embodiment having the characteristics of
an all-pass network Is characterized In that the capacitance 25   values of
the second capacitors in the first and second input circuit are
substantially equal zero, in that the conductance values of the first
resistors in the first and the second input circuit and of the second
resistor in the first and the second coupling circuit are substantially
equal, in that the conductance values of the third re- sistors in the
seventh and the eighth input circuit and of the fourth resistors in the
third and the fourth coupling circuit are substantially equal, in that the
capacitance values of the third capacitors in the third and the fourth 30
Input circuit and of the first capacitors in the first and the second
feedback circuit are substantially equal, and in that the capacitance
values of the fourth capacitors in the fifth and the sixth input circuit
and of the fifth capacitors in the third and the fourth feedback circuit
are substantially equal. A further extension of the elementary
configuration yields a third embodiment of a filter arrangement In
accordance with the invention which is characterized in that the filter
arrangement further comprises a third 35   balanced amplifier having a
non-inverting and an inverting Input and having a non-inverting and an
inverting output, a fifth and a sixth output terminal, a ninth and a tenth
input circuit, each comprising a sixth capacitor, the ninth input circuit
being arranged between the first input terminal and the non-inverting input
of the third amplifier, and the tenth input circuit being arranged between
the second input terminal and the Inverting input of the third amplifier,
an eleventh and a twelfth Input circuit, each comprising a seventh
capacitor, the eleventh 40  input circuit being arranged between the first
input terminal and the inverting Input of the third amplifier, and the
twelfth input circuit being arranged between the second input terminal and
the non-inverting input of the third amplifier, a thirteenth and a
fourteenth input circuit, each comprising a fifth resistor, the thirteenth
input circuit being arranged between the inverting output of the second
amplifier and the inverting input of the third amplifier, and the
fourteenth input circuit being arranged between the non-inverting output of
the second am- 45 plifier and the non-inverting input of the third
amplifier, a fifth and a sixth coupling circuit, each comprising a sixth
resistor, the fifth coupling circuit being arranged between the first node
and the non-inverting input of the third amplifier, and the sixth coupling
circuit being arranged between the second node and the inverting input of
the third amplifier, a fifth and a sixth feedback circuit, each comprising
an eighth capacitor, the fifth feedback circuit being arranged between the
non-inverting Input and the inverting output of the third amplifier, 50
and the sixth feedback circuit being arranged between the inverting Input
and the non-inverting output of the third amplifier, and in that the
inverting output of the third amplifier Is connected to the sixth output
terminal 



and the non-inverting output of the third amplifier is connected to the
fifth output terminal. A further embodiment constitutes a general
third-order filter arrangement, characterized in that the first node is
connected to the inverting output of the third amplifier and the second
node is connected to the non- 55  Inverting output of the third amplifier.
Special filter arrangements can be obtained by varying the values of the
resistors and capacitors. An all-pass network is obtained if the
conductance values of the first resistors in the first and the second input
circuit and of the second resistors in the first and the second coupling
circuit are substantially equal, in 3    -               EP 0 345 880 B1
that the conductance values of the third resistors in the seventh and the
eighth input circuit and of the fourth resistors in the third and the
fourth coupling circuit are substantially equal, in that the conductance
values of the fifth resistors in the thirteenth and the fourteenth input
circuit and the sixth resistors in the fifth and of the sixth coupling
circuit are substantially equal, in that the capacitance balues of the
second capacitors in the first 5   and the second input circuit and of the
sixth capacitors in the ninth and the tenth input circuit are substantially
zero, in that the capacitance values of the third capacitors in the third
and the fourth input circuit and of the first capacitors in the first and
the second feedback circuit are substantially equal, In that the
capacitance val- ues of the fourth capacitors in the fifth and the sixth
Input circuit and of the fifth capacitors in the third and the fourth
feedback circuit are substantially equal, and in that the capacitance
values of the seventh capacitors 10  In the eleventh and the twelfth input
circuit and of the eighth capacitors in the fifth and in the sixth feedback
circuit are substantially equal. Yet another extension of the elementary
configuration results in a fourth embodiment of a filter arrange- ment in
accordance with the invention, which is characterized in that the filter
arrangement further comprises a fourth balanced amplifier having a
non-inverting input and an inverting input and having a non-inverting out-
15 put and an inverting output, a seventh and an eighth output terminal, a
fifteenth and a sixteenth Input circuit, each comprising a ninth capacitor,
the fifteenth input circuit being arranged between the first Input terminal
and the non-inverting input of the fourth amplifier and the sixteenth input
circuit being arranged between the second input terminal and the inverting
input of the fourth amplifier, a seventeenth and an eighteenth input
circuit each comprising a seventh resistor, the seventeenth input circuit
being arranged between the non-in- 20   verting output of the third
amplifier and the non-inverting input of the fourth amplifier, and the
eighteenth Input circuit being arranged between the inverting output of the
third amplifier and the inverting input of the fourth amplifier, a seventh
and an eighth feedback circuit, each comprising a tenth capacitor, the
seventh feedback circuit being arranged between the non-inverting input and
the inverting output of the fourth amplifier, and the eighth feedback
circuit being arranged between the inverting input and the non-inverting
output of the fourth 25   amplifier, a ninth and a tenth feedback circuit,
each comprising an eighth resistor, the ninth feedback circuit being
arranged between the non-inverting Input and the inverting output of the
fourth amplifier, and the tenth feedbackcircuit being arranged between the
Inverting input and the non-inverting outputofthe fourth amplifier, and in
that the inverting output of the fourth amplifier is connected to the
eighth output terminal and the non- inverting output of the fourth
amplifier is connected to the seventh output terminal. 30      This is a
general fourth-order filter arrangement which enables filters having
special characteristics to be obtained by varying the values of the
resistors and the capacitors. An all-pass network is obtained in that the
conductance values of the first resistors in the first and the second input
circuit and of the second resistors in the first and the second coupling
circuit are substantially equal, in that the conductance values of the
third resistors in the seventh and the eighth input circuit and of 35  the
fourth resistors in the third and the fourth coupling circuit are
substantially equal, in that the conductance values of the fifth resistors
in the thirteenth and the fourteenth input circuit and of the sixth
resistors In the fifth and the sixth coupling circuit are substantially
equal, in that the conductance values of the seventh resis- tors in the
seventeenth and the eighteenth input circuit and of the eighth resistors in
the ninth and the tenth feedback circuit are substantially equal, in that
the capacitance values of the third capacitors in the third and 40  the
fourth input circuit and the of first capacitors in the first and the
second feedback circuit are substantially equal, in that the capacitance
values of the fourth capacitors in the fifth and the sixth input circuit
and of the fifth capacitors in the third and the fourth feedback circuit
are substantially equal, in that the capacitance values of the seventh
capacitors in the eleventh and the twelfth input circuit and of the eighth
capacitors in the fifth and the sixth feedback circuit are substantially
equal, in that the capacitance values of the ninth capacitors In 45  the
fifteenth and the sixteenth input circuit and the of tenth capacitors in
the seventh and the eighth feedback 



circuit are substantially equal, and in that the capacitance values of the
second capacitors in the first and the second input circuit and the of
sixth capacitors in the ninth and the tenth input circuit are substantially
zero. The invention will now be described in more detail, by way of
example, with reference to the accompanying drawings, in which: 50
Fig. 1 shows a diagram of a first-order elementary configuration in
accordance with the invention, Fig. 2 shows a diagram of a general
first-order filter arrangement in accordance with the invention, Fig. 3
shows a diagram of a first-order all-pass filter arrangement in accordance
with the invention, Fig. 4 shows a diagram of a first-order high-pass
filter arrangement, Fig. 5 shows a diagram of a second-order elementary
configuration in accordance with the invention, 55       Fig. 6 shows a
diagram of a general second-order filter arrangement in accordance with the
Invention, Fig. 7 shows a diagram of a second-order low-pass filter
arrangement, Fig. 8 shows a diagram of a second-order high-pass filter
arrangement in, Fig. 9 shows a diagram of a second-order filter arrangement
having a transmission zero point, 4    EP 0 345 880 B1 Fig. 10 shows a
diagram of a second-order all-pass filter arrangement in accordance with
the invention, Fig. 11 shows a diagram of a second-order band-pass filter
arrangement, Fig. 12 shows a diagram of a third-order elementary
configuration in accordance with the invention, Fig. 13 shows a diagram of
a general third-order filter arrangement In accordance with the invention,
5      Fig. 14 shows a diagram of a third-order low-pass filter
arrangement, Fig. 15 shows a diagram of a third-order high-pass filter
arrangement, Fig. 16 shows a diagram of a third-order filter arrangement
having a transmission zero point, Fig. 17 shows a diagram of a third-order
all-pass filter arrangement in accordance with the invention, Fig. 18 shows
a diagram of a general fourth-order filter arrangement in accordance with
the invention, 10      Fig. 19 shows a diagram of a fourth-order low-pass
filter arrangement, Fig. 20 shows a diagram of a fourth-order high-pass
filter arrangement Fig. 21 shows a diagram of a fourth-order all-pass
filter arrangement in accordance with the invention. Hereinafter some
examples of filter arrangements In accordance with the Invention are
described. Exam- ples of first-order to fourth-order filter arrangements
are given, in which an appropriate selection of the com- 15  ponent values
results in useful filters. Fig. 1 shows diagrammatically the elementary
configuration around which all the filter arrangements are built. It
comprises a balanced amplifier [err]having a non-inverting input 3 and an
Inverting input 4, an inverting output 5 and an non-inverting output 6. The
filter arrangement has two input terminals 1 and 2 and two output terminals
7 and 8. The amplifier[err] comprises a feedback capacitor C1 between the
Inverting output 5 and the 20  non-inverting input 6 and between the
non-inverting output 6 and the inverting Input 4. A parallel arrangement of
a resistor [err] and a capacitor [err] is arranged between the input
terminal 1 and the non-inverting input 3 and between the input terminal 2
and the inverting Input 4. A capacitor [err] Is arranged between the input
terminal 1 and the Inverting input 4 and the between the input terminal 2
and the non-inverting input 3. The inverting output 5 Is connected to the
output 8 and the non-inverting output 6 is connected to the output 7. This
crosswise 25  connection ensures that the output signals have the same
polarities as the Input signals applied to the filter arrangement. The
circuit is fully symmetrical and is driven by two balanced input signals of
opposite polarity. Fig. 2 shows the general first-order filter arrangement.
It Is obtained in that In the arrangement shown in Fig. 1 two resistors R2
are added between the inverting output 5 and the non-inverting input 3 and
between the non-inverting output 6 and the inverting input 4. The filter
arrangement operates as follows. An input voltage 30  [err] Is applied to
the input terminal 1 and an equal but opposite input voltage -V is applied
to the input terminal 2. An output voltage [err] is obtained on the output
terminal 7 and an equal but opposite output voltage -V2 is obtained on the
output terminal 8. The voltage transfer function can be computed by solving
the nodal equation for the currents in the node [err] corresponds to the
non-inverting input 3 of the amplifier , which amplifier is assumed not to
draw any 35  input current In that case the following equation is valid:
[err] 40   where [err] is the conductance value of the resistor [err] in
conformity with [err] and where p is the complex frequency [err]. Formula
(2) Is the complex transfer function of the filter arrangement expressed as
a polyno- mial of p. The highest power of p dictates the order of the
filter network. The network shown In Fig. 2 is con- 



