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DEVICE FOR MODIFYING THE DYNAMIC RANGE
OF AN INPUT SIGNAL

This invention relates in general to
attenuator circuits and more specifically to attenuator
circuits employing bootstrapping. )

Circuit elements such as field effect
transistors (FETs) have been used to provide variable
impedances in signal attenuators. For example, they
have been used in limiters for noise reduction systems
where compressors and expanders require controlled
limiting of the amplitude of a signal. In U.S. patent
4,498,055, a field effect transistor is used in
conjunction with a capacitor to form a high pass filter
with a sliding band type high frequency shelf response
whose corner frequency varies as a function of the
control signal to the gate of the transistor. 1In this
particular high pass filter circuit the'drain-source
path of the FET shunts the signal to be limited to
ground.

A field effect transistor can be used in
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This invention relates in general to attenuator circuits

fspeC|f|caIIy to attenuator circuits enpl oyi ng boot strappi
O‘rCU|t el ements such as field effect transistors (FETS);

and nore

i ng.
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'prOV|de vari abl e i npedances in signal attenuators. For
been used in limters for noise reductloﬁ‘systens wher e
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expanders require controll ed

conjunction with an inductor to form a sliding band circuit with

a low frequency shelf response operating downwardly. B field
effect transistor may also be used in conjunction with a resistor

to form a fixed band circuit whose frequency range does not
change, in contrast to the sliding band attenuators.

When used in noise reduction systems, it
the circuit elements such as field effect transi

is desirable for
stors to be

opperating within a range of signal amplitudes where the

impedances of the elements are linear, i.e. does
waveform distortion into the signal. For FETs,

the transistors should be operated with their dr
voltages within a range depending on the type of
drain-source current of the FETs vary linearly w

not introduce
this means that
ain~-source

FETs so that the
ith the voltage

applied across the source and drain. When the drain-source
voltage applied to a FET is not within such range, this
introduces distortion in the waveform of the signal undergoiné

compression or expansion of dynamic range. It i

s therefore

desirable to provide attenuator circuits employing elements such
as FETs for which the above described difficulties are
alleviated. My prior U.S. Patent 3,665,345 describes an FET
used as an attenuator in a noise reduction systeh for use with

audio signals.

One way to alleviate the difficulty is to limit the
signal amplitude across the element. This, however, reduces the
signal to noise ratio and is disadvantageous. It is therefore

~desirable to provide attenuator circuits which avoid distortion

and yet maintain a good signal to noise ratio.

This invention, which is defined in the appended claims,
is based on my realization that distortion in attenuator circuits

employing
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li-miting of the anplitude of a signal. In U S patent 4,498,055 a field
e;fect transistor is used in conjunction with a capaC|tor to forma high
pass fi-lter with a sliding band type high frequency shelf response.whose-
“corner frequency varies as a function of the control sig a‘}ngcgrﬂ':lﬁé Wetuﬁ
the transistor. In this particular high pass filter circ th%EPUKED
drai n-source path of the FET shunts the signal to be |im t-o—g-otnT:

A field effect transistor can be used in

variable impedance circuit elements is reduced by
reducing the signal amplitude across the elements, in
particular by bootstrapping the elements. According to
the invention, the circuit for attenuating signals

5 comprises a circuit element having a variable impedance
for attenuating a signal. The element has a first and
a second terminal and a control terminal. The signal
to be attenuated is applied throﬁgh an impedance to the
first terminal. The impedance between the first and

10 second terminals varies as a first function of a
control signal applied to the control terminal when the
voltage difference across the first and second
terminals is less than a predetermined value. The
circuit also comprises means for detecting a signal

15 condition which causes the voltage across the first and
second terminals to exceed the predetermined value,
causing distortion in the waveform of the signal. The
detecting means generates an output signal to indicate
the signal condition. The circuit further comprises a

20  bootstrapping means responsive to the detecting means
output for applying to the second terminal a fraction
of the voltage at the first terminal to reduce the
voltage difference between the terminals. The fraction
is a second function of the outpuﬁ signal of the | .

25 detecting means. The bootstrapping reduces the voltage
across the element and the distortion produced.

A side effect of bootstrapping is that the
effective impedance of the circuit element is increased
as seen at the first terminal. To compensate for such

30  alteration, the control signal applied to the control
terminal of the element may be modified to reduce the
effect of bootstrapping on the effective impedance.
Thus, in the preferred embodiment of the invention, the
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-2 conjunction with an inductor to forma sliding band circuit with a
IGM/frequency shel f response operating downwardly. A field effect

transistor may al so be used in conjunction with a resis PHISt &Y i J§h§ﬁtk d
Wiers, |

band circuit whose frequency range does not change, in jcontr _
sliding band attenuators. When used in noi se reductd _ t
is desirable for the circuit elenents suchdas field effect transistors to
be opperating within a range of signal anplitudes where the inpedances of
the elenents are linear, i.e. does not introduce waveformdistortion into
the signal. F&imgMit fuptherfRNRRREesha PPAASYingr BeansuMB i oper at ed

with their draic@isiyscanwldagasow séignad iangecHeRgAder0 taRtt kBl ype of
FETs so that t drai n-source curr ﬁt of tﬂe FETs var¥allnearly with the

vol t age appl i ROE I % &hdtBf af AE™ARENTEREL8Rai n- sour ce vol t age
applied to a Eubstantdtalliyt e sfichs t afigectibhsof the control signal.

5 This is referred to below as control boost.

The concept of bootstrapping for reducing
distortion as described above can be advantageously
applied in circuits for modifyiné the dynamic range of
an input signal to reduce noise. One type of such

10 circuits, known as a "dual path" circuit, employs a
main path which is substantially linear with respect to
dynamic range which receives the input signal. The
dual path circuit also has a further path which has its
input derived from at least one point in the main path

15 .and its output signal combined with the output of the
main path to modify the dynamic range of an input
signal. The further path includes an impedance element
to attenuate the input signal to the further path. The
element has a first, a second and a control terminal.

20 The impedance between the first and second terminals
varies as a first function of a first control signal
applied to the control terminal. The circuit.also’
includes means for deriviné from at least one point in
the circuit a control signal for controlling the

25 impedance of the element. When signal conditions in
the circuit are such that the voltage between the first
and second terminals exceeds a predetermined value
characteristic of the element, the element introduces
distortion. According to the teachings of the

30 invention, a bootstrapping means is used to apply to
the second terminal a fraction of the voltage at the
first terminal so that the voltage between the first

and second terminals does not exceed the predetermined
value.
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I ntroduces distortion in the waveform of the signal undergoi ng conpression
Qﬁiexpansion of dynamc range. It is therefore desirable to provide
attenuator circuits enploying el ements such as FETs for whic )
‘described difficulties are alleviated. M prior U S. Patent J dﬁﬂﬁlSﬁAs BEE
describes an FET used as an attenuator in a noise reductionisysteREPQICEHSE
wi th audi o signals. One way to aldeviate the difficulty
limt the signal anplitude across the elenent. This, however, reduces the
signal to noise ratio and is disadvantageous. It is therefore desirable to
provi de attenuator circHis G ehitvEeH BPLLEYLPgnAYRRRiFeraRgeNM@Yn a good
signal to noi $@viedld Eixed band JhiSlidvegtband vhaehckerdekiiked in the
appended ol Al s, PERhST Mal§ot “8E 2061 0%holk ek Y dhg hadt bemuat O

applied to reduce distortion. In fixed bootstrapping,

5 a bootstrapping means applies a fixed fraction of the
voltage at the first terminal to the second terminal to
reduce the voltage difference between the terminals by
a fixed factor. 1In variable bootstrapping, the circuit
comprises means for detecting a signal condition which

10 causes the voltage across the terminals to exceed the
predetermined value which defines the upper limit for
such voltage in order that the impedance of the element
remains linear. The bootstrapping means responds to
the output of the detecting means to adjust the

15 fraction of the voltage at the first terminal

bootstrapped to the second terminal to achieve variable
bootstrapping.

Brief Description of the Drawings

Fig. 1 is a schematic circuit diagram of an

20 attenuator circuit where fixed bootstrapping is applied
to reduce distortion to illustrate the invention.

Fig. 2 is a schematic circuit diagram of an
attenuator where variable bootstrapping is applied to
illustrate the invention. '

25 Fig. 3 is a schematic circuit diagram of an
attenuator where variable bootstrapping is applied and
where the effect of bootstrapping on the effective
impedance of the attenuator is compensated for to
illustrate the preferred embodiment of the invention.

30 Fig. 4 is a detailed schematic circuit
diagram of a circuit for modifying dynamic range where
variable bootstrapping -and control boost are applied.
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3 . var.i able inpedance circuit elenents is reduced by reducing the signa

aapl i tude across the elements, in particular by bootstrapping the el enents.
Agcording to the invention, the circuit for attenuating si

‘circuit elenment having a variabl e inpedance for attenuating Ys¥ignal .
el ement has a first and a second terminal and a control tgqrni nalREPITAGED
signal to be attenuated is applied throqu;an | npedance to the tiIrst
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tnal.s. conprises a
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The

The i npedance between the first and

Fig. 5 is a schematic circuit diagram of a
dual path circuit employing variable bootstrapping and
modulation control to illustrate the preferred
embodiment of the invention.

Fig. 6 is a schematic circuit diagram of a
circuit for modifying dynamic range using action
substitution.

Fig. 7 is a schematic circuit diagram of a
circuit for modifying dynamic range where action
substitution and variable bootstrapping are applied.

Detailed Description of the Invention

Fig. 1 is a schematic circuit diagram of an
attenuator in which fixed bootstrapping is applied. As
shown in Fig. 1, the attenuator circuit 10 comprises an
input port 12 to which an input signal towbe attenuatead
is applied. The circuit also comprises an element 14
of fixed impedance and circuit element 16 providing a
variable impedance. Element 16 has two terminals, 18,
20 and a control terminal 22. The current of element
16 varies as a linear function of the voltage across
the element if the voltage difference between terminals
18, 20 is below a predetermined value which is
characteristic of element 16.

