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also be fabricated by means of a bipolar process. According to the
invention an arrangement of the The invention relates to a filter
arrangement  type defined in the opening paragraph is character- comprising
a balanced amplifier having an inverting  ized in that one element is
constituted by a junc- input, a non-inverting input an inverting output and
6   tion capacitor and in that a bias-current source is a non-inverting
output, at least a first input circuit  connected to the inverting input
and to the non- arranged between a first input terminal and the   inverting
input for adjusting the capacitance of the inverting input at least a
second input circuit ar-  junction capacitor connected to the relevant
input. ranged between a second input terminal and the    In the filter
arrangement in accordance with the non-inverting input, a first feedback
circuit arranged   10  Invention use Is made of junction capacitors whose
between the non-inverting output and the inverting  capacitance can be
varied to adjust the time con- input and a second feedback circuit arranged
be-  stant of the arrangement. In a bipolar process such tween the
inverting output and the non-inverting  junction capacitors are formed by a
reverse-bias- input which first and second input circuit each   sed
semiconductor junction (PN-junction), the ca- comprise a substantially
identical first circuit ele-  15  pacitance depending on the voltage across
this ment, which first and second feedback circuits    junction. In the
filter arrangement in accordance each comprise a substantially identical
second cir-  with the invention this capacitance can be adjusted cuit
element, one of said two circuit elements being  by means of a bias-current
source which produces a capacitor and the other circuit element being a
the bias voltage for the junction capacitor across resistor and the
magnitude of at least one of said  20  resistors connected to the relevant
input. It has two circuit elements being adjustable.            been found
that distortions in the arrangement pro- Such a filter arrangement may be
employed in,  duced as a result of non-linearities of the junction for
example filters, oscillators and resonators.  capacitors are compensated
for in the same way Such a filter arrangement is known from United  as
those caused by the MOS resistors in the States Patent Specification US-A-
4,509,019. In  25  known arrangement. said arrangement one circuit element
is constituted  It is to be noted that the invention is not limited by a
capacitor having a fixed capacitance and the  to a filter arrangement which
can be fabricated other circuit element is constituted by a resistor
exclusively by means of a bipolar process. The formed by a MOS transistor
whose resistance val-  filter arrangement in accordance with the Invention
ue can be adjusted by means of a control voltage   30  may also be
fabricated by means of processes applied to its gate electrode. By means of
this   employing both bipolar and MOS circuit elements, control voltage the
RC-time constant of the resistor  such as BIMOS and BICMOS processes. This
en- and the capacitor can be adjusted to the desired  ables the junction
capacitors to be fabricated in value. The capacitors may be arranged in the
feed-  bipolar technology and the resistors to be con- back circuits and
the resistors in the input circuits  35  structed for example as MOS
resistors. or the capacitors may be arranged in the input        Am
embodiment of a filter arrangement in ac- circuits and the resistors in the
feedback circuits. In  cordance with the invention may be characterized the
first case the filter circuit constitutes an integra-  in that the first
circuit element is a resistor and the tor or low-pass filter and in the
second case it  second circuit element is a junction capacitor. The
constitutes a differentiator or high-pass filter.  40  arrangement then
constitutes an integrator. Gen- A balanced input voltage is applied to the
first  erally, the arrangement will be constructed as such and the second
input terminal of the filter arrange-  an integrator. However, in principle
it is also possi- ment and a balanced output voltage is available on  ble
to construct the arrangement as a differentiator, the inverting and the
non-inverting output of the  the resistors then being arranged in the
feedback amplifier. This output voltage is substantially free of  45
circuits and the junction capacitors in the input even-order harmonic
distortion, which is inter alia  circuits. caused by non-linearities of the
MOS resistors.       A suitable embodiment of the filter arrange- This is
because these harmonic components can-    ment in accordance with the
invention may be cel one another as a result of the symmetrical
characterized in that the amplifier comprises two construction of the
arrangement and the balanced   so  transistors of a first conductivity type
which are drive.                                            arranged as a
differential pair and which have their A drawback of this known arrangement
is that it  bases coupled to the non-inverting input and the can be
realised only by means of a semiconductor  inverting input of the amplifier
and their collectors process enabling MOS transistors to be fabricated.  to
the inverting output and the non-inverting output The arrangement cannot be
realised by means of a   55  of the amplifier, between which outputs a load
purely bipolar process. Therefore, it is the object of  circuit is
arranged, which load circuit comprises a the invention to provide a
balanced filter arrange-  first and a second current-source transistor of a
ment with a variable RC-time constant which can   second conductivity type,
whose collectors are 2    
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the non-inverting output and the in-      Embodiments of the invention will
now be de- verting output, whose bases are connected to a     scribed in
more detail, by way of example, with common control input which is coupled
to the       reference to the accompanying drawings, in which junction
point between two load resistors which are   Fig. 1 shows some basic
diagrams of a filter arranged between the non-inverting output and the   5
arrangement in accordance with the invention, inverting output of the
amplifier. This amplifier of  Fig. 2 shows an amplifier for use in the
filter simple construction supplies a balanced output sig-   arrangements
shown in Fig. 1, nal current which is large relative to the balanced   Fig.
