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compressors (or expanders) to have similar char- acteristics. This enables
the original uncompressed Background of the Invention.
signal to be recovered by any expander com- plementary to the group of
compressors from a This invention relates to circuits for providing a   5
compressed signal compressed by a compressor desired resistance (or
conductance) characteristic   in the group, and enables the use of any
matching using a field effect transistor (FET). The circuits  compressor to
produce the compressed signal. described are particularly suitable for use
as at-    In order that the signal attenuators, limiters or tenuator
circuits employing an impedance as well   sliding band circuits in the
compressors (or ex- as the FET, the FET providing a conductance as a   10
panders) have similar signal attenuating character- desired predetermined
function of a control signal,  istics, it is desirable for the FETs in such
circuits to in order to provide a standardised gain control or  have
similar conductance control characteristics. In frequency response
characteristic.                 other words, the conductances of the FETs
in the Three-terminal field effect transistors have    different limiter
circuits in the compressors (or ex- been used frequently to provide
variable conduc-  15  panders) are preferably the same in response to
tances where the conductances between the          the same control
signals. It is well known that the source and drain are controlled by a
control signal  conductance control characteristics of FETs vary applied to
the gate of the FET. The drain-source   widely, so that different FETs may
have very dif- conductances of most FETs vary linearly with the   ferent
conductances even though the same control control voltage applied across
the source and gate  20  signal is applied to their gates. It is therefore
desir- so that incremental changes in the control voltage  able to select
or fabricate FETs or otherwise pro- will cause proportional incremental
changes in their  vide FET circuits which will have the same conduc-
conductances. The variation of the drain-source    tance in response to the
same control signal. conductance of a FET as a function of the control
Until now, the favorite method for providing signal is known as the
conductance control char-  25   FETs having the same conductance control
char- acteristic of the FET.                             acteristic is to
use special manufacturing processes Field effect transistors used as
variable con-  which may be expensive and difficult. Simpler and ductances
have been employed in signal attenua-    less expensive methods are thus
desirable. In a tors. For example, they have been used in limiters  method
employed by Dolby Laboratories of San for noise reduction systems where
compressors  30   Francisco, California to provide reproducible FET and
expanders require controlled limiting of the   conductance control
characteristics, the FETs used amplitude of a signal. In U.S Patent
4,490,691, a  are selected so that a control signal fed to their field
effect transistor is used in conjunction with a  gates will produce
essentially the same conductan- capacitor to form a high pass filter with a
sliding  ces. Then, offset voltages are applied where neces- band type high
frequency shelf response whose   35  sary to compensate for the difference
in pinch-off corner frequency varies as a function of the control  voltages
of the selected FETs. signal to the gate of the transistor. In this
particular  In U.S. Patent No. 3,818,244 and 3,737,678 to high pass filter
circuit the drain-source path of the  Dolby et al, reproducibility of FET
conductance FET shunts the signal to be limited to ground. In  control
characteristics is improved by employing other attenuator or limiter
circuits, the drain-source   40  two FETs with pinch-off voltages selected
to be conductance of the FET may be placed in the        identical to
provide the attenuation required through series path of the signal instead
of in a shunt path.  two stages. The first FET provides the first few dB A
FET can be used in conjunction with an inductor  of attenuation, with most
of the remaining required to form a sliding band circuit with a low
frequency  attenuation provided by the second FET, the two band pass
response operating downwardly. A FET   45  FETs having different thresholds
of control voltage may also be used in conjunction with a resistor and  at
which they start to conduct. A high degree of another filter to form a
fixed band attenuator circuit  repeatability is achieved even at high
values of whose frequency range does not change, in con-     attenuation
because the first FET is fully conduct- trast to the sliding band filter
circuits. In each of the  ing after the first few dB of attenuation, giving
an above types of attenuators, the characteristics of  so  accurate value
of first stage attenuation. the attenuator are varied by varying the
conduc-      In U.S. Patent No. 2,035,263, Cushman et al tance of the
drain-source path of the FET.         propose to use two identical variable
resistance In many attenuator, limiter and filter circuits it  devices
controlled in the same manner by the is important for the circuits to have
precise and  same control signal to provide a compression or reproducible
characteristics. For noise reduction   55  expansion ratio of 2:1. In other
words, for devices systems employing complementary compressors
having a wide variety of conductance control char- and expanders, for
example, it is important for the  acteristics, a precise and reproducible
compression signal limiters and filters in a group of matching  or
expansion ratio of 2:1 can be achieved so long 2    



3                 EP 0 220 043 B1                    4 as the two variable
resistance devices used in the  FETs can be made to conform to a
predetermined compressor or expander are identical and iden-     function
of a control signal by first modifying the tically controlled. In such
manner matching corn-  control signal. The modified control signal is then
panders can be produced even though the char-      applied to the gate of a
FET. The modified control acteristics of variable resistance devices in one
5   signal is derived in accordance with the desired compander do not match
those of devices in a       predetermined function and the actual
characteris- different compander. Any number of variable resis-  tics of
the FET. When the modified control signal is tance devices may be employed
to provide dif-      applied to the FET gate, the drain-source conduc-
ferent fractional compression and expansion ratios.  tance of the FET
conforms to a predetermined In the article "Compander Increases Dynamic  10
function of the original unmodified control signal. Range" by Wermuth, db
Magazine, June 1976, the         The drain-source conductance of the FET is
a use of three identical FETs (Fig. 8) is proposed in a  second function of
the gate-source voltage. The scheme similar to that of Cushman et al's to
FET is provided with means for providing a modi- achieve a compression
ratio of 2:3 or by 33% on a  fied control signal by multiplying the
received con- logarithmic scale; the scheme enables the char-  15  trol
signal by a factor and adding or subtracting acteristic to be reproducible.
In U.S. Patent      therefrom an offset. The modified control signal is
3,969,680 Wermuth proposes the use of two iden-    applied to the gate of
the transistor. The factor and tical FETs in another similar scheme to
provide    the offset are such that the drain-source conduc- constant slope
2:1 compression and expansion.      tance of the transistor is
substantially the predeter- None of the above described conventional  20
mined function of the control signal. methods is entirely satisfactory. In
some methods      A circuit embodying the invention may be used the FETs
used must be selected from a limited      to cause the drain-source
conductance (resistance) group. For companders using identical devices,
of practically any FET to conform to a predeter- special manufacturing may
again be required to     mined function of a control signal. No special
type produce these devices. Furthermore, the transient  25  of FET or
special manufacturing processes are response of such companders may deviate
signifi-   required, so that attenuators, filters or other devices cantly
from the constant ratio in a manner depen-  requiring FETs with
reproducible conductance con- dent on the actual conductance control
characteris-  trol characteristics may be produced cheaply and tics of the
identical loss devices.                conveniently. EP-A- 3509 (U.S.
Patent No. 4,223,274 to  30       Preferably the invention is embodied in
an at- Paulke et al.) describes an amplifier with three   tenuator circuit
employing a FET and an imped- cascaded amplification stages each having a
volt-  ance to provide attenuation which conforms to a age controlled
amplifier comprising a dual-gate    desired and predetermined
characteristic. The cir- MOSFET the gain of which can be adjusted by
cuit can then provide a desired attenuator char- means of a control signal.
Each voltage controlled   35  acteristic, where the desired characteristic
is de- amplifier has a control signal forming element for  fined with
respect to a reference (possibly notional) deriving a secondary control
value from a primary  field effect transistor whose drain-source conduc-
control value according to a linear equation, so that  tance is a
predetermined function of a control volt- the amplification of each of the
stages may be     age Vc applied to the gate of the reference transis-
controlled to conform to a commonly-prescribed   40  tor, and where the
predetermined function is of the characteristic. In EP-A- 3509 the input is
applied to  form F(c(Vc - VT)); c, VT being desired constants the other of
the gates of the dual-gate MOSFET,    and F a selected function. and the
drain and source are connected through         Such a circuit for providing
a desired attenuator resistors to a voltage source and ground respec-
characteristic comprises an impedance means and tively. Such an arrangement
will provide a variable  45   a second field effect transistor whose
drain-source signal amplification, but will allow components of
conductance is substantially a function F(a([err] - the control signal to
appear as noise in the output  Vp)) of its gate-source voltage [err], where
constants of the device ("break through"). Thus the circuit is  a,[err] are
different from the desired constants [err]. unsuitable for high quality
signal processing re-  The circuit further comprises means for providing a
quirements.                                    50   modified control signal
by multiplying the control signal Vc by a factor c/a and adding thereto an
Summary of the Invention                           offset ([err] - [err]).
