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ticular by bootstrapping the elements. According to the invention, the
circuit for attenuating signals This invention relates in general to
attenuator  comprises a circuit element having a variable im- circuits and
more specifically to attenuator circuits  pedance for attenuating a signal.
The element has employing bootstrapping.                      5   a first
and a second terminal and a control terminal. Circuit elements such as
field effect transistors  The signal to be attenuated is applied through an
(FETs) have been used to provide variable im-      impedance to the first
terminal. The impedance pedances in signal attenuators. For example, they
between the first and second terminals varies as a have been used in
limiters for noise reduction     first function of a control signal applied
to the systems where compressors and expanders re-  10  control terminal
when the voltage difference across quire controlled limiting of the
amplitude of a sig-  the first and second terminals is less than a pre-
nal. In U.S. -A-4,498,055, a field effect transistor is  determined value.
The circuit also comprises used in conjunction with a capacitor to form a
high  means for detecting a signal condition which pass filter with a
sliding band type high frequency  causes the voltage across the first and
second shelf response whose corner frequency varies as a   15  terminals to
exceed the predetermined value, caus- function of the control signal to the
gate of the  ing distortion in the waveform of the signal. The transistor.
In this particular high pass filter circuit  detecting means generates an
output signal to in- the drain-source path of the FET shunts the signal
dicate the signal condition. The circuit further com- to be limited to
ground.                            prises a bootstrapping means responsive
to the A field effect transistor can be used in conjunc-  20  detecting
means output for applying to the second tion with an inductor to form a
sliding band circuit  terminal a fraction of the voltage at the first
termi- with a low frequency shelf response operating      nal to reduce the
voltage difference between the downwardly. A field effect transistor may
also be  terminals. The fraction is a second function of the used in
conjunction with a resistor to form a fixed  output signal of the detecting
means. The boot- band circuit whose frequency range does not  25  strapping
reduces the voltage across the element change, in contrast to the sliding
band attenuators.  and the distortion produced. When used in noise
reduction systems, it is        A side effect of bootstrapping is that the
effec- desirable for the circuit elements such as field   tive impedance of
the circuit element is increased effect transistors to be operating within
a range of  as seen at the first terminal. To compensate for signal
amplitudes where the impedances of the   30  such alteration, the control
signal applied to the elements are linear, i.e. does not introduce
control terminal of the element may be modified to waveform distortion into
the signal. For FETs, this  reduce the effect of bootstrapping on the
effective means that the transistors should be operated with  impedance.
Thus, in the preferred embodiment of their drain-source voltages within a
range depend-  the invention, the circuit further comprises a modi- ing on
the type of FETs so that the drain-source   35  fying means which modifies
the control signal in current of the FETs vary linearly with the voltage
such manner that the effective impedance of the applied across the source
and drain. When the      element remains substantially the first function
of drain-source voltage applied to a FET is not within  the control signal.
This is referred to below as such  range, this introduces distortion in the
control boost. waveform of the signal undergoing compression or  40   The
concept of bootstrapping for reducing dis- expansion of dynamic range. It
is therefore desir-  tortion as described above can be advantageously able
to provide attenuator circuits employing ele-  applied in circuits for
modifying the dynamic range ments such as FETs for which the above
described   of an input signal to reduce noise. One type of difficulties
are alleviated. My prior U.S. Patent  such circuits, known as a "dual path"
circuit, em- 3,665,345 describes an FET used as an attenuator  45  ploys a
main path which is substantially linear with in a noise reduction system
for use with audio     respect to dynamic range which receives the input
signals.                                           signal. The dual path
circuit also has a further path One way to alleviate the difficulty is to
limit the  which has its input derived from at least one point signal
amplitude across the element. This, how-    in the main path and its output
signal combined ever, reduces the signal to noise ratio and is disad-  so
with the output of the main path to modify the vantageous. It is therefore
desirable to provide at-  dynamic range of an input signal. The further
path tenuator circuits which avoid distortion and yet   includes an
impedance element to attenuate the maintain a good signal to noise ratio.
input signal to the further path. The element has a This invention, which
is defined in the appen-  first, a second and a control terminal. The
imped- ded claims, is based on my realization that distor-  55  ance
between the first and second terminals varies tion in attenuator circuits
employing variable im-  as a first function of a first control signal
applied to pedance circuit elements is reduced by reducing    the control
terminal. The circuit also includes the signal amplitude across the
elements, in par-  means for deriving from at least one point in the 2  



3                 EP 0236 122 B1                       4 circuit a control
signal for controlling the imped-  Detailed Description of the Invention
ance of the element. When signal conditions in the circuit are such that
the voltage between the first     Fig. 1 is a schematic circuit diagram  of
an and second terminals exceeds a predetermined         attenuator in which
fixed bootstrapping is applied. value characteristic of the element, the
element   5   As shown in Fig. 1, the attenuator circuit 10 com- introduces
distortion. According to the teachings of  prises an input port 12 to which
an input signal to the invention, a bootstrapping means is used to      be
attenuated is applied. The circuit also comprises apply to the second
terminal a fraction of the       an element 14 of fixed impedance and
circuit ele- voltage at the first terminal so that the voltage    ment 16
providing a variable impedance. Element between the first and second
terminals does not  10  16 has two terminals, 18, 20 and a control terminal
exceed the predetermined value.                      22. The current of
element 16 varies as a linear The circuit for modifying dynamic range may
function of the voltage across the element if the have a fixed band or
sliding band characteristic     voltage difference between terminals 18, 20
is be- action. Either fixed or variable bootstrapping may   low a
predetermined value which is characteristic be applied to reduce
distortion. In fixed bootstrap-   15  of element 16. ping, a bootstrapping
means applies a fixed frac-       If the input signal has a large
amplitude, this tion of the voltage at the first terminal to the sec-  may
cause the voltage difference between termi- ond terminal to reduce the
voltage difference be-    nals 18, 20 to exceed the predetermined value for
tween the terminals by a fixed factor. In variable   element 16. When this
happens the impedance bootstrapping, the circuit comprises means for de-
20   between terminals 18, 20 is no longer linear. tecting a signal
condition which causes the voltage  Hence, waveform distortion is
introduced. To pre- across the terminals to exceed the predetermined
vent this from happening, a fraction of the voltage value which defines the
upper limit for such voltage  at terminal 18 is applied to terminal 20 to
reduce in order that the impedance of the element remains  the voltage
difference between terminals 18, 20. linear. The bootstrapping means
responds to the   25   When this fraction is a constant, the above de-
output of the detecting means to adjust the fraction  scribed scheme is
referred to as fixed bootstrap- of the voltage at the first terminal
bootstrapped to  ping. the second terminal to achieve variable bootstrap-
Fig. 1 is a schematic circuit diagram  of an ping.
attenuator  employing  a  fixed  bootstrapping 30  scheme. A voltage
divider comprising resistors 32, Brief Description of the Drawings
34 is used to select a fraction of voltage at terminal 18 to be applied at
terminal 20. Two buffers 36, 38 Fig. 1 is a schematic circuit diagram of an
are used to prevent the voltage divider from affect- attenuator circuit
where fixed bootstrapping is ap-  ing the impedance characteristics of
element 16. If plied to reduce distortion to illustrate the invention.   35
desired amplifiers 36, 38 may have gains other Fig. 2 is a schematic
circuit diagram of an      than one to accomplish other various desirable
attenuator where variable bootstrapping is applied   results. Thus, the
voltage divider applies a fraction to illustrate the invention.