3a shows two coupled filter arrangements in input signal, so that the
amplifier has a satisfactory  accordance with the invention,
signal-to-noise ratio. The load circuit ensures that  10  Figs. 3b to 3c
show some examples of a part of the direct voltage on the outputs is
accurately      the circuit arrangement shown in Fig. 3a. defined, so that
the output signal remains fully       Fig. I a shows a first basic diagram
of a filter balanced.                                          arrangement
in accordance with the invention con- The resistors, which are arranged in
the input  structed as an integrator. The filter arrangement circuits of
the filter arrangement when their ar-  15  comprises a balanced amplifier 1
which is arranged rangement is constructed as an integrator, may
between a positive and a negative power-supply have comparatively large
values. It is known that  terminal and which comprises a non-inverting
input such resistors when integrated give rise to an un-  2, an inverting
input 3, a non-inverting output 4 and desired phase shift of the signal
owing to parasitic  an inverting output 5. A first input circuit compris-
capacitances between these resistors and the un-  20  ing a resistor [err]
= R is arranged between the first derlying layer, for example the substrate
of the    input terminal 6 and the non-inverting input 2 and a integrated
circuit. As a result of the parasitic   second input circuit comprising a
resistor [err] iden- capacitances the resistors behave as distributed
tical to the resistor [err] is arranged between a RC networks. In practice
the filter arrangement will  second input terminal 7 and the inverting
input 3. A be used in circuits comprising a plurality of such   25  first
feedback circuit comprising a first junction coupled filter arrangements.
In that case the un-  capacitor [err] is arranged between the inverting
desired effects of parasitic capacitances can be   output 5 and the
non-inverting input 2 and a sec- avoided in that the filter arrangement in
accordance  ond feedback circuit comprising a junction capaci- with a
further embodiment of the invention is char-  tor [err] identical to the
first junction capacitor is acterized in that the input terminals of a
second   30  arranged between the non-inverting output 4 and filter
arrangement are connected to the outputs of  the Inverting input 3.
Further, a first current source the first filter arrangement and in that a
resistor  [err] = 1 is arranged between the non-inverting input arranged in
an input circuit of the second filter  2 and the power-supply terminal and
a second arrangement and the load resistor which forms part  current source
12 identical to the first current of the first filter arrangement and which
is con-  35  source is arranged between the inverting input 3 nected to
said resistor are integrated in one semi-  and the negative power-supply
terminal. conductor body respectively as a diffused resistor     As is
known per se, the junction capacitors [err] and a buried resistor arranged
in parallel therewith.  and [err] are constituted by reverse-biassed semi-
The parasitic capacitances are now present be-     conductor junctions
(PN-junctions), the capacitance tween the diffused resistor and the buried
resistor.  40  depending on inter alia the reverse voltage across Across
these two resistors the same signal voltage  the junction. This reverse
voltage is defined by the appears, so that no signal voltage is present
across  current sources [err] and [err]. It is assumed that the the
parasitic capacitances. As a result of this, the  direct voltages on the
inputs 6 and 7 and the parasitic capacitances of the resistor cannot ad-
outputs 4 and 5 are equal to each other. If the versely affect the
operation of the arrangement.  45  operation of the current source is
ignored, the non- In yet another embodiment the undesired ef-     inverting
input 2 and the inverting input 3 are also fects of the parasitic
capacitances can be com-    at the same direct voltage. In that case no
direct pensated for if the filter arrangement is character-  voltage is
present across the junction capacitors [err] ized in that a compensation
capacitor is arranged  and [err]. However, across the resistor [err] the
current in parallel with the resistors in the input circuits or  so  source
[err] produces a voltage which Is equal to [err] the feedback circuits.
This embodiment may be       = IR. This voltage then also appears across
the characterized further in that a compensation resis-  capacitor [err]
and also determines its capacitance. tor is arranged in series with the
compensation     In the same way the current source [err] defines the
capacitor. This compensation may be employed       voltage across the
capacitor [err]. By constructing both in the case of diffused bipolar
resistors and in  55  the current sources [err] and [err] as
variable-current the case of MOS resistors. In the case of MOS
sources the RC-time constant of the arrangement transistors this
compensation mainly compensates   can be adjusted accurately. The manner in
which for the parasitic gate-substrate capacitance.      such an adjustment
is effected falls beyond the 3    
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Application and is therefore  Similarly, the reverse voltage across the
capacitor not described herein. For this, reference is made to  is equal to
the voltage produced across the parallel the article "Continuous-Time
MOS-FET-C Filters in  arrangement of the resistors  [err] and [err] by the
VLSI" in IEEE Jnl. of Solid-State Circuits, Vol. SC-  current source 12.