The modified control signal is then applied to the gate of the second
transistor. The present invention in its various aspects is  The
multiplying factor and the offset are such that defined in the appended
claims, to which reference   55  the drain-source conductance of the second
tran- should now be made.                                sistor is
substantially the predetermined function of This invention is based on my
recognition that  the control signal. This causes the circuit char- the
drain-source conductance of a wide variety of  acteristic to conform to the
desired predetermined 3    
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characteristic.                           be obtained. The invention is
particularly suitable for use in    Fig. 5 is the block diagram of Fig. 4
and of a circuits having a main path and a further path in a  circuit for
reducing signal distortion. "dual path" arrangement, where the circuits
pro-        Fig. 6 is a block circuit diagram of an im- vide compression or
expansion which conforms to    5   plementation of the circuit of Fig. 5. a
desired and predetermined characteristic. Such a      Fig. 7 is a schematic
circuit diagram  of a circuit can provide a desired compression or ex-
practical implementation of the circuit of Fig. 5, pansion characteristic
where the characteristic is  illustrating the preferred embodiment of the
inven- defined with respect to a field effect transistor   tion. whose
drain-source conductance is a predeter-  10       Fig. 8 is a schematic
circuit diagram  of an mined function of a control signal [err] applied to
the  attenuator circuit useful in compressors and ex- gate of the reference
transistor, said function being  panders. of the form F(c(Vc - VT)), where
c and VT are           Fig. 9 is a schematic circuit diagram illustrating
desired constants and F a selected function. The    the preferred
embodiment of the invention. circuit comprises a main signal path which is
sub-  15  Fig. 10 is a schematic circuit diagram illustrat- stantially
linear with respect to dynamic range and  ing an alternative embodiment of
the invention. a further signal path which has its input coupled to the
input or output of the main path.                Description of the
Invention The further path includes (a) a second field effect transistor
whose drain-source conductance is  20  Fig. 1A is a schematic circuit
diagram illustrat- substantially a function F(a(err] -[err])) of its gate-
ing a fixed band attenuator. As shown in Fig. 1A, source voltage [err],
wherein constants a and [err] are  the fixed band attenuator comprises a
filter 1 and a different from the desired constants c and VT re-   voltage
divider comprising resistor 2 and a field spectively; (b) an impedance
means; and (c)          effect transistor 3. The drain-source resistance of
means for providing a modified control signal by   25  transistor 3 is
variable as a function of control multiplying the control signal Vc by a
factor and    voltage [err. The frequency response characteristic adding
thereto an offset, said modified control sig-  curve 6 of the circuit of
Fig. 1 A is illustrated in Fig. nal being applied to the gate of the second
transis-  2A, where fixed filter 1 is assumed to be a high tor, said factor
and said offset being such that the  pass filter with a fixed high
frequency shelf re- drain-source conductance of the transistor is sub-   30
sponse. Thus, the effect of the voltage divider stantially the
predetermined function of the control  circuit comprising resistor 2 and
FET 3 is to move signal.                                             the
level of the shelf 6 vertically, such as to a Where the circuit is a
compressor, the circuit   position 6a shown in dotted line in Fig. 2A.
Thus, further comprises means in the main signal path for  the amount of
attenuation applied by the circuit in adding the outputs of the main and
further paths.  35  the pass band is controlled by the drain-source Where
the circuit is an expander, the circuit further  resistance of the FET,
where the resistance is in comprises means in the main signal path for sub-
turn controlled by control signal [err]; the corner tracting the outputs of
the main and further paths.  frequency of the high frequency shelf 6 does
not change with changes in the control signal Vc. Brief Description of the
Drawings               40      Fig. 1 B is a schematic circuit diagram
illustrat- ing a sliding band high pass filter comprising FET Figs. 1A, 1B,
1C are schematic circuit dia-     3 and capacitor 4 arranged as shown. The
char- grams of three types of attenuator or filter circuits.  acteristics
of the circuit of Fig. 1B are illustrated in Figs. 2A, 2B, 2C are graphical
illustrations of  Fig. 2B. The characteristic curve 7, as shown in the
signal transmission characteristics of the cir-  45   Fig. 2B, is in the
shape of a high frequency shelf cuits of Figs. 1A, 1 B, 1C respectively.
whose corner frequency may slide upwards as a Fig. 3A is a graphical
illustration of the drain-  function of the control signal Vc. Thus, as
shown in source conductance G as a desired predetermined      Fig. 2B,
depending on the control signal [err], the function of a control signal
[err]. Fig. 3B is a graphi-  characteristic curve of the circuit may shift
upwards cal illustration of the drain-source conductance [err]   50  to a
position shown in dotted line 7a. of a particular FET as a function of the
gate voltage   Fig. 1C is a schematic circuit diagram of a [err].
sliding band low pass filter comprising FET 3 and Fig. 4 is a block diagram
of a circuit for modi-  an inductor 5 (simulated by a gyrator circuit as a
fying the control signal Vc so that, when the modi-  practical matter). Its
characteristics are illustrated in fied control signal is applied to the
gate of the FET   55   Fig. 2C. As shown in Fig. 2C, characteristic curve 8
with conductance control characteristics as shown    of the circuit is in
the shape of a low frequency in Fig. 3B, substantially the desired
predetermined  shelf whose corner frequency may slide downwar- conductance
control characteristics of Fig. 3A will  dly as a function of the control
signal Vc. Depend- 4    
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[err], the characteristic curve of the circuit of Fig. 1C may shift to the
left to a position  G = [err] shown in dotted line 8a. In the circuit of
Fig. 1A, the amount of attenu-  The desired conductance control
characteristic of ation in the pass band is controlled by [err] which   5
the FET is thus in the shape of a straight line the causes the drain-source
resistance of the FET to    slope of which determines the scale for the
change vary without changing the corner frequency. In the  in drain-source
conductance of the FET when the circuit of Fig. 1B, control signal [err]
controls the  control voltage Vc changes. The desired conduc- time constant
of the circuit and therefore the sliding  tance control characteristic is
illustrated in Fig. 3A. action described above by controlling the drain-
10  In many applications such as in noise reduction source resistance of
FET 3. In the circuit of Fig.  systems employing precisely controlled
compres- 10, control signal Vc controls the sliding action by  sion and
expansion, it is desirable to provide con- varying the drain-source
resistance of FET 3. The  ductances which are predetermined functions of a
drain-source resistance of a FET is simply the     control signal, such as
that shown in Fig. 3A. reciprocal of its drain-source conductance. In other
15   However, it is difficult to manufacture a large num- words, the
attenuation characteristics of the circuits  ber of FETs having the same
desired conductance of Figs. 1A-1C depend on the conductance control
control characteristic. I have appreciated that it characteristics of the
FETs in such circuits.      would be desirable to provide for a circuit
which, As discussed above in the Background of the     when used in
conjunction with any FET having a Invention, it is desirable for signal
attenuators in a   20  conductance control characteristic different from
group of matching compressors (or expanders) to    the one desired, will
cause the FET to provide a have substantially identical characteristics.
Since  conductance which varies in accordance with the different FETs may
have very different conduc-     desired characteristic. One such FET may
for ex- tance control characteristics, their drain-source re-  ample have
the characteristic shown in Fig. 3B. A sistances may be very different even
though the   25  comparison of Figs. 3A and 3B will show that the same
control signal is applied to their gates. It is  FET of Fig. 3B has a
conductance control char- therefore desirable to provide circuits which can
acteristic very different from the desired character- cause the conductance
control characteristic of any  istic of Fig. 3A. FET to conform to a
desired predetermined char-        This invention is based on my
recognition that acteristic. Thus, even though FETs having very  30  given
any FET whose conductance control char- different conductance control
characteristics are  acteristic takes on the same general function or used
in the attenuator circuits described above, the  dependence upon a control
signal as that desired, attenuation applied can be made to conform to a
a circuit may be provided to modify the control desired and predetermined
characteristic.          signal applied to the FET gate so that the FET
will The aspect of the invention directed to con-  35  have the desired
conductance control characteris- forming the conductance control
characteristics of  tic. The conductance of the FET must take on the FETs
to a predetermined characteristic is de-      same general form of
functional dependence upon scribed below in reference to Figs. 3A, 3B, 4-7.
It is  a control signal. Thus, if the desired conductance known that the
drain-source conductance of a FET   control characteristic is in the form
of a straight line is proportional to the quantity               40  as
shown in Fig. 3A, the conductance control char- acteristic of the FET
employed must also be a [err]
straight line. The conductance control characteristic of the FET
illustrated in Fig. 3B may be repre- where
sented as follows: [err] is the gate-source voltage,            45 [err] is
the drain-source voltage, and            [err] VT is a threshold voltage of
the FET. The distortion term  [err] in the expression    where above will
be dealt with later and may be neglected    a is a constant characteristic
of the FET and for now so that the drain-source conductance G   so    [err]
is the pinch-off voltage of the FET. may be expressed as follows:
In order that the drain-source conductance [err] be the same as the desired
conductance G of Fig. [err]                                             3A
the following must hold: where c is a constant characteristic of a
particular  55  [err] FET. Thus, if a control voltage [err] is applied to
the gate of the FET with its source grounded, the      or, conductance G is
given by: 5    9                 EP 0 220 043 B1                    10 



[err]                                           desired. The quantities VT
and c are known since they characterize the desired conductance control
Thus, if the control voltage [err] is applied be-  characteristic. The
actual pinch-off voltage of FET tween the gate and source of the FET of
Fig. 3B,   12,[err] can be found by simple testing. Thus, all then the
conductance control characteristic as illus-   5   the settings of circuit
10 are known except for the rated in Fig. 3B will be obtained. If, however,
quantity a. Therefore, to complete the calibration of instead of applying
the control voltage Vc between  FET 12, the gain of amplifier 20 is
adjusted until the gate and source of the FET, a modified control  the
drain-source conductance of FET 12 conforms voltage [err] given by the
above equation is applied  to that required at a particular value of the
control instead, the drain-source conductance [err] will be   10  voltage
Vc. The calibration of FET 12 is then com- equal to the conductance G
having the desired      plete. characteristic dependence on Vc.