of the voltage at terminal 18 to terminal 20, where Fig. 3 is a schematic
circuit diagram of an      the fraction is given by the ratio of the
resistance of attenuator where variable bootstrapping is applied   40
resistor 32 to the sum of the resistances of resis- and where the effect of
bootstrapping on the effec-  tors 32, 34. As is evident from Fig. 1, such
fraction tive impedance of the attenuator is compensated      is fixed. for
to illustrate the preferred embodiment of the       By feeding back a
fraction of the voltage at invention.
terminal 18 to terminal 20, bootstrapping causes Fig. 4 is a detailed
schematic circuit diagram of  45  the signal handling capability of the
circuit to in- a circuit for modifying dynamic range where vari-
crease. A higher signal level therefore can be ap- able bootstrapping and
control boost are applied.    plied to the input, with a consequent
improvement Fig. 5 is a schematic circuit diagram of a dual  in the signal
to noise ratio. However, if fixed boot- path circuit employing variable
bootstrapping and    strapping is applied as in Fig. 1, the effective
modulation control to illustrate the preferred em-   50  impedance of
element 16 is increased even when bodiment of the invention.
the signal conditions are such that bootstrapping is Fig. 6 is a schematic
circuit diagram of a circuit  not required. This may or may not be
disadvanta- for modifying dynamic range using action substitu-   geous
depending on the circuit and circumstances. tion.
Fig. 2 is a schematic circuit diagram  of an Fig. 7 is a schematic circuit
diagram of a circuit  55  attenuator circuit in which variable
bootstrapping is for modifying dynamic range where action substitu-
applied to reduce distortion. The attenuator of Fig. tion and variable
bootstrapping are applied.         2 is similar to that of Fig. 1 except
that, instead of employing a voltage divider, a variable impedance 
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used to vary the fraction of the    detector for detecting signal
conditions under which voltage bootstrapped. Identical elements in Figs. 1
element 16 will operate non-linearly. and 2 are referred to by the same
numerals. The      To compensate for the increase in effective voltage at
terminal 18 is attenuated by element 42  impedance of element 16 caused by
bootstrapping, before application to terminal 20, where the attenu-   5
the effective impedance can be reduced by modi- ation by element 42 is
controlled by a second     fying the control signal applied at port 24.
This can control signal referred to below as the high mode  be done by
adding a variable gain element. The signal.
further variable gain element is controlled by the In many noise reduction
systems, element 16    high mode signal. As shown in Fig. 3 this is per-
may be chosen so that, under most signal con-  10  formed by placing a
variable gain element 64, ditions, element 16 responds linearly. In other
whose transmission is controlled by the high mode words, under most signal
conditions, bootstrapping  signal, in the output of the rectifier 62 and
smooth- is not necessary. Variable bootstrapping, although  ing circuit 63,
whose feedback action controls the more complex, is advantageous over fixed
boot-    dynamic performance of circuit 50. Thus, when the strapping since
bootstrapping is introduced only  15  amplitude of the input signal is such
that it tends to when signal conditions require it, namely, when the  cause
element 16 to operate non-linearly, such signal level across the variable
impedance element  signal condition will increase the high mode signal. is
high.                                          This causes element 42 to
conduct, thereby apply- In reference to Fig. 2, element 42 has no     ing
bootstrapping. The high mode signal also transmission when it is detected
that the input  20  causes element 64 to increase its gain thereby signal
does not cause the voltage difference be-  increasing the control voltage
applied to the gate of tween terminals 18 and 20 to exceed the predeter-
element 16. The impedance between terminals 18, mined value. When it is
detected that the amplitude  20 decreases when the voltage applied to
control of the input signal causes element 16 to operate  terminal 22
increases. This reduces the actual im- non-linearly, element 42 begins to
conduct to re-  25  pedance of element 16 and therefore also the duce the
voltage difference between terminals 18,  effective impedance as seen by
the input signal at 20 so that element 16 continues to operate linearly.
terminal 18. The undesirable effect of bootstrap- The transmission of
element 42 is controlled by a  ping on the effective impedance of element
16 is second control signal referred to below as the high  therefore
compensated. mode signal, indicating that the attenuator circuit is  30
Boosting the control signal at gate 22 to coun- operating under large
amplitude signal conditions.  teract the undesirable effect of
bootstrapping is The derivation of the high mode signal is described
referred to herein as control boost. Since the below in reference to Fig.
3.                     amount of bootstrapping and the control boost sig-
Fig. 3 is a schematic circuit diagram of an    nal are both controlled by
the same high mode attenuator circuit illustrating the preferred embodi-
35  signal, it is possible to adjust the amount of the ment of the
invention. Common elements to Figs. 2  bootstrapping and the control boost
so that the two and 3 are labeled by the same numerals. As shown  effects
cancel. The net result is that attenuator 50 in Fig. 3, the high mode
signal for controlling the  is transparent to signal characteristics; in
other amount of bootstrapping is derived from the input  words, the
attenuation of attenuator 50 is indepen- signal by a filter 52, a rectifier
54 and a smoothing   40  dent of the amount of bootstrapping applied. When
circuit 56. Filter 52 is such that it passes only those  signal conditions
call for no bootstrapping, both signal components which will cause element
16 to  attenuators 42 and 64 have low gains and element operate
non-linearly. Alternatively, high level signal  16 together with element 14
are capable of provid- conditions across the variable impedance element
ing the low impedances required with little distor- 16 can be detected by
connecting the high mode   45  tion. When signal conditions tend to
introduce dis- detector (filter 52, rectifier 54 and smoothing circuit
tortion as described, both bootstrapping and control 56) to the output of
the element. Where element 16  boost are applied to eliminate distortion,
where the is a FET, and where element 14 is an inductor, the  effects of
bootstrapping and control boost on the attenuator 50 of Fig. 3 is a low
pass filter with a  effective impedance of element 16 essentially can-
sliding band type low frequency shelf response   50  cel. sliding
downwardly. For such an attenuator used in    Since bootstrapping and
control boost are both a dual path compressor or expander, only high
governed by the high mode signal, it is possible to level high frequency
signals will cause element 16  adjust the amplitude of the bootstrapping
and con- to operate non-linearly. In such event, filter 52 is a  trol boost
so that their effects on the impedance as high pass filter. Then the
presence of high level  55  seen at terminal 18 cancel. The control boost
and high frequency signals is indicated by a large am-  bootstrapping
applied are both functions of the high 



plitude high mode signal at the output of smoothing  mode signal. In order
that the effects of control circuit 56. In this manner, the circuit acts as
a  boost and bootstrapping on the effective imped- 4    7
EP 0236 122 B1                    8 ance as seen at terminal 18 cancel, the
two func-  the high mode signal for controlling the amount of tions must be
complementary to one another.       bootstrapping are chosen so that their
effects on Therefore, the components of attenuator 50 should  the effective
impedance of FET 116 cancel. be chosen so that the two functions are com-
To reduce distortion, half of the drain-source plementary.