21, No. 1, Febr. '86, pp. 15-29, in which a number   5  As is shown in Fig.
1c a large number of input of such adjustments are described.
circuits may be connected to the non-inverting The junction capacitors
[err] and [err] exhibit non-  input 2 and the inverting input 3. In
addition, the linearities, causing distortion of the output signal.
outputs of a number of such arrangements may be As a result of the
symmetrical construction of the  connected directly to these inputs. In all
these arrangement and the balanced drive of this ar-  10  cases the reverse
voltages across the junction ca- rangement these distortions are found to
cancel    pacitors are determined by the voltage produced one another in
the arrangement. Thus, the range in  across the resistors connected to the
relevant input which the balanced output signal increases as a    of the
amplifier by the relevant current source. linear function of the balanced
input voltage is      It is to be noted that, in principle, the arrange-
extended.                                      15   ments shown in Fig. 1
may be constructed as Fig. lb shows a second basic diagram of a
differentiators, in which case the junction capacitors filter arrangement
in accordance with the invention  must be arranged in the input circuits
and the constructed as an integrator, identical parts bearing  resistors in
the feedback circuits. In these cases the same reference numerals as in
Fig. 1a. In the  the voltage produced across the resistors by the
arrangement shown in Fig. 1b the cathodes of  20  current sources forms the
bias voltage for the junc- junction capacitors [err] and [err] are
connected to the  tion capacitors, defining their capacitances.
non-inverting input 2 and the inverting input 3 of     Fig. 2 shows a
suitable amplifier 1 for use in the amplifier 1 instead of the anodes, as
in the   the filter arrangements of Fig. 1. The amplifier 1 arrangement of
Fig. la. The current sources [err] and  comprises a differential pair of
transistors [err] and 12 are now connected to the positive power-supply  25
[err] whose bases constitute the non-inverting input 2 terminal instead of
to the negative power-supply   and the inverting input 3, whose collectors
are terminal. Across the resistors [err] and [err] the cur-  connected to
the positive power-supply terminal, rent sources [err] and [err] produce a
voltage which is  and whose emitters are connected to the bases of an
amount [err] = IR higher than the voltage on the   two transistors [err]
and [err] which are arranged as a inputs 6 and 7. Consequently, this
voltage also   30  differential pair whose collectors are cross-coupled
appears across the junction capacitors [err] and [err]   to the bases and
whose emitters are connected to and thus also determines the capacitance
values of  a current source [err] via a common resistor [err]. these
capacitors. Further, the arrangement is iden-  Further, the amplifier
comprises two transistors [err] tical to that shown in Fig. 1a.
and T4 arranged as a differential pair, whose bases Fig. 1c shows a third
basic diagram of a filter  35  are connected to the emitters of the
transistors [err] arrangement in accordance with the invention con-  and T2
and whose emitters are connected to the structed as an integrator,
identical parts again bear-  current source [err]. The collectors of the
transistors ing the same reference numerals as in Fig. 1 a. In  [err] and
[err] constitute the non-inverting output 4 and addition to a first and a
second input circuit the  the inverting output 5 of the amplifier. Between
the arrangement further comprises a third input circuit  40  outputs 4 and
5 a load circuit is arranged, compris- arranged between a third input
terminal 8 and the  ing a PNP transistor [err] which has its emitter con-
non-inverting input 2 and comprising a resistor [err]  nected to the
positive power-supply terminal, its and a fourth input circuit arranged
between a fourth  collector to the output 5, and its base to the base input
terminal 9 and the inverting input 3 and     of a PNP transistor [err],
whose emitter is connected comprising a resistor [err] identical to the
resistor  45  to the positive power-supply terminal and whose [err]. A
second balanced input signal  [err] is   collector is connected to the
output 4. The com- applied to the input terminals 8 and 9. The first  mon
base of the transistors [err] and [err] is connected feedback circuit
between the inverting output 5 and  to junction point between two identical
resistors [err] the non-inverting input 2 comprises the parallel    and Rs
via a diode [err], which resistors are ar- arrangement of a junction
capacitor [err] and a resis-  50  ranged between the outputs 4 and 5.
Instead of a tor [err] and the second feedback circuit between the  diode,
it is also possible to use a transistor whose non-inverting output 4 and
the inverting input 3   base is at a reference voltage, or an operational
comprises an identical parallel arrangement of a   amplifier having one
input connected to the junc- junction capacitor [err] and a resistor [err].