sequently of the first-order. Varying the values of the filter components
yields filter arrangements having spe- cial characteristics. Some examples
of such arrangements will be given hereinafter. 45      Fig. 3 shows a
first-order all-pass filter arrangement It is obtained by selecting [err]
and [err]in the general first-order filter arrangement shown in Fig. 2. The
voltage transfer function then be- comes
[err] 50  Such a transfer function is characterized by a
frequency-independent amplitude response. Fig. 4 shows a second example. It
is a first-order high-pass filter arrangement obtained by making [err] and
[err] in the general first-order filter arrangement shown in Fig. 2. The
transfer function is then Further it is to be noted that a first-order
low-pass filter arrangement can be obtained by making C2=0 and C3=O In the
general filter arrangement shown In Fig. 2. Extending the elementary
configurations hown in Fig. 1 yields a filter arrangement which may be
regarded    EP 0 345  880 B1 as the elementary configuration for for
second-order filter arrangements shown diagrammatically in Fig. 5. It is
obtained by adding the following components to the arrangement shown in
Fig. 1: a second balanced am- plifierA2 having a non-inverting Input 11, an
Inverting Input 12, an inverting output 13 and a non-inverting output 14; a
resistor R2 between the node 9 and the non-inverting Input 3 of the first
amplifier [err] and between the 5   node 10 and the inverting input of the
amplifier [err]; a resistor R4 between the non-inverting input 11 of the
am- piifierA2 and the node 9, and between the inverting input 12 of the
amplifier A2 and the node 10; a resistor [err] between the non-inverting
output 6 of the ampllfier [err] and the non-inverting input 11 of the
ampliflerA2 and between the Inverting output 5 of [err] and the inverting
input 12 of the amplifier A2; a capacitor C4 between the Input terminal 1
and the non-inverting Input 11 of the amplifier A2 and between the input
terminal 2 and the 10  inverting input 12 of the amplifier A2; a capacitor
[err] between the non-inverting input 11 and the Inverting output 13 of the
amplifier A2 and between the Inverting Input 12 and the non-inverting
output 14 of the amplifier A2. A general second-order filter arrangement is
shown in Fig. 6 and is obtained by providing in the arrangement shown in
Fig. 5 a connection between the node 9 and the Inverting output 13 of the
amplifierA2 and between the node 10 and the non-inverting output 14 of the
amplifier A2. In addition, the inverting output 13 of the am- 15  pliflerA2
is connected to the output terminal 16 and the non-inverting output 14 of
the amplifierA2 Is connected to the output terminal 15. This cross
connection at the output of the arrangement ensures that the output signals
have the same polarities as the Input signals. An Inputvoltage [err]
isapplied to the Inputterminal 1 and an inputvoltage [err]is applied tothe
inputterminal 2. A voltage -V2 Is obtained on the Inverting output 5 of the
amplifier [err] and a voltage [err]is obtained on the 20  non-inverting
output 6 of the amplifier A2. A voltage [err]is obtained on the output
terminal 15 of the f ilter ar- rangement and a voltage [err] appears on the
output terminal 15. The plus and minus signs preceding the signal voltages
indicate that the signal voltages are of equal amplitude but opposite
polarity. In order to calculate the voltage transfer function it Is assumed
that the balanced amplifiers [err]draw no input current. Moreover, a second
node N2 is introduced, which corresponds to the non-inverting input 11 of
the amplifier A2. 25  The node [err] complies with: [err] and the node N2
complies with: [err] V2 can be eliminated from the set of equations by
multiplying the terms of equation (5) by [err] and those of equa- 30
tion(6) by p*[err] and subsequently adding (5) and (6) to one another,
which operations may be represented by the following diagrammatic notation
[err] From the result the voltage transfer function can be computed: [err]
This is a second-ordertransferfunction. By an appropriatechoice ofthe
values of theflltercomponents special second-order filter arrangements are
obtained, of which a number of examples will be described hereinafter. A
second-order low-pass filter arrangement is obtained by selecting e[rr] In
(8). The voltage transfer 45  function then becomes: [err] The diagram of
the low-pass filter is shown in Fig. 7. A second-order high-pass filter
arrangement is obtained by selecting [err]The voltage 50  transfer function
then becomes: 



[err] and the diagram of the high-pass filter is shown in Fig. 8. A
second-order filter arrangement with which the frequency can be rejected,
also referred to as a band- 55  rejection filter or notch filter, is
obtained by selecting [err] The voltage transfer function is then: [err] 6
EP 0 345 880 B1 and the diagram is given In Fig. 9. Afurther example
relates toa filterarrangement which behaves as a second- order all-pass
filter. By selecting [err] the voltage transfer function becomes: 5
[ERR] The diagram of the all-pass filter is shown In Fig. 10. The last
example of a special second-order filter arrangement Is a second-order
band-pass arrangement shown in Fig. 11. It is obtained by selecting by
[ERR]In (8). The voltage transfer function then becomes: [ERR] The
elementary configuration for second-order filter arrangement of Fig. 5 can
be extended to obtain a third-order elementary configuration whose diagram
is shown In Fig. 12. It is obtained by adding the following components to
the arrangement of Fig. 5: a balanced amplifier [err] having a
non-inverting input 17 and an In- 15  verting Input 18 and having an
inverting output 19 and a non-inverting output 20; a capacitor [err]
between the input terminal 1 and the non-inverting input 17 and between the
Input terminal 2 and the Inverting input 18; a capacitor [err] between the
input terminal 1 and the inverting Input 18 and between the input terminal
2 and the non-inverting input 17; a resistor [err]between the inverting
output 13 and the Inverting input 18 and between the non-inverting output
14 and the non-inverting input 17; a capacitor [err] between the
non-inverting Input 17 20  and the inverting output 19 and between the
inverting Input 18 and the non-inverting output 20; a resistor Re between
the node 9 and the non-inverting Input 17 and between the node 10 and the
inverting Input 18. Further, the inverting output 19 is connected to the
output terminal 22 and the non-inverting output 22 is connected to the
output terminal 21. Ageneral third-order filter arrangement is shown In
Fig. 13 and is formed by arranging a connection between the node 9 and the
Inverting output 19 and between the node 10 and the non-inverting 25  input
20 In the arrangement shown in Fig. 12. An Input voltage [err] Is applied
to the input terminal 2 and an input voltage [err]is applied to the input
terminal 2. The output voltage on the inverting output 5 of the amplifier
[err] Is [err] that on the non-inverting output 6 of the amplifier [err],
that on the inverting output 13 of the amplifer [err]  that on the
non-inverting output 14 of the amplifierA2 Is [err] that on the output
terminal 21 is [err] and that on the output terminal 22 is [err] Moreover,
a third node N3 is shown which node corresponds 30  to the non-inverting
input 17 of the amplifier [err]. The node [err] complies with: [err] The
node N2 complies with: [err] 35  and the node N3 complies with: [err] In
these three equations [err] and [err] can be eliminated as follows: 40
(14) (15)                                             (17) [err] 45 which
yields the following voltage transfer function: 50      [err]
(18) Filters having special characteristics can be obtained by an
appropriate choice of the values of the filter ele- ments in the general
third-order filter arrangement of Fig. 13. A first example is a third-order
low-pass filter, of which the diagram is shown in Fig. 14. This is achieved
by selecting [err](18). The transfer function then becomes: 55 [err] 