5   voltage of FET 116 should be applied back to its The effects of
bootstrapping and control boost  gate at 122, that is, the gate voltage
should be may not cancel under very low impedance con-      maintained half
way between the drain voltage and ditions. The minimum achievable impedance
of a    source voltage, on an AC basis. The drain voltage variable
impedance element such as a FET may      of FET 116 passes through
amplifiers 136, 154 and be of the order of 100 ohms, for example; this  10
appears at node 164. The source voltage of FET figure could effectively be
raised to several hun-  116 passes through buffer 156 and appears at dred
ohms by the bootstrapping. Fortunately, when  node 162. As shown in Fig. 4,
the voltage at node a very low impedance is required, then the voltage  170
is fed back to gate 122 of FET 116 to reduce across the element is low
because of the attenu-  distortion. Configured in such manner, the change
ation introduced by the element. In this case, the   15  in the source
voltage of FET 116 at node 120 bootstrapping and control boost are not
needed or  caused by bootstrapping does not affect the feed- used and then
the element can achieve its lowest  back of half the drain-source voltage
to the gate of value.                                            FET 116.
In the above description, causing the control     Bootstrapping may be
advantageously applied voltage at the control terminal to be more positive
20  in circuits for modifying dynamic range, such as in is described to
have the effect of decreasing the  "dual path" circuit arrangements. As
described in effective impedance of the variable impedance ele-  detail in
US-PS 3,846,719; US-PS 3,903,485; US- ment. It will be understood that the
invention is  PS 4,490,691 and US-PS Re 28,426, audio noise equally
applicable to attenuators employing vari-  reduction systems advantageously
employ dual able impedance elements whose effective imped-  25  path
arrangements. A "dual path" arrangement is ances increase when the control
voltage at the    one in which a compression or expansion char- control
terminal becomes more positive.           acteristic is achieved through
the use of a main Fig. 4 is a detailed schematic circuit diagram of  path
which is essentially free of dynamic action an attenuator circuit
illustrating the preferred em-  and one or more secondary or side paths
having bodiment of the invention. Attenuator 100 com-  30  dynamic action.
The side path or paths take their prises impedance elements 114, 116 for
attenuat-  input from the input or output of the main path and ing the
input signal at input 12. The output signal  the side path output or
outputs are additively or appears at terminal 26 of the circuit. In Fig. 4
the  subtractively combined with the main path in order impedance element
116 is a FET, with its drain at  to provide compression or expansion.
Generally, a terminal 118 and source at terminal 120, and its  35  side
path provides a type of limiting or variable gate at 122. The bootstrapping
path comprises     attenuation and the manner in which it is connected
buffer 136, attenuator 137, a FET 42 and buffer   to the main path
determines if it boosts (to provide 138. The drain voltage of the FET 116
is attenuated  compression) or bucks (to provide expansion) the by
attenuator 137 by a fixed ratio and by FET 42  main path signal components.
Dual path circuit by a variable amount determined by the high mode   40
arrangements can be found in the A-type, B-type signal applied to the gate
of FET 42.             and C-type noise reduction systems marketed and The
high mode signal is also applied to the   licensed by Dolby Laboratories of
San Francisco. gate of FET 140, whose drain-source path provides    As
discussed above, an attenuator employing a a parallel path to resistor 142.
This is a control  device such as a FET is linear provided that the boost
circuit. The output voltage at 26 is fed,  45  voltage across the device is
below a predetermined through a rectifier and smoothing circuit 143 to the
value which is characteristic of the device. Thus, control boost voltage
divider circuit comprising re-  under high level signal conditions, it is
necessary sistors 142, 144, 146. When FET 140 is conduct-   to ensure that
the voltage across the device does ing, resistor 142 is shunted, thereby
reducing the  not exceed the predetermined value so that the resistance
between resistors 144, 146 and provid-  50  device will continue to
function linearly to prevent ing an increased control gain (decreased loss)
for  distortion. In the A-type, B-type and C-type noise the control
voltage. The modulated control voltage  reduction systems marketed and
licensed by Dolby is then fed through a DC amplifier 148 and resistor
Laboratories, this is inherent since these systems 152, and applied to gate
122 to cancel the effect of  apply a high degree of limiting to the signal
in the 



bootstrapping on the effective impedance of FET   55  side paths, beginning
at a low-level threshold. 116 as described above. The gain control of the
As explained in U.S. Patent No. 4,498,055, the high mode signal through the
control boost path   high degree of limiting applied beginning at a low-
from output 26 to gate 122 and the gain control of  level threshold may, in
some circumstances, cause 5    9                 EP 0 236 122 B1
10 loss of noise reduction in the A, B and C-type     reduction systems, it
may be advantageous to em- systems. Thus, in fixed band noise reduction
cir-  ploy two side paths or stages: one for handling the cuits, the
presence of high level stop band signals  high frequency components and the
other for han- may cause a reduction in the gain or loss applied  ding the
low frequency components of signals. in the pass-band. In sliding band
circuits, the pres-   5   Thus, attenuator circuit 50' forms the low
frequency ence of high level stop-band signals may cause      stage of
compressor circuit 70. The outputs of the excessive sliding of the corner
frequencies of the  high frequency stage 72 and of the low frequency
sliding shelf. In U.S. Patent No. 4,498,055, the   stage 50' are added by
adder 74 and the sum applicant disclosed in detail a scheme called mod-
signal added to the output of the main path 76 by ulation control which
reduces the undesirable re-  10  adder 78 to give the output of the
compressor at sponses of compressors and expanders to the ef-    80. fect
of stop-band signal components at high input      As is evident from a
comparison of Figs. 3 and signal levels. As explained in detail in such
patent,  5, the attenuator circuit 50' is similar in structure to for fixed
band systems, the modulation control     attenuator 50 of Fig. 3; identical
elements in Figs. 3 scheme raises the limiting threshold in the stop-  is
and 5 are referred to by the same numerals. As is band and reduces the
degree of limiting. For slid-  well known from the U.S. patents on dual
path ing band systems, once the variable filter cut off  circuit
arrangements referred to above, the feed- frequency is about two to three
octaves above the  back action from the output of the side path in dominant
signal frequency, the modulation control  attenuator 50' to the control
terminal 22 of imped- scheme counteracts further sliding of the filter.  20
ance element 16 controls the dynamic performance In both the fixed and
sliding band systems,     of the low frequency signal components in com-
suitably filtered or frequency weighted signals from  pressor circuit 70.