If the input signal has a large amplitude,

" this may cause the voltage difference between terminals

18, 20 to exceed the predetermined value for element
16. When this happens the impedance between terminals.
18, 20 is no longer linear. Hence, waveform
distortion is introduced. To prevent this from
happening, a fraction of the voltage at terminal 18 is
applied to ferminal 20 to reduce the voltage difference
between terminals 18, 20. When this fraction is a
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second.termnals varies as a first function of a control signal applied to
‘FRe control termnal when the voltage difference across the first and
's€cond terminals is less than a predeterm ned value. T uit al so
' conprlses means for detecting a signal condition which 5H§b$yggp}Mg
across the first and second termnals to exceed the pre eternkﬂﬁgggﬁ
causing distortion in the waveformof the gignal. The d
generates an output signal to indicate the signal condition. The circuit
further conprises a bootstrappi ng neans responsive to the detecting neans
out put for apglopstartg tthe sdoovel desor hbédas€hamei s akfekeedoltoages at t he
first term nal &d V. age difference between the term nals. The
fraction is a%éﬁ%%gg#hncggﬁP(ﬂéihe out put signal of the detecting neans.
The boot st rappi ng reducdsighel vis tagechenatict aérendfeddagnam o€ @hstorti on
pr oduced. attenudtcd AnsTdpeag 0k PORLa! bABRERY abb ibgalschide. gzret ective

|npedance of the circuit el'enent Ts_increased. as seen at the fi
term nal . é&ﬁﬂgﬁgﬁﬁgﬁqﬁe1gﬁygﬁ%*ea{ A voltage divider comprising

resistors 32, 34 is used to select a fraction of
voltage at terminal 18 to be applied at terminal 20.
Two buffers 36, 38 are used to prevent the voltage

divider from affecting the impedance characteristics of

10 element 16. If desired amplifiers 36, 38 may have
gains other than one to accomplish other various
desirable results. Thus, the voltage divider applies a
fraction of the voltage at terminal 18 to terminal 20,
where the fraction is given by the ratio of the

15 resistance of resistor 32 to the sum of the resistances
of resistors 32, 34. As is evident from Fig. 1, such
fraction is fixed. '

By feeding back a fraction of the voltage at

terminal 18 to terminal 20, bootstrapping causes the

20 signal handling capability of the circuit to increase.
A higher signal level therefore can be applied to the
input, with a consequent i@provement in the signal to
noise ratio. However, if fixed bootstrapping is
applied as in Fig. 1, the effective impedance of

25 element 16 is increased even when the signal conditions
are such that bootstrapping is not regquired. This may
or may not be disadvantageous depending on the circuit
and circumstances.

Fig. 2 is a schematic circuit diagram of an

30 attenuator circuit in which variable bootstrapping is
applied to reduce distortion. The attenuator of Fig. 2
is similar to that of Fig. 1 except that, instead of
employing a voltage divider, a variable impedance
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the control signal applied to the control tern1na| of the
- elenent may be nodified to reduce the effect of bootstraﬁﬂ§rghggmpuﬂbthN
‘ef'f ectj ve inpedance. Thus, in the preferred enbodi nent |o
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element 42 is used to vary the fraction of the voltage
bootstrapped. Identical elements in Figs. 1 and 2 are
referred to by the same numerals. The voltage at
terminal 18 is attenuated by element 42 before
application to terminal 20, where the attenuation by
element 42 is controlled by a second control signal
referred to below as the high mode signal.

In many noise reduction systems, element 16
may be chosen so that, under moét signal conditions,
element 16 responds linearly. 1In other words, under
most signal conditions, bootstrapping is not necessary.
Variable bootstrapping, although more complex, is
advantageous over fixed bootstrapping since
bootstrapping is introduced only when signal conditions
require it, namely, when the signal level across the '
variable impedance element is high.

In reference to Fig. 2, element 42 has no
transmission when it is detected that the input signal
does not cause the voltage difference between terminals
18 and 20 to exceed the predetermined value. When it
is detected that the amplitude of the input signal
causes element 16 to operate non-linearly, element 42
begins to conduct to reduce the voltage difference
between terminals 18, 20 so that element 16 continues
to operate linearly. The transmission of element 42 is

controlled by a second control signal referred to below

as the high mode signal, indicating that the attenuator
circuit is operating under large amplitude signal
conditions. The derivation of the high mode signal is
described below in reference to Fig. 3.

Fig. 3 is a schematic circuit diagram of an
attenuator circuit illustrating the preferred _
embodiment of the invention. Common elements to Figs.
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h manner that the effective inpedance of the el enent remains
the first function of the control signal. This is referred to

rol boost. The concept of bootstra g Sper reduci ng
descri bed above can be advant ageously appli I'n %ﬂérwﬁ S¥f0Y §
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components which will cause element 16 to operate non-
linearly. Alternatively, high level signal conditions
across the varﬁ%ple impedance element 16 can be
detected by connecting the high mode detector (filter
52, rectifier 54 and smoothing circuit 56) to the
output of the element. Where element 16 is a FET, and
where element 14 is an inductor, the attenuator 50 of
Fig. 3 is a low pass filter with a sliding band type
low frequency shelf response sliding downwardly. For
such an attenuator used in a dual path compressor or
expander, only high level high frequency signals will
cause element 16 to operate non-linearly. " In such
event, filter 52 is a high pass filter. Then the
presence of high level high fregquency signals is
indicated by a large amplitude high mode signal at the
output of smoothing circuit 56. In this manner, the
circuit acts as a detector for detecting signal
conditions under which element 16 will operate non-~
linearly.

To compensate for the increase in effective
impedance of element 16 caused by bootstrapping, the
effective impedance can be reduced by modifying the
control signal applied at port 24. This can be done by
adding a variable gain element. The further variable
gain element is controlled by the high mode signal.
As shown in Fig. 3 this is performed by placing a

variable gain element 64, whose transmission is

controlled by the high mode signal, in the output of
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varies.as a first function of a first control signal applied to the control
‘pe¢n1nal The circuit also includes nmeans for deriving from at Ieast one
polnt in the circuit a control signal for controlling t hd" ﬂﬂ@ Btﬁ@
" el ement. When signal conditions in the circuit are such tlhat t g
between the first and second term nal s exceeds a predeterimned Vig
characteristic of the elenment, the el emen#Ointroduces distortion. Accor di ng
to the teachings of the invention a bootstrapping means i s used to apply

to the second tern nal ctlon of t voltage af t first termnal so
that the vol t 43€ EéFﬁégﬁth % iang %ﬂﬂ?éh&%%dc E?ﬂ?ﬁaeg' BB8Sfot exceed the

predet er m ned fealdback action controls the dynamic performance of
circuit 50. Thus, when the amplitude of the input
signal is such that it tends to cause element 16 to
5 operate non-linearly, such signal condition will
increase the high mode signal. This causes element 42
to conduct, thereby applying bootstrapping. The high
mode signal also causes element 64 to increase its gain

thereby increasing the control voltage appliéd to the
10 gate of element 16. The impedance between terminals
18, 20 decreases when the voltage applied to control
terminal 22 increases. This reduces the actual
impedance of element 16 and therefore also the
effective impedance as seen by the input signal at
15 terminal 18. The undesirable effect of bootstrapping
on the effective impedance of element 16 is therefore
compensated.
Boosting the control signal at gate 22 to
counteract the undesirable effect of bootstrapping is
20 referred to herein as control boost. Since the amount
of bootstrapping and the control boost signal are both
controlled by the same high mode signal, it is possible
to adjust the amount of the bootstrapping and the
control boost so that the two effects cancel. The net
25 result is that attenuator 50 is transparent to signal
characteristics; in other words, the attenuation of
attenuator 50 is independent of the amount of
bootstrapping applied. When signal conditions call for
no bootstrapping, both attenuators 42 and 64 have low
30 gains and element 16 together with element 14 are
capable of providing the low impedances required with
little distortion. When signal conditions tend to
introduce distortion as described, both bootstrapping
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REPLACEMENT SHEET 5 The circuit
~fwor modi fying dynam ¢ range may have a fixed band or sliding band
’characterlstlc action. Either fixed or variable bootstrapping nay be
“applied to reduce distortion. In fixed bootstrapping, Te I A ]

applies a fixed fraction of the voltage 3_ the first t%rn1na éﬁﬁ%ﬁ %
termnal to reduce the voltage differenc etween the tlermin a fixed
factor. In variable bootstrapping, the circuit conprises nmeans for

detecting a g analo SO 1hO8sENLED §BPETE! B8 La1hA%G &S A I 4y M nal s

to exceed the _
where the effects of bootstrapping and control boost on

the effective impedance of element 16 essentially
cancel,

5 Since bootstrapping and control boost are
both governed by the high mode signal, it is possible
to adjust the amplitude of the bootstrapping and
control boost so that their effects on the impedance as
seen at terminal 18 cancel. The control boost and

10 bootstrapping applied are both functions of the high
mode signal. In order that the effects of control
boost and bootstrapping on the effective impedance as
seen at terminal 18 cancel, the two functions must be
complementary to one another. Therefore, the

15 components of attenuator 50 should be chosen so that
the two functions are complementary.

The effects of bootstrapping and control
boost may not cancel under very low impedance
conditions. The minimum achievable impedance of a

20 variable impedance element such as a FET may be of the
order of 100 ohms, for example; this figure could
effectively be raised'to several hundred ohms by the
boctstrapping. Fortunately, when a very low impedance
is required, then the voltage across the element is low

25 because of the attenuation introduced by the element.
In this case, the bootstrapping and control boost are
not needed or used and then the element can achieve its
lowest value.