Fig. 7 is a schematic circuit diagram of a Fig. 4 is a block diagram of a
circuit for modi-  practical implementation of the circuit of Fig. 5 to
fying the control voltage before application to the  illustrate the
preferred embodiment of the inven- FET so that the FET will have the
desired conduc-  15  tion. As shown in Fig. 7, the control voltage Vc is
tance control characteristic. As shown in Fig. 4,  fed to the non-inverting
input of an amplifier 32. circuit 10 modifies the control voltage Vc so
that  The inverting input of the amplifier is biased by a when the modified
control voltage [err] is applied    DC voltage equal to the desired
pinch-off voltage between the gate and source of the FET 12, the       VT
through a resistor R2. The output of the am- drain-source conductance of
FET 12 will have the   20  plifier 32 is fed back to the inverting input
through desired control characteristic dependence on Vc.   an adjustable
resistor [err]. The output of amplifier Fig. 5 is a block diagram
incorporating the     32 is given by the expression below: circuit of Fig.
4 together with a circuit for reducing distortion. As shown in Fig. 5 the
drain-source    [err] voltage across the FET 12 is first reduced to half of
25 its instantaneous magnitude by circuit 14 and then     The voltage
divider circuit comprising Zener added to the modified control voltage
[err] before   diode 34, biasing voltage [err] biasing resistor 36
application to the gate of the FET. The application  and voltage divider
resistors 38, 40, 42, adds the of half the drain-source voltage to the gate
of the  offset voltage (Vp - VT) to the output of amplifier 32. FET is
conventionally employed to reduce distor-  30   Hence, if the ratio ([err])
/[err] is equal to the tion. This corresponds to the distortion term in the
ratio c/a, then the voltage applied across the gate general expression for
the conductance of the FET  and source of FET 12 in Fig. 7 is given by the
above.                                             equation of circuit 10
in Fig. 5. Voltage Vb and Fig. 6 is a schematic circuit diagram
illustrating  biasing resistor 36 bias the Zener diode into con- an
implementation of the circuit of Fig. 5. As shown   35  duction. Zener
diode 34 provides a substantially in Fig. 6. the pinch-off voltage VT of
the desired  constant DC voltage drop between its cathode and conductance
control characteristic is first subtract-  anode. Such voltage drop is
divided by the divider ed from the control voltage by adder 18. The
resistors 38, 40, 42 to provide offsets at the points difference voltage is
then supplied to a variable  H, L to generate the offset ([err]). Thus, if
con- gain amplifier 20 which multiplies the difference   40  nection 44 at
point H is made, the offset provided voltage by the factor c/a. The output
of amplifier 20  is equal to the voltage drop across Zener diode 34 is then
added to [err], the actual pinch-off voltage of  multiplied by the ratio
given by the resistance of FET 12, to obtain the modified control signal
[err] of  resistor 38 divided by the sum of the resistances of circuit 10
of Fig. 5. However, since the modified  resistors 38, 40 and 42. If
connection 46 is made at control signal is to be added also to the half of
the   45  point L instead, the offset applied is given by the drain-source
voltage [err] of FET 12 by adder 16,    voltage drop across diode 34
multiplied by the ratio an additional adder may be eliminated by having
of the sum of the resistances of resistors 38, 42 to the two additions
performed together by adder 16,  that of resistors 38, 40 and 42. Either
one of the adding together the three quantities in adder 16:  two
connections 44, 46 may be made depending [err]. As shown in Fig. 6 an   50
on the magnitude of ([err]) required. amplifier having the gain of half is
used for the      Resistors 38 and 40 may conveniently have multiplier 14
to provide a low input impedance for  substantially the same resistance.
Then, if the re- adder 16.
sistance of resistor 42 is zero, both points H, L are Given a FET 12 having
a conductance control     at half the voltage drop of the Zener diode. When
characteristic of a straight line in the form of Fig.  55  the resistance
of resistor 42 is increased from zero, 3B, the adjustable elements in
circuit 10 may be   the voltage at H increases and that at L decreases
easily adjusted so that the drain-source conduc-   from such half voltage
drop value. Thus, if the tance of FET 12 conforms substantially to that
magnitude of the offset required is greater than half 6    11
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the voltage drop across diode 34, connection 44 is  whose conductance is
given by: made. If instead the offset is less than half the voltage drop
across diode 34, connection 46 is     [err] made instead. Then the
resistance of resistor 42 may be adjusted until the voltage at H or L
reaches   5   provided that [err] is substantially the same as F2. the
required offset value. Zener diode 34 may be       The variable conductance
of a FET conforming chosen so that its voltage drop is optimum for the  to
a desired conductance control characteristic variation in the offset
voltage required.          may be used in the signal path to attenuate the
The voltage across the drain and source of      signal to a desired degree.
Alternatively, it may be FET 12 is amplified by amplifier 60 and then ap-
10  placed in a shunt path, shunting the signal to plied through resistors
52, 54 to points H and L,  ground or to another terminal to attenuate the
sig- respectively. Resistors 52 and 54 have substan-    nal to the desired
degree. A balanced circuit may tially the same resistance which is of such
a value  be used if desired, the FET being connected there that the AC
components of the voltages at points H  across. It may also be used
together with a capaci- and L are substantially half of [err]. As a
practical  15  tance or inductance to form a high pass or a low matter,
significant signal amplification, e.g. 20 dB,  pass filter with a variable
corner frequency. Such may be used in amplifier 60. The values of resis-
configurations are useful in compressors and ex- tors 52 and 54 are then
increased accordingly so   panders in noise reduction circuits. All such
ar- as to maintain half of [err] at the FET gate. Config-  rangements are
within the scope of this invention. ured as shown in Fig. 7 it will be
observed that the   20  Fig. 8 is a schematic circuit diagram of a signal
generation of the offset voltage ([err]) does not  attenuator useful in
compressors and expanders. affect the application of the distortion
compensation  As described in detail in US-PS 3,846,719; US-PS voltage
[err] and visa versa. Furthermore, the dis-  3,903,485; US-PS 4,490,691 and
US-PS Re 28,426, tortion compensation voltage [err] applied is un-  audio
noise reduction systems advantageously em- affected by whether connection
44 or connection   25  ployed "dual path" arrangements. A "dual path" 46 is
made. The input signal is fed to the drain of  arrangement is one in which
a compression or FET 12 through an impedance 70, and the signal
expansion characteristic is achieved through the output is taken from the
output of amplifier 60.   use of a main path which is essentially free of
FET 12 may be calibrated using the circuit of   dynamic action and one or
more secondary or side Fig. 7 by a simple procedure. First, either one of
so  paths having dynamic action. The side path or the two connections 44,
46 is made depending on     paths take their input from the input or output
of the expected value of the offset voltage (Vp - VT).  the main path and
the output or outputs are ad- Then [err] and the value of resistor 42 are
adjusted  ditively or subtractively combined with the main by a process of
successive approximation until the  path in order to provide compression or
expansion. drain-source conductance of FET 12 conforms to  35   Generally,
a side path provides a type of limiting or the desired conductance control
characteristic. If  variable attenuation and the manner in which it is the
value of R2 is set to provide a bias at the    connected to the main path
determines if it boosts inverting terminal of amplifier 32, this bias cor-
(to provide compression) or bucks (to provide ex- responding to the FET
gate pinch-off voltage, then  pansion) the main path signal components.
Circuit the adjustment process becomes essentially non-  40  100 of Fig. 8
may be advantageously used in the iterative (i.e. convergence is rapid).
Resistor 42  side path of a dual path arrangement to provide the (bias) is
set to give the lower conduction point.  desired compression or expansion.
Resistor [err] (gain) then calibrates the higher con-     Signal attenuator
100 of Fig. 8 comprises an duction point. If necessary, resistor 42 may be
input port 102, an output port 104, an impedance retrimmed and [err]
rechecked at the lower and   45  106 and a buffer 108 connected between the
input higher conduction points respectively.             and the output.