In attenuator 50', the high mode the main signal path are rectified, and in
some    signal is preferably derived from the output 80 of cases smoothed,
and are fed in opposition to the   the compressor 70 instead of from its
input; other control signals generated by the control circuits of  25  than
such difference, the high mode signal applied the fixed or sliding band
systems. Thus, when the  to variable gain element 64 is derived in the same
modulation control scheme is applied, there is a   manner as in the case of
Fig. 3. significant reduced gain reduction or reduced slid-    The control
signal in attenuator 50' is derived ing of the variable filters as a
function of increasing  from its output signal at 26. However, before the
input signal levels. The effect of modulation control  30  control signal
is modified by the high mode signal is therefore to increase the levels of
stop-band   as described above in reference to Fig. 3, it is first signal
components in the side path at high input   bucked by a modulation control
signal from modu- signal levels.                                     lation
control circuit 82. Circuit 82 derives a modu- From the above, the reduced
limiting provided  lation control signal indicative of the signal level of
by modulation control increases the level of stop-   35  the stop-band
components. By subtracting the band signals in the side paths. These higher
level  modulation control signal from the control signal by stop-band
signals may cause the voltage across     means of combiner 84 and then
smoothing the attenuators in the side paths to exceed the pre-
difference signal, the effect of high level stop-band determined limits for
linear operation. In such con-  signals on the control signal eventually
applied to texts, bootstrapping may be advantageously ap-  40  element 16
is reduced. Where attenuator 50' is a plied to again assure linear
operation of the at-  fixed band type circuit, this causes the attenuation
tenuators in the side paths without requiring signal  applied to pass-band
signal components to be less limiting.
affected by stop-band signals. Where attenuator Bootstrapping provides an
alternative to the    50' is a sliding band circuit, this causes the
sliding severe limiting applied in A, B and C-type systems.  45  shelf not
to slide more than is necessary. Variable bootstrapping provides a
particularly desir-  After being bucked by the modulation control able
alternative. No bootstrapping is applied until  signal and before being fed
back to control terminal high-level signal conditions are detected which
22, the control signal is modified by the high mode may cause the
attenuator to function in a nonlinear  signal which controls the
transmission of the vari- region. When such signal conditions are detected,
so  able gain element 64 in the feed back path in the bootstrapping is then
applied, causing the voltage  same manner as that described in reference to
Fig. across the attenuator to remain less than such     3. In Fig. 5,
element 14 is an inductor which may 



predetermined value, thereby assuring linear op-   be simulated by a
gyrator circuit, so that circuit 50' eration of the device.
is a low pass filter with a sliding band type low Fig. 5 is a schematic
circuit diagram of a dual  55  frequency shelf response sliding downwardly.
The path sliding band compressor circuit employing     modulation control
signal is derived from output 80 both variable bootstrapping and modulation
control  by a control circuit 82. In the control circuit 82, the to
illustrate the invention. In certain dual path noise  input signal is
amplified and rectified to provide the 6    11                EP 0 236 122
B1                       12 modulation control signal. As described in
detail in  the first path, together with a main path 201. The U.S. Patent
4,498,055 and summarized above, the   side path from input 12 to output 26a
includes filter modulation control signal from control circuit 82  202,
impedance element 214 and buffer 216. The reduces the degree of limiting
applied by attenua-  output at 26a is fed back through a control circuit
tor 50'. This has the effect of increasing the signal   5   217 which
includes a rectifier and a smoothing level at element 16. Under high level
high fre-   means to a variable impedance element 218 to quency signal
conditions, this may cause element  control its impedance. Element 218 is
connected to 16 to function in a nonlinear region. Bootstrapping,  the side
path between elements 214 and 216. whether fixed or variable, causes the
voltage     Where element 214 is a capacitor, the above- across element 16
to be less than the predeter-  10  described arrangement forms a sliding
band high mined limit for linear operation, even though vari-  pass filter;
where element 214 is an inductor, the able bootstrapping is particularly
advantageous as  above arrangement forms a sliding band low pass explained
above. In such manner bootstrapping     filter. The other side path from
input 12 includes and modulation control operate together to improve  the
resistor 204 and a feedback path through a the characteristics of
compressor 70.        15  control circuit 205 and a variable impedance ele-
In Fig. 5, the modulation control signal is de-  ment 206 forming a fixed
band signal attenuator. rived from the output signal of the compressor, it
The compression action resulting from one will be understood that the
modulation control sig-  side path can be substituted for that of the other
nal can also be derived from the input 12 of the  when the level and
spectral content of the input compressor as well; all such possible schemes
for  20  signal components change. This is performed by deriving modulation
control signals are within the  connecting the output of the second side
path to scope of this invention. Bootstrapping together with  affect the
output of the first side path. This for modulation control can also be
applied to compres-  example can be performed by connecting the out- sors
and expanders employing attenuators in the   put of the second side path to
node 220 of element form of fixed band circuits as well as high pass  25
218 in the first side path, via attenuator 208, line filters with an
upwardly sliding high frequency shelf  210 and summer 228. Bootstrapping
can be ap- response. All such and similar configurations are  plied to node
220 through attenuator 226 and sum- within the scope of the invention.
mer 228, which adds to it the attenuated output of In a low frequency stage
of a compressor such  the fixed band side path. as circuit 50' of Fig. 5,
the low pass filter 68 may  30  Fig. 7 is a schematic circuit diagram of an
be placed at the input of the stage. However, it is  attenuator 300 where
action substitution, bootstrap- more advantageous to place it at the
location     ping and control boost may all be applied to illus- shown in
Fig. 5 after the variable gain element for  trate the preferred embodiment
of the invention. reasons explained below.                          Circuit
300 forms the side path of a companding Under certain signal conditions,
circuit 50' may   35  noise reduction circuit, where the side path is from
generate transient distortions. Also, element 14 is  input 12 to output 26.
The input signal at input 12 an inductor simulated by a gyrator circuit
which  is attenuated by circuit elements 302, 304. Element may generate
high frequency noise. For these rea-  304, as shown in Fig. 7 is a FET. A
fraction of the sons it is desirable to place filter 68 at the position
drain voltage of FET 304 is fed back to its source shown in Fig. 5. When
placed in such position, low   40  through a path including buffer 306,
resistor 308, pass filter 68 attenuates any transient distortion  amplifier
312, resistor 320 and buffer 324. The generated by circuit 50' and reduces
high fre-    drain voltage is attenuated by resistors 308, 310 quency noise
caused by the gyrator circuit. Where  forming a voltage divider circuit.