In the above description, causing the control

30 voltage at the control terminal to be more positive is
described to have the effect of decreasing the
effective impedance of the variable impedance element.
ft_will be understood that the invention is equally
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predet erm ned val ue which defines the upper limt for such voltage in order
1@@@ the i npedance of the elenent remmins |inear. The boot strappi ng means
responds to the output- of the detecting nmeans to adjust the fraction of th
voltage at the first term nal bootstrapped to the second t@nnnnakichocthT
achi eve vari abl e boot strappi ng. Brief Description of tﬂe Dr aRePIRCED
Fig. 1 is a schematic circuit diagram of af? attenuator cireuit wWere 11 xed
bootstrapping is applied to reduce distortion to illustrate the !ngfntlon.
Fig. 2 is a schemat.ic.circuit_.di agramof an_.attenuator ere varj abl e
bogtstrapping F?gﬁﬁﬁ%é;f:%9 3é¥ﬁﬁﬁ$gﬁi§t?mp}ﬂ¥éﬂ9iBﬁflawqe impedagce 3is
a schematic ci edementisaghhaseofe fiectattenimpedanbeseinat rablee wheat threappi ng
is applied and. pher Re &f éxgt(¥h$KE§§££$Pptggmgﬂa&h%e%gh%%tH%%e
i npedance of the q%&igyator s conpensated for T0

posi .

5 Fig. 4 is a detailed schematic circuit
diagram of an attenuator circuit illustrating the
preferred embodiment of the invention. Attenuator 100
comprises impedance elements 114}'116 for attenuating
the input signal at input 12. The output signal

10 appears at terminal 26 of the circuit. In Fig. 4 the
impedance element 116 is a FET, with its drain at
terminal 118 and source at terminal 120, and its gate
at 122, The bootstrapping path comprises buffer 136,
attenuator 137, a FET 42 and buffer 138. The drain

15 voltage of the FET 116 is attenuated by attenuator 137

by a fixed ratio and by FET 42 by a variable amount

determined by the high mode signal applied to the gate

of FET 42. )
The high mode signal is also applied to the

gate of FET 140, whose drain-source path provides a

parallel path'to resistor 142, This is a control boost

circuit. The output voltage at 26 is fed, through a

rectifier and smoothing circuit 143 to the control

20

boost voltage divider circuit comprising resistors 142,

25 144, 146. When FET 140 is conducting, resistor 142 is
shunted, thereby reducing the resistance between
resistors 144, 146 and providing an increased control
gain (decreased loss) for the control voltage. The
modulated control voltage is then fed through a DC

30 amplifier 148 and resistor 152, and applied to gate 122
to cancel the effect of bootstrapping on the effective
impedance of FET 116 as described above. The gain
control of the high mode signal through the control
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illustrate the preferred embodi nent of the invention. Fig. 4is
a detailed schematic circuit diagramof a circuit for nodifying dynam c
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vari abl e boot strappi ng and control boost are applied.

THIS SHEET HAS BEEN |
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boost path from output 26 to gate 122 and the gain
control of the high mode signal for controlling the
amount of bootstrapping are chosen so that their
effects on the effective impedance of FET 116 cancel.

To reduce distortion, half of the drain-
source voltage of FET 116 should be applied back to its
gate at 122, that is, the gate voltage should be
maintained half way between the drain voltage and
source voltage, on an AC basis. The drain voltage of
FET 116 passes through amplifiers 136, 154 and appears
at node 164. The source voltage of FET 116 passes
through buffer 156 and appears at node 162. As shown
in Fig. 4, the voltage at node 170 is fed back to gate
122 of FET 116 to reduce distortion. Configured in
such manner, the change in the source voltage of FET
116 at node 120 caused by bootstrapping does not affect
the feedback of half the drain-source voltaée to the
gate of FET 1l1l6.

Bootstrapping may be advantageously applied
in circuits for modifying dynamic range, such as in
"dual path" circuit arrangements. As described in
detail in US-PS 3,846,719; US-PS 3,903,485; US-PS
4,490,691 and US-PS Re 28,426, audio noise reduction
systems advantageously employ dual path arrangements.

A "dual path" arrangement is one in which a compression
or expansion characteristic is achieved through the use
of a main path which is essentially free of dynamic
action and one or more secondary or side paths having
dynamic action. The side path or paths take their
input from the input or output of the main path and the
side path output or outputs are additively or

.subtractively combined with the main path in order to

This Sheet Has Been Replaced
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Fig. 5is a schematic circuit diagramof a dual path circuit enploying

ygrrable boot strappi ng and nodul ation control to illustrate the preferred
‘egbodi nent of the invention. Fig. 6 is a schemati “Tﬁfsr HEST HAS BEEN
diagramof a circuit for nodifying dynam c range using actip %g@

Fig. 7.is a schematic circuit diagramof a circuit for nodi vrnq

range where action substitution and vari alll4e boot strapping are applred.
Det ai | ed Description of the Invention Fig. 1 is a schemtic
circuit diagramof an attenuator in which fixed bootstrapping is applied.
As shown in HngovudernpmptemshbnrociexphnsiﬁnconﬁﬂnaaahmyArqnaiqxwt-lz to

uhi oh an T nPupaldalolfedie 21 LaRUo8c L8 0RRLT 60 VTN EELTL 21 SO

conprises an edance and circui enent 16 provi di ng
a attenuation and the manner in which it 1s connected to

the main path determines if it boosts (to provide
5 compression) or bucks (to provide expansion) the main
path signal components. Dual path circuit arrangements
can be found in the A-type, B-type and C-type noise
reductien systems marketed and licensed by Dolby
- Laboratories of San Francisco.

10 As discussed above, an attenuator employing a
device such as a FET is linear provided that the
voltage across the device is below a predetermined
value which is characteristic of the device. Thus,
under high level signal conditions, it is necessary to

15 ensure that the voltage across the device does not
exceed the predetermined value so that the device will
continue to function linearly to prevent distortion.

In the A-type, B-type and C-type noise reduction
systems marketed and licensed by Dolby Laboratories,

20 this is inherent since these systems apply a high
degree of limiting to the signal in the side paths,
beginning at a low-level threshold.

As'explained in U.S. Patent No. 4,498,055,
the high degree of limiting applied beginning at a low-

25 level threshold may, in some circumstances, cause loss
of noise reduction in the A, B and C-type systems.
Thus, in fixed band noise reduction circuits, the
presence of high level stop band signals may cause a
reduction in the gain or loss applied in the pass-band.

30 In sliding band circuits, the presence of high level
stop-band signals may cause excessive sliding of the
corner frequencies of the sliding shelf. 1In U.S.

Patent No. 4,498,055, the applicant disclosed in detail
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variabl e i npedance. Elenent 16 has two ternminals, 18, 20 and a control

termnnal 22. The current of elenent 16 varies as a linear functLon-of t he-—-—-—
(vgl tage across the element if the voltage difference between it Btifi Sraitkd nsS BEEN
20 is below a predeterm ned value which is characteristic of el emerRePLACED

| f the.input signal has a large anplitude, this may cause the—votrtage
difference between termnals 18, 20 to gxceed the predeterm ned val ue for

el enent 16. When this happens the inpedance between termnals. 18, 20 is

no longer linear. Hence, waveform distortion is introduced. To prevent

this from h%gpsfcrﬁé}ﬁe é‘ai{%g @ui’étwﬁ ¥8ht 288 @hil® HdcekS the appl i ed

to term nal 0 reduc tage difference between term nals 18, 20.
When this frandesitable responses of compressors and expanders to

the effect of stop-band signal components at high input

signal levels. As explained in detail in such patent,
5 for fixed band systems, the modulation control scheme
raises the limiting threshold in the stop-band and
reduces the degree of limiting. For sliding band
‘systems, once the variable filter cut off frequency is
about two to three octaves above the dominant signal

10 frequency, the modulation control scheme counteracts
further sliding of the filter.

In both the fixed and sliding band systems,
suitably filtered or frequency weighted signals from
the main signal path are rectified, and in some cases

15 smoothed, and are fed in opposition to the control
signals generated by the control circuits of the fixed
or sliding band systems. Thus, when the modulation
control scheme is applied, there is a significant
reduced gain reduction or reduced sliding of the

20 variable filters as a function of increasing input

' signal levels. The effect of modulation control is
therefore to increase the levels of stop-band signal
components in the side path at high input signal
levels.

25 From the above, the reduced limiting provided
by modulation control increases the level of stop-band
signals in the side paths. These higher level stop-
band signals may cause the voltage across attenuators
in the side paths to exceed the predetermined limits

30 for linear operation. 1In such contexts, bootstrapping
may be advantageously applied to again assure linear
operation of the attenuators in the side paths without
requlrlng signal limiting.
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7 - constant,
faot strappi ng. Fig. 1 is a schematic circuit diagramof an

5 Ei\Sc BHEETr HAS BEEN
o bufREALACHE, 38

......

"A vol tage divider conprising resistors 32, 34 is used to
of voltage at termnal 18 to be applied ajgterm nal 20. T

t he above described schene is referred to as fi xed

are used to prevent the voltage divider from affecting the“rmpedance
characteristics of

10

15

20

25

30

Bootstrapping provides an alternative to the
severe limiting applied in A, B and C-type systems.
Variable bootstrapping provides a particularly
desirable alternative. No bootstrapping is applied
until high-level signal conditions are detected which
may cause the attenuator to function in a nonlinear
region. . When such signal conditions are detected,
bootstrapping is then applied, céﬁsing the voltage
across the attenuator to remain less than such
predetermined value, thereby assuring linear operation
of the device.

Fig. 5 is a schematic circuit diagram of a
dual path sliding band compressor circuit employing
both variable bootstrapping and modulation control to
illustrate the invention. 1In certain dual path noise -
reduction systems, it may be advantageous to employ two
side paths or stages: one for handling the high
frequency components and the other for handling the low
frequency components of signals. Thus, attenuator
circuit 50' forms the low freguency stage of compressor
circuit 70. The outputs of the high frequency stage 72
and of the low frequency stage 50' are added by adder
74 and the sum signal added to the output of the main
path 76 by adder 78 to give the output of the
compressor at 80.