The output of impedance 106 is While the invention is described above in
refer-  shunted by the drain-source path of a FET 112 to a ence to FETs
whose drain-source conductances       port 114. The gate of FET 112 is
controlled by a are linear functions of the control voltage, it will be
control signal Vc derived by a control circuit 116 understood that the
invention is also applicable to  50  from the output 104 and fed back to
the gate of the those in which the conductance is not a perfectly
transistor. Control circuit 116 may be a rectifier and linear function of
the control voltage. Thus, if the  smoothing circuit. Thus, the output
signal at output desired conductance control characteristic of a FET  104
controls the shunting action of FET 112 by the is given by:
feedback loop through control circuit 116. 55     If impedance 106 is a
resistor, then resistor [err]
106 and the drain-source path of FET 112 forms a voltage divider where the
signal attenuation may be the circuit of the invention is applicable to any
FET  simply varied by varying the drain-source resis- 7    13
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tance of FET 112. As discussed above in reference  functional dependence on
control signals to have to Figs. 1A, 2A, circuit 100 (where impedance 106
substantially the desired characteristics. is a resistor), when used with
another high pass       Fig. 9 is a schematic circuit diagram of a signal
filter (not shown in Fig. 8), forms a fixed band filter  attenuator
illustrating another aspect of the inven- with characteristics as shown in
Fig. 2A. Thus,   5   tion. Attenuator circuit 150 includes the impedance
ariation in the drain-source resistance of the FET  106, buffer 108 and
control circuit 116 of Fig. 8. 112 will simply cause the level of the high
fre-   FET 152, however, has conductance control char- quency shelf in Fig.
2A to shift vertically, without  acteristics that are different from the
desired refer- changing the corner frequency.                     ence
characteristic. In order that circuit 150 will Where impedance 106 is a
capacitor, circuit  10  provide the same attenuation characteristics as
cir- 100 is a sliding band high pass filter with char-  cuit 100 of Fig. 8,
a circuit 10 is employed to acteristics illustrated in Fig. 2B. Where
impedance  modify the control signal Vc from control circuit 106 is an
inductor (simulated as a practical matter  116; the modified control signal
[err] is then applied by a gyrator circuit), circuit 100 is a sliding band
to the gate of FET 152. As shown above, circuit 10 low pass filter with
characteristics illustrated in Fig.  is  will cause the conductance control
characteristics 2C. Where the impedance 106 is a capacitor or an   of FET
152 to conform to that of the reference inductor, the sliding action of the
corner frequency  characteristic (e.g. that of FET 112). Hence, the of the
filter is controlled by the drain-source resis-  attenuation circuit 150
will have essentially the tance of the FET. Thus, irrespective of whether
same attenuation characteristics as circuit 100 of impedance 106 is a
resistor, inductor or capacitor,  20  Fig. 8. in order for signal
attenuator 100 to provide the      In certain compressor and expander
circuit ar- desired attenuation characteristics, it is necessary
rangements, it may be desirable to divide the audio for the drain-source
conductance characteristic of  spectrum into a plurality of frequency
bands, each FET 112 to conform to a desired and predeter-      of which is
acted upon independently. In that way, mined reference characteristic.
25   a dominant signal component affects dynamic ac- For the purpose of
discussion, it is assumed   tion (compression or expansion) only within a
por- that the desired conductance control characteristic  tion of the
overall spectrum, in contrast to a of a reference FET 112 is given by:
wideband  approach  in which dynamic action throughout the entire spectrum
is affected by a [err]                                         30  dominant
signal component. In such bandsplitting approach, it may be desirable to
employ a filter in where c, VT are desired constants and F is a       the
side path circuit. As shown in Fig. 9, a filter 160 selected function.
Then, as shown above, the con-  may be used to filter the input signal of
circuit 150. ductance control characteristics of any FET can be  Filter 160
may be a band pass filter, a low pass made to conform to the desired
conductance con-  35  filter or a high pass filter. Alternatively filter
160 trol characteristic of reference FET 112 by means  may be placed at the
output of circuit 150 to filter of the modifying circuit 10 of FIGs. 4-7,
provided  its output instead as shown in phantom in Fig. 9. that the
conductance control characteristic of such  Where circuit 150 is used in a
side path of a low FET is substantially of the form:
frequency stage of a bandsplitting arrangement, it 40  is preferable for
the low pass filter in the side path [err]
to be placed at the output of circuit 150. When placed at such position,
the low pass filter assists where a, [err] are constants and [err] is the
gate-     in suppressing undesired noise or distortion gen- source voltage
of such FET. For most FETs, their   erated in the low frequency stage.
conductance control characteristics are linear so   45  As shown in Fig. 9,
the side or further path that their conductance control characteristics are
of  comprising circuit 150 may be combined with a the form:
main path 162 shown in dotted line and adder 164 in the main path to form a
compressor. Thus adder [err]                                            164
adds the outputs of both the main and further so  paths to give the output
of the compressor. In the While, for the purpose of discussion, a reference
compressor combination, it will be noted that the FET is used to define the
desired attenuator char-  input of the further path is coupled to the input
of acteristics, it will be understood that as a practical  the main path.
Alternatively, the further path com- matter no reference FET is necessary
so long as    prising circuit 150 may be combined with main the desired
conductance control characteristics for  55  path 166 shown in dotted line
and adder 170 in the the FET to be used are known. This information
main path to form an expander. Adder 170 sub- may then be used as shown
below to cause an        tracts the output of the further path from the
output attenuator circuit using any FET having the same   of the main path
to give the expander output. It will 8    15                 EP 0 220 043
B1                    16 



be noted that the input of the further path in the     nected to the
drain-source path of the transis- expander is coupled, not to the input of
the main      tor; and means (10) for providing a modified path, but to its
output instead. The compressor and    control signal by multiplying the
received con- expander described above are referred to as the        trol
signal by a factor and adding thereto an Type I compressor and expander in
U.S. Patent   5      offset, the modified control signal being so No.
3,903,485 to the applicant.                        applied to the gate of
the transistor and the Fig. 10 is a block diagram illustrating an alter-
factor and the offset being such that the drain- native embodiment of the
invention. As shown in        source conductance of the transistor is sub-
Fig. 10, the further path comprising circuit 150 may   stantially the
predetermined function of the re- be combined with a main path 162' and an
adder  10     ceived control signal. 164' in the main path to form a
compressor dif- ferent from that of Fig. 9. As described in U.S.    2. A
circuit for attenuating a controlled signal by Patent No. 3,903,485, the
above described com-         means of a variable resistance the conduc-
pressor of Fig. 10 is a Type 11 compressor. Adder      tance of which is a
predetermined function of a 164' adds the outputs of the two paths to give
the   15  received control signal [err] of the form F(c(Vc- compressor
output. Similarly, the further path com-    [err], where c and [err] are
desired constants and prising circuit 150 may also be combined with main
F is a selected function, the resistance being path 166' and adder 170' as
shown in Fig. 10 to         suitable for controllably attenuating the con-
)   form a type 11 expander. Adder 170' subtracts the       trolled signal
in a manner in accordance with further path output from the main path
output to  20   the predetermined function, the circuit com- give the
expander output.                              prising a field effect
transistor (12) the drain- In both the Type I and 11 arrangements, the
source conductance of which is substantially a compression and expansion
characteristics depend       function [err] of its gate-source voltage on
the attenuation applied in the further paths, in    [err], the constants a
and [err] being different other words, on the attenuation characteristics
of  25  from the desired constants c and VT respec- circuit 150 which in
turn depends on the conduc-       tively, and the controlled signal being
applied tance control characteristics of FET 112. As de-       between the
drain and source of the transistor; scribed above, the attenuation or
filter characteris-  and means (10) for providing a modified con- tics of
circuit 150 can be made to conform to a        trol signal by multiplying
the received control desired predetermined characteristic using control  30
signal by a factor and adding thereto an offset, signal modifying circuit
10 of Figs. 4-7. Hence, if a  said modified control signal being so applied
desired compression or expansion characteristic is     to the gate of the
transistor and the factor and defined by combining a further path
comprising         the offset being such that the drain-source circuit 150
of Fig. 9 with a main path in either the   conductance of the transistor is
substantially Type 1 or 11 arrangement and with respect to a   35    the
predetermined function of the received reference FET characteristic (e.g.
FET 112), any       control signal, so that the controlled signal is
compressor or expander with the same type of           controllably
attenuated by the transistor in ac- arrangement but using a FET with
characteristics       cordance with the predetermined function. different
from that desired may be made (using circuit 10 as shown in Fig. 9) to
conform to the   40  3. A, circuit according to claim 2, further compris-
desired compression or expansion characteristic by     ing a path between a
controlled signal input causing the conductance control characteristic of
(102) and a controlled signal output (104), the the FET to be used to
conform to that of the           path including an impedance means (106),
the reference FET characteristic.                          drain (D) of the
field effect transistor being 45      connected to the path such that the
drain- Claims                                                 source path
of the transistor shunts the path, so that the transistor and impedance
means 1. A circuit for providing a variable resistance the   provide
desired attenuation characteristics to a conductance of which is a
predetermined func-       signal applied to the controlled signal input.
tion of a received control signal Vc of the form   50 [err] where c and
[err] are desired con-    4. A circuit according to claim 3, further
compris- stants and F is a selected function, the circuit   ing means (116)
for generating, from the out- comprising a field effect transistor (12) the
put of the circuit, the control signal [err] for drain-source conductance
of which is substan-       controlling the attenuation of a signal at the
tially a function [err] of its gate-source   55  controlled signal input,
the control signal gen- voltage [ERR], the constants a and [ERR] being
erating means (116) and modified control sig- different from the desired
constants c and VT       nal providing means (10) forming a feedback
respectively; a controlled signal input (D) con-    path from the
controlled signal output (104) to 9    15                EP 0 220 043 B1
16 



be noted that the input of the further path in the     nected to the
drain-source path of the transis- expander is coupled, not to the input of
the main     tor; and means (10) for providing a modified path, but to its
output instead. The compressor and    control signal by multiplying the
received con- expander described above are referred to as the        trol
signal by a factor and adding thereto an - Type I compressor and expander
in U.S. Patent   5      offset, the modified control signal being so No.