The attenuated overshoot suppression is applied, overshoot sup-  drain
voltage is amplified by amplifier 312. pression can be generated without
the delay inher-  45  The output signal from another side path of a ent in
a low pass filter placed at the input of circuit  noise reduction circuit
parallel to the path from 50'. When the low pass filter is placed at the
input 12 to output 26 may be coupled to circuit 300 position shown,
however, the side effect is that  at port 314. In reference to Figs. 6 and
7, for quite high signal levels will appear at element 16.  example, the
output of the fixed band side path This element must be capable of handling
high   so  (referred to below as the action substitution signal), 



level, high frequency signals, since these signals  appearing at node 210
in Fig. 6, may be coupled to are no longer attenuated by the low pass
filter 68.  circuit 300 at node 314 to achieve action substitu- Fig. 6 is a
schematic circuit diagram of another  tion. The bootstrap signal at node
316 may be circuit for modifying dynamic range where boot-   added to the
action substitution signal at node 314; strapping can be advantageously
applied. Circuit  55  this is accomplished at node 318 through resistors
200 of Fig. 6 is a noise reduction system showing  320, 322 and the summed
signal is then fed to the two side paths, one from input 12 to output 26a
source of FET 304 through buffer 324. and the other from input 12 with its
output fed into  The fraction of the drain voltage of FET 304 7    13
EP 0 236 122 B1                   14 bootstrapped to its source is
determined partly by    ment having a first and second terminal (18, the
attenuation of the voltage divider circuit corn-  20) and a control
terminal (22), said input sig- prising resistors 308, 310 and by the gain
of am-     nal being applied to the first terminal, wherein plifier 312. If
the maximum gain of amplifier 312     the impedance between the first and
second approaches the attenuation of the voltage divider   5  terminals
varies as a predetermined function of circuit, then a bootstrap voltage
between the volt-   a first control signal applied to the control age
divider value and something approaching the       terminal when the voltage
difference across the full drain voltage (e.g. 90%) of FET 304 may be
first and second terminals is less than a pre- bootstrapped to the source
of the FET. The gain of    determined value; characterised by: the
amplifier 312 depends on the values of the  10       means (36) for
deriving a bootstrapping resistors 332, 334 and 336 as well as the drain-
second control signal from the input signal at a source resistance of FET
338.                         point in the circuit, for indicating a signal
con- The drain-source resistance of FET 338 is con-    dition which causes
the voltage across the first trolled by the high mode signal as attenuated
by      and second terminals to exceed said predeter- attenuator 342 and
resistors 344, 346, 348. When   15  mined value, causing distortion in the
output FET 304 is required to provide low impedances,       signal; and the
high mode signal has a small amplitude, and          bootstrapping means
(32, 34, 38) respon- FET 338 is pinched off, so that the amount of
sive to the bootstrapping control signal for ap- bootstrapping is
negligible. When signal conditions   plying to the second terminal a
fraction of the require bootstrapping, however, a high mode signal  20
voltage at the first terminal, when the boot- of sufficient magnitude will
cause FET 338 to con-    strapping control signal indicates said signal
duct, so that amplifier 312 has significant gain. This  condition, in order
to reduce the voltage dif- causes a sizable fraction of the drain voltage
to be  ference between the first and second termi- bootstrapped to the
source for FET 304.               nals, where said fraction is of such
magnitude Since the action substitution signal is also fed   25  that the
voltage difference across the first and to the source of FET 304, it is
necessary to derive   second terminals does not exceed the pre- the
bootstrapping signal such that the action sub-    determined value.
stitution signal itself does not become bootstrap- ped. The action
substitution signal at terminal 314  2. A signal attenuation circuit
according to claim is coupled to the source of FET 338 through resis-  30
1, further comprising means (62-64) responsive tors 352, 354, 356. If the
ratio of the values of    to the bootstrapping control signal for modify-
resistors 352, 356 is related to the ratio of values of  ing the first
control signal applied to the control resistors 308, 310 and is one-tenth
for example,     terminal of the element, thereby reducing the then
one-tenth of the drain voltage of FET 304        effect of the application
of the fraction of the appears at node 360 and one-tenth of the substitu-
35  voltage at the first terminal to the second ter- tion voltage appears
at node 362. The action sub-     minal on the effective impedance of the
ele- stitution signal is thereby excluded from the boot-   ment. strapping
action. In other words, when the action substitution   3. A signal
attenuation circuit according to claim voltage at terminal 314 raises the
source voltage of  40  2, wherein the modifying means modifies the FET 304,
thereby reducing the drain-source voltage    first control signal in such
manner that the of the FET, the source voltage of FET 338 is raised
effective impedance of said element remains by a similar proportion. This
reduces the signal     substantially the predetermined function of the
current to FET 338, which in turn reduces the         unmodified first
control signal. output of amplifier 312. In such manner it is possi-  45
ble to prevent bootstrapping from affecting the ac-  4. A signal
attenuation circuit according to claim tion substitution. If resistors 372
and 374 are of    1, 2 or 3, wherein said bootstrappng means equal values,
a voltage halfway between the drain     comprises: 



and source voltages of FET 304 is fed from node          an impedance
element (42) and at least 376 to the gate of the FET to reduce distortion.
50  one buffer amplifier (38) connected between the first and second
terminals, wherein the Claims
impedance of the impedance element is vari- able in accordance with the
bootstrapping con- 1. A signal attenuation circuit for attenuating sig-
trol signal to control the magnitude of the frac- nals, comprising:
55      tion of the voltage at the first terminal applied a circuit element
(16) having a variable      to the second terminal. impedance for
attenuating an input signal to obtain an attenuated output signal, said
ele-  5. A signal attenuation circuit according to any 8    13
EP 0 236 122 B1                      14 bootstrapped to its source is
determined partly by     ment having a first and second terminal (18, the
attenuation of the voltage divider circuit com-   20) and a control
terminal (22), said input sig- prising resistors 308, 310 and by the gain
of am-      nal being applied to the first terminal, wherein plifier 312.
If the maximum gain of amplifier 312      the impedance between the first
and second approaches the attenuation of the voltage divider   5  terminals
varies as a predetermined function of circuit, then a bootstrap voltage
between the volt-    a first control signal applied to the control age
divider value and something approaching the        terminal when the
voltage difference across the full drain voltage (e.g. 90%) of FET 304 may
be        first and second terminals is less than a pre- bootstrapped to
the source of the FET. The gain of     determined value; characterised by:
the amplifier 312 depends on the values of the   10        means (36) for
deriving a bootstrapping resistors 332, 334 and 336 as well as the drain-
second control signal from the input signal at a source resistance of FET
338.                          point in the circuit, for indicating a signal
con- The drain-source resistance of FET 338 is con-      dition which
causes the voltage across the first trolled by the high mode signal as
attenuated by       and second terminals to exceed said predeter-
attenuator 342 and resistors 344, 346, 348. When   15  mined value, causing
distortion in the output FET 304 is required to provide low impedances,
signal; and the high mode signal has a small amplitude, and
bootstrapping means (32, 34, 38) respon- FET 338 is pinched off, so that
the amount of         sive to the bootstrapping control signal for ap-
bootstrapping is negligible. When signal conditions    plying to the second
terminal a fraction of the require bootstrapping, however, a high mode
signal  20  voltage at the first terminal, when the boot- of sufficient
magnitude will cause FET 338 to con-     strapping control signal indicates
said signal duct, so that amplifier 312 has significant gain. This
condition, in order to reduce the voltage dif- causes a sizable fraction of
the drain voltage to be   ference between the first and second termi-
bootstrapped to the source for FET 304.                nals, where said
fraction is of such magnitude Since the action substitution signal is also
fed   25  that the voltage difference across the first and to the source of
FET 304, it is necessary to derive    second terminals does not exceed the
pre- the bootstrapping signal such that the action sub-     determined
value. stitution signal itself does not become bootstrap- ped. The action
substitution signal at terminal 314  2. A signal attenuation circuit