The re-    tion point between the resistors [err] and [err] and its verse
voltage across the capacitor [err], which also   55  other input to a
reference-voltage source. determines its capacitance, is equal to the
voltage    It is to be noted that this amplifier is the produced across the
parallel arrangement of the    subject of a Patent Application EP-A- 0 270
156, resistors  [err] and [err] by the current source It.  published
08.06.88 and filed simultaneously with 4    
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Application. In this respect it is ob-   buried resistor arranged in
parallel therewith. As served only that the balanced input voltage applied
already stated, the junction point between the re- to the bases 2 and 3 is
converted into a balanced    sistors [err] and [err] constitutes a virtual
signal-earth. current by the differential pair  [err], the differen-  The
signal voltage on the non-inverting input 2' and tial pair [err]  providing
an increased slope of the   5   the inverting input 3' is very small, so
that these arrangement. The differential pair  [err]  provides  inputs may
also be regarded as virtual signal- additional current gain, which is
defined by the     earths. Therefore, substantially the same signal value
of the resistor [err], which determines the ratio  voltage appears across
the resistors [err] and [err] between the bias currents of the differential
pair [err],  and across the resistors [err] and [err]. As a result of [err]
and the differential pair  [err]. The load circuit  10  this, there is
hardly any signal voltage across the maintains the direct voltage on the
outputs 4 and 5  parasitic capacitances between the resistors [err]
accurately constant. The transistors [err] and [err]       and [err] and
between the resistors [err] and [err], so compensate for the bias currents
of the transistors  that these capacitances do not give rise to a phase
[err] and [err], so that only the signal currents appear   shift of the
signal. The parasitic capacitances be- on the outputs 4 and 5. The
resistors [err] and [err]   15  tween the buried resistor and the substrate
hardly have comparatively high resistance values, so that   affect the
behaviour of the arrangement. only a very small fraction of the signal
current flows  Fig. 3c is a diagrammatic sectional view of the through
these resistors and substantially the entire  integrated circuit for the
set of resistors [err] and [err]. signal current is effectively available
on the outputs  On a P-type substrate a P-SUB an N-type epitaxial 4 and 5.
Since the signal current on the outputs 4   20  layer N-EPI is deposited.
In this layer a P-type and 5 remains accurately balanced, no signal volt-
diffused or implanted resistor SPB is formed with age will appear on the
junction point between the    low-impedance end portions SP, constituting
the resistors R4 and Rs. Therefore, this junction point  resistor [err].
Over this resistor an insulating layer constitutes a virtual signal-earth.
ISO is arranged, in which metallised apertures By way of illustration Fig.
3a shows two coup-   25   MET1 and MET2 are formed at the location of the
led filter arrangements in accordance with the in-  resistor end portions
SP. One terminal MET1 is vention. Identical parts bear the same reference
connected to the output 4 of the first filter arrange- numerals as in Fig.
1, the parts of the second filter  ment and the other terminal MET 2 is
connected to arrangement being primed. The input terminals 6'     the input
2' of the second filter arrangement. In the and 7' of the second filter
arrangement are con-   30  island beneath the resistor SPB a partly buried
nected to the output terminals 5 and 4 of the first  layer BN is formed.
The high-impedance region N- filter arrangement. It is to be noted that
alter-    EPI between the two portions of the buried layer natively the
inputs of the second filter arrangement  BN constitutes the resistor R4. In
the insulating may be cross-coupled to the outputs of the first     layer
ISO two metallised apertures MET3 and filter arrangement. If the amplifiers
are constructed   35   MET4 are formed, which are each connected to as
shown in Fig. 2, regardless of how the entire     one terminal of the
resistor [err] by means of a deep filter arrangement is constructed, an
input resistor  N-type diffusion DN and a portion of the buried and a load
resistor are at any rate connected to  layer BN. The terminal MET3 is
connected to the each output. In fig. 3b these resistors are shown
output 4 of the first filter arrangement and the separately. The load
resistors [err] and [err] of the first  40  terminal MET 4 is connected to
the junction point filter arrangement have large resistance values rel-
between the resistors [err] and [err]. ative to the input resistors [err]
and [err] of the         If the filter resistors are constructed as
diffused second filter arrangement, so that substantially the  resistors
the filter arrangement can be fabricated entire output signal current flows
through the resis-  completely by means of a bipolar process. How- tors
[err] and [err]. In order to obtain comparatively   45  ever, alternatively
the filter arrangement may be large RC-time constants, it is necessary to
use     fabricated in a BIMOS or BICMOS process. These comparatively large
resistors [err] and [err] . If these  are processes in which both bipolar
transistors and resistors are constructed as diffused bipolar resis-  MOS
transistors can be fabricated. In the present tors, they will behave as
distributed RC networks    example the junction capacities are constructed
as as a result of the parasitic capacitances present  50  bipolar PN
junctions, whilst the resistors may then between the resistors and the
substrate. At higher   be constructed as MOS transistors. Such MOS
frequencies this gives rise to a phase shift of the  transistors also
exhibit parasitic capacitances which signal, which adversely effects the
high-frequency   adversely affect the behaviour of the filter arrange-
characteristics of the filter arrangement. The influ-  ment. The