As is evident from a comparison of Figs. 3
and 5, the attenuator circuit 50' is similar in
structure to attenuator 50 of Fig. 3; identical
elements in Figs. 3 and 5 are referred to by the same
numerals. As is well known from the U.S. patents on
dual path circuit arrangements referred to above, the
geedback action from the output of the side path in

attenuator 50' to the control terminal 22 of impedance

S
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el ement :16. If desired anplifiers 36, 38 may -have gains other than one to
&ccoinlsh ot her various desirable results. Thus, the volt
applies-a fraction of the voltage at terninal 18 to ternina ’§OSHEEﬂ'eH tg@N
fraction is given by the ratio of the resistance of resistor 32REP{Adpg sum
of the.resistances of resistors 32, 34. Is evident fromFig: '
fraction is fixed. By feedlng back a fraction of the voltage at
termnal 18 to term nal 20, bootstrappi ng causes the signal handling

papabi LY Plerdie Houidor LTI A0 Say Aahlh 8MEE £ b0RGRCRCYE chBenglor e can

be applied to e | nput a consequent 1 nprovenent 1 n the signal
noi se rati o. H@ﬁ%ﬂﬂcy|319ﬂ%&ﬂpqmnn%§mh®pithP§P§E§§Péd°a§cphtFﬂ .1, the

effective | medanaemfad g, 16né Shiﬁ'ﬁrﬁéé@dsgéﬁalmﬁign?frgﬁeila%l@
conditions are such_ that bootstrapplngpls not required hiis nmay or may not

be di sadvant &FFIVEHSFARiTRE AL EPRE F0 cAft tARdCMPEBRSPANSs. Instead
Fig. 2 isSa symhefmdn Citd rmpatﬂlcaemem fhafinsuch difference, the high

mode signal applied to variable gain element 64 is
derived in the same manner'as in the case of Fig. 3.
The control signal in attenuator 50' is

derived from its output signal at 26. However, before

10 the control signal is modified by the high mode signal
as described above in reference to Fig. 3, it is first
bucked by a modulation control signal from modulation
control circuit 82. Circuit 82 derives a modulation
control signal indicative of the signal level of the

15 stop-band components. By subtracting the modulation
control signal from the control signal by means of
combiner 84 and then smoothing the difference signal,
the effect of high level stop-band signals on the
control signal eventually applied to element 16 is

20 reduced. Where attenuator 50' is a fixed band type
circuit, this causes the attenuation applied to pass-
band signal components to be less affected by stop-band
signals. Where attenuator 50' is a sliding band
circuit, this causes the sliding shelf not to slide

25 more than is necessary.

After being bucked by the modulation control

signal and before being fed back to control terminal
22, the control signal is modified by the high mode
signal which controls the transmission of the variable

30 gain element 64 in the feed back path in the same
manner as that described in reference to Fig. 3. 1In
Fig. 5, element 14 is an inductor which may be
simulated by a gyrator circuit, so that circuit 50°' is
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_attenuator circuit in which variable bootstrapping is applied to reduce
@sstdartion. The attenuator of Fig. 2 is simlar to that of Fig. 1 except

_that, instead of enploying a voltage divider, a variabl § JHIDeIHEET HAS BEEN
° REPLACED

18

a low pass filter with a sliding band type low
frequency shelf response sliding downwardly. The
modulation control signal is derived from output 80 by
a control circuit 82. In the control circuit 82, the

5 input signal is amplified and rectified to provide the
modulation control signal. As described in detail in
U.S. Patent 4,498,055'and summarized above, the
modulation control signal from dohtrol circuit 82
reduces the degree of limiting applied by attenuator

10 50'. This has the effect of increasing the signal:
level at element 16. Under high level high frequency
signal conditions, this may cause element 16 to
function in a nonlinear region. Bootstrapping, whether
fixed or variable, causes the voltage across element 16

15 to be less than the predetermined limit for linear
operation, even. though variable bootstrapping is
particularly advantageous as explained above. 1In such
manner bootstrapping and modulation control operate
together to improve the characteristics of compressor

20 70, '

Ih Fig. 5, the modulation control signal is
derived from the output signal of the compressor, it
will be understood that the modulation control signal
can also be derived from the input 12 of the compressor

25 as well; all such possible schemes for deriving
modulation control signals are within the scope of this
invention. Bootstrapping together with modulation
control can also be applied to compressors and
expanders employing attenuators in the form of fixed

30 band circuits as well as high pass filters with an
upwardly sliding high frequency shelf response. All
such and similar configurations are within the scope of
the invention.
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el ement- 42 is used to vary the fraction of the voltage bootstrapped
~fdentical elenments in Figs. 1 and 2 are referred to by the samre—sure:
The voltage at ternminal 18 is attenuated by el ement 42 befo éHﬁbﬁﬁﬁgh

to term nal 20, where the attenuation by elenment 42 is cont

FS, BEEN

ol | edRERLASED

second control signal referred to beIOML§P t he hi gh node si gmat

I n many noi se reduction systens, elenent

may be chosen so that, un

nost signal conditions, elenment 16 responds linearly. In other mords

nost signal conditions, pqgtfgw

Var i

ng_is..ngt _nece sary
boot st r appi ng, although noT € coﬁ%f%?geng 5&§ﬁfa§ Oescgmgrqsga&jsuch _
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Stl ow,

Under certain signal conditions, circuit 50°
may generate transient distortidné. ‘%lso, element 14
is an inductor simulated by a gyrator circuit which may
generate high frequency noise. For these reasons it is
desirable to place filter 68 at the position shown in
Fig. 5. When placed in such position, low pass filter
68 attenuates any transient distortion generated by
circuit 50' and reduces high frequency noise caused by
the gyrator circuit. Where overshoot suppression is
applied, overshoot suppression can be generated without
the delay inherent in a low pass filter placed at the
input of circuit 50'. When the low pass filter is
placed at the position shown, however, the side effect
is that quite high signal levels will appear at element
16. This element must be capable of handling high
level, high frequency signals, since these signals are
no longer attenuated by the low pass filter 68.

Fig. 6 is a schematic circuit diagram of
another circuit for modifying dynamic range where
bootstrapping can be advantageously applied. Circuit
200 of Fig. 6 is a noise reduction system showing two
side paths, one from input 12 to output 26a and the .
other from input 12 with its output fed into the first
path, together with a main path 201. The side path
from input 12 to output 26a includes filter 202,
impedance element 214 and buffer 216. The output at
263 is fed back through a control circuit 217 which
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I's detected that the anplitude of the input signal causes elenent 16 to

Operate non-linearly, element 42 begins to conduct to redugg 13{ g
~difference between termnals 18, 20 so that el enent 16 ccntlnu %% Eav
linearly. The transm ssion of elenent 42 is controlled by.a seg el GEBNt r ol
signal referred to bel ow as the high node signal, indicatlng that the
attenuator circuit is operating under | a0ge anplitude signal conditions.
The derivation of the high node signal is described belowin reference to

Fig. 3. Fig. 3 is a schematic circuit diagramof an attenuator
circuit illudigldidesy a He gk bf ber eandeabsBPRERL NGF MERRS RR® i on. Common

elements to yddiable impedance element 218 to control its

impedance. Element 218 is connected to the side path
between elements 214 and 216. Where element 214 is a

5 capacitor, the above-described arrangement forms a
sliding band high pass filter; where element 214 is an
inductor, the above arrangement forms a sliding band
low pass filter. The other side path from input 12
includes the Fgg}stor 204 and a feedback path through a

10 c¢ontrol circuitLand a variable impedance element 206
forming a fixed band signal attenuator.

The compression action resulting from one
side path can be substituted for that of the other when
the level and spectral content of the input signal

15 components change. This is performed by connecting the
output of the second side path to affect the output of
the first side path. This for example can be performed
by connecting the output of the second side path to
node 220 of element 218 in the first side path, Vie alernabe

0%, Line LI0 Od Stmwes 22§,

20 jBootstrapping can be applied to node 220 through
attenuator 226 and summer 228, which adds to it the
attenuated output of the fixed band side path.

Fig. 7 is a schematic circuit diagram of an
attenuator 300 where action substitution, bootstrapping

25 and control boost may all be applied to illustrate the
preferred embodiment of the invention., Circuit 300
forms the side path of a companding noise reduction
circuit, where the side path is from input 12 to output
26. The input signal at input 12 is attenuated by

30 circuit elements 302, 304. Element 304, as shown in
Fig. 7 is a FET. A fraction of the drain voltage of
FET 304 is fed back to its source through a path
including buffer 306, resistor 308, amplifier 312,

This Sheet Has Been Replaced




2 and 3 are | abel ed by the same nunerals. As shown in Fig. 3, the hlgh node_
;s1gna| for controlling the amount of bootstrapping is derlﬁﬁd”f BEEN
-i Aput S|gnal by a filter 52, a rectifier 54 and a snDothl

Filter 52 is such that it passes only those signal conpon nts wﬁ|BhA
cause-el enment 16 to operate non- Ilnearly Al ternatively, hrgh I evel 5|gnal
condi tions across the var ble inpedance elénent 16 can be detected by
connecting the high node detector (filter 52, rectifier 54 and snoot hi ng

circuit 56) tqddia et Pifo Und NbultEFTsba. WELE §LETRN Lol AR 3FET, and

attenuated by resistors 308, 310 forming a voltage

divider circuit. The attenuated drain voltage is
amplified by amplifier 312.