according to claim is coupled to the source of FET 338 through resis-  30
1, further comprising means (62-64) responsive tors 352, 354, 356. If the
ratio of the values of      to the bootstrapping control signal for modify-
resistors 352, 356 is related to the ratio of values of  ing the first
control signal applied to the control resistors 308, 310 and is one-tenth
for example,       terminal of the element, thereby reducing the then
one-tenth of the drain voltage of FET 304         effect of the application
of the fraction of the appears at node 360 and one-tenth of the substitu-
35  voltage at the first terminal to the second ter- tion voltage appears
at node 362. The action sub-      minal on the effective impedance of the
ele- stitution signal is thereby excluded from the boot-    ment. strapping
action. In other words, when the action substitution    3. A signal
attenuation circuit according to claim voltage at terminal 314 raises the
source voltage of  40  2, wherein the modifying means modifies the FET 304,
thereby reducing the drain-source voltage     first control signal in such
manner that the of the FET, the source voltage of FET 338 is raised
effective impedance of said element remains by a similar proportion. This
reduces the signal       substantially the predetermined function of the
current to FET 338, which in turn reduces the          unmodified first
control signal. output of amplifier 312. In such manner it is possi-  45
ble to prevent bootstrapping from affecting the ac-  4. A signal
attenuation circuit according to claim 



tion substitution. If resistors 372 and 374 are of     1, 2 or 3, wherein
said bootstrappng means equal values, a voltage halfway between the drain
comprises: and source voltages of FET 304 is fed from node            an
impedance element (42) and at least 376 to the gate of the FET to reduce
distortion.  50   one buffer amplifier (38) connected between the first and
second terminals, wherein the Claims
impedance of the impedance element is vari- able in accordance with the
bootstrapping con- 1. A signal attenuation circuit for attenuating sig-
trol signal to control the magnitude of the frac- nals, comprising:
55      tion of the voltage at the first terminal applied a circuit element
(16) having a variable       to the second terminal. impedance for
attenuating an input signal to obtain an attenuated output signal, said
ele-   5. A signal attenuation circuit according to any 8    15
EP 0 236 122 B1                     16 preceding claim, wherein said
circuit element        control signal indicates said signal condition is a
field effect transistor (116) whose drain       and wherein the fraction of
the first terminal and source (118, 120) are the first and second
voltage applied to the second terminal by the terminals respectively and
whose gate (122) is       bootstrapping means is of such magnitude that the
control terminal of the element.        6        it substantially prevents
the voltage across the first and second terminals from exceeding the 6. A
signal attenuation circuit according to claim      predetermined value. 5,
further comprising means (166, 168) for applying a voltage substantially
half way be-    12. A signal attenuation circuit according to claim tween
the drain and source voltages of the   10      11, further comprising means
(217) responsive transistor to the gate of the transistor to reduce  to the
bootstrapping control signal for altering distortion.
the dynamic modification control signal applied to the control terminal of
the element, wherein 7. A signal attenuation circuit according to any
the altering means alters the dynamic modi- preceding claim, wherein said
deriving means   15    fication control signal in such manner that the
comprises filter means (52) for filtering the       impedance of said
element remains substan- signal at the point in the circuit to pass only
tially the predetermined function of the unal- those signal components
which tend to cause         tered dynamic modification control signal. the
voltage across the first and second termi- nals to exceed the predetermined
value.     20  13. A signal attenuation circuit according to claim 12,
wherein said signal attenuation circuit is 8. A signal attenuation circuit
according to claim      part of a sliding band filter, and said deriving 7,
wherein said deriving means further com-          means comprises a second
filter means for prises means (54, 56) for rectifying and
filtering the signal at the point in the circuit to smoothing the signal
components passed by   25       pass only those signal components which
tend the filter means to derive the bootstrapping        to cause the
voltage across the first and sec- control signal.
ond terminals to exceed the predetermined value. 9. A signal attenuation
circuit according to any preceding claim, further comprising means for  30
14. A signal attenuation circuit according to claim applying a dynamic
modification control signal       13, further comprising an inductance
means so as said first control signal to said control termi-  that the
sliding band filter is a sliding band low nal.
pass filter and wherein the second filter means is a high pass filter. 10.
A signal attenuation circuit according to any   35 preceding claim, having
a sliding band char-     15. A signal attenuation circuit according to any
of acteristic action for compressing or expanding       claims 9 to 14,
wherein said impedance ele- the dynamic range of signal components, said
ment is a FET, said signal attenuation circuit circuit being coupled to the
output of a further     further comprising means for applying a volt-
circuit (204, 206) having a fixed or sliding band   40  age substantially
half way between the drain characteristic action for compressing or ex-
and source voltages of the transistor to the panding the dynamic range of
input signal            gate of the transistor to reduce distortion.
components, so that the characteristic action of one said circuit
substitutes for the characteris-  Revendlcations 



tic action of the other circuit in at least a   45 portion of the frequency
band.                   1. Circuit d'attenuation de signal afin d'attenuer
des signaux, comprenant: 11. A signal attenuation circuit according to
claim        - un element de circuit (16) presentant une 9 or 10, further
comprising means (216) for               impedance variable pour
l'att~nuation deriving a bootstrapping control signal from the   50
d'un signal d'entr6e afin d'obtenir un si- input signal at a point in the
signal attenuation         gnal de sortie attdnu6, ledit 6lement circuit,
for indicating a signal condition which          comportant une premibre et
une seconde causes the voltage across the first and second            borne
(18, 20) et une borne de comman- terminals to exceed said predetermined
value,             de (22), lo signal d'entree 6tant applique causing
distortion in the compression or ex-   55         & la premibre borne, dans
lequel l'imp6- pansion of the signal, and wherein said boot-
dance entre les premibre et seconde strapping means applies the fraction to
the               bornes varne suivant une fonction prdd4- second terminal
only when the bootstrapping               terminee d'un premier signal de
com- 9    17                EP 0 236 122 B1                     18 mande
applique a la borne de comman-               leur de ia fraction de la
tension presente de lorsque la difference de tension entre          a la
premibre borne qui est appliquee A les premibre et seconde bornes est infe-
la seconde borne. rieure a une valeur predeterminee; carac- terise par:
5   5. Circuit d'attenuation de signal selon l'une quel- - un moyen (36)
pour obtenir un second           conque des revendications precedentes,
dans signal de commande d'amplification a           lequel ledit element de
circuit est un transistor contre-reaction & partir du signal d'entree   a
effet de champ (116) dont le drain et la a un point du circuit, pour
indiquer un       source (118, 120) sont les premibre et secon- 6tat de
signal qui a pour effet que la  tO    de bornes respectivement et dont la
grille tension entre les premibre et seconde          (122) est la borne de
commande de l'element. bornes depasse ladite valeur pr~d~termi- n6e,
provoquant la distorsion du signal    6. Circuit d'attenuation de signal
selon la revendi- de sortie; et                                 cation 5,
comprenant en outre un moyen (166, - un moyen d'amplification &
contre-reac-  is    168) pour appliquer une tension de valeur sen- tion
(32, 34, 38) r~pondant au signal de      siblement & michemin entre les
tensions du commande d'amplification a contre-r~ac-       drain et de la
source du transistor, a ia grille tion afin d'appliquer & la seconde borne
du transistor dans le but de reduire la distor- une fraction de la tension
presente a la      sion. premibre borne, lorsque le signal de   20 commande
de l'amplification a contre-      7. Circuit d'attenuation de signal selon
l'une quel- reaction indique ledit 6tat de signal, dans   conque des
revendications pr~cedentes, dans le but de reduire la difference de tension
lequel le moyen d'obtention comprend un entre les premibre et seconde
bornes, ou      moyen de filtre (52) afin de filtrer le signal au ladite
fraction a une valeur telle que la  25  point du circuit pour ne laisser
passer que les diff6rence de tension entre les premibre      composantes de
signal qui ont tendance a et seconde bornes ne d6passe pas la
faire que la tension entre les premibre et se- valour pred~termin~e.