channel-gate capacitance is the most ence of these parasitic capacitances
can be re-  55  important of these parasitic capacitances. This duced
substantially if each of the resistors [err] and  parasitic capacitance
causes a MOS transistor to [err] is constructed as a diffused resistor and
each   behave as a distributed RC-network in the same of the resistors
[err] and [err] is constructed as a       way as a diffused resistor,
causing the signal to be 5    
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This phase shift can be compen-           tor  [err]  and the magnitude of
at least one sated for by providing a compensation capacitor [err]       of
said two circuit elements being adjustable, between the source and the
drain of the transistor,      characterized in that one element is
constituted as is shown in Fig. 3b. It is not necessary to           by a
junction capacitor [err]  and in that a arrange a compensation capacitor
across the load    5    bias-current source  [err]  is connected to the
resistors [err] and [err], because these resistors are         inverting
input (3) and to the non-inverting in- not included in the signal path of
the arrangement.      put (2) for adjusting the capacitance of the For an
optimum compensation the compensation             junction capacitor  [err]
connected to the capacitor has a value which is substantially equal
relevant input. to one sixth of the channel-gate capacitance.    10 The MOS
resistors may have fixed resistance       2. A filter arrangement as
claimed in Claim 1, values, but it is alternatively possible to make their
characterized in that the first circuit element is resistance values
adjustable by means of a control       a resistor  [err]  and the second
circuit ele- voltage applied to the gate of the MOS transistor.       ment
is a junction capacitor  [err]. The RC-time constant of such a filter
arrangement   15 can then be adjusted to the desired value both by    3. A
filter arrangement as claimed in Claim 3, adjusting the capacitance values
of the junction         characterized in that the first circuit element is
capacitors and by adjusting the resistance values        a junction
capacitor  [err]  and the second of the MOS-resistors. Preferably, the
gates of the       circuit element Is a resistor  [err]. load resistors
[err] and [err] are then connected to the   20 gates of the resistors [err]
and [err]. When the control  4. A filter arrangement as claimed in Claim 1,
2 voltage varies the ratio between the resistance val-     or 3,
characterized in that the amplifier com- ues  [err] and  [err]  is
maintained, so that the        prises two transistors  [err]  of a first
con- ratio between the signal currents through these          ductivity
type which are arranged as a differen- resistors also remains constant.
25       tial pair and which have their bases coupled to If the resistors
are diffused resistors, the para-   the non-inverting input (2) and the
inverting sitic capacitances between these resistors and the       input
(3) of the amplifier and their collectors to substrate can be compensated
for by arranging a          the inverting output (5) and the non-inverting
compensation capacitor [err] across the resistor. This      output (4) of
the amplifier, between which out- compensation capacitor [err] provides
first-order   30      puts a load circuit is arranged, which load
compensation. As is shown in Fig. 3e, second-            circuit comprises
a first and a second current- order compensation can be obtained by
arranging          source transistor  [err]  of a second con- a resistor
[err] in series with the capacitor [err]. Suit-     ductivity type, whose
collectors are connected ably, this resistor [err] has a resistance value
which      to the non-inverting output (4) and the inverting is
substantially equal to 0.7 x the resistance value   35  output (5), whose
bases are connected to a of the resistor to be compensated.
common control input which is coupled to the junction point between two
load resistors [err] Claims
[err] which are arranged between the non-In- verting output and the
inverting output. 1. A filter arrangement comprising a balanced   40
amplifier having an inverting input (3), a non-   5. A filter arrangement
as claimed in Claim 4, inverting input (2), an inverting output (5) and a
where appendant to Claim  2, characterized in non-inverting output (4), at
least a first input     that the input terminals (6', 7') of a second
circuit arranged between a first input terminal      filter arrangement are
connected to the outputs (7) and the inverting input (3), at least a sec-
45  of the first filter arrangement and in that a ond input circuit
arranged between a second           resistor  [err]  arranged in an input
circuit of input terminal (6) and the non-inverting input       the second
filter arrangement and the load (2), a first feedback circuit arranged
between       resistor  [err]  which forms part of the first the
non-inverting output and the inverting input,     filter arrangement and
which is connected to and a second feedback circuit arranged be-   so
said resistor are integrated in one semiconduc- tween the inverting output
and the non-invert-       tor body respectively as a diffused resistor and
ing input, which first and second input circuit      a buried resistor
arranged in parallel therewith. each comprise a substantially identical
first circuit element, which first and second feed-     6. A filter
arrangement as claimed in Claim 1, 2, 3 back circuits each comprise a
substantially   55     or 4, characterized in that a compensation ca-
identical second circuit element, one of said         pacitor [err] is
arranged in parallel with the two circuit elements being a capacitor [err]
resistors in the input circuits or feedback cir- [err] and the other
circuit element being a resis-      cuits.    9               EP 0 269 162
B1                      10 



phase-shifted. This phase shift can be compen-          tor  [err]  and the
magnitude of at least one sated for by providing a compensation capacitor