3,903,485 to the applicant.                        applied to the gate of
the transistor and the Fig. 10 is a block diagram illustrating an alter-
factor and the offset being such that the drain- native embodiment of the
invention. As shown in        source conductance of the transistor is sub-
Fig. 10, the further path comprising circuit 150 may   stantially the
predetermined function of the re- be combined with a main path 162' and an
adder  10     ceived control signal. 164' in the main path to form a
compressor dif- ferent from that of Fig. 9. As described in U.S.   2. A
circuit for attenuating a controlled signal by Patent No. 3,903,485, the
above described com-         means of a variable resistance the conduc-
pressor of Fig. 10 is a Type II compressor. Adder      tance of which is a
predetermined function of a 184' adds the outputs of the two paths to give
the   15  received control signal Vc of the form F(c(Vc- compressor output.
Similarly, the further path com-    VT)), where c and VT are desired
constants and prising circuit 150 may also be combined with main     F is a
selected function, the resistance being path 166' and adder 170' as shown
in Fig. 10 to        suitable for controllably attenuating the con- form a
type 11 expander. Adder 170' subtracts the      trolled signal in a manner
in accordance with further path output from the main path output to  20
the predetermined function, the circuit com- give the expander output.
prising a field effect transistor (12) the drain- In both the Type I and 11
arrangements, the        source conductance of which is substantially a
compression and expansion characteristics depend      function [err] of its
gate-source voltage on the attenuation applied in the further paths, in
[err] the constants a and [err] being different other words, on the
attenuation characteristics of  25  from the desired constants c and VT
respec- circuit 150 which in turn depends on the conduc-      tively, and
the controlled signal being applied tance control characteristics of FET
112. As de-       between the drain and source of the transistor; scribed
above, the attenuation or filter characteris-  and means (10) for providing
a modified con- tics of circuit 150 can be made to conform to a        trol
signal by multiplying the received control desired predetermined
characteristic using control  30  signal by a factor and adding thereto an
offset, signal modifying circuit 10 of Figs. 4-7. Hence, if a  said
modified control signal being so applied desired compression or expansion
characteristic is     to the gate of the transistor and the factor and
defined by combining a further path comprising         the offset being
such that the drain-source circuit 150 of Fig. 9 with a main path in either
the   conductance of the transistor is substantially Type I or 11
arrangement and with respect to a   35    the predetermined function of the
received reference FET characteristic (e.g. FET 112), any       control
signal, so that the controlled signal is compressor or expander with the
same type of           controllably attenuated by the transistor in ac-
arrangement but using a FET with characteristics      cordance with the
predetermined function. different from that desired may be made (using
circuit 10 as shown in Fig. 9) to conform to the   40  3. A circuit
according to claim 2, further compris- desired compression or expansion
characteristic by     ing a path between a controlled signal input causing
the conductance control characteristic of      (102) and a controlled
signal output (104), the the FET to be used to conform to that of the
path including an impedance means (106), the reference FET characteristic.
drain (D) of the field effect transistor being 45      connected to the
path such that the drain- Claims
source path of the transistor shunts the path, so that the transistor and
impedance means 1. A circuit for providing a variable resistance the
provide desired attenuation characteristics to a conductance of which is a
predetermined func-      signal applied to the controlled signal input.
tion of a received control signal Vc of the form   50 [err] where c and
[err] are desired con-   4. A circuit according to claim 3, further
compris- stants and F is a selected function, the circuit   ing means (116)
for generating, from the out- comprising a field effect transistor (12) the
put of the circuit, the control signal Vc for drain-source conductance of
which is substan-      controlling the attenuation of a signal at the
tially a function [err] of its gate-source  55  controlled signal input,
the control signal gen- voltage[err], the constants a and [err] being
erating means (116) and modified control sig- different from the desired
constants c and VT      nal providing means (10) forming a feedback
respectively; a controlled signal input (D) con-   path from the controlled
signal output (104) to 9 *   C   L   M   S   *    



17                 EP 0 220 043 B1                     18 the gate (G) of
the transistor. where [err] is the drain-source conductance of 5. A circuit
according to claim 4, further compris-      the transistor, and [err] is
the pinch-off voltage of ing a fixed band filter (160) connected to filter
the transistor. input signals to the impedance means (106).  5 16. A
circuit according to claim 15, in which the 6. A circuit according to claim
4, further compris-      means (10) for providing a modified control ing a
fixed band filter (160) connected between      signal comprises means (18)
for subtracting the output (104) and the drain of the transistor     the
constant VT from the control signal [err] to (152) to filter the output
signals of the transis-  10  provide a difference signal; means (20) for
tor.                                                 multiplying the
difference signal by substan- tially the factor c/a to provide a product
signal 7. A circuit according to claim 5 or 6, in which the
substantially equal to (c/a)(Vc - VT); and means fixed band filter is a
bandpass filter.              (16) for adding [err] to the product signal
to 15      derive the modified control signal, so that the 8. A circuit
according to claim 5 or 6, in which the     modified control signal, when
applied to the fixed band filter is a high-pass filter.             gate of
the transistor (12), will cause the drain- source conductance of the
transistor to be 9. A circuit according to claim 5 or 6, in which the
substantially the predetermined function of the fixed band filter is a
low-pass filter.     20       control signal Vc. 10. A circuit according to
any at claims 3 to 9, in  17. A circuit according to claim 16, further com-
which the impedance means is a resistor, the         prising means (14) for
applying substantially circuit acting as fixed band filter.
half the drain-source voltage of the transistor to 25      the gate of the
transistor to reduce distortion. 11. A circuit according to any of claims 3
to 9, in which the impedance means is a capacitor, the     18. A circuit
according to claim 15, 16 or 17, in circuit acting as a sliding-band
high-pass filter.   which the modified control signal providing means (10)
comprises an amplifier (32) with 12. A circuit according to any of claims 3
to 9, in  30  the control signal applied to the non-inverting which the
impedance means includes an in-            input of the amplifier; a
negative feedback path ductor means, the circuit acting as a sliding-
to the inverting input of the amplifier, and con- band low-pass filter.
taining an adjustable resistance [err]; a resis- tance R2 connecting a DC
voltage supply to 13. A circuit according to any of claims 3 to 12,  35
the inverting input of the amplifier, the resis- further comprising a main
signal path (162;          tance [err] being adjusted so that the ratio
([err] 166; 162'; 166') which is substantially linear        [err] is
substantially equal to c/a; and with respect to dynamic range, and means
means (34-42) for adding an offset to the out- (164; 170; 164': 170') for
combining the out-        put of the amplifier to derive the modified puts
of the main signal path and the path (150)   40  control signal, said
offset being selected so containing the impedance means (106), the
that the modified control signal, when applied input of the path containing
the impedance           to the gate of the transistor, will cause the means
being coupled to the input or output of        drain-source conductance of
the transistor to the main path.                                       be
substantially the predetermined function of 45      the control signal
[err]. 14. A circuit according to any preceding claim, in which the
predetermined function is of the        19. A circuit according to claim
18, in which the form:                                                DC
voltage is substantially equal to [err], and the offset is selected to be
substantially equal to [err]                                        50
([err]). where G is the desired conductance.               20. A circuit
according to claim 19, in which the value of VT is set so that
substantially the 15. A circuit according to claim 14, in which the
voltage [err] is applied to the gate of the transis- drain-source
conductance of the field effect  55     tor to simplify a process for
adjusting the val- transistor is of the form:                           ues
of [err] and the offset. [err] 10    19                EP 0 220 043 B1
20 21. A circuit according to claim 18, 19 or 20, in      prising the steps
of providing a field effect which the offset adding means comprises volt-
transistor the drain-source conductance of 



age divider means (38-42) for deriving the off-    which is substantially a
function [err] of set from a second DC voltage, the divider          its
gate-source voltage [err], the constants a means having an adjustable
resistance path   5     and Vp being different from the desired con-
adjusted so that the offset derived is substan-   stants c and VT
respectively; modifying the tially ([err]).
control signal by multiplying the control signal by a factor and adding
thereto an offset, and 22. A circuit according to claim 21, further com-
applying the modified control signal to the gate prising a Zener diode (34)
with a selected   10    of the transistor; the factor and the offset being
Zener voltage for supplying the second DC          such that the
drain-source conductance of the voltage; and means (38-42) for biasing the
transistor is substantially the predetermined Zener diode so that the diode
is operating in      function of the received control signal. its reverse
breakdown region, the diode being connected to the output of the amplifier
(32) to  15  Patentanspruche provide an alternative voltage substantially
equal to the output voltage of the amplifier    1. Schaltung zur Schaffung
elnes ver~nderbaren reduced by the Zener voltage.