The output signal from another side path of a
noise reduction circuit parallel to the path from input
12 to output 26 may be coupled to circuit 300 at port
314. 1In reference to Figs. 6 and 7, for example, the
output of the fixed band side path (referred to below
10 as the action substitution signal), appearing at node

210 in Fig. 6, may be coupled to circuit 300 at node
314 to achieve action substitution. The bootstrap
signal at node 316 may be added to the action
substitution signal at node 314; this is accomplished
15 at node 318 through resistors 320, 322 and the summed
signal is then fed to the source of FET 304 through
buffer 324, ..
The fraction of the drain voltage of FET 304
bootstrapped to its source is determined partly by the
20 attenuation of the voltage divider circuit comprising
resistors 308, 310 and by the gain of amplifier 312.
If the maximum gain of amplifier 312 approaches the
attenuation of the voltage divider circuit, then a
bootstrap voltage between the voltage divider value and
25 something approaching the full drain voltage (e.g. 90%)
of FET 304 may be bootstrapped to the source of the
FET. The gain of the amplifier 312 depends on the
values of the resistors 332, 334 and 336 as well as the
drain-source resistance of FET 338.
30 The drain-source resistance of FET 338 is
controlled by the high mode signal as attenuated by
~attenuator 342 and resistors 344, 346, 348. When FET
304 is required to provide low impedances, the high
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where elenment 14 is an inductor, the attenuator 50 of Fig. 3 is a | ow pass
fidter with a sliding band type |ow frequency shelf response sliding
.dewnwardly. For such an attenuator used in a dual path co

expander, only high | evel high frequency signals will cau eTHIB et
operate non-linearly. In such event, filter 52 is a high ss fiREPEAL
the presence of high level high frequency $2gnals is indic y a large
anplitude high node signal at the output of smoothing circuit 56. In this
manner, the circuit acts a a detector for_det ctlngd naI gODdItIOﬂ

under which el s]}@’\ﬁll |hasher fmahbAmPl heudey. a § conpensate
Lor t he increa@aﬁwme@; ;ocﬁtl\se: ﬁﬁatzﬁoa{@eamﬁuxgteaenbo&gsgaagpgn?y1s )

oot st rappi ng, _t ef fecti |npe ance can reduce nodi fying the
control signaIQ§%} 9P 15 ;) e F19 %%ﬂdbngBﬁerﬁﬁuléading a variabl e

gai n el enent. T tsimrapgingy iteWeremai @ kkighembdessignalobfed by t he high
mode signad. AR fFINLAY dddhichdd FiiF ELLQT FBY 9%sPk8CLBAalct, so
that amplifier 312 has significant gain. This causes a
sizable fraction of the drain voltage to be
bootstrapped to the source for FET 304.
Since the action substitution signal is also
10 fed to the source of FET 304, it is necessary to derive
the bootstrapping signal such that the action
substitution signal itself does not become
bootstrapped. The action substitution signal at
terminal 314 is coupled to the source of FET 338
15 through resistors 352, 354, 356. If the ratio of the
values of resistors 352, 356 is related to the ratio of
values of resistors 308, 310 and is one-tenth for
example, then one-tenth of the drain voltage of FET 304
appears at node 360 and one-tenth of the substitution

20 voltage appears at node 362. The action substitution
signal is thereby excluded from the bootstrapping
action.

In other words, when the action substitution
voltage at terminal 314 raises the source voltage of
25 FET 304, thereby reducing the drain-source voltage of
the FET, the source voltage of FET 338 is raised by a
similar proportion. This reduces the signal current to
FET 338, which in turn reduces the output of amplifier
312. 1In such manner it is possible to prevent
30 bootstrapping from affecting the action substitution.
If resistors 372 and 374 are of equal values, a voltage
. halfway between the drain and source voltages of FET
304 is fed from node 376 to the gate of the FET to

veduer dittevbion .
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variahble gain elenent 64, whose transmssion is controlled by the high

node si.gnal
-t he rectifi

I n the out put of 10

ing circuit 63, whose feedback action controls

1fier62—and—smoot hi
the dynanm ﬂlﬂ“\“\ﬂ{“‘l\‘m \H“\ 23 THIS SHEET HAS BEEN
* c L .

REPLACED

CLAIMS

1. A device for modifying the dynamic range of input signals
within a frequency band, comprising:

a circuit including an impedance element (16), said
element having a variable impedance for modifying the dynamic
range of the input signal, said element having a first and second
terminal (18,20) and a control terminal (22), said signal being
applied to the first terminal, means for applying a dynamic
modification control signal to said control terminal, wherein the
impedance between the first and second terminals varies as a
function of the dynamic modification control signal applied to
the control terminal when the voltage difference across the first
and second terminals is less than a predetermined value; and

bootstrapping means for applying to the second terminal a
fraction of the voltage at the first terminal to reduce the
voltage difference between the first and second terminals.

2. A device according to claim 1, said circuit having a
sliding band characteristic action for compressing or expanding
the dynamic range of signal components.

3. A circuit for modifying the dynamic range of an input
signal, comprising:

a main signal path {(76) which is substantially linear
with respect to dynamic range, the main path receiving the input
signal at its input;

a further signal path (50') which has its input derived
from at least one point in the main path and its output signal
combined with that of the main signal path to provide the output
of the circuit;

said further path comprising:

(a) a frequency selective circuit (68) determining a
frequency pass-band within which the dynamic modification takes
place, said input signal including both pass-band and stop-band
signal components;
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cifcui.t- 50._Thus, when the anplitude of the input signal is such that it

tends to ca operate non-linearly, such signal,conditi gy
witl | i ncreaFﬂmmﬂmn mﬁmnm gnal . This causes el enent 42"'t'8 ¢4 o %@ENE
t her eby appl y1 ng bootstrsappli ng. The hi gh node signal als

to increase its gain thereby increasing the control voltage applied to the
gate of elenment 16. The inpedance between ter#d nals 18, 20 decreases when
the voltage applied to control termnal 22 increases. This reduces the
actual inpedance of elenment 16 and therefore also the effective inpedance
as seen by the input sigriB) atdynapif mefifigation cingelt pedns (62160t tof

boot strappi ng on tdmest f;ﬁﬁ&fé’s%ikr@ﬁcﬁﬁﬁﬂ@@ xﬁi[di?iﬁf&laﬁ <§f6s'i atlhgbxtﬁtfdh@ﬁts in

Fpoibat b PN - KPR X JCTE G TME L WL N

as control boost. gassekarid)ewlsarebnt theo Hyhanmitcs ramgepi 8 gnodididd)e tho rdynamhidoost

signal are both contpoldedndVayhlfi & 381 F GR:18P9S 2L A  Bkand beliRy RR8RLL Se
to the pass-band signal components and the stop-band signal
components within the circuit arrangement, wherein for high level
input signals the dynamic action of the dynamic modification
circuit means becomes less responsive to stop-band signal

components;

wherein the dynamic modification circuit means comprises
a device in accordance with claim 1, the first and second
terminals of the variable impedance element being in the further
path so that the input signal to the further path is attenuated
by the variable impedance of the element to provide an attenuated
output signal for the further path, wherein the element
introduces distortion when the voltage between the first and
second terminals exceeds a predetermined value;

wherein at high level stop-band signal conditions, the
dynamic action of the dynamic modification circuit means is such
as to tend to increase the probability that the voltage across
the first and second terminals exceeds the predetermined value:
and

(c) bootstrapping means (42,38) for applying to the
second terminal a fraction of the voltage at the first terminal
so that the voltage difference between the first and second

terminals does not exceed the predetermined value to reduce
distortion.

4, A circuit according to claim 3, further comprising means
(52-56) for deriving a bootstrapping second control signal from
the signal at a point in the circuit, for indicating a signal
condition which causes the voltage across the first and second
terminals to exceed said predetermined value, causing distortion
in the compression or expansion of the signal, and wherein said
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t 0" adj ust—the—amount of the"boot strappi ng and the control boost so that

the two ef uﬁm |I mlllumﬁ net result is that attenuator 504is
~transparen[ acteristics; in other words, the a ﬁﬁnngLgn'gELmLN'
attenuator %0 fs Yndepéndént of the anmpunt of bootstrapplng pp|lq%ﬁL I

signal- conditions call for no bootstrapping, "both attenuator .
have | ow gains and el enent 16 together with elenent 14 are capable of

providing the | owrksiadanseens Shtsterbibll votide s ggﬁ%ar kb Othe VoS! gnal

conditions tend to introduce distortion as escrlb oot St rappi ng
terminal by the bootstrapping means so varies with the
bootstrapping control signal that the voltage difference across
the first and second terminals does not exceed the predetermined
value.

5. A circuit according to claim 4, wherein the dynamic
modification circuit means further comprises means (64)
responsive to the bootstrapping control signal for altering the
dynamic modification control signal applied to the control
terminal of the element, wherein the altering means alters the
dynamic modification control signal in such manner that the
impedance of said element remains substantially the predetermined
function of the unmodified dynamic modification control signal.

6. A circuit according to any of claims 3 to 5, wherein the
pass-band is at lower frequencies than the stop-band, said
frequency selective circuit including a low pass filter means
(68) between the element and the output of the further path,
wherein the dynamic modification control signal is derived from
the output of the low pass filter, said circuit further
comprising an inductor means (14) between its input and the first
terminal, said low pass filter means reducing high frequency
noise and transient distortion introduced by the inductor means
and other components of the circuit.