[err]       of said two circuit elements being adjustable, between the
source and the drain of the transistor,      characterized in that one
element is constituted as is shown in Fig. 3b. It is not necessary to
by a junction capacitor  [err]  and in that a arrange a compensation
capacitor across the load    5   bias-current source  [err]  is connected
to the resistors [err] and [err], because these resistors are
inverting input (3) and to the non-inverting in- not included in the signal
path of the arrangement.      put (2) for adjusting the capacitance of the
For an optimum compensation the compensation            junction capacitor
[err]  connected to the capacitor has a value which is substantially equal
relevant input. to one sixth of the channel-gate capacitance.   10 The MOS
resistors may have fixed resistance      2. A filter arrangement as claimed
in Claim 1, values, but it is alternatively possible to make their
characterized in that the first circuit element is resistance values
adjustable by means of a control       a resistor  [err]  and the second
circuit ele- voltage applied to the gate of the MOS transistor.       ment
is a junction capacitor  [err]. The RC-time constant of such a filter
arrangement   15 can then be adjusted to the desired value both by    3. A
filter arrangement as claimed in Claim 3, adjusting the capacitance values
of the junction         characterized in that the first circuit element is
capacitors and by adjusting the resistance values        a junction
capacitor  [err]  and the second of the MOS-resistors. Preferably, the
gates of the       circuit element is a resistor  [err]. load resistors
[err] and [err] are then connected to the   20 gates of the resistors [err]
and [err]. When the control  4. A filter arrangement as claimed in Claim 1,
2 voltage varies the ratio between the resistance val-     or 3,
characterized in that the amplifier com- ues  [err] and [err]  is
maintained, so that the         prises two transistors [err] of a first
con- ratio between the signal currents through these          ductivity
type which are arranged as a differen- resistors also remains constant.
25       tial pair and which have their bases coupled to If the resistors
are diffused resistors, the para-   the non-inverting input (2) and the
Inverting sitic capacitances between these resistors and the      input (3)
of the amplifier and their collectors to substrate can be compensated for
by arranging a          the inverting output (5) and the non-inverting
compensation capacitor [err] across the resistor. This      output (4) of
the amplifier, between which out- compensation  capacitor [err] provides
first-order   30     puts a load circuit is arranged, which load
compensation. As is shown in Fig. 3e, second-            circuit comprises
a first and a second current- order compensation can be obtained by
arranging          source transistor  [err]  of a second con- a resistor
[err] in series with the capacitor [err]. Suit-     ductivity type, whose
collectors are connected ably, this resistor [err] has a resistance value
which     to the non-inverting output (4) and the inverting is
substantially equal to 0.7 x the resistance value   35  output (5), whose
bases are connected to a of the resistor to be compensated.
common control input which is coupled to the junction point between two
load resistors [err] Claims
[err] which are arranged between the non-in- verting output and the
inverting output. 1. A filter arrangement comprising a balanced   40
amplifier having an inverting input (3), a non-  5. A filter arrangement as
claimed in Claim 4, inverting input (2), an inverting output (5) and a
where appendant to Claim  2, characterized in non-inverting output (4), at
least a first input     that the input terminals (6', 7) of a second
circuit arranged between a first input terminal      filter arrangement are
connected to the outputs (7) and the inverting input (3), at least a sec-
45  of the first filter arrangement and in that a ond input circuit
arranged between a second          resistor  [err]  arranged in an input
circuit of input terminal (6) and the non-inverting input       the second
filter arrangement and the load (2), a first feedback circuit arranged
between       resistor  [err]  which forms part of the first the
non-inverting output and the inverting input,    filter arrangement and
which is connected to and a second feedback circuit arranged be-  50
said resistor are integrated in one semiconduc- tween the inverting output
and the non-invert-       tor body respectively as a diffused resistor and
ing input, which first and second input circuit      a buried resistor
arranged in parallel therewith. each comprise a substantially identical
first circuit element, which first and second feed-    6. A filter
arrangement as claimed in Claim 1, 2, 3 back circuits each comprise a
substantially   55     or 4, characterized in that a compensation ca-
identical second circuit element, one of said        pacitor [err] is
arranged in parallel with the two circuit elements being a capacitor [err]
resistors in the input circuits or feedback cir- [err] and the other
circuit element being a resis-     cuits. 6    11                 EP 0
269162 B1                      12 



7. A filter arrangement as claimed in Claim 6,       4. Dispositif de
filtrage selon la revendication 1, 2 characterized in that the compensation
resistor      ou 3, caract6ris6 en ce que l'amplificateur est [err] is
arranged in series with the compensa-        munie de deux transistors (Tas
T4) d'un pre- tion capacitor.                                      mier
type de conductivit6 qui sont mont6s en 5       paire diff6rentlelle et
dont les bases sont cou- 8. A filter arrangement as claimed in Claim 6 or
pl6es aux entrdes non inverseuse (2) et inver- 7, characterized in that the
resistors are dif-      souse (3) de l'amplificateur et dont ls collec-
fused or implanted resistors.                       teurs sont couples aux
sorties inverseuse (5) et non inverseuse (4) de l'amplificateur, sorties 9.