Widerstands, dessen  Leitwert eine vorbe- stimmte Funktion eines
empfangenen Steuersi- 23. A circuit according to claim 22, in which the
20  gnals Vc der Form F(c(Vc - VT)) ist, wobei c voltage divider means
comprises a first fixed      und VT gewOnschte Konstanten und F eine
resistor (38), a variable resistor (42) and a      ausgewAhlte Funktion
sind und die Schaltung second fixed resistor (40) connected in series,
elnen Feldeffekttransistor (12), dessen Drain- a node between the first
fixed resistor and the    Source-Leitwert im wesentlichen eine Funktion
variable resistor defining the H node and a   25    F(a(VGs-Vp)) seiner
Gate-Source-Spannung VGS node between the second fixed resistor and
ist, wobei die Konstanten a und Vp verschiede- the variable resistor
defining the [err] node, the     nen von den gewUnschten Konstanten c bzw.
two fixed resistors (38,40) having the other       VT sind, einen mit der
Drain-Source-Strecke ends connected to the cathode and anode of         des
Transistors verbundenen Eingang (D) far the diode (34), so that one of the
two nodes H,  30  ein gesteuertes Signal und Mittel (C) aufweist [err] will
provide the modified control signal at a    zur Lieferung eines
modifizierten Steuersignals desired DC level for the transistor.
durch Multiplikation des empfangenen Steuer- signals mit einem Faktor und
Hinzuaddieren 24. A circuit according to claim 23, in which the      eines
Offsets, wobei das modifizierte Steuersi- first and second resistors
(38,40) have sub-  35   gnal so an das Gate des Transistors angelegt
stantially the same resistance.                    wird und der Faktor und
der Offset derart sind, daB der Drain-Source-Leitwert des Transistors Y,
25. A circuit according to both claim 17 and claim      im  wesentlichen
die vorbestimmte Funktion 24, in which the means (14) for applying half
des empfangenen Steuersignals ist. the drain-source voltage comprises means
40 (44,46) for connecting the gate of the transistor  2. Schaltung zur
DAmpfung eines gesteuerten Si- to either the H or [err] node; a third and
fourth      gnals mit Hilfe eines variablen Widerstands, resistor. (52,54)
of substantially the same value  dessen Leitwert eine vorbestimmte Funktion
connected in series between the H and L            eines empfangenen
Steuersignals Vc der Form nodes; and means (60) for applying a multiple  45
F(c(Vc - VT)) ist, wobei C und VT gewlinschte of the drain-source voltage
of the transistor to   Konstanten und F eine ausgewlhlte Funktion the
junction between the third and fourth resis-   sind und der Widerstand zur
steuerbaren tors, the value of the third and fourth resistors  D~mpfung des
gesteuerten Signals in einer bearing such ratio to the value of the first
and   der vorbestimmten Funktion entsprechenden second resistors that half
of the drain-source   50  Weise geeignet ist, wobei die Schaltung um-
voltage of the transistor is applied to the gate   falt: einen
Feldeffekttransistor (12), dessen of the transistor.
Drain-Source-Leitwert im  wesentlichen eine Funktion F(a(VGs - Vp)) seiner
Gate-Source- 26. A method of controlling a variable resistance
Spannung VG ist, wobei die Konstanten a und the conductance of which is a
predetermined  55     VP verschieden von den gewUnschten Konstan- function
of a control signal [err] of the form F(c-   ten c bzw. VT sind und das
gesteuerte Signal ([err])), where c and [err] are desired constants
zwischen Drain und Source des Transistors and F is a selected function, the
method com-      angelegt wird, und eine Einrichtung (10) zur 11 1 I!III~j
11111111111   I 1    21                 EP 0 220 043 B1
22 Lieferung  eines modifizierten  Steuersignals   10. Schaltung nach einem
der Ansprlche 3 bis 9, 



durch Multiplizieren des empfangenen Steuer-       bei der die
lmpedanzeinrichtung ein Wider- signals mit einem  Faktor und Hinzuaddieren
stand ist und die Schaltung als Festbandfilter eines Offsets, wobel das
modifizierte Steuersi-    wirkt. gnal so an das Gate des Transistors
angelegt   5 V.~.'  und der Faktor und der Offset so sind, daB der  11.
Schaltung nach einem der AnsprUche 3 bis 9, Drain-Source-Leitwert des
Transistors im we-       be! der die Impedanzeinrichtung ein Kondensa-
sentlichen  die vorbestimmte Funktion des          tor ist und die
Schaltung als ein Gleitband- empfangenen Steuersignals ist, so daBl das
Hochpalfilter wirkt. gesteuerte Signal von dem  Transistor nach   10
Mafigabe der vorbestimmten Funktion steuer-     12. Schaltung nach einem
der AnsprUche 3 bis 9, bar gedampft wird.
bel der die Impedanzeinrichtung eine induktive Einrichtung enthalt und die
Schaltung als ein 3. Schaltung nach Anspruch 2, ferner umfassend
Gleitband-TiefpaBfilter wirkt. einen Weg zwischen einem Eingang (102) fOr
15 das gesteuerte Signal und einem  Ausgang        13. Schaltung nach einem
der AnsprUche 3 bis 12, (104) far das gesteuerte Signal, der eine Im-
ferner umfassend einen Hauptsignalweg (162; pedanzeinrichtung (106)
enthalt, wobel die         166; 162'; 166'), der in bezug auf den Dyna-
Drain (D) des Feldeffekttransistors derart mit     mikbereich im
wesentlichen linear ist, und eine dem Weg verbunden ist, daB die
Drain-Source-  20   Einrichtung (164; 110; 164'; 170') zum Kombi- Strecke
des Transistors den Weg shuntet, so        nieren der Ausgangssignale des
Hauptsignal- daB der Transistor und die Impedanzeinrich-        wegs und
des die Impedanzeinrichtung (106) tung einem an den Eingang fOr das
gesteuerte       enthaltenden Wegs (150), wobei der Eingang Signal
angelegten Signal gewrnschte Damp-          des die  lmpedanzeinrichtung
enthaltenden fungseigenschaften verleiht.               25      Wegs mit
dem  Eingang oder dem Ausgang des Hauptwegs gekoppelt ist. 4. Schaltung
nach Anspruch 3, ferner umfassend eine Einrichtung (116) zur Erzeugung,
anhand    14. Schaltung nach einem der vorhergehenden An- des
Ausgangssignals der Schaltung, des Steu-       sprUche, bei der die
vorbestimmte Funktion ersignals Vc zur Steuerung der Dampfung el-  30
die Form nes Signals an dem Eingang fUr das gesteuer- te Signal, wobei die
Steuersignalerzeugungs-        G = c(Vc - VT) einrichtung (116) und die
Einrichtung (10) zur Lieferung eines modifizierten Steuersignals ei-
hat, wobel G der gewUnschte Leitwert ist. nen Rackkopplungsweg von dem
Ausgang   35 (104) flr das gesteuerte Signal zu dem Gate     15. Schaltung
nach Anspruch 14, bei der der (G) des Transistors bilden.
Drain-Source-Leitwert des Feldeffekttransistors die Form 5. Schaltung nach
Anspruch 4, femer umfassend ein Festbandfilter (160), daBi angeschlossen
ist,  40  GDS = a(VGS - Vp) um Eingangssignale zur Impedanzeinrichtung
(106) zu filtern.                                  hat, wobei GDS der
Drain-Source-Leitwert des Transistors und Vp die AbschnUrspannung des 6.
Schaltung nach Anspruch 4, ferner umfassend         Transistors sind. ein
Festbandfilter (160), das zwischen den   45 Ausgang (104) und die Drain des
Transistors     16. Schaltung nach Anspruch 15, bei der die Ein- (152)
geschaltet ist, um die Ausgangssignale       richtung (10) zur Lieferung
eines modifizierten des Transistors zu filtern.