condo bornes ddpasse la valeur predetermi- noe. 2. Circuit d'attenuation de
signal selon la revendi-  30 cation 1, comprenant en outre un moyen (62-
8  Circuit d'attenuation de signal selon la revendi- 64) repondant au
signal de commande de             cation 7, dans lequel le moyen
d'obtention l'amplification & contre-reaction, pour modifier   comprend en
outre un moyen (54, 56) pour le premier signal de commando appliqu6 & la
redresser et ecr~ter les composantes de signal borne de commando de
l'Ml~ment, d'oO il r6-  35    transmises par le moyen de filtre afin
d'obtenir suIte la rdduction de l'effet de l'application & la  le signal de
commande d'amplification & seconde borne de la fraction de la tension
contre-rdaction. S     presente a la premibre borne, sur I'impedance
effective de l'61ment.                         9. Circuit d'att6nuation de
signal selon l'une quel- 40      conque des revendications pr~c6dentes,
com- 3. Circuit d'attenuation de signal selon la revendi-   prenant en
outre un moyen pour appliquer un cation 2, dans lequel le moyen de
modification     signal de commande de modification dynami- 



procede a la modification du premier signal de     que a titre dudit
premier signal de commando commando d'une maniere telle quo l'imp6dan-
l Ia borne de commande. ce effective dudit element reste sensiblement  45
la fonction predeterminee du premier signal de  10. Circuit d'attenuation
de signal selon l'une quel- commande non modifi6.
conque des revendications precedentes, pre- sentant une action de
caracteristique a bande 4. Circuit d'attenuation de signal selon la
revendi-   glissante pour comprimer ou expanser la gain- cation 1, 2 ou 3,
dans lequel le moyen d'ampli-  so  me dynamique des composantes de signal,
fication a contre-r6action, comprend:              ledit circuit etant
relie a la sortie d'un autre - un 6lement d'imp6dance (42) et au
circuit (204, 206) ayant une action de caracte- moins un amplificateur
intermediaire (38)     ristique & bande fixe ou glissante pour compri-
monte entre les premibre et seconde           mer ou expanser la gamme
dynamique des bomes, oO l'impedance de l'element  55        composantes du
signal d'entree, de sorte que d'impedance est variable en fonction du
F'action caracteristique dudit premier circuit signal de commande de
l'amplification a       remplace l'action dynamique de l'autre circuit
contre-reaction afin de commander la va-      dans au moins une partie de
la bande de 10    19                EP 0 236 122 B1                    2
c   L 1 M11111 111 frequence.                                         ledit
6lment d'impddance est un transistor a effet de champ, ce circuit
d'att~nuation de 11. Circuit d'att6nuation de signal selon la revendi-
signal comprenant en outre un moyen pour cation 9 ou 10, comprenant en
outre un moyen       appliquer une tension ayant une valeur sensi- (216)
pour obtenir un signal de commande   6       blement a mi-chemin entre les
tensions du "-'    d'amplification a contre-reaction a partir du      drain
et de la source du transistor, a la grille signal d'entree A un point du
circuit d'attlnua-   du transistor afin de rdduire la distorsion. tion de
signal, afin d'indiquer un dtat de signal qui fait que la tension entre les
premiere et   PatentansprUche seconde bornes d6passe ladite valeur pr~dd-
10 tormin6e, provoquant une distorsion dans la     1.
Signaldampfungsschaltung zur Dampfung von compression ou l'expansion du
signal, et dans      Signalen, umfassend: lequel ledit moyen
d'amplification & contre-           ein Schaltungselement (16) mit einer
vari- rdaction n'applique la fraction a la seconde       ablen Impedanz zur
Dampfung eines Ein- borne que lorsque le signal de commande   15
gangssignals und zum Erhalt eines gedampf- d'amplification &
contre-rMaction indique ledit    ten Ausgangssignals, wobei das Element
einen 6tat de signal et dans lequel la. fraction-de la   ersten und einen
zweiten AnschluBi (18, 20) tension de la premibre borne appliqu6e a la
und einen SteueranschluB (22) aufweist und ,_    seconde borne par le moyen
d'amplification a        das Eingangssignal an den ersten AnschluB
contrer~action a une valeur telle qu'elle emp-  20  angelegt wird, und
wobei die Impedanz zwi- che pratiquement que la tension entre les pre-
schen dem ersten und dem zweiten AnschluR mibre et seconde bornes ne
d6passe la valeur       sich als eine vorbestimmte Funktion eines er-
prdddtermin6e.                                     sten Steuersignals
andert, das an den Steuer- anschluBi angelegt wird, wenn der Spannungs- 12.
Circuit d'attdnuation de signal selon la revendi-  25  abfall Ober dem
ersten und dem zweiten An- cation 11, comprenant en outre un moyen
schluB unter einem vorbestimmten Wert liegt, (217) rnpondant au signal de
commande de               gekennzeichnet durch l'amplification a
contre-rnaction pour changer         eine Einrichtung (36) zur Ableitung
eines le signal de commande de modification 'dyna-       zweiten
Bootstrap-Steuersignals von dem Ein- mique appliqu4 a la borne de commande
de   30      gangssignal an einem Punkt der Schaltung zur l'Pl6ment, dans
lequel le moyen de change-         Kennzeichnung eines Signalzustands, der
ver- ment change le signal de commande de modi-         ursacht, daB die
Spannung Ober dem ersten fication dynamique d'une manibre telle quo
und dem zweiten AnschluB den vorbestimmten l'impedance dudit 6lment reste
pratiquement       Wert Obersteigt, was eine Verzerrung im Aus- la fonction
pr~ddterminee du signal de com-   35   gangssignal hervorruft, und mande de
modification dynamique non chan-              eine Bootstrapeinrichtung
(32, 34, 38), die g6.                                                auf
das Bootstrap-Steuersignal anspricht, um an den zweiten AnschluBi einen
Bruchteil der 13. Circuit d'attlnuation de signal selon la revendi-
Spannung am  ersten AnschluBl anzulegen, cation 12, dans lequel ledit
circuit d'attdnuation   40  wenn das Bootstrap-Steuersignal jenen Signal- 



de signal fait partie d'un filtre a bande glissan-  zustand anzeigt, damit
die Spannungsdifferenz te, et ledit moyen d'obtention comprend un
zwischen dem ersten und dem zweiten An- second moyen de filtre afin de
filtrer le signal   schluB vermindert wird, wobei der Bruchteil au point du
circuit pour ne laisser passer que     von einer solchen Grdoe ist, daB die
Span- les composantes de signal qui ont tendance a   45  nungsdifferenz
Uber dem  ersten und dem faire en sorte que la tension entre les preminbre
zweiten AnschluB den vorbestimmten Wert et seconde bornes ddpasse la valeur
pr~ddter-      nicht Ubersteigt. min6oe. 2. Signaldampfungsschaltung nach
Anspruch 1, 14. Circuit d'att~nuation de signal selon la revendi-  50
ferner umfassend eine Einrichtung (62 - 64), cation 13, comprenant en outre
un moyen d'in-      die auf das Bootstrap-Steuersignal anspricht, ductance
de sorte que le filtre a bande glissan-   um das an den SteueranschluB des
Elements te est un filtre passe-bas a bande glissante et    angelegte erste
Steuersignal zu modifizieren, dans lequel le second moyen de filtre est un
um dadurch die Auswirkung des Anlegens des filtre passe-haut.