A second example is a third-order high-pass filter arrangement, shown In
Fig. 15, which is obtained by 7    -            EP 0 345 880 1 selecting
[err]18). The transfer function is then: [err]                  (20) [err]
Athird example is athird-orderband-rejection filter, whose diagram is shown
in Fig.16. Byselecting [err] 5   [err] (18) the voltage transfer function
becomes: The numerator of (21) now includes a term equal to the numerator
of the voltage transfer function (11) of a second-order band-rejection
filter. 10     Fig. 17 shows a fourth example. It is a third-order all-pass
filter arrangement obtained by selecting [err] [ERR] The third-order
elementary configuration of Fig. 12 can be extended to obtain a general
fourth-order ar- 15  rangement, whose diagram is shown In Fig. 18. by
adding the following components to the arrangement shown In Fig. 12: a
balanced amplifier A4 having a non-inverting Input 23 and an inverting
Input 24 and having an Inverting output 25 and a non-Inverting output 26; a
capacitor C9 between the first input terminal 1 and the non-inverting input
23 and between the Input terminal 2 and the inverting input 24, a resistor
[err] between the Inverting output 19 and the Inverting Input 24 and
between the non-inverting output 20 and the non-inverting 20  input 23; the
parallel arrangement of a resistor [err] and a capacitor [err] between the
non-inverting input 23 and the inverting output 25 and between the
inverting input 24 and the non-inverting output 26. Moreover, a con-
nection is arranged between a first output terminal 27 and the
non-inverting output 26 and between the second output terminal 28 and the
Inverting output 25. It Is to be noted that the arrangement shown in Fig.
18 is not Identical to a fourth-order elementary con- 25  figuration
corresponding to the third-order elemenatary configuration of Fig. 12, the
second-order elementary configuration of Fig. 5 and the first-order
elementary configuration of Fig. 1, but is a general fourth-order filter
arrangement corresponding to the general third-order filter arrangement
shown in Fig. 13, the general second- order filter arrangement of Fig. 16,
and the general first-order filter arrangement of Fig. 2. Extension to
fifth- order and higher-order elementary configurations and fifth-order and
higher-order general filter arrangement 30  derived therefrom Is readily
possible by proceeding with the extensions in a manner as specified in the
fore- going. An inputvoltage [err]is applied tothe Inputterminal I and an
Inputvoltage [err] is applied to an Inputterminal 2. The output voltage on
the inverting output 5 of the amplifier [err] is [err] that on the
non-inverting output 6 of the amplifier [err], that on the inverting output
13 of the amplifier [err] that on the non-inverting output 35  14 of the
amplifier[err], that on the Inverting output 19 of the amplifier[err], that
on the non-inverting output 20 of the amplifier [err] that on the output
terminal 27 is [err] and that on the output terminal 28 is [err]. Moreover,
a fourth node N4 Is shown, which node corresponds to the non-inverting
input 23 of the amplifier A4. The voltage transfer function is computed by
calculating the currents In the four nodes [perr]It is as- sumed that the
amplifiers [err] draw no Input current. The node [err]complies with: 40
[err] N2 complies with: [err] N3 complies with: [err] 45  and N4 complies
with: [err] In this set of equations V2, V3 and V4 can be eliminated by.
[err] This yields the following voltage transfer function: 8    EP 0 345
880 B1 [err] 



By selecting suitable values for the filter components in (28) special
arrangements can be derived from the 10  general fourth-order filter
arrangement of Fig. 18, of which a number of examples will be given
hereinafter. A fourth-order low-pass filter arrangement Is obtained by
selecting [err] voltage transfer function is then: [err] 20 The diagram is
shown in Fig. 19. Fig. 20 shows a fourth-order high-pass filter arrangement
obtained by selecting [err] The voltage transfer function Is then: [err]
Fig. 21 shows a fourth-order all-pass filter arrangement. It Is obtained by
the following selection of com- 35   ponents in formula (28): [err] [err]
The voltage transfer function may then be written as follows: [err] The
invention is not limited to the embodiments shown herein. The general and
special first-order and high- er-order filter arrangements shown herein may
be arranged In series, as required, in order to create other filter 50
arrangements having different characteristics. For this reason some filter
arrangements are provided with cross connections attheiroutputsides in
orderto preclude changes in polarity when these filterarrangements are
connected In series. Aswill be apparentfrom the description, the invention
is by no means limited to aspecific integration proc- ess technology, such
as for example MOS technology. 55      As already stated in the foregoing,
the Invention is not limited to fourth-orderfilter arrangements. Proceed-
ing from the method as proposed by the invention those skilled In the art
will be able to design any desired higher-order filter arrangement. 9    EP
0 345 880 B1 C   L   M   S * Claims 1.  Afilter arrangement comprising a
first balanced amplifier (A) having a non-inverting (3) and an inverting
input (4) and having a non-inverting (6) and an inverting output (5), a
first (1) and a second (2) Input ter- 5       minal, a first (7) and a
second (8) output terminal, a first and a second feedback circuit, each
comprising a first capacitor (err), the first feedback circuit being
arranged between the inverting output (5) and the non-inverting input (3)
of the first amplifier (err), and the second feedback circuit being
arranged between the non-inverting output (6) and the inverting input (4)
of the first amplifier (err), a first and a second input circuit, each
comprising the parallel arrangement of a first resistor (err) and a second
capacitor (C2), the 10      first Input circuit being arranged between the
first input terminal (1) and the non-inverting input (3) of the first
amplifier (err) and the second input circuit being arranged between the
second Input terminal (2) and the inverting Input (4) of the first
amplifier (A1), a connection between the inverting output (5) of the first
amplifier (err) and the second output terminal (8) and a connection between
the non-inverting output (6) of the first amplifier (err) and the first
output terminal (7), characterized in that the filter arrangement also 15
comprises a third and a fourth input circuit, each comprising a third
capacitor (err), the third input circuit being arranged between the first
input terminal (1) and the inverting input (4) of the first amplifier
(err), and the fourth Input circuit being arranged between the second input
terminal (2) and the non-inverting input (3) of the first amplifier (err).
20   2.  Afilter arrangement as claimed In Claim 1, characterized In that
the filter arrangement further comprises a first and a second coupling
circuit, each comprising a second resistor (err), the first coupling
circuit being arranged between the non-inverting Input (3) of the first
amplifier (err) and the inverting output (5) of the first amplifier (err),
and the second coupling circuit being arranged between the inverting Input
(4) of the first amplifier (err) and the non-inverting output (6) of the
first amplifier (err). 25 3.  A filter arrangement as claimed in Claim 2,
characterized in that the capacitance values of the second capacitors (C2)
in the first and the second input circuit are substantiallyzero, In thatthe
capacitance values of the third capacitors [err] In the third and the
fourth input circuit and the first capacitors (err) in the first 



and the second feedback circuit are substantially equal, and in that the
conductance values of the first 30       resistors (err) in the first and
second input circuit and the second resistors (R2) in the first and the
second coupling circuits are substantially equal. 4.  A filter arrangement
as claimed in Claim 1, characterized in that the filter arrangement further
comprises a second balanced amplifier (A2) having a non-inverting (11) and
an inverting input (12) and having a non- 35      Inverting (14) and an
inverting output (13), a fifth and a sixth input circuit, each comprising a
fourth ca- pacitor (C4), the fifth input circuit being arranged between the
first input terminal (1) and the non-inverting input (11) of the second
amplifier (A2) and the sixth input circuit being arranged between the
second input terminal (2) and the inverting Input (12) of the second
amplifier [err] a seventh and an eighth input circuit, each comprising a
third resistor [err] the seventh input circuit being arranged between the
non-inverting 40       output (6) of the first amplifier [err] and the
non-inverting Input (11) of the second amplifier (A2), and the eighth input
circuit being arranged between the inverting output (5) of the first
amplifier [err] and the in- verting input (12) of the second amplifier
(A2), a third and a fourth feedback circuit, each comprising a fifth
capacitor [err], the third feedback circuit being arranged between the
inverting output (13) and the non-inverting input (11) of the second
amplifier (A2) and the fourth feedback circuit being arranged be- 45
tween the non-inverting output (14) and the inverting Input (12) of the
second amplifier (A2), a first and second coupling circuit, each comprising
a second resistor [err] the first coupling circuit being arranged between
the non-inverting input (3) of the first amplifier [err] and a first node
(9), and the second coupling circuit being arranged between the inverting
input (4) of the first amplifier [err] and a second node (10), a third and
a fourth coupling circuit each comprising a fourth resistor [err] the third
coupling circuit being 50       arranged between the first node (9) and the
non-inverting Input (11) of the second amplifier (A2), and the fourth
coupling circuit being arranged between the second node (10) and the
inverting input (12) of the second amplifier ([err] 5.  Afilter arrangement
as claimed in Claim 4, characterized In that the first node (9) and the
Inverting output (13) of the second amplifier and a fourth output terminal
(16) are Interconnected, and In that the second node (10) and the
non-inverting output (14) of the second amplifier (A2) and a third output
terminal (15) are interconnected. 10    EP 0 345 880 B1               C
L     M     S 6.  A filter arrangement as claimed in Claim 5, characterized
in that the capacitance values of the second capacitors (err) in the first
and the second Input circuit are substantially zero, In that the
conductance val- ues of the first resistors (err) In the first and second
Input circuit and of the second resistors (err) in the first and the second
coupling circuit are substantially equal, In that the conductance values of
the third 5       resistors (err) In the seventh and the eighth input
circuit and of the fourth resistors (err) in the third and the fourth
coupling circuit are substantially equal, In that the capacitance value of
the third capacitors (err) in the third and the fourth Input circuit and of
the first capacitors (err) In the first and the second feedback circuit are
substantially equal, and In that the capacitance values of the fourth
capacitors (C4) in the fifth and the sixth Input circuit and of the fifth
capacitors (err) in the third and the fourth feedback circuit are 10
substantially equal. 7.  Afilter arrangement as claimed In Claim 4,
characterized in that the filter arrangement further comprises a third
balanced amplifier (A3) having a non-inverting (17) and an Inverting (18)
input and having a non- inverting (20) and an inverting (19) output, a
fifth (21) and a sixth (22) output terminal, a ninth and a tenth 15
Input circuit, each comprising a sixth capacitor (err), the ninth input
circuit being arranged between the first Input terminal (1) and the
non-Inverting input (17) of the third amplifier [err]and the tenth input
circuit being arranged between the second Input terminal (2) and the
Inverting input (18) of the third amplifier (err), an eleventh and a
twelfth input circuit, each comprising a seventh capacitor (C7), the
eleventh Input circuit being arranged between the first Input terminal (1)
and the Inverting Input (18) of the third amplifier 20       [err] and the
twelfth input circuit being arranged between the second Input terminal (2)
and the non-in- verting input (17) of the third amplifier [err] a
thirteenth and a fourteenth Input circuit, each comprising a fifth resistor
[err] the thirteenth Input circuit being arranged between the Inverting
output (13) of the sec- ond amplifier (A2) and the Inverting Input (18) of
the third amplifier [err] and the fourteenth input circuit being arranged
between the non-inverting output (14) of the second amplifier [err] and the
non-inverting 25       input (17) of the third amplifier (err a fifth and a
sixth coupling circuit each comprising a sixth resistor [err]the fifth
coupling circuit being arranged between the first node (9) and the
non-inverting input (17) 



of the third amplifier [err] and the sixth coupling circuit being arranged
between the second node (10) and the inverting Input (18) of the third
amplifier (A), a fifth and a sixth feedback circuit, each comprising an
eighth capacitor (err), the fifth feedback circuit being arranged between
the non-inverting input (17) 30       and the Inverting output (19) of the
third amplifier (err), and the sixth feedback circuit being arranged be-
tween the inverting Input (18) and the non-Inverting output (20) of the
third amplifier (err), and in that the Inverting output (19) of the third
amplifier (err) is connected to the sixth output terminal (22) and the non-
Inverting output (19) of the third amplifier (err) is connected to the
fifth output terminal (21). 35.   8.   A filter arrangement as claimed in
Claim 7, characterized In that the first node (9) is connected to the In-
verting output (19) of the third amplifier (err) and the second node (10)
is connected to the non-inverting output (20) of the third amplifier (err).
9.  A filter arrangement as claimed in Claim 8, characterized in that the
conductance values of the first re- 40       sistors (err) in the first and
the second input circuit and of the second resistors (err) In the first and
the second coupling circuit are substantially equal, in that the
conductance values of the third resistors (err) in the seventh and the
eighth input circuit and of the fourth resistors (R4) in the third and the
fourth coupling circuit are substantially equal, in that the conductance
values of the fifth resistors (err) in the thirteenth and the fourteenth
Input circuit and the sixth resistors (err) in the fifth and of the sixth
coupling circuit are substantially equal, in that the capacitance values of
the second capacitors (err) in the firstand the second input circuit and of
the sixth capacitors (err) In the ninth and the tenth input circuit are
substantially zero, in that the capacitance values of the third capacitors
(err) In the third and the fourth Input circuit and of the first capacitors
(err) In the first and the second feedback circuit are substantially equal,
in that the ca- pacitance values of the fourth capacitors (C4) In the fifth
and the sixth input circuit and of the fifth capac- itors (err) in the
third and the fourth feedback circuit are substantially equal, and in that
the capacitance values of the seventh capacitors (err) in the eleventh and
the twelfth Input circuit and of the eighth capac- itors (err) in the fifth
and in the sixth feedback circuit are substantially equal. 10. A filter
arrangement as claimed in Claim 7, characterized in that the filter
arrangement further comprises a fourth balanced amplifier (err) having a
non-inverting Input (23) and an inverting Input (24) and having a
non-inverting output (26) and an inverting output (25), a seventh (27) and
an eighth (28) output terminal, a fifteenth and a sixteenth input circuit,
each comprising a ninth capacitor (err), the fifteenth input circuit being
arranged between the first Input terminal (1) and the non-inverting Input
(23) of the fourth ampiifier 11    EP 0 345 880 B1 C   L   M   S * (ERR)
and the sixteenth input circuit being arranged between the second input
terminal (2) and the Inverting input (24) of the fourth amplifier (A4), a
seventeenth and an eighteenth Input circuit each comprising a seventh
resistor (ERR), the seventeenth input circuit being arranged between the
non-inverting output (20) of the third amplifier (err) and the
non-inverting input (23) of the fourth ampilfier (err), and the eighteenth
5       Input circuit being arranged between the inverting output (19) of
the third amplifier (err) eand the inverting input (24) of the fourth
amplifier (err), a seventh and an eighth feedback circuit, each comprising
a tenth capacitor (err), the seventh feedback circuit being arranged
between the non-inverting input (23) and the Inverting output (25) of the
fourth amplifier (A4), and the eighth feedback circuit being arranged
between the inverting input (24) and the non-inverting output (26) of the
fourth amplifier (err), a ninth and a tenth 10      feedback circuit, each
comprising an eighth resistor (err), the ninth feedback circuit being
arranged be- tween the non-inverting input (23) and the Inverting output
(25) of the fourth amplifier (err), and the tenth feedback circuit being
arranged between the inverting input (24) and the non-inverting output (28)
of the fourth amplifier [err], and in that the inverting output (25) of the
fourth amplifier (err) is connected to the eighth output terminal (28) and
the non-inverting output (26) of the fourth amplifier (A4) is connected to
15      the seventh output terminal (27). 11. Afilter arrangement as
claimed in Claim 10, characterized in that the conductance values of the
first re- sistors (err) in the first and the second Input circuit and of
the second resistors (R2) in the first and the second coupling circuit are
substantially equal, in that the conductance values of the third resistors
(err) 20      In the seventh and the eighth input circuit and the fourth
resistors (err) in the third and the fourth coupling circuit are
substantially equal, In that the conductance values of the fifth resistors
(err) in the thirteenth and the fourteenth input circuit and of the sixth
resistors (err) in the fifth and the sixth coupling circuit are
substantially equal, in that the conductance values of the seventh
resistors (err) in the seventeenth and 



the eighteenth input circuit and of the eighth resistors (err) In the ninth
and the tenth feedback circuit are 25      substantially equal, in that the
capacitance values of the third capacitors (err) in the third and the
fourth input circuit and of the first capacitors (err) in the first and the
second feedback circuit are substantially equal, In that the capacitance
values of the fourth capacitors (C4) in the fifth and the sixth input
circuit and of the fifth capacitors (err) In the third and the fourth
feedback circuit are substantially equal, in that the capacitance values of
the seventh capacitors (err) In the eleventh and the twelfth Input circuit
and of 30      the eighth capacitors (err) in the fifth and the sixth
feedback circuit are substantially equal, in that the ca- pacitance values
of the ninth capacitors (err in the fifteenth and the sixteenth input
circuit and of the tenth capacitors (err) in the seventh and the eighth
feedback circuit are substantially equal, and in that the ca- pacitance
values of the second capacitors (err) in the first and the second Input
circuit and of the sixth capacitors (err) in the ninth and the tenth input
circuit are substantially zero. 36 PatentansprOche 1.  Filterschaltung, die
folgendes enthilt: einen ersten Gegentakt-Verstarker (Al) mit einem nicht-
40      Invertierenden Eingang (3) und einem invertlerenden Elngang (4) und
mit elnem nicht-lnvertlerenden Aus- gang (6) und einem invertlerenden
Ausgang (5); elnen ersten (1) und elnen zwelten (2) EingangsanschluB; einen
ersten (7) und einen zweiten (8) Ausgangsanschlul; elnen ersten und elnen
zwelten RFlckkopp- lungskreis, von denen jeder einen ersten Kondensator
(C1) enthlit, wobel der erste Rfickkopplungskrels zwischen dam
Invertierenden Ausgang (5) und dem nicht-invertlerenden Elngang (3) des
ersten Verstir- 45      kers (Al) angeordnet ist, und wobel der zweite
ROckkopplungskreis zwischen dem nicht-lnvertierenden Ausgang (6) und dem
Invertlerenden Eingang (4) des ersten Verstarkers (A1) angeordnet Ist; eine
erste und sine zwelte Elngangsschaltung, von denen jede sine
Parallelechaltung bestehend aus elnem ersten Widerstand (RI) und elnem
zweiten Kondensator (C2) beinhaltet, wobel die erste Eingangsschaltung zwi-
schendem ersten Eingangsanschlulf (1) unddem nicht-invertierenden Elngang
(3) des ersten Verstairkers 50      (Al) angeordnet ist, und wobel die
zweibt Eingangsschaltung zwischen dem zwelten EingangsanschluB (2) und dem
Invertierenden Eingang (4) des ersten Verstirkers (A1) angeordnet ist; eine
Verbindung zwi- schen dam Invertierenden Ausgang (5) des ersten VerstArkers
(A1) und dem zweiten AusgangsanschluP3 (8) und sine Verbindung zwIschen dam
nicht-Invertlerenden Ausgang (6) des ersten VerstArkers (A1) und dem erstn
Ausgangsanschlui (7), dadurch askennzeichnet dal die Filterachaltung auch
eine dritt und 55       sine vierte Eingangsschaltung umfa~t, von denen
jade elnen dritten Kondensator (C,) enthalt, wobel die dritte
Elngangsschaltung zwischen dem ersten EingangsanschluB (1) und dam
invertierenden Elngang (4) des ersten VerstArkers (A1) angeordnet Ist, und
wobel die vierte Elngangsschaltung zwIschen dem zwelten ElngangsanschluB
(2) und dam nicht-invertlerenden Eingang (3) des ersten VerstArkers (A1)
an- 12    I 1111111 111111 l1111 11|111 11 1|111 *c   L   M  S   A*
goordnet ist. 2. Filterechaltung nach Anspruch 1, dadurch gskennzeoichnet,
daB die Filterschaltung augerdem sine erste und sine zwelte Koppeischaltung
enthait, von denen Jede sinen zweiten Widerstand (R2) enthilt, wobei 6
die erste Koppelechaltung zwischen dem nicht-invertlerenden Eingang (3) des
ersten Verstirkers (Al) und dem invertborenden Ausgang (5) des ersten
Verstarkers (Al) angeordnet let, und wobei die zweite Kop- pelschaltung
zwischen dam Invertierenden Elngang (4) des ersten Verstarkers (Al) und dem
nicht- Invertlerenden Ausgang (6) des ersten Verstarkers (A) angeordnet
let. 10  a   Fliterschaitung nach Anspruch 2, dadurch pekennzeichnsL daB
die Kapazitltswerte derzweiten Konden- satoren (C2) in der ersten und In
der zweiten Elngangsschaitung Im wesentlichen glelch Null sind; daB die
Kapazittaswerte der dritten Kondensatoren (C3) In der dritten und in der
vierten Eingangsschaltung und dlejenigen der ereten Kondensatoren (C) In
dem ersten und In dem zweiten Rflckkopplungskreis im wesentlichen gleich
sind; und daB die Konduktanzwert der ersten Widerstinde (Rj) in der ersten
und in 15      derzwelten Eingangsschaltung und diejenigen derzwelbn
Widerstande (R2) in der ersten und In derzwel- ten Koppelschaitung im
wesentlichen glelch sind. 4.  Fllterschaltung nach Anspruch 1, dadurch
aekennzeichnet, daB die Fliterschaltung au~erdem foigendes enthilt ahen
zweitn Gegentakt-Verstarker (A2) mit einem nicht-invertierenden Eingang
(11) und elnem 20      Invertlerenden Eingang (12) und mit sinem
nicht-invertlerenden Ausgang (14) und elnem invertierenden Ausgang (13);
sine fflnfts und Sine sechete Eingangsechaltung, von denen jede einen
vierten Konden- 