7. A circuit according to claim 6, wherein, when signal
components with frequencies above the cut-off frequency of the
low pass filter tend to cause the voltage between the first and
second terminals to exceed said predetermined value, the
bootstrapping means prevents said voltage from exceeding the
predetermined value to prevent distortion of the signal.
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_and contrel—boost _are applied to elimnate disstortion, whereg l’ﬁ'i’%né,f“f_chs o

boot st} i ol boost on the effective inpedance ﬂi ele B ety
. eséent,mﬂmm,ijMﬂml Si nce bootstrappi ng and contr o hnnﬁ%ﬁd&) i
bot h gdverned by e #1l gh node signal, it izagossible to adjust the

anplitude of the bootstrapping and control st so that their effects on
t he i npedance as seen at termnal 18 cancel. The control boost and

boot st rappi ng apgl i ed ar,e th, functi.ons .of hi. g shgnal. .der
that the effectspédf contAr 8?1%6%83 &gﬁﬂlﬁ%&%s?’?’gg’ﬁi ﬁgﬂé“%o ﬁteo Zf Psgaépi é/%"a%g
i npedance as seemodificatiomdiredit mesns furhben womprisingons nust be
means (82) for deriving a first reference signal from the
input or output of the circuit and which varies with the level of

input signal components in the stop-band;

means (62) for deriving from at least one point in the
further path a second reference signal which varies with the
level of input signal components in the pass-bang;

means (84) for subtractively combining the first and
second reference signals for deriving the dynamic modification
control signal, thereby increasing the probability that signal
conditions in the circuit will tend to cause the voltage between
the first and second terminals'to exceed the predetermined value,
wherein said bootstrapping means counteracts such tendency,
causing the voltage to be less than the predetermined value to
assure linear operation of the impedance element. ’

-_—
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. conpl errent ary to one another. Therefore, the corrponents Lf attenuator 50
sho d be chosen so that the -two functiors are conpl enentTéls SHEET HAS BEENT
ef—f ‘ects of bootstrapping and control boost may not cancg G

| mpedance con i achi evabl e i rrpemmmm”
|rrpedance ele O%LE%%TEE%?W may be of the ord i -
exanpl e; @ hi uFuorsel PeteatfGtticet | vel y be raised to several ﬂﬂh gﬁrﬁiy
the bootstr 0- o buthideflafs pithgD @ v el Prtioatipnmedance |

the vol t-age—ac+oss the elenent is | ow because of the attenuation introduced
by the elenment. In this case, the bootstrapping and control boost are not
geded used and then t EyROPEAN pgq-mlgppul?gﬂgwst val ue.

In the 0@ove description, causing the control tage at the control
termnal _to be nore positive is described to have the effect of -decreasing

the ef f@ fbrfeatibmmentem®80H5.e he vari abl e Epreih &R c7BA: HO3G 948 | be

under stood that the inventi on i-s equally "
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Device for modifying the dynamic range of an input signal.

@ A device for modifying the dynamic range of LA , C mw
input signals includes a voltage divider formed by a : 8 : r‘:h] ,
fixed impedance (14) connected to one end of a . i 5

variable impedance (16), e.g. an FET, controlled by
a control signal. The control signal is provided from
the output of the voltage dlvuder via a buffer amplifier
(36), rectifier (62) and smootﬁmg circuit (63). In order
to reduce the effect of the non-linear response of the
variable impedance, its other end is connected to a
potential derived as a fraction of the voltage divider !
output by way of an impedance (42) and buffer
amplifier (38). This.impedance (42) and an imped- [
ance (64) in the main control signal path may option-
ally be controlled by a signal derived from the input
signal via a filter (52), rectifier (54) and smoothing
circuit (56) so as to increase the bootstrapper effect
on the variable impedance (I18) and increase the _ )
effect of the main control signal at high input signal . . F16.5.
levels.
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12" applicable to attenuat ors ‘enpl oyi ng vari abl e i npedance el enents whose
‘effective i npedances increase when the control vol tage at the ¢ami$ GHtci neo_ etk

ternminal becones nore positive. 15 REPLACED ~
0~
14 : 36
12 L | 2 .
{7 l\XIVQ —<
|8
s~ 2 " 3

38 |
20 Xl
Q—%
- F16._1.

16~ % (2 o

38 ~42
LA

Fig.-2. "M

52 54 56
’ / 38

FILTER = D15 ﬁ,54 6362
. é; Lk o s
14 6 ‘l %
) — S Lo
A AT I e
16— 24
22 -
50 BS
20 <X
| 21 H/N
F16..3.
-
This Sheet Has Been Rep

U



]

fT\Iustratlng the preferred enbodlnent of the invention. Att
“¢ohpri ses inpedance el ements 114, 116 for attenuating the
i nput 12. The output signal appears2gg termnal 26 of the & L O UA
4 the inpedance elenent 116 is a FET, with its drain at term nal 118
source at termnal 120, and its gate at 122. The bootstrappi ng path
conprises buffer 136, attenuator 137, a FET 42 and buffer 138. The drain
voltage of the FET 116 is attenuated by attenuator 137 by a fixed ratio and
by FET 42 by a variable anount determ ned by the high node signal applied
to the gate of FET 42. The high node signal is also applied to
t he gateWOF\FET 140, whose drain-source path provides a parallel path to
resistor 142." This @f a control boost circuit. The outgut voltage at 26 is
f )

fed, throygh a_ I €T | er and sShDo e control boost
vol t age d gkdér it G T . gF
L~ 118 - '

g2 137

L

162 (168 70 168 164
BRAA 2

152 SMOOTH

H/M
140~

144 NG
146 L

FIG. 4.
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144, 146. When FET 140 is conducting, resistor 142 is shunted, thereby
fﬁeduC|ng t he resi'stance between resistors 144; 146 and pr ldlnn an
“{ntreased control gai n (decreased | oss) for the control VDWHHQSHEHWHASEEEN

frodul ated control vol tage i s ther/ Ped thr ough a DC anplifjer 14@;:@;3@@ '

resistor 152, and applied to gate 122 to cancel the effect—of

boot strappi ng on the effective inpedance of FET 116 as descri bed above.
The gain control of the high node signal ‘through the control
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13 hoost path fromoutput 26 to gate 122 and the gain control of the high
fﬁbdg signal for controlling the anount of bootstrapping are chosen so that
their effects on the effective inpedance of PET 116 cancel Eg

reduce distortion, half of the drai#/5source voltage of FETHIS H
applied back to its gate at 122, that is, the gate voltag shou
mai nt ai ned hal f way between the drain voltage and source v age, on an AC

basis. The drain voltage of FET 116 passes through anplifiers 136, 154 and
appears at node 164. The source voltage of FET 116 passes through buffer
156 and appears at node 162. As shown in Fig. 4, the voltage at- node 170 is
fed back to gate 122 of FET 116 to reduce distortion. Configured in such
manner, the change in the source voltage of FET
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116 at, node 120 caused by bootstraﬁplng does not affect the feedback of
rahf~ the drai n-source voltage to the gate of FET 116.

Bdotstrapplng may be advantageously ap
dynam ¢ range, such as in "dual path"

det ai |-
28, 426, audi o noi se reduction systens
arrangenents. A "dual path"

in US-PS 3, 846, 719; US—PS 3,908, 485; US-PS 4, 490, 691

arrangenent

éc))d ed in circuits for
iIrcuit arrangenents.

Ar@ﬁ%eﬂ{?ﬁ’bw BEEN

nd URE

advantageously enpl oy dual path
is one in which a conpression or

expansion characteristic is achieved through the use of a main path which

Is essentially free of dynamc action
pat hs havi ng dynam c acti on.
the input or ~output of the main path
are additively or subtractively ca

| CONTROL

and one or nore secondary or side

The sidgyygath or paths take their input from

nd the side path output or outputs
with the main path in order to
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14  provide conpression or expansion. GCenerally, a side path provides a

type of limting or variable attenuation and the manner in which it is

. connected to the main path determnes if it boosts (to -6 i
or bucks (to provide expansion) the main path signal

circuit arrangenents 1
?é 1o

a?d?

DEVICE FOR MODIFYING THE DYNAMIC RANGE
OF AN INPUT SIGNAL

This invention relates in general to
attenuator circuits and more specifically to attenuator
circuits employing bootstrapping. ' )

Circuit elements such as field effect
transistors (FETs) have been used to provide variable
impedances in signal attenuators. For example, they
have been used in limiters for noise reduction systems
where compressors and expanders require controlled
limiting of the amplitude of a signal. In U.S. patent
4,498,055, a field effect transistor is used in
conjunction with a capacitor to form a high pass filter
with a sliding band type high frequency shelf response
whose corner frequency varies'as-a function of the
control signallto the gate of the transistor. In this
particular high pass filter circuit the drain-source
path of the FET shunts the signal to be limited to
ground. - |

A field effect transistor can be used in




can be found in the A-type, B-type and C-type noi se reduction syst
frar ket ed and |icensed by Dol by Laboratories of San Fran HEET
di scussed above, an attenuator enploying a device such §“§“ﬁ@€MﬁNT ?
provided that the voltage across the device is below a
Which is characteristic of the device. Thus, under highil
conditions, it is necessary to ensure that the voltage
does not exceed the predeterm ned val ue so that the devi

function linearly to prevent distort?on. In the A-type,
noi se reduction systens marketed and |icensed by Dol by LaboTat of | es th| S

n f ! folint th
S gnal § 't nEORIBEH R R BIRRERY B0 PHRCn S Cume P shiRgt ek [1E
expl ai ned i naUl®. fFeduenty lsbelf} r4g§Son3ssoperahinghdoimwdediyee df fiem ting

appl i ed begi getdiq @%ax@1$’£8ﬁ" may Q164 ﬁehﬁé‘e'?f‘@hdcdﬁﬁﬂnct'ian SARR £irbsiyrREances,

cause | oss ?:f Pcrlmsa(xa fl’n:eéJ %t I 8 nc1|rgu1t whoée I%requenc{r tl.yaR Sd%gé (:hrgis:

change, in contrast to the sliding band attenuators.

When used in noise reduction systems, it is desirable for
the circuit elements such as field effect transistors to be
opperating within a range of signal amplitudes where the
impedances of the elements are linear, i.e. does not introduce
waveform distortion into the signal. For FETs, this means that
the transistors should be operated with their drain-source
voltages within a range depending on the type of FETs so that the
drain-source current of the FETs vary linearly with the voltage
applied across the source and drain. When the d:ainfsource
voltage applied to a FET is not within such range, this
introduces distortion in the waveform of the signal undergoiné
compression or expansion of dynamic range. It is therefore
desirable to provide attenuator circuits employing elements such
as FETs for which the above described difficulties are
alleviated. My prior U.S. Patent 3,665,345 describes an FET
used as an attenuator in a noise reduction system for use with
audio signals.

One way to alleviate the difficulty is to limit fhe
signal amplitude across the element. This, however, reduces the
signal to noise ratio and is disadvantageous. It is therefore
desirable to provide attenuator circuits which avoid distortion
and yet maintain a good signal to.noise ratio.