55       Bruchteils der Spannung am ersten AnschluB an den zweiten
AnschluBi auf die effektive Im- 15. Circuit d'attdnuation de signal selon
l'une quel-  pedanz des Elements zu reduzieren. conque des revendications 9
a 14, dans lequel 11    21                 EP 0 236 122 B1
22         l c      I M       !  ! 3  Signaldgmpfungsschaltung nach
Anspruch 2,       10. Signaldampfungsschaltung  nach einem  der be! der die
Modifiziereinrichtung das erste        vorhergehenden Anspruche, die eine
Gleit- Steuersignal in elner solchen Weise modifi-
bandcharakteristikwirkung  zur  Kompression ziert, daB die effektive
Impedanz des Elements     oder Expansion des Dynamikbereichs von Si- im
wesentlichen die vorbestimmte Funktion   6      gnalkomponenten aufweist,
wobel die Schal- des  unmodifizierten  ersten  Steuersignals        tung an
den Ausgang einer weiteren Schaltung bleibt.
(204, 206) gekoppelt ist, die elne Festband- oder
Gleitbandcharakteristikwirkung zur Kom- 4. Signaldgmpfungsschaltung nach
Anspruch 1, 2         pression oder Expansion des Dynamikbereichs oder 3,
bei der die Bootstrapeinrichtung um-   10  von Eingangssignalkomponenten
aufweist, so faft:                                              daB die
Charakteristikwirkung einer der Schal- ein Impedanzelement (42) und
wenigstens         tungen wenigstens in einem  Tell des Fre- einen
Pufferverst~rker (38), der zwischen den      quenzbandes jene der anderen
Schaltung er- ersten und den zweiten AnschluB geschaltet         setzt.
ist, wobei die Impedanz des Impedanzel-  15 ements nach Mafigabe des
Bootstrap-Steuersi-    11. Signald~mpfungsschaltung nach Anspruch 9 gnals
variabel ist, um die Gr6Be des an den        oder 10, ferner umfassend eine
Einrichtung zweiten AnschluB angelegten Bruchteils der         (216) zur
Ableitung eines Bootstrap-Steuersi- *<,   Spannung am ersten AnschluBi zu
steuern.            gnals von dem Eingangssignal an einem Punkt 20      in
der Signald~mpfungsschaltung zur Kenn- . Signaldimpfungsschaltung  nach
einem  der            zeichnung elnes Signalzustands, der verur-
vorhergehenden  Ansprlche, bei dem  das            sacht, daB die Spannung
Ober dem ersten und Schaltungselement  ein  Feldeffekttransistor       dem
zweiten AnschluB  den vorbestimmten (116) ist, dessen Drain und Source
(118, 120)      Wert Obersteigt, was eine Verzerrung bei der den ersten
bzw. den zweiten AnschluBl und   25     Kompression oder Expansion des
Signals her- dessen Gate (122) den SteueranschluB des           vorruft,
und wobei die Bootstrapeinrichtung an Elements bilden.
den zweiten AnschluB den Bruchteil nur dann anlegt, wenn das
Bootstrap-Steuersignal den 8. Signaldgmpfungsschaltung nach Anspruch 5,
Signalzustand anzeigt, und wobei der von der ferner umfassend eine
Einrichtung (166, 168)  30   Bootstrapeinrichtung an den zweiten AnschluBi
zum Anlegen einer Spannung, die im wesentli-       angelegte Bruchteil der
Spannung am ersten chen in der Mitte zwischen der Drainspannung
AnschluBi von einer solchen GroBe ist, daB er und der Sourcespannung des
Transistors liegt,      im wesentlichen verhindert, daB die Spannung an das
Gate des Transistors zur Verminderung       Uber dem ersten und dem zweiten
AnschluB der Verzerrung.                            35      den
vorbestimmten Wert Ubersteigt. 7. Signaldgmpfungsschaltung  nach einem  der
12. Signaldgmpfungsschaltung nach Anspruch 11, j,,    vorhergehenden
AnsprUche, bei dem die Ablei-      ferner umfassend eine Einrichtung (217),
die tungseinrichtung eine Filteranordnung (52) zur     auf das
Bootstrap-Steuersignal anspricht, um 



Filterung des Signals an dem Punkt der Schal-  40  das an den
SteueranschluB des Elements an- tung umfalt, damit nur solche Signalkompo-
gelegte Dynamikmodifiziersteuersignal zu An- nenten durchgelassen werden,
die bewirken          dern, wobei die Anderungseinrichtung das Dy- konnen,
daB die Spannung Uber dem ersten           namikmodifiziersteuersignal in
einer solchen und dem zweiten AnschluB den vorbestimmten         Weise
Andert, daB die Impedanz des Elements Wert Obersteigt.
45      im wesentlichen die vorbestimmte Funktion des ungefnderten
Dynamikmodifiziersteuersi- 8. Signaldampfungsschaltung nach Anspruch 7,
gnals bleibt. bei dem die Ableitungseinrichtung femer eine Einrichtung (54,
56) zur Gleichrichtung und     13. Signaldlmpfungsschaltung nach Anspruch
12, Glattung der von der Filteranordnung hindurch-  6o  die Teil eines
Gleitbandfilters ist, wobei die gelassenen  Signale  zur  Ableitung  des
Ableitungseinrichtung eine zweite Filteranord- Bootstrap-Steuersignals
umfaBt.                    nung zur Filterung des Signals an dem Punkt in
der Schaltung umfalt, damit nur solche Si- 9. Signaldampfungsschaltung
nach einem  der           gnalkomponenten  hindurchgelassen  werden,
vorhergehenden AnsprOche, femer umfassend   55     die verursachen k6nnen,
daB die Spannung eine Einrichtung zum Anlegen eines Dynamik-        Uber
dem ersten und dem zweiten AnschluB modifiziersteuersignals als erstes
Steuersignal    den vorbestimmten Wert Obersteigt. an den SteueranschluB.
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1111111 huH liji liii 111111 * C   L   M S * 14. Signaldlmpfungsschaltung
nach Anspruch 13, femer umfassend eine induktive Einrichtung derart, daB
das Gleitbandfilter ein Gleitbandtief- palfilter ist, wobel die zweite
Filteranordnung ein Hochpalfilter ist.                        5 15.
Signaldmpfungsschaltung  nach  einem  der AnsprUche 9 bis 14, bei der das
Impedanzel- ement ein FET ist, wobei die Signaldarmp- fungsschaltung ferner
eine Einrichtung umfalt,  10 um an das Gate des Transistors elne Span- nung
im wesentlichen in der Mitte zwischen der Drainspannung und der
Sourcespannung des Transistors anzulegen und die Verzerrung zu reduzieren.
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