sator (C4) enthalt, wobel die finfbe Eingangsachaltung zwischen dem ersten
Elngangeanschlul (1) und dam nicht-invertierenden Eingang (11) des zweiten
Verstarkers (A2) angeordnet bt, und wobsi die sechste Eingangeschaltung
zwlichen dem zwelbn EingangeanschluB (2) und dem Invertierenden Eingang
(12) 25      des zwelten Verstarkers (A2) angeordnet let; sine slobte und
sine achte Eingangsachaltung, von denen jede eonen dritten Widerstand (R3)
enthalt, wobel die slebte Elngangeschaitung zwischen dem nicht-
invertlerenden Ausgang (6) des ersten Verstarkers (A1) und dem
nicht-Invertlerenden Eingang (11) des zwelten Verstirkers (A2) angeordnet
ist, und wobel die achte Eingangeschaltung zwischen dem Invertie- renden
Ausgang (5) des ersten Verstarkers (Al) und dem Invertierenden Eingang (12)
des zwelten Ver- so      starkers (A2) angeordnet Ist; einen dritten und
Senen vierten Rickkopplungskrels, von denen jeder elnen fiinften
Kondensator(C8) enthalt, wobsi derdritte ROckkopplungskrels zwlschen dem
invertlerenden Aus- gang (13) und dem nicht-invertierenden Eingang (11) des
zwelten Verstarkers (A2) angeordnet lat, und wobel dervierte
Rickkopplungskrels zwischen dem nicht-Invertierenden Ausgang (14) und dem
invertie- renden Eingang (12) des zweibtn Verstarkers (A2) angeordnet lt;
esne ertsb und esne zwelte Koppelechal- tung, von denen jede elnen zwelten
Widerstand (R2) enthalt, wobel die orate Koppelschaltung zwischen dam
nicht-invertierenden Eingang (3) des ersten Verstarkers (Al) und einem
ersten Knotenpunkt (9) an- geordnet st, und wobel die zwelte
Koppelechaltung zwischen dem Invertlerenden Elngang (4) des ersten
Verstarkers (Al) und einem zweiten Knotsnpunkt (10) angeordnet lst Sine
dritte und sine vierte Koppel- schaltung, von denen jede Sinen vierten
Widerstand (R4) enthalt, wobel die drittl Koppelschaltung zwi- 40
schen dem ersten Knotenpunkt (9) und deam nicht-invertlerenden Eingang (11)
des zweitsn Verstirkers (A2) angeordnet let, und wobei die visrbt
Koppelechaltung zwischen deam zwelten Knotenpunkt (10) und dem
invertierenden Eingang (12) des zwelten Verstarkers (A2) angeordnet let. 5.
Filterschaltung nach Anspruch 4, dadurch aekennzelchnet, daB der ersbi
Knotenpunkt (9) und der Inver- tierende Ausgang (13) des zweitsn
Verstarkers (A2) und Sin vierter AusgangsanschluB (16) miteinander 45
verbunden sind, und daBl derzweite Knotenpunkt (10) und der
nicht-invertierende Ausgang (14) des zwei- ten Verstarkers (A2) und eln
driter AuegangsanschluB (15) mltelnander verbunden Sind. 6.
Fllterschaltung nach Anspruch 5, dadurch aekennzelchns daB die
Kapazititswerte derzweiten Konden- satoren (C2) in der ersten und In der
zwelten Eingangsschaltung im wesentiichen glelch Null sind; daE co      die
Konduktanzwerte der ersten Widerstande (RI) In der ersten und In der
zwelten Elngangsschaltung und diejenigen der zwelten Widerstande (R2) In
der ersten und in der zwelten Koppelechaltung Im we- sentlichen gleich
sind; daB die Konduktanzwerte der dritten Widerstinde (R3) In der siebtsn
und In der achtbn Eingangsechaltung und dlejenigen der vierten Widerstinde
(R4) in der dritten und in der vierten Koppelechaltung Im wesentlichen
gleich sind; daB die Kapazitatswerte derdritten Kondensatoren (C8) in 55
der dritten und In der vierten Eingangsschaltung und diejenigen der ersten
Kondensatoren (C1) in deam ersten und in deam zweiten Rfckkopplungskrels Im
wesentlichen gleich sind; und dag die Kapazltitewerte dervierten
Kondensatoren (C4) In derfflnften und In dersechsten Eingangsschaltung und
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fOnften Kondensatoren (C5) in dam dritten und in dem vierten
Rfckkopplungskreis Im wesentlichen gleich sind. 7. FlIterschaltung nach
Anspruch 4, dadurch askennzeichnet, da1 die Fllterschaltung augerdem
folgendes 6       enthalt einen dritten Gegentakt-Verstarker (A3) mit einem
nicht-lnvertierenden Eingang (17) und elnem invertierenden Eingang (18) und
mit elnem nicht-invertlerenden Ausgang (20) und einem invertierenden
Ausgang (19); eonen fflnften (21) und eonen sechsten (22)
AusgangsanschluP3; sine neunte und eine zehn- te Eingangsschaltung, von
denen jede elnen sechsten Kondensator (CO) enthilt, wobei die neunte Eln-
gangsschaltung zwischen dam ersten EingangsanschluB (1) und dam
nicht-invertierenden Eingang (17) 10      des dritten Verstarkers (A3)
angeordnet bt, und wobel die zehnte Eingangsschaltung zwischen dem zwei-
ten EingangsanschluB (2) und dem Invertlerenden Eingang (18) des dritten
Verstirkers (As) angeordnet Ist eine elfte und eine zw6lfte
Eingangsschaltung, von denen jede elnen siebten Kondensator (C7) enthilt,
wobel die eldfe Elngangsschaltung zwlschen dem ersten ElngangsanschluS (1)
und dem invertierenden Eingang (18) des dritten Verstirkers (A3) angeordnet
ist, und wobel die zwobfte Eingangsschaltung zwi- 15      schen dem zweiten
Eingangsanschlull (2) und dam nicht-lnvertierenden Elngang (17) des dritten
Verstar- kers (A,) angeordnet Ist; eine dreizehnts und eine vierzehnte
Eingangsschaltung, von denen jede einen ffrnften Widerstand (Ra) enthilt,
wobel die dreizehnte Eingangsschaltung zwischen dem invertierenden Ausgang
(13) des zwelten Verstarkers (A2) und dam Invertlerenden Eingang (18) des
dritten Verstfirkers 