A filter arrangement as claimed in Claim 6 or  10    entre lesquelles est
monte un circuit de charge 7, characterized in that resistors are MOS re-
constitu6 par un premier transistor source de sistors.
courant et un deuxieme transistor source de courant (T7, Ts) d'un deuxibme
type de Revendications
conductivit6, dont les collecteurs sont connec- 15      tes aux sorties non
Inverseuse (4) et inverseu- 1. Dispositif de filtrage comportant un
amplifica-       se (5), dont les bases sont connectees a une teur
equilibre muni d'une entree inverseuse          entr6e de commande commune,
qui est cou- (3). d'une entr6e non inverseuse (2), d'une          pl6e au
point de jonction entre les deux resis- sortie inverseuse (5) et d'une
sortie non inver-     tances de charge (R4, Rs), qui sont mont6es souse
(4), d'au moins un premier circuit d'en-   20  entre les sorties non
inverseuse et inverseuse tree monte entre une premiere borne d'entree
de l'amplificateur. (7) et l'entree inverseuse (2), d'au moins un deuxibme
circuit d'entree monte entre une        5. Dispositif de filtrage solon la
revendicatbon (4) deuxibme borne d'entr6e (6) et lPentree non
lorsqu'il depend de la revendication 2, caracte- inverseuse (2), d'un
premier circuit de r6action   25  rise en ce quo les bornes d'entree (6',
7') d'un mont* entre la sortie non inverseuse et lPentrde     deuxieme
dispositif de filtrage sont connect6es inverseuse et d'un deuxibme circuit
de r6ac-         aux sorties du premier dispositif de filtrage et tion
monte entre la sortie inverseuse et l'entree    en ce qu'une r6sistance
(R1', R2') mont6e non inverseuse, les premier et deuxieme cir-         dans
un circuit d'entree du dewdbrme dispositif cuits d'entree 6tant munis
chacun d'un premier  3o   de filtrage et la r6sistance de charge (F4, Rs),
el6ment de circuit pratiquement identique et         qui fait partie du
premier dispositif de filtrage les premier et deuxiwme circuits de reaction
et qui est connectee a ladite resistance, sont 6tant munis chacun d'un
deuxibme el6ment de         integr6es dans un corps semiconducteur res-
circuit pratiquement identique, I'un desdits         pectivement sous forme
d'une r~sistance de deux elements de circuit 6tant un condensa-   35
diffusion et d'une resistance enterree montfe tour (Ci. C2) et l'autre
6lement de circuit etant    en parallble avec cetto demibre. une resistance
(R1, R2) et la grandeur d'au moins l'un desdits deux el6ments de circuit
6. Dispositif de filtrage selon la revendication 1, 6tant r6glable,
caracterise en ce qu'un 6l6ment      2, 3 ou 4, caracterise en ce qu'un
condensa- est constitue par un condensateur a jonction   40    tour de
compensation (Cp) est monte en paral- (CA, C2) et en ce qu'une source de
courant de       lWle avec les resistances dans les circuits d'en-
polarisation (1,, 12) est connectee a Ientree       tree ou les circuits de
r6action. inverseuse (3) et a l'entree non inverseuse (2) pour le reglage
de la capacit6 du condensateur   7. Dispositif de filtrage solon la
revendication 6, a jonction (Ct, C2) connect6 a l'entree on   46
caracteris6 en ce quo la r6sistance de corn- question.
pensation (Rp) est montee en s6rie avec le condensateur de compensation. 2.
Dispositif de filtrage solon la revendication 1, caracterlse en ce quo le
premier dlement de      8. Dispositif de filtrage selon la revendication 6
circuit est une resistance (RI, R2) et le deuxie-   50  ou 7, caracterise
en ce quo los resistances me 6l6ment de circuit est un condensateur a
sont des resistances implantees ou de diffu- jonction (Ct, C2).
sion. 3. Dispositif de filtrage salon la revendication 3,  9. Dispositif de
filtrage solon la revendication 6 caracterise en co quo le premier el6ment
de   ss     ou 7, caractnris6 en ce quo les resistances circuit est un
condensateur a jonction (C1, C2)      sont des resistances MOS. et le
deuxieme 6l6ment de circuit est une resistance (RI. R2).