Steuersignals umfaBt: eine Einrichtung (18) zum Subtrahieren der Konstanten
VT von dem 7. Schaltung nach Anspruch 5 oder 6, bei der das   50
Steuersignal Vc zur Lieferung eines Differenz- Festbandfilter ein
Bandpaffilter ist.              signals; eine Einrichtung (20) zum
Multiplizie- ren des Differenzsignals im wesentlichen mit 8. Schaltung nach
Anspruch 5 oder 6, bei der das       dem Faktor c/a zur Lieferung eines
Produktsi- Festbandfilter ein Hochpaffilter ist.              gnals im
wesentlichen gleich (c/a)(Vc - VT) und 55      eine Einrichtung (16) zum
Addieren von Vp zu 9. Schaltung nach Anspruch 5 oder 6, bei der das
dem Produktsignal zur Ableitung des modifi- Festbandfilter ein
Tiefpalfilter ist.              zierten Steuersignals, so daBl das
modifizierte Steuersignal, wenn es an das Gate des Transi- 12 1 1111111
111111 1111111111111111 * C L N S *    
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angelegt, wird verursacht, daBi der     spannung; und elne Einrichtung
(38-42) zur Drain-Source-Leitwert des Transistor im we-        Vorspannung
der Z-Diode derart, daB die Dio- sentlichen  die vorbestimmte Funktion des
de in ihrem Sperrdurchbruchsbereich arbeitet, Steuersignals Vc ist.
wobei die Diode an den Ausgang des Verstar- 5      kers (32) zur Lieferung
einer alternativen Span- . 17. Schaltung nach Anspruch 16, ferner umfas-
nung im wesentlichen gleich der Ausgangs- send eine Einrichtung (14) zum
Anlegen von         spannung des Verstarkers vermindert um die im
wesentlichen der halben Drain-Source-          Z-Spannung angeschlossen
!st. Spannung des Transistors an das Gate des Transistors zu
Verzerrungsminderung.      10  23. Schaltung nach Anspruch 22, bei der die
Spannungsteilereinrichtung einen ersten festen 18 Schaltung nach Anspruch
15, 16 oder 17, bei        Widerstand (38), einen ver~nderbaren Wider- der
die Einrichtung (10) zur Lieferung des mo-     stand (42) und einen zweiten
festen Wider- difizierten Steuersignals umfalt: eine Verstar-    stand (40)
aufweist, die in Reihe geschaltet ker (32), an dessen nicht-invertierenden
Ein-  15  sind, wobei ein Verbindungspunkt zwischen gang das Steuersignal
angelegt wird; einen         dem ersten festen Widerstand und dem veran-
einen einstellbaren Widerstand RI enthalten-       derbaren Widerstand den
H Verbindungspunkt den Gegenkopplungsweg zum invertierenden
bildet und ein Verbindungspunkt zwischen Eingang des Verst~rkers; einen
eine Gleich-        dem zweiten festen Widerstand und den ver-
spannungsversorgung mit dem invertierenden   20    Anderbaren Widerstand
den L Verbindungs- Eingang des Verstfrkers verbindenden Wider-        punkt
bildet und die anderen Enden der beiden stand R2, wobei der Widerstand R.
so einge-        festen Widerstande (38, 40) mit der Kathode stelit wird,
daB das Verhaltnis (RI + R2)/R2 im    bzw. Anode der Diode (34) verbunden
sind wesentlichen gleich cla ist; und eine Einrich-     derart, daB einer
der beiden Verbindungspunk- tung (34-42) zum Addieren eines Offsets zum
25  te H, L das modifizierte Steuersignal auf einem Ausgangssignal des
VerstIrkers zur Ableitung       gewlnschten Gleichstrompegel fUr den
Transi- des modifizierten Steuersignals, wobei der Off-    stor liefert.
set so ausgewghlt wird, daB das modifizierte Steuersignal, wenn es an das
Gate des Transi-  24. Schaltung nach Anspruch 23, bei der der erste stors
angelegt wird, verursacht, daB der Drain-  30  und der zweite Widerstand
(38, 40) im wesent- Source-Leitwert des Transistors im wesentli-
lichen denselben Widerstandswert aufweisen. chen die vorbestimmte Funktion
des Steuersi- gnals Vc ist.                                  25. Schaltung
nach den beiden AnsprUchen 17 und 24, be! der die Einrichtung (14) zum
Anle- 19. Schaltung nach Anspruch 18, be! der die  35       gen der halben
Drain-Source-Spannung um- Gleichspannung im wesentlichen gleich VT ist
fait: eine Einrichtung (44, 46) zum AnschluB und der Offset zu im
wesentlichen gleich (Vp -     des Gate des Transistors entweder an den H
VT) gewdhlt wird.                                  oder an den L
Verbindungspunkt, einen dritten und einen vierten Widerstand (52, 54) im
we- 20. Schaltung nach Anspruch 19, bei der der Wert  40  sentlichen
desselben Werts, die in Reihe zwi- von VT so eingestellt wird, daB im
wesentlichen    schen den H und den L Verbindungspunkt die Spannung Vp an
das Gate des Transistors        geschaltet sind; und eine Einrichtung (60)
zum angelegt wird, um das Verlahren zur Einstel-       Anlegen eines
Vielfachen der Drain-Source- lung der Werte von R. und des Offsets zu
Spannung des Transistors an den Verbin- vereinfachen.
45       dungspunkt zwischen dem  dritten und dem vierten Widerstand, wobei
der Wert des dritten 21. Schaltung nach Anspruch 18, 19 oder 20, bei
und des vierten Widerstands zum Wert des der die Offsetaddiereinrichtung
elne Spannung-     ersten und des zweiten Widerstands in einem
teilereinrichtung (38-42) zur Ableitung des Off-   solchen Verh~ltnis
steht, daB die halbe Drain- sets von einer zweiten Gleichspannung umfalit,
50  Source-Spannung des Transistors an das Gate wobei die Teilereinrichtung
einen einstellbaren    des Transistors angelegt wird. Widerstandsweg
aufweist, der so eingestellt ist, daB der abgeleitete Offset im
wesentlichen  26. Verfahren zur Steuerung elnes verrnderbaren (VP - VT)
ist.                                     Widerstands, dessen  Leitwert eine
vorbe- 55      stimmte Funktion eines Steuersignals Vc der 22. Schaltung
nach Anspruch 21, ferner umfas-          Form F(c(Vc - VT)) ist, wobei c
und VT go- send eine Z-Diode (34) mit einer ausgewAhlten      wUnschte
Konstanten und F eine ausgew~hlte Z-Spannung zur Lieferung der zweiten
Gleich-       Funktion sind und das Verfahren die Schritte 13    



25                EP 0 220 043 B1                   26 umfaBt: Vorsehen
sines Feldeffekttransistors,     du signal de commando regu par un facteur
et dessen Drain-Source-Leitwert im wesentlichen      par addition a une
tension de d6calage, le eine Funktion F(a(VGs - Vp)) seiner Gate-
signal de commande modifi6 6tant ainsi appli- Source-Spannung VGS ist,
wobei die Konstan-       que & la gachette du transistor et le facteur et
ten a und Vp verschieden sind von den ge-   5     le decalage etant tels
que la conductance Vs'  w~wnschten Konstanten c bzw. VT; Modifizieren
drain-source du transistor est pratiquement la des Steuersignals durch
Multiplizieren des        fonction predeterminee du signal de comman-
Steuersignals mit einem Faktor und Hinzuad-       do regu de fagon a ce quo
le signal comman- dieren eines Offsets und Anlegen des modifi-      de soit
attenue, de fagon commandable, par le zierten Steuersignals an das Gate des
Transi-  10  transistor selon la fonction pred6termin6e. stors, wobei der
Faktor und der Offset derart sind, daB der Drain-Source-Leitwert des
Transi-  3.  Circuit selon la revendication 2, comprenant de stors im
wesentlichen die vorbestimmte Funk-      plus un accbs entre une entree du
signal corn- tion des empfangenen Steuersignals lst.           mande (102)
et une sortie du signal comman- 15      de (104), I'acces comprenant un
moyen d'im- Revendicatlons                                        pedance
(106), le drain (D) du transistor A effet de champs etant raccord6 A
I'acces de tello 1. Circuit pour l'obtention d'une resistance varia-  fagon
quo le raccordement drain-source du ~,    ble dont la conductance est une
fonction pre-     transistor d6rive l'accbs de fagon a co quo le determin6e
d'un signal de commando regu Vc   20   transistor et le moyen d'impedance
fournissent de la forme : F[c(Vc - VT)] ob c et VT sont des   une
caracteristique desiree d'att6nuation a un constantes desirees et F est une
fonction chol-   signal applique & l'entree du signal comman- sie, le
circuit comprenant un transistor a effet  de. de champs (12) dont la
conductance drain- source est pratiquement une fonction de la  25  4.