(A3) angeordnet st, und wobel die vierzehnte Eingangsschaltung zwischen dem
nicht-invertierenden Aus- 20      gang (14) des zwelten Verstarkers (A2)
und dem nicht-invertierenden Eingang (17) des dritten Verstarkers (A3)
angeordnet !st; eine f~nfte und elne sechste Koppeischaltung, von denen
jede einen sechsten Wi- derstand (Re) enthalt, wobel die f~nfte
Koppelschaltung zwischen dem ersten Knotenpunkt (9) und dem
nicht-invertlerenden Eingang (17) des dritten Verstirkers (A3) angeordnet
Ist, und wobel die sechse Kop- pelechaltung zwlschen dem zweiten
Knotenpunkt (10) und dem invertierenden Eingang (18) des dritten 25
Verstarkers (A,) angeordnet Ist; einen ffnften und einen secheten
Rickkopplungskrels, von denen jeder elnen achten Kondensator (C8) enthalt,
wobei der f~nfte Rackkopplungskrebs zwischen dem nicht- invertlerenden
Eingang (1 7) und dem Invertierenden Ausgang (19) des dritten Verstarkers
(A,) angeord- net Ist, und wobel der sechste Rfckkopplungskreis zwischen
dem Invertberenden Eingang (18) und dem nicht-invertierenden Ausgang (20)
des dritten Verstarkers (A,) angeordnet Ist; und daS der Invertierende 30
Ausgang (19) des dritten Verstarkers (A.) mit dam sechsten Ausgangsanschlug
(22) verbunden Ist und dae der nicht-invertlerende Ausgang (20) des dritten
Verstarkers (A,) mit demfflnften AusgangsanschluB (21) verbunden Ist. S.
Fliterschaltung nach Anspruch 7, dadurch aekennzeichnet, daB der erste
Knotenpunkt (9) mit dem Inver- 35      tierenden Ausgang (19) des dritten
Verstarkers (A,) verbunden Ist, und dam1 der zwelte Knotenpunkt (10) mit
dem nicht-lnvertierenden Ausgang (20) des dritten Verstarkers (A,)
verbunden Ist. 9. Fllterschaltung nach Anspruch 8, dadurch aekennzebhnet,
dm13 die Konduktanzwerte der ersten Wider- stande (R1) in der ersten und in
der zwelten Elngangsschaltung und diejenigen der zwelten Widerstande 40
(R2) In der ersten und in der zwelten Koppelschaltung Im wesentlichen
glelch sind; daB die Konduktanzwertb der dritten Wideretfinde (Rs) in der
slebten und in der achten Eingangsschaltung und dlejenigen dervierten
Widerstinde (Re) In derdritten und In dervierten Koppelachaltung Im
wesentlichen glelch sind; dael die Konduktanzwerte der ffnften Widerstinde
(Rr) in der dreizehnten und In der vier- zehnten Eingangsschaltung und
diejenigen dersechsten Widerstande (Rs) in derffnften und In dersech- 4g5
sten Koppeischaltung Im wesentiichen glelch sind; dm13 die Kapazitswerte
der zweiten Kondensatoren (C2) in derersten und In derzweiten
Eingangsschaltung und dlejenigen dersechsten Kondensatoren (Ca) in der
neunten und In der zehntbn Eingangsschaltung Im wesentichen glelch Null
sind; daB die Kapazi- ttaswerte der dritten Kondensatoren (C3) In der
driten und in der vierten Eingangsschaltung und dieJe- nigen der ersten
Kondensatoren (C1) In dem erstan und In dem zwelten Rfckkopplungskreis Im
wesent- so      lichen gleich sind; das die Kapazlitatwerte dervierten
Kondensatoren (C4) in derffnften und in der sech- sten Elngangsschaltung
und dlejenigen derf~nften Kondensatoren (C,) in dem drittbn und In dem
vlerten Rfckkopplungskrels im wesentlichen gleich sind; und da1 die
Kapazitilitswerte der siebten Kondensato- ran (C7) In der dlften und in der
zwliften Eingangsschaltung und diejenigen der achten Kondensatoren (Cs) In
dam ffnften und In dem sechstbn Rfckkopplungskrels im wesentlichen glelch
sind. 5s  10. Flltrschaltung nach Anspruch 7, dadurch aekennzekohnet, daB
die Flltrachaltung deswelteren folgen- des enthilt: einen vierten
Gegentakt-Verstarker (A4) mit elnem nicht-invertlerenden Eingang (23) und
el- nem Invertlerenden Eingang (24) und mit elnem nicht-invertierenden
Ausgang (26) und einem Invertle- 14    EIP 0 345 880 B1         l!l!   li I
Hill II I!I * C   L   M   S* renden Ausgang (25); einen slebten (27) und
elnen achten (28) AusgangsanschluB; sine fOnfzehnte und elne sechzehntb
Eingangsschaltung, von denen jede eonen neunten Kondensator (CO) enthilt
wobel die ffinfzehnrt Eingangsschaitung zwlschen don erston
Elngangsanschluit (1) und dom nicht-invertleranden Eingang (23) des vierten
Verstirkers (A4) angeordnet let, und wobel die sechzehntb Eingangsschaltung
5       zwischen dem zweiten EingangsanschluBl (2) und dem invertlerenden
Elngang (24) des vierten Verstar- kers (A. angeordnet Ist; esne sibbzehnte
und elne achtzehntb Elngangsschaltung, von denen Jede elnen slebten
Widerstand (R7) enthalt, wobel die slebzehntb Eingangsschaltung zwischen
dem nicht- invertlerenden Ausgang (20) des dritten Veratfirkers (As) und
dem nicht-invertlerenden Eingang (23) des vierton Verstdrkers (A4)
angeordnet bst und wobel die achtzehntb Elngangsschaltung zwlschen dem in-
10      vertierenden Ausgang (19) des dritten Verstarkers (A3) und dem
Invertlerenden Eingang (24) des vierten Verstirkers (A4) angeordnet ist;
einen siebten und eonen achten R1ickkopplungskrels, von denen jeder el- nen
zohnten Kondensator (C1O) enthalt, wobel der siebte ROckkoppiungskreis
zwischen dem nicht- invertlerenden Eingang (23) und dem invertlerenden
Ausgang (25) des vierten Verstarkers (A4) angeord- net Ist, und wobel der
achtb ROckkopplungskrels zwlschen dem Invertierenden Eingang (24) und dem 



15      nicht-invertlerenden Ausgang (28) des vlerten Verstairkers (A4)
angeordnet st; olnen neunton und eonen zehnten Rickkopplungskrels, von
denen jeder elnen achten Widerstand (Re) onthilt wobel der neunte
Rfcckkopplungskreis zwischen dem nicht-lnvertierenden Eingang (23) und dem
Invertierenden Ausgang (25) des vierten Verstarkers (A4) angeordnet let,
und wobel derzehnte ROckkopplungskreis zwlschen dem invertlerenden Elngang
(24) und dem nicht-Invertlerenden Ausgang (26) des vierten Verstarkers (A4)
an- 20      geordnet ist; und del der Invertlerende Ausgang (25) des
vierten Verstarkers (4) mit dem achten Aus- gangsanschluBl (28) verbunden
ist, und daB der nicht-invertierende Ausgang (28) des vierten Verstirkers
(A4) mit dem slebton AusgangsanschluB (27) verbunden 1st. 11.
Filterschaltung nach Anspruch 10, dadurch aekennzeichnet, daB die
Konduktanzwerte der ersten Wider- 26     istande (RI) In der ersten und in
der zweiten Eingangsschaltung und dlejenigen der zweiten Widerstinde (R2)
in der ersten und In der zwelten Koppelschaltung Im wesentlichen gleich
sind; dam die Konduktanzwerte der drittbn Widerstinde (RaIn der slebten und
in der achten Eingangsschaltung und dlejenigen derviertenWiederstAnde(RN)
In derdritten und In dervierten Koppelschaltung imwesentiichen gleich sind;
daB die Konduktanzwerto der fflnften Widerstinde (Rj) in der dreizehnten
und In der vier- 30      zehntbn Eingangsschaltung und diejenigen
dersocheten Widerstande (R6) in derfflnftn und In dersech- sten
Koppelschaltung Im wesentlIchen glelch sind; dmB die Konduktanzwerte der
slebten Widerstande (R7) In dersiebzehnten und In derachtzehnten
Eingangsschaltung und diejenigen derachten Widerstinde (RN) in dem neuntbn
und in dem zehntbn Rflckkopplungskreis im wesentlichen gleich sind; daB die
Ka- pazititswerte der drittbn Kondensatoren (C2) in der dritten und In
dervierten Elngangsschaltung und die- 35      jenigen der ersten
Kondensatoren (C1) In dem ersten und In dem zweiten Riickkopplungskrels im
wesent- lichen glelch sind; daB die Kapazititswertodorvlerten Kondensatoren
(C4) in derfunften und in dersech- sten Eingangsschaltung und diejenigen
derfOnften Kondensatoren (C6) in dem dritten und in dem vierten
Rflickkopplungskreis Im wesentlichen glelch sind; daB die Kapazitatswerte
der siebtbn Kondensatoren (C7) in der elften und In der zwolften
Elngangsschaitung und diojenigen der achten Kondensatoren (C8) 40      In
dem fflnfln und In dem sechsten ROckkopplungskreis Im wesentilchen glelch
sind; dam die Kapazi- titswerte der neunten Kondensatoren (C9) In
derf(infzehnten und In der sechzehnten Eingangsschaltung und diejenigen der
zehnten Kondensatoren (C1I) In dem slebten und In dem achten
RMckkopplungskrols im wosontilchon gleich sind; und dae die Kapazitswerto
der zwelben Kondensatoren (C2) in der erston und in der zweiten
Eingangsschaltung und dlejenigen der sechsten Kondensatoren (CO) In der
neunten 45      und in der zehnten Elngangsschaltung im wesentlichen gleich
Null sind. Revendicatlons 60  1. Circuit de filtrage muni d'un premier
amplificateur 6quiiibrd (Aj) presentant une entree non inverseuse (3) et
une entr6e Inverseuse (4) et une sortie non Inverseuse (6) et une sortie
inverseuse (5), une premiere borne d'entr6e (1) et une deuxibme borne
d'entree (2), une premibre borne de sortie (7) et une deuxibme borne de
sortie (8), un premier circuit de reaction et un deuxibme circuit de
r6action, chacun comprenant un premier condensateur (C1), le premier
circuit de reaction 6tant dispose entre la sortie inverseuse (5) et
I'entr6e non inverseuse (3) du premieramplifhcateur (Al) etle deuxibme
circuit de rnaction 6tantdispos6 entre la sortie non inverseuse (6) et
I'entree Inverseuse (4) du premier amplificateur (Al), un premier cir- cuit
d'entree et un deuxieme circuit d'entr6e, comprenant chacun la disposition
paralleie d'une premibre resistance (RI) et d'un deuxibme condensateur
(C2), le premier circuit d'entr6e 6tant dispos6 entre la pre- 15    minre
borne d'entr6e (1) etI'entroe non Inverseuse (3) du promierampiificateur
(A1) Otle deuxiern circuit d'entree etant dispos6 entre la deuxibme borne
d'entree (2) et l'entr6o inverseuse (4) du premier ampli- ficateur (A1),
une connexion entre la sortie inverseuse (5) du premier amplificateur (A1)
at la deuxieme borne de sortie (8) et une connexion entre la sortie non
Inverseuse (6) du premier amplificateur (A1) et 5       Is deuxieme borne
de sortie (7), caract6ris6 en co quo la disposition de filtrage comprend
6galoment un troisiome circuit d'entr6o et un quatribme circuit d'ontr6eo
comprenant chacun un troisiomo condensatour (CJ), Is troisieme circuit
d'ontre otmnt dispos6 entre la premlire borne d'entr6e (1) et l'ontr6e
invorseuse (4) du premier ampilficateur (A1) et le quatribme circuit
d'entr6e otant disposo entre la deuxilmo borne d'ontrde (2) et l'ontrde non
inverseuse (3) du premier amplificatour (A1). 10 2.  Circuit do filtrag.
solon la revendication 1, caract6rls6 en ce quo le circuit do filtrage
comprend en outre un premier circuit de couplage et un deuxieme circuit do
couplage, comprenant chacun une deuxieme r6- sistance (R2), le premier
circuit de couplage 6tant diSposh ontre l'entreo non Inverseuse (3) du
premier 