This invention, which is defined in the appended claims,

is based on my realization that distortion in attenuator circuits
employing



Thus, in fixed band noise reduction circuits, the p
stop band signals nmay cause a reduction in the gainlo =Ta¥e

pass-band. In sliding band circuits, the presence ofi high |le olp- b:
Ad eﬁfﬁlﬂ?‘%

signals may cause excessive sliding of the corner frggtie

3sliding shelf. In US. Patent No. 4,498,055, the appli¢ant—c
det ai | '

variable impedance circuit elements is reduced by
reducing the signal amplitudé across the elements, in
partlcular by bootstrapping the elements. According to
the 1nvent10n, the circuit for attenuatlng signals
comprises a circuit element having a variable impedance
for attenuating a signal. The element has a first and
a second terminal and a control terminal. The signal
to be attenuated is applied throﬁgh an impedance to the
first terminal. The impedance between the first and
second terminals varies as a first function of a
control signal applied to the control terminal when the
voltage difference across the first and second
terminals is less than a predetermined value. ' The
circuit also comprises means for detecting a signal
condition which causes the voltage across the first and
second terminals to exceed the predetermined value,
causing distortion in the waveform of the signal. The
detecting means generates an output signal to indicate
the signal condition. The circuit further comprises a
bootstrapping means responsive to the detecting means
output for applying to the second terminal a fraction
of the voltage at the first terminal to reduce the
voltage difference between Ehe terminals. The fraction
is a second function of the outpu£3signallof the -
détecting means. The bootstrapping reduces the voltage
across the element and the distortion produced.

A side effect of bootstrapping is that the
effective impedance of ;he circuit element is increased
as seen at the first terminal. To compensate for suéh
alteration, the control signal applied to the control
terminal of the element may be modified to reduce the -
effect of bootstrapping on the effective impedance.
Thus, in the preferred embodiment of the invention, the



conponents at high input signal |evels. As explained in dat
patent, for fixed band systems, the nodul ation control

sliding band systens, once the variable filter cut off fYeqg
two to three octaves above the dom nant signal frequency
control schene counteracts further sliding of the filter.
the fixed and sliding band systens,

signals fromthe nain signal path are rectified, and in sone cases

smoot hed, and are fed i,p oppositiion.tg L5, 60RLL0haghgnah sogener ated by the
modifies the control signal in such manner that the '
effective impedance of the element remains
substantially the first function of the control signal.
This is referred to below as control boost.

In both
suifably filtered or frequency weighted

The concept of bootstrapping for reducing
distortion as described above can be advantageously
applied in circuits for modifyiné the dynamic range of
an input signal to reduce noise. One type of such
circuits, known as a "dual path" circuit, employs a
main path which is substantially linear with respect to
dynamic range which receives the input signal. The
dual path circuit also has a further path which has its
input derived from at least one point in the main path
.and its output signal combined with the output of the
main path to modify the dynamic range of an input
signal. The further path includes an impédance element

to attenuate the input signal to the further path. The
element has a first, a second and a control terminal.

. The impedance between the first and second terminals
varies as a first function of a first control signal
applied to the control terminal. The circuit.also
includes means for deriving from at least one point in
the circuit a control signal for controlling the

'~ impedance of the element. When signal conditions in _
the circuit are such that the voltage between the first
and second terminals exceeds a predetermined value
characteristic of the element, the element introduces
distortion. According to the teachings of the
invention, a bootstrapping means is used to apply to
the second terminal a fraction of the voltage at the

first terminal so that the voltage between the first

and second terminals does not exceed the predetermined
value,. )



or sliding band systens. Thus, when the nodul ati on control schene is
applied, there is a S|gn|f|cant reduced gain reduction orfredueed—si-di-ng

of the variable filters as a function of increasing input BEBEMEMENI‘EISHEET
The effect of nodul ation control is therefore to increasq tjre—tevets—ef

st op- band signal conponents in the side path at high inpyt 5|pﬂa P@FEB? 1
From t he above, the reduced limting provided by nodul atfi gn con
i ncreases the |level of stop-band signals in the side patfhsT—These—htghe

| evel stop- band signals nay cause tkmﬁvoltage across aftenuators in the
side paths to exceed the predetermned Timts for |inear Operatrom—tn

such contexts, bootstrapping may be advantageously applied to again assure
linear operation of $#he aiteayetpss médibeisd deypaids mérddiowiay requiring
si gnal lln]&%@%‘a fixed band or sliding band characteristic

action. Either fixed or variable bootstrapping may be

applied to reduce distortion. 1In fixed bootstrapping,

a bootstrapping means applies a fixed fraction of the

voltage at the first terminal to the second terminal to

reduce the voltage difference between the terminals by

‘a fixed factor. 1In variable booﬁstrapping, the circuit

comprises means for detecting a signal condition which

causes the voltage across the terminals to exceed the

predeterminéd value which defines the upper limit for

such voltage in order that the impedance of the element

remains linear. The bootstrapping means responds to

the output of the detecting means to adjust the

fraction of the voltage at the first terminal

bootstrapped to the second terminal to achieve variable
bootstrapping.

Brief Description of the Drawings

Fig. 1 is a schematic circuit diagram of an
attenuator circuit where fixed bootstrapping is applied
to reduce distortion to illustrate the invention.

Fig. 2 is a schematic circuit diagram of an
attenuator where variable bootstrapping is applied to
illustrate the invention.

Fig. 3 is a schematic circuit diagram of an

- attenuator where variable bootstrapping is applied and
where the effect of bootstrapping on the effective
impedance of the attenuator is compensated for to
illustrate the preferred embodiment of the invention.

Fig. 4 is a detailed schematic circuit
diagram of a circuit for modifying dynamic range where
variable bootstrapping -and control boost are applied.



applied in A, B and Ctype systens. Variable bootstrapping

particularly desirable alternative. No bootstrapping is apﬁEPEﬁFﬁHﬁNT | SHEET
hi gh-1 evel si

function in a nonlinear region. Wen such signal conditid

Boot strappi ng provides an alternative to the severe limting

L
I \JVT UCD

signal conditions are detected which may cause

re—attenuat orTit o

ns aj @ dehpward,

Fig. 5 is a schematic circuit diagram of a
dual path circuit employing variable bootstrapping and
modulation control to illustrate the preferred
embodiment of the invention.

| Pig. 6 is a schematic circuit diagram of a
circuit for modifying .dynamic range using action
substitution. ' ,

Fig. 7 is a schematic circuit diagram of a
circuit for modifying dynamic range where action
substitution and variable bootstrapping are applied.

Detailed Description of the Invention

Fig. 1 is a schematic circuit diagram of an
attenuator in which fixed bootstrapping is applied. As
shown in Fig. 1, the attenuator circuit 10 comprises an
input port -12 to which an input signal tc be attenuated
is applied. The circuit also comprises an element 14
of fixed impedahce and circuit element 16 providing a
variable impedance. Element 16 has two_terminals, 18,
20 and a control terminal 22. The current of element.
16 varies as a linear function of the voltage across
the element if the voltage difference between terminals
18, 20 is below a predetermined value which is
characteristic of element 1l6.

If the input signal has a large amplitude,
this may cause the voltage difference between terminals
18, 20 to exceed the predetermined value for element
16. When this happens the impedance between terminals.
18, 20 is no longer linear. Hence, waveform
distortion is introduced. To prevent this from
happening, a fraction of the voltage at terminal 18 is
applied to éerminal 20 to reduce the voltage difference
between terminals 18, 20. When this fraction is a



boot strapping is then applied, causing the voltage across

.remain |l ess than such predeterm ned val ue, thereby assurl WPLAQ:EMENT SHE! T
operation of the devi ce. Fig. 5is a schematicjc ' '
pat h sliding band conpressor circuit enploying both va‘réba‘l%g 1997
<boot st rappi ng and nodul ation control to illustrate the ihventidn’™1'n -
certain dua

two side paths or stages: one for handling the high freqgency conponents

and the other for handling the | ow frequency conponents
at t enuat or

ragr

path noi se reduction systens, it may be advant

. s TRUS,
circuit 50" fornms the | ow freguency stage of conpressor circuit

70. The outputs of the high frequency stage 72 and of the | ow frequency

stage 50'

are added by adder 74 and the sum signal added to the output of

the main pat §ongtptaddbe aBove @eserihedouehere ofst hefeigd &5 A at 80.

As is evidenttifve@mMuadoeakpappsag.of Figs. 3 and 5 the attenuator circuit
Is simlar in '

Fig. 1 is a schematic circuit diagram of an
attenuator employing a fixed bootstrapping scheme,

_ A voltage divider comprising
resistors 32, 34 is used to select a fraction of
voltage at terminal 18 to be applied at terminal 20.
Two buffers 36, 38 are used to prevent the voltage
divider from affecting the impedance characteristics of
element 16. If desired amplifiers 36, 38 may have
gains other than one to accomplish other various
desirable results. Thus, the voltage divider applies a
‘fraction of the voltage at terminal 18 to terminal 20,
where the fraction is given by the ratio of the
resistance of resistor 32 to the sum of the resistances
of resistors 32, 34, As is evident from Fig. 1, such
fraction is fizxed.

By feeding back a fraction of the voltage at -
terminal 18 to terminal 20, bootstrapping causes the
signal handling capability of the circuit to increase.
A higher signal level therefore can be applied to the
input, with a consequent improvement in the signal to
noise ratio. However, if fixed bootstrapping is
applied as in Fig. 1, the effective impedance of
element 16 is increased even when the signal conditions
are such that bootstrapping is not required. This may
or may not be disadvantageous depending on the circuit
and circumstances.