PatentansprUche '                                      I 111110
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1. Filteranordnung mit einem  Gegentaktverstar-      den Ausgangen ein
Belastungsschaltung ange- ker, der elnen invertlerenden Eingang (3), ei-
ordnet ist, der einen ersten und einen zweiten nen nichtinvertierenden
Eingang (2). einen in-    Stromquellentransistor (T7, Ts) von einem
vertierenden Ausgang (5) und elnen nichtinver-   5  zweiten
Leitiahigkeitstyp enthalt, deren Kollek- tierenden Ausgang (4), wenigstens
eine zwl-      toren mit dem nichtinvertierenden Ausgang (4) schen einer
ersten Eingangsklemme (7) und         und mit dem invertierenden Ausgang
(5) ver- dem invertierenden Eingang (3) angeordnete        bunden sind,
deren Basen mit einem gemein- erste Eingangsschaltung, wenigstens eine zwi-
samen Steuereingang verbunden sind, der an schen einer zweiten
Eingangsklemme (6) und   io   den Knotenpunkt zwischen zwei Belastungswi-
dem nichtinvertierenden Eingang (2) angeord-      derstanden (R4, Rs)
gekoppelt sind, die zwi- nete zweite Eingangsschaltung, elne zwischen
schen dem nichtinvertierenden Ausgang und dem nichtinvertierenden Ausgang
und dem In-       dem invertierenden Ausgang angeordnet sind. vertierenden
Eingang angeordnete erste Rick- koppelschaltung und eine zwischen dem
inver-  is  6. Filteranordnung nach Anspruch 4, wenn ab- tierenden Ausgang
und dem nichtinvertieren-       hangig vom Anspruch 2, dadurch gekennzeich-
den Eingang angeordnete zweite RUckkoppel-        net, dalB die
Eingangsklemmen (6', 7') einer schaltung enthalt, wobei die erste und die
zweiten Filteranordnung mit den Ausg~ngen zweite Eingangsschaltung je ein
im wesentli-      der ersten Filteranordnung verbunden sind, chen
identisches erstes Schaltungselement  20     und dan ein in einer
Eingangsschaltung der enthdlt, die ersten und zweiten Rickkoppel-
zwelten Filteranordnung angeordneter Wider- schaltungen je ein im
wesentlichen identisches    stand (R'i, R'2) und der Belastungswiderstand
zweites Schaltungselement enthalt, eines der     (R4, R5), der einen Teil
der ersten Filteranord- beiden Schaltungselemente ein Kondensator
nung bildet und mit dem genannten Wider- (C,, C2) und das andere Element
ein Wider-  25   stand verbunden ist, in einem Halbleiterk6rper stand (RI,
R2) Ist und der Wert wenigstens        als diffundierter Widerstand bzw.
als vergrabe- eines der beiden Schaltungselemente einstell-     ner
Widerstand in Parallelschaltung damit inte- bar ist,
griert sind. dadurch gekennzeichnet, dan ein Element durch einen
Sperrschichtkondensator (C,. 02),  30  6. Filteranordnung nach Anspruch 1,
2, 3 oder 4, gebildet wird, und dam zum Einstellen der Ka-     dadurch
gekennzeichnet, daR ein Ausgleichs- pazitat des mit dem betreffenden
Eingang ver-     kondensator (Cp) in Parallelschaltung mit den bundenen
Sperrschichtkondensators (Ci. C2)        Widerstanden in den
Eipgangsschaltungen eine Vorstromquelle (11, 12) an den invertleren-  oder
RUckkopplungsschaltungen angeordnet den Eingang (3) und an den
nichtinvertieren-  35  ist. den Eingang (2) angeschlossen sind. 7.
Filteranordnung nach Anspruch 6, >   2. Filteranordnung nach Anspruch 1,
dadurch gekennzeichnet, daR der Ausgleichs- dadurch gekennzelchnet, daB das
erste Schal-      widerstand (Rp) in Reihenschaltung mit dem tungselement
ein Widerstand (Ri, R2) und das  4o  Ausgleichskondensator angeordnet ist.
zweite Scihaltungselement ein Sperrschichtkon- densator (Ci. C2) ist.
8  Filteranordnung nach Anspruch 6 oder 7, dadurch gekennzeichnet, daB die
Widerstande 3. Filteranordnung nach Anspruch 2.
diffundierte oder implantierte  Widerstande dadurch gekennzeichnet, daR das
erste Schal-  4s  sind. tungselement ein Sperrschichtkondensator (Ci. C2)
und das zweite Schaltungselement ein Wi-  9. Filteranordnung nach Anspruch
6 oder 7, derstand (Ri. R2) ist.                            dadurch
gekennzeichnet, dali die Widerst~nde MOS-Widerstande sind. 4.
Filteranordnung nach Anspruch 1, 2 oder 3,  so dadurch gekennzeichnet, dal
der Verstarker zwei Transistoren (Ti, T2) von einem ersten
Leitfihigkeitstyp enthalt, die als Differenzpaar angeordnet sind und mit
ihren Basen an den nichtinvertierenden Eingang (2) und an den  65
invertierenden Eingang (3) des Verstarkers und mit ihren Kollektoren an den
invertierenden Ausgang (5) und an den nichtinvertierenden 8    