amplificateur (A1) ot la sortie inverseuse (5) du premier amplificatour
(A1), et le deuxieme circuit do cou- *s      plage 6tant dispos6 entre
l'entree inversouse (4) du premier ampilficateur (A1) et la sortie non
inversouse (6) du premier amplificateur (Al). 3. Circuit do filtrago selon
la revendication 2, caracterse en ce quo les valours de capaclte des
douxlemes condensatours (C2) dans le premier circuit d'entr6e et le
deuxieme circuit d'entr6e sont pratiquement 6ga- 20      les A zero, en ce
quo los vaieurs do capacit6 des troisiemes condensatours (C3) dans le
trolsibme circuit d'entr6e et Ie quatribme circuit d'entr6eo et lea
premiers condensatburs (C1) dans l premier circuit de r6ac- tion et le
deuxieme circuit de r6action sont pratiquement 6gaies, et en ce quo les
valeurs de conductance des premieres rosistances (RI) dans le premier
circuit d'entr6e et le deuxibme circuit d'entree et les deuxibmes
rnsistanoes (R2) dans ie premier circuit de coupiage ot le deuxilme circuit
de couplage sont 26      pratiquement ogalos. 4.  Circuit do filtrage selon
la revendication 1, caract6rbse en ce quo le circuit de filtrage comprend
en outre un deuxiemo amplificateur equilibre (A2) pr6sentant une entroo non
Inverseuse (11) et une entree Inver- seuse (12) et une sortie non
Invorseuse (14) et une sortie Inversouse (13), un cinquilme circuit
d'entrie et un sixieme circuit d'entr6e, comprenant chacun un quatriome
condensatsur (C4), le cinqulemo circuit d'entr6e 6tant disposo entre Is
premibre borne d'entr6o (1) et i'entr6e non Inverseuse (11) du deuxiome
ampilficateur (A2) d te sixbme circult d'entr6e 6tantdispos6 entre la
deuxibmo borne d'entroe (2) etl'en- tree Inversouso (12) du deuxibme
amplificatour (A2), un septieme circuit d'entroe et un huitilme circuit
d'entrio, comprenant chacun une troislome reslstanco (R3), le septihme
circuit d'entr6e etant dispos6 en- w5      tre la sortie non Inverseuso (8)
du premier ampilf Icateur (A1) et l'entr6e non inverseuse (11) du deuxilme
amplificateur (A2) et le huitilme circuit d'entr6e otant disposo entre la
sortie Inverseuse (5) du premier amplificateur (A1) et l'entree Inversouso
(12) du deuxieme amplificabtur (A2) un trolsibme circuit de r6ac- tion et
un quatribme circuit de r6action, comprenant chacun un cinquieme
condensatour (C6), le troisimem circuit de rdaction etant dispose entre la
sortie Inverseuse (13) et l'entroe non inverseuso (I1) du deuxie- 40
me amplificateur (A2) t le quatriemo circuit de r6action etant dIspos6
entre la sortie non inversouso (14) ot l'entr6e Inverseuse (12) du deuxieme
amplificateur (A2), un premier circuit de couplage et un deuxiome
circuitdecouplage, comprenantchacun une deuxibme resistance (R2), le
premiercircuitde couplage 6tant dispose entre l'ontr6e non Inverseuse (3)
du premier amplificateur (A1) ot un premior noeud (9) et le deuxibrne
circuit do coupiage etant dispos6 ontre l'entr6eo Inverseuse (4) du premier
circuit amplificatour 46      (A1) et un deuxieme noeud (10), un trolsieme
circuit de couplage et un quatrieme circuit do couplage, comprenant chacun
une quatrieme resistance (R4), le troisilme circuit de couplage etant
dispose entre le premier noeud (9) t l'entree non Inverseuse (11) du
deuxilme ampilficateur (A2) et Ie quatribme circuit de couplage etant
dispose entre le deuxieme noeud (10) et l'entr6e Inverseuse (12) du
deuxieme ampli- ficateur (A2). co  S.  Circuit de filtrage selon la
revendicatlon 4, caracterisd en ce quo le premier nooud (9) et la sortie
Inver- souse (13) du deuxilme amplificateur St une quatrieme borne de
sortie (16) sont interconnectes et en ce que Io deuxieme noeud (10) et i
sortie non inverseuse (14) du deuxhbme amplificateur (A2) et une troisieme
borne de sortie (15) sont Interconnectes. 56   6.  Circuit de filtrage
solon la revondicatlon 5, caracterise sn ce quo les valeurs de capacit6 des
douxiemes condonsateurs (C2) dans Is premier circuit d'entr6o et le
deuxilme circuit d'entree sont pratiquement 6ga- las A z6ro, en ce que les
valeurs de conductance des premileres resistances (R1) dans Is premier
circuit    d'entr6o Ot Is deuxibme circuit d'entree et des deuxibmes
resistances (R2) dans Is premier circuit de cou- plage at le deuxieme
circuit de couplage sont pratiquement egales, en ce quo lea valeurs de
conductance des trolsiemes resbtances (,) dons le septleme circuit d'entree
t le huitieme circuit d'entree et des qua- triemes reisatances (R.) dans le
trolsieme circuit de couplage et le quatrieme circuit de couplage sont 5
pratiquement 6gales, on co quo lea valeurs de capacit6 des trobaiemes
condensateurs (Ca) dans Is trol- sieme circuit d'entree et le quatrieme
circuit d'entr6e et des premiers condensateurs (Cl) dans Is premier circuit
de r6action et le deuxibme circuit de reaction sont pratiquement egales, et
en cO quo les valours de capacite des quatriemes condensateurs (C4) dans le
cinquibme circuit d'entree et le sixieme circuit d'entree et des cinquibmes
condensateurs (Ca) dans le troislime circuit de reaction et le quatrieme
circuit fO      de reaction sont pratiquement egales. 7.  Circuit de
filtrage selon la revendication 4, caracterbe en ce que le circuit de
fiitrage comprend en outre un trobsieme amplificateur 6quilibre (Aa)
presentant une entr6e non inverseuse (17) et une entr6e iver- seuse (18) et
une sortie non inverseuse (20) et une sortie inverseuse (19), une cinquibme
borne de sortie 