Fig. 2 is a schematic circuit diagram of an
attenuator circuit in which variable bootstrapping is
applied to reduce distortion. The attenuator of Fig. 2
is similar to that of Fig. 1 except that, instead of
employing a voltage divider, a variable impedance



structure to attenuator 50 of Fig. 3; identical

elements in Figs. 3 and 5

are referred to by the sane nunerals. As is well known fromthe U.S.

patents on

dual path circuit arrangenents referred to a - DEggqgﬁgqc
action fromthe output of the side path in attenuator 5 'RERL_ @ ntr

. termnal 22 of inpedance

M”‘M

element 42 is used to vary the fraction of the voltage
bootstrapped. 1Identical elements in Figs. 1 and 2 are
referred to by the same numerals. The voltage at
terminal 18 is attenuated by element 42 before
application to terminal 20, where the attenuation by
element 42 is controlled by a second control signal
referred to below as the high mode signal.

In many noise reduction systems, element 16
may be chosen so that, under most signal conditions,
element 16 responds linearly. In other words, under
most signal conditions, bootstrapping is not necessary.
Variable bootstrapping, although more complex, is
advantageous over fixed bootstrapping since
bootstrapping is introduced only when signal conditions
require it, namely, when the signal level across the
variable impedance element is high.

In reference to Fig. 2, element 42 has no
transmission when it is detected that the input signal
does not cause the voltage difference between terminals
18 and 20 to exceed the predetermined value. When it
is detected that the amplitude of the input signal
causes element 16 to operate non-linearly, elemenﬁ 42
begins to conduct to reduce the voltage difference
between terminals 18, 20 so that element 16 continues
to operate linearly. The transmission of element 42 is
controlled by a second control signal referred to below
as the high mode signal, indicating that the attenuator
circuit is operating under large amplitude signal
conditions. The derivation of the high mode signal is
described below in reference to Fig. 3.

Fig. 3 is a schematic circuit diagram of an
attenuator circuit illustrating the preferred
embodiment of the invention. Common elements to Figs.



el ement 16 controls the dynam c performance of the | ow frequency signal
conponents in conpressor circuit 70. In attenuator 50', the_ high—wod

signal is preferably derived fromthe output 80 of the Oﬁ@pgﬁgamENWOSHEET
instead of fromits input; other than such difference, fihe nal

applied to variable gain element 64 is derived in the s n n it
case of Fig. 3. The control signal in attenuatgﬁ gg% e]&m?@rg?v d
fromits output signal at 26. However, before the contraj ELgﬂ&L—rs

nodi fied by the high node signal as descrlbed above in reference to Fig. 3
it is first bucked by a nodul ation cont ol signal from ro
circuit 82. Crcuit 82 derives a nodul ation control signal indicative of

the signal |gv o} q9ﬂ$ t tract he, modul ati on
contr ol S|gnglg%?o%1%ﬂ€ %ﬁ#ﬁxéqﬂé? na Qﬁﬁﬂ%ggﬂgﬁgéﬂp %ng?ggﬁ g%d t hen
smoot hi ng thElﬂrf?erEH%eh%ﬁEﬂﬂﬂdet%ﬂ?ﬂﬁ#(&ﬂr(ﬂ°qﬁﬂﬁ4¥H@9th§tBb°Baﬁd si gnal s

on the of bootstrapping is derived from the input signal by a
filter 52, a rectifier 54 and a smoothing circuit 56.
Filter 52 is such that it passes only those signal
components which will cause element 16 to operate non-
linearly. Alternatively, high level signal conditions
across the var. ble impedance element 16 can be
detected by conhecting the high mode detector (filter
52, rectifier 54 and smoothing circuit 56) to the
output of the element. Where element 16 is a FET, and
where element 14 is an inductor, the attenuator 50 of
Fig. 3 is a low pass filter with a sliding band type
low frequency shelf response sliding downwardly. For
such an attenuator used in a dual path compressor or
expander, only high level high'frequency signals will"
cause element 16 to operate non-linearly. In such
event, filter 52 is a high pass filter. Then the
presence of high level high frequency signals is
indicated by a large amplitude high mode signal at the
output of smoothing circuit 56. In this manner, the
circuit acts as a detector for detecting signal

conditions under which element 16 will operate non-
linearly. _ : )

To compensate for the increase in effective
impedance of element 16 caused by bootstrapping, the
effective impedance can be reduced by modifying the
control signal applied at pdrt 24. This can be done by
adding a variable gain element. The further variable
gain element is controlled by the high mode signal.

As shown in Fig. 3 this is performed by placing a
variable gain element 64, whose transmission is
controlled by the high mode signal, ;n the output of



control signal eventually applied to elenment 16 is reduced. Were

attenuator 50' is a fixed band type circuit, this causes the attenuation
applied to pass- band signal conmponents to be |less affected b
signals. Were attenuator 50" is a sliding band circuit,

sliding shelf not to slide nore than is necessary.
bucked by the nodul ation control signal and before bein

fled, ha 97
control termnal 22, the control signal is nodified by tihe hi@hqhg%g
signal which controls the transm ssion of the variable '

the feed back path in the sane manner ¥s that described
Fig. 3. In Fig. 5 elenent 14 is an inductor which may b

gxrator Cir%%Ltte%gi%Qg% gﬁrggbtségétking circuit 63, whose
feedback action controls the dynamic performance of
circuit 50. Thus, when the amplitude of the input
signal is such that it tends to cause element 16 to
operate non-linearly, such signal condition will .
increase the high mode signal. This causes element 42
to conduct, thereby applying bootstrapping. The high
mode signal also causes element 64 to increase its gain
thereby increasing the cohtrol voltage applied to the
gate of element 1l6. The impedance between terminals
‘18, 20 decreases when the voltage applied to control
terminal 22 increases. This reduces the actual
impedance - of element 16 and therefore also the

effective impedance as seen by the input signal at
terminal 18.

The undesirable effect of bootstrapping’
on the effective impedance of element 16 is therefore
compensated. _

Boosting the control signal at gate 22 to
counteract the undesirable effect of bootstrapping is
referred to herein as control boost. Since the amount
of bootstrapping and the control boost signal are both
controlled by the same high mode signal, it is possible
to adjust the amount of the bootstrapping and the
control boost so that the two effects cancel. The net
result is that attenuator 50 is transparent to signal
characteristics; in-other words, the attenuation of
attenuator 50 is indepéndent of the amount of
bootstrapping applied. When signal conditions call for
no bootstrapping, both attenuators 42 and 64 have low
gains and element 16 together with element 14 are
capable of providing the low impedances required with
little distortion. When signal conditions tend to
introduce distortion as described, both bootstrapping
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a low pass filter mnth a sliding band type | ow frequency shelf

response sliding downwardly. The nodul ation control signa ved f
out put 80 by a control circuit 82. In the control ci rCU|tR§2LAGMNTn§UEE
. is anplified and rectified to provide the nDduIatlﬂ
As described in detail in U S Patent 4,498,055 and sunma zg%
nmodul ation control signal fromcontrol circuit 82.reduces
limting applied by attenuator

u\.al I
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and control boost are applied to eliminate distortion,
where the effects of bootstrapping and control boost on

the effective impedance of element 16 essentially
cancel.

Since bootstrapping and control boost are
both governed by the high mode signal, it is possible
to adjust the amplitude of the bootstrapping and
control boost so that their effects on the impedance as
seen ‘at terminal 18 cancel. The control boost and
bootstrapping applied are both functions of the high
mode signal. In order that the effects of control

boost and bootstrapping on the effective impedance as

seen at terminal 18 cancel, the two functions must be

complementary to one another. Therefore, the
components of attenuator 50 should be chosen so that
the two functions are complementary.

The effects of bootstrapping and control
boost may not cancel under very low impedance
conditions. ' The minimum achievable impedance of a

variable impedance element such as a FET may be of the
. order of 100 ohms, for example; this figure could

effectively be raised to several hundred ohms by the

bootstrapping. Fortunately, when a very low impedance

is required,_then_the.voltage across the element is low
because of the attenuation introduced by the element.
In this case, the bootstrapping and control boost are
not needed or used and thén the element can achieve its
lowest value.

In the above description, causing the control
voltage at the control terminal to be more positive is
described to have the effect of decreasing the
effective impedance of the variable impedance element.
It will be understood that the invention is equally




' ET
50'. This has the effect of increasing the signal |evel eﬂBEgFéﬁéwFNEF§HE N
Under high Ievel high frequency signal conditions, this nmpyjcause elﬁggpt
16 to function in a nonlinear region. Bootstrapping, whether 4 SedAbr
vari abl e, causes the voltage across elenent 16 to be |essithan_the
predetermned limt for linear operation, even though varijabl e
bootstrapping is particularly advantageous -as expl ai ned aljove, . ln .such
manner ‘boot strappi ng and nodul ati on control operate together to inprove the
characteristics of conpressor 70. In Fig. 5, the nodul ation
control signal is derived fromthe ou@ﬁut signal of the conpressor, it

w Il be understood that the nodul ation control signal can also be derived
Leom i ne | nRdba18aBie! B8 SOFRRGRRAES EipiEying2bhctuble ARSI A ReChomeS Tor
deriving no ation control 8 ﬂ?n ﬁe sSco

i nventi on. Bé@ﬂ@ﬂﬁ&pﬂbﬁgetGééﬁﬁgivﬁnPﬂpﬁéﬂﬁFﬁﬁlbHC‘EBﬁ?rﬁme%ahP%Iso be
applied to GUMRrRIS@OItalE aexpaedebntesh! eycngnalt BayohessSmbhet he form of
LR positive.
Fig. 4 is a detailed schematic circuit

diagram of an attenuator circuit illustrating the

preferred embodiment of the invention. Attenuator 100

comprises impedance elements 114}'116 for attenuating

the input signal at input 12. The output signal

appears at terminal 26 of the circuit. In Fig. 4 the

impedance element 116 is a FET, with its drain at

terminal 118 and source at terminal 120,

and its gate
at 122.

The bootstrapping path comprises buffer 136,
attenuator 137, a FET 42 and buffer 138. The drain
voltage of the FET 116 is attenuated by attenuator 137
by a fixed ratio and by FET 42 by a variable amount

determined by the high mode signal applied to the éate
of FET 42. '

The high mode sigrnal is also applied to the
gate of FET