Circuit selon la revendication 3, comprenant de forme: F[a(VGs - Vp)] de sa
tension gfchette-     plus un moyen (116) de g6n6ration du signal source
VGs, les constantes a et Vp etant diffW-   de commando Vc a partir de la
sortie du circuit rentes des constantes desirees respectives c      afin de
commander l'attenuation d'un signal & et VT, une entree de signal commandee
(D)         I'entr6o du signal commande, le moyen de raccord6e & l'accbs
drain-source du transistor  30  generation du signal de commando (116) et
le et un moyen (10) pour fournir un signal de        moyen de g6neration du
signal de commando commando modifie par multiplication du signal
modifi6 (10) formant un circuit de retroaction de commando regu par un
factour et par addi-      de la sortie du signal commande (104) a la tion &
une tension de decalage, le signal de      gachette (G) du transistor.
commando modifi6 6tant ainsi applique A la  35 gfichette du transistor et
le facteur at le deca-  5. Circuit solon la revendication 4, compronant de
lage etant tels quo la conductance drain-sour-    plus un filtre a bands
fixe (160) raccorde, afin co du transistor est pratiquement la fonction
de filtrer des signaux d'entree, au moyen d'im- pr6determin~e du signal de
commando regu.         pedance (106). 40 2. Circuit d'attenuation d'un
signal commande au  6. Circuit solon la revendication 4, comprenant de
moyen d'une resistance variable dont la           plus un filtre a bande
fixe (106) monte entre la conductance est une fonction predeterminee
sortie (104) et le drain du transistor (152) afin d'un signal de commando
regu Vc de la forme       de filtrer les signaux de sortie du transistor. :
FEc(Vc - VT)] OT c et VT sont des constantes  45 ddsir~es et F est une
fonction choisie, la resis-  7. Circuit solon la revendication 5 ou 6, dans
tance etant prevue pour att6nuer, de fagon        loquel le filtre & bande
fixe est un filtre passe- commandable, le signal command4 solon la
bande. fonction pr~determin6e, le circuit comprenant un transistor & effet
de champs (12) dont la  50  8. Circuit solon la revendication 5 ou 6, dans
conductance drain-source est pratiquement         lequel le filtre A bande
fixe est un filtre passe- une fonction de la forme : F[a(Ves - Vp)] de sa
haut. tension gachette-source VGS, les constantes a et Vp etant differentes
des constantes desirees  9. Circuit solon la revendication 5 ou 6, dans
respectives c et VT, et le signal command6   55   loquel le filtre a bande
fixe est un filtre passe- 6tant appliqu6 entre le drain et la source du
bas. transistor et un moyen (10) pour fournir un signal de commando modifie
par multiplication 14 C r     I   S C'.F   



27                EP 0 220 043 B1                    28 10. Circuit selon
l'une quelconque des revendica-      fie, lorsqu'il est applique a la
gachette du tions 3 A 9, dans lequel le moyen d'impedance      transistor
(12), amene la conductance drain- est une resistance, le circuit agissant
comme      source du transistor & Otre pratiquement la un filtre A bande
fixe.                            fonction predeterminee du signal de
comman- 5       deVc. _ 1. Circuit selon l'une quelconque des revendica-
tions 3 & 9, dans lequel le moyen d'imp6dance   17. Circuit selon la
revendication 16, comprenant est un condensateur, le circuit agissant commo
de plus un moyen (14) pour appliquer prati- un filtre passehaut & bande
mobile.                quement la moiti6 de la tension drain-source 10
du transistor A la gachette du transistor afin de 12. Circuit selon l'une
quelconque des revendica-      r6duire la distorsion. tions 3 a 9, dans
lequel le .moyen d'impedance comprend un moyen d'inducteur, le circuit
18. Circuit selon la revendication 15, 16 ou 17, agissant comme un filtre
passe-bas a bande         dans lequel le moyen de gen6ration du signal
mobile.                                    15      de commande modifi6 (10)
comprend un am- plificateur (32), le signal de commande 6tant 13. Circuit
selon l'une quelconque des revendica-      applique a l'entree non inversee
de l'amplifica- tions 3 A 12, compronant de plus un acces          teur, un
circuit de retroaction n6gative de l'en- principal du signal (162; 166;
162'; 166') qui     true d'inversion de l'amplificateur contenant est
pratiquement lineaire par rapport & la gam-   20  une r6sistance reglage
R., une r6sistance R2 me dynamique et un moyen (164; 170; 164';
raccordant une alimentation de tension D.C. & 170') pour la combinaison des
sorties de l'ac-     I'entree d'inversion de l'amplificateur, la resis- ces
principal du signal et de I'acces (150)        tance R1 etant r6glee de
fagon a ce que le contenant le moyen d'impedance (106), I'en-
rapport (Ri + R2)/R2 est pratiquement egal & treo de l'acces contenant le
moyen d'imp6dan-   25  c/a et des moyens (34 a 42) pour additionner ce
etant couplee a l'entree ou a la sortie de      une tension de d~calage a
la sortie de l'ampli- I'acces principal.
ficateur afin de deriver le signal de commande modifie, ladite tension de
decalage etant choi- 14. Circuit selon l'une quelconque des revendica-
sie de fagon a ce quo le signal de commando tions precedentes, dans lequel
la fonction pre-  30  modifid, lorsqu'il est appliqu4 a la gachette du
d6termin6e est de la forme suivante:               transistor, amene la
conductance drain-source du transistor & etre pratiquement la fonction G =
c(VC - VT)                                     pr~determin~o du signal de
commando Vc. Ob G est la conductance desiree.           35  19. Circuit
selon la revendication 18, dans lequel la tension D.C. est pratiquement
egale VT et la 15. Circuit selon la revendication 14, dans lequel la
tension de decalage est choisie pour etre prati- conductance drain-source
du transistor a effet     quement 6gale & (Vp - VT). de champs est de la
forme suivante: 40  20. Circuit selon la revendication 19, dans lequel la
GDS = a(VGs - Vp)                                  valeur de VT est 6tablie
de fagon & ce quo pratiquement la tension VT soit appliqu6e & la 0o  GDS
est la conductance drain-source du         gAchette du transistor afin de
simplifier un transistor et Vp ost la tension de pincement du    processus
de r6glage des valeurs de R1 et de transistor.
45      la tension de decalage. 16. Circuit selon la revendication 15, dans
loquel le  21. Circuit selon la revendication 18, 19 ou 20, moyen (10) pour
fournir un signal de comman-       dans lequel le moyen d'addition du
decalage do modifie comprend un moyen (18) pour             comprend des
moyens de diviseur de tension soustraire la constanto VT du signal de corn-
50  (38 a 42) pour deriver la tension de decalage mande Vc afin de
constituer un signal differen-    d'une seconde tension D.C., le moyen de
divi- tel, un moyen (20) pour multiplier le signal       seur possedant un
circuit de resistance regla- diffdrentiel par pratiquement le facteur c/a
pour  ble regle de fagon & ce quo le decalage d6rive produire un signal de
produit pratiquement         soit pratiquement (Vp -VT). egal a (c/a)(Vc -
VT) et un moyen (16) pour  55 additionner Vp au signal de produit atin de
22. Circuit selon la revendication 21, comprenant d~river le signal de
commando modifie de           de plus une diode Zener (34) avec une tension
fagon a ce quo Is signal de commando modi-         choisie de Zoner pour
fournir la seconde ten- 15 *   C   L  M   S  *    



29                 EP 0 220 043 B1                   30 sion D.C. et des
moyens (38 a 42) pour polari-     du signal de commande par multiplication
du ser la diode Zener de fagon a ce que la diode      signal de commande
par un facteur et par fonctionne dans sa zone inverse de coupure, la
addition d'une tension de d6calage et une 6ta- diode etant raccord6e a la
sortie de l'amplifica-  pe d'application du signal de commande modi- teur
(32) pour fournir une tension alternative   5  fie & la gachette du
transistor, lo facteur et la 4V.'  pratiquement egale a la tension de
sortie de        tension de ddcalage 6tant tels que la conduc-
I'amplificateur reduite par la tension Zener.      tance drain-source du
transistor est pratique- ment la fonction pr6determinee du signal de 23.
Circuit selon la revendication 22, dans loquel le  commando recu. moyen de
diviseur de tension comprend une   10 premiere resistance fixeo (38), une
resistance variable (42) et une seconde resistance fixWe (40) mont6es on
serie, un noeud situ6 entre la premibre resistance fix6e et la resistance
varia- ble d6finissant le noeud H et un noeud situ6  15 entre la seconde
r6sistance fix6e et la resistan- ce variable d6finissant le noeud L, les
deux r6sistances fixees (38, 40) poss~dant des au- _,    tres extrdmitds
raccordees A la cathode et a I'anode de la diode (34) de fagon h ce que
l'un   20 des deux noeuds H, L foumisse le signal de commando modifie a un
niveau D.C. desird pour le transistor. 24. Circuit selon la revendication
23, dans lequel la  25 premibre et la seconde r6sistance (38, 40) ont
pratiquement la m8me valeur. 25. Circuit selon les revendications 17 et 24,
dans loquel le moyen (14) d'application de la moiti6  30 de la tension
drain-source comprend des moyens (44, 46) de raccordement de la ga- chotte
du transistor soit au noeud H soit au noeud L, une troisieme et une
quatrieme resis- tances (52, 54) ayant pratiquement la m8me   35 valour et
etant montees en serie entre les nosuds H et L et un moyen (60) pour
appliquer un multiple de la tension drain-source du tran- sistor a la
jonction entre les troisibme et qua- tribme resistances, la valeur des
troisieme et  40 quatribme resistances subissant un rapport de la valour
des premibre et seconde resistances tel que la moitie de la tension
drain-source du transistor soit appliquee A la gachette du tran- sistor.
45 26. Procedd de commande d'une resistance varia- ble dont la conductance
est une fonction pre- ddtermin~e d'un signal de commando Vc de la forme:
F[c(Vc - VT)] oO c et VT sont des   50 constantes d6sirdes et F est une
fonction chol- s8e, le proced6 comprenant une etape de pre- vision d'un
transistor a effet de champs dont la conductance drain-source est
pratiquement une fonction de la forme: F[a(VGs - Vp)] de sa   55 tension
gachette-source VGS, les constantes a et Vp etant differentes des
constantes d6sir6es respectives c et VT, une etape de modification 16    