15      (21) et une sixibme borne de sortie (22), un neuvilme circuit
d'entreo et un dixibme circuit d'entree, comprenant chacun un sixilme
condensateur (CO), le neuvibme circult d'entr6e 6tantdlsposd entre Is pre-
minre borne d'entr6e (1) eti'entr6o non Inversuse (17)du troisieme
amplificateur (A) et Is dixieme circuit d'entree 6tant dispose entre la
deuxieme borne d'entree (2) et l'entree Inversouse (18) du troisieme am-
pilficateur (A3), un onzieme circuit d'entree et un douzibme circuit
d'entr6e, comprenant chacun un sop- 20      tilme condensateur (C7), le
onzieme circuit d'entree etant dispos6 entre la premiere borne d'entree (1)
et l'entree inverseuse (18) du trolslime amplIficateur (A3) et le douzilbme
circuit d'entr6e etant dispos6 entre la deuxieme borne d'ontr6e (2) et
I'entree non Inverseuse (17) du trolsleme ampilficateur (A,), un trelzieme
circuit d'entree et un quatorzieme circuit d'entree, comprenant chacun une
cinquieme r6sistan- ce (Rr), Is treizibme circuit d'entr6e 6tant disposi
entre la sortie Inverseuse (13) du deuxieme amplifica- 25      teur (A2) et
i'entree Inverseuse (18) du trolsieme amptificateur (A,) et le quatrieme
circuit d'entree etant dispose entre la sortie non Inverseuse (14) du
deuxieme ampiificateur (A2) etI'entr6e non Inverseuse (17) du troisieme
amplificatour (A3), un cinqulime circuit de couplage et un sixeme circuit
de couplage, comprenant chacun une sixieme resisthnce (Rg), le cinqulfme
circuit de coupiage etant dispos6 entre le premier noeud (9) at I'entr6e
non Inverseuse (17) du troisieme amplificateur (A.) et le sixieme circuit
de 30      couplage etant dispose entre le deuxilme noeud (10) et l'entree
Inverseuse (18) du troisieme ampiifica- tour (A,) un cinquibmecircuitde
reaction etun skixme circuitde r6action, comprenantchacun un hultieme
condensateur (C,), le cinqulime circuit de reaction etant dispos6 entre
I'entr6e non Inverseuse (17) at la sortie Inverseuse (19) du trolsieme
amplificateur (A,) d le skilxem  circuit de r6actlon 6tant disposd entre
I'entree inversouse (18) et la sortie non Inversouse (20) du trobsieme
ampilficatour (A,) et en ce quo la 35      sortie Inverseuse (19) du
trolsieme amplifIcateur (A, est connectee a la sixibme borne de sortie (22)
et la sortie non Inverseuse (19) du trolsibme amplificateur (A,) eat
connectie a la cinquibme borne de sortie (21). 8. CIrcuit de filtrage selon
la revendication 7, caracterise en ce quo le premier noeud (9) esat
connecte a la 40      sortie Inverseuse (19) du trolsieme amplificateur
(As) t le deuxibme nosud (10) set connecte A le sortie non Inverseuse (20)
du troisime amplificateur (A,). 9.  Circuit de filtrage se"on la
revendication 8, caracteisea an ce quo lea valeurs de conductance des
premli- res resistsnces (RI) dans le premier circuit d'entree et le
deuxibme circuit d'entr6e et des deuxilmes r6- 45      sistances (R1) dans
Ie premier circuit de couplage et le deuxibme circuit de couplage sont
pratiquement egales, en ce que lea valours de conductance des troisibmes
resistances (R3) dans le septibme circuit d'entr6e et le huitibme circuit
d'entree et des quatribmes resistances (R4) dans Is troisibme circuit de
cou- plage et lo quatribme circuit de couplage sont pratiquement egales, on
ce que lea valeurs de conductance des cinquibme resistances (Rd) dans le
treizibme circuit d'entr6e et Is quatorzibme circuit d'entr6e et les
sixibrnes resistances (Rs) dans le cinquibme circuit de couplage et le
sixibme circuit de couplage sont pra- tiquement 6gales, en ce que lea
valeurs de capadte des deuxibmes condensatours (C2) dans le premier circuit
d'entr6e et le deuxibme circuit d'entree et des sixibmes condensatburs (CO)
dans le neuvibmo circuit d'entr6e et le dbderme circuit d'entrie sont
pratiquement egales A zero, en ce quo lea velours de capacit6 des
troisibmes condensabturs (Ca) dens le trolsibme circuit d'entree et le
quatribme circuit d'entree et des premiers condensatburs (C1) dans to
premier circuit de r6actbon et le deuxibme circuit de reactlon sont
pratiquement 6gales, en ce quo les valeurs de capacite des quatribme
condensatburs (C4) dans le cn- quieme circuit d'entree et le sbdme circuit
d'entr6e et des cinquibme condensateurs (C,) dans le troisi9- me circuit de
r6action et le quatribme circuit de reaction sont pratiquement egales, et
on ce que les velours 17    EP 0 345 880 B1                   1 111111 1 1
11111 111111 do capacit6 des septilmes condensatburs (C7) danasle onzilme
circult d'entr6ee ti edouzilme circuit d'en- tr6e et des huitilmos
condensatours (CO) dans le cinquibme circuit de reaction ot le sixiame
circuit de r6ac- tion sont pratiquement bgaies. 5   10. Circuit de filtrage
selon la revendication 7, caract6ris6 en ce que le circuit de filtrage
comprend en outre un quatrieme amplificateur bqullibr6 (A4) prbsentant une
entr6e non inverseuse (23) et une entr6e Inver- KJ            souse (24) et
une sortie non Inverseuse (26) et une sortie Inverseuse (25), une septleme
borne de sortie (27) et une huitime sborne de sortie (28), un quinzieme
circuit d'entrbe et un seizieme circuit d'entr6e, comprenant chacun un
neuvilme condensatour (C,), le quinzilme circuit d'entrbe btant dispose
entre la 10      preeribr borne d'entr6e (1) et I'entrbe non Inverseuse
(23) du quatrieme amplificatour (A4) et s soizieme circuit d'entr6e 6tant
dispos6 entre la deuxieme borne d'entr6e (2) et I'entr6b inversouse (24) du
quatrib- 



me ampiificateur(A4), un dix-septibmecircuitd'entreeetun
dix-hultiemecircuitd'ontr6b, comprenantcha- cun une septime r6sistance
(R7), le dix-septibme circuit d'entr6e 6tant dispose entre la sortb non
inver- souse (20) du troisibme ampilficatour (A3) et l'entrbe non
inverseuse (23) du quatrieme amplificatur (A4) et le dix-hultieme circuit
d'entrbe 6tant dispos6 ontre la sortie inverseuse (19) du trolsieme
amplificateur (A3) et l'entr6e Inverseuse (24) du quatrieme amplificateur
(A4), un septieme circult de r6action et un hul- tleme circuit de rbaction,
comprenant chacun un dixilme condensabtur (C10), le septieme circuit de
r6bc- tion etant disposb entre i'entrbe non Inverseuse (23) et la sortie
inverseuse (25) du quatrilme amplifica- tsur (A4), et lo huitilme circuit
de r6action 6tant dispose entre I'entrbe Inversouse (24) at la sortie non
20      inverseuse (26) du quatrieme ampilficateur (A4), un neuvieme
circuit de r6action at un dixilme circuit de rbaction, comprenant chacun
une huitlbme rbsistance (Rs), le neuvilme circuit de rbaction etant disposA
entre 'entrbs non Inverseuse (23) et Is sortie inversouso (25) du quatrieme
amplificatour (A4), et Is dixil- me circuit de reactlon Mtont dIsposd entre
I'entree Inverseuse (24) et la sortie non Inverasuse (26) du qua- tribme
ampiificateur(A4) eten ce quo la sortie inversouse (25) du quatribme
amplificatour(A4) est connc- 2S      tbe A ia huitieme borne de sortie (28)
et la sortle non inverseuse (26) du quatribme ampilficateur (A4) oet
connectbe Ala septieme borne de sortie (27). 11. Circuit de filtrage solon
la revendication 10, caract6ris6 en co quo les valours de conductance des
pro- mibres rhsistances (RI) dons le premier circuit d'entrbe et le
deuxieme circuit d'entr6e et des deuxiemes so      resistances (R2) dans le
premier circuit de coupiage et le deuxieme circuit de couplage sont
pratiquement 6gales, en ce quo les vaelours de conductance des troislimes
r6sstancoes (Re) dans le septieme circuit d'entrde et le huitieme circuit
d'entr6e et des quatribmes r6sbstances (R4) dans le troisieme circuit de
cou- plage et le quatribms circuit de couplage sont pratiquement bgales, en
ce que les valeurs de conductance des cinquibmes resistances (Rr) dons le
treizieme circuit d'entrbe et le quatorzieme circuit d'entrbe et S6
des sixirmes resistancoes (Rs) dans le cinquilme circuit de couplage et le
sixilme circuit de couplage sont pratiqusment bgales, en co que les
vaelours de conductance des septiemes resistances (R7) dons Is dix-
septieme circuit d'entr6e et le dix-hultibme circuit d'entr6e et des
hultiemes resistances (Rs) dons le neu- vieme circuit de r6actlon et le
dixibme circuit de r6action sont pratiquement bgales, en co que les vaieurs
de capacitb des troisiemes condensatburs (Ce) dans le troisieme circuit
d'entrbe et Is quatrieme circuit 40      d'entr6e et des premiers
condensatburs (C1) dons le premier circuit de r6action sont pratiquement
6gaies, en co que les valeurs de capacite des quatriemes condensatours (C4)
dans le dnquibme circuit d'entrbe et le sixieme circuit d'entr6e et des
cinquibme condensatburs (C6) dans le trolsibme circuit de r6actbon et le
quatrieme circuit de reaction sont pratiquement fales, en ce que les
vaelours de capacit6 des septiemes condensateurs (C7) dons le onzilme
circuit d'entribe et le douzibme circuit d'entrde et des huitiemo 45
condensateurs (C dans le cinquiemecircultdo reaction etle sixleme circuitde
reacton sont pratiquement 6gales, en ce quo les valeurs de capacitd des
neuviemes condensabturs (C9) dons le quinzieme circuit d'entrbe et le
seizilme circuit d'entr6b et des diebmes condensatours (CI0) dons le
septibme circuit de r6action et le huitibme circuit de r6actbon sont
pratiquement 6gaies, en ce quo les velours de capacitb des deuxibmes
condensatours C2) dons le premier circuit d'entr6e et le deuxieme circuit
d'entr6e et des so      sixiemes condensatburs (Co) dons le neuvieme
circuit d'entr6o at le dixleme circuit d'entr6e sont pratl- quement egales
A zbro. 55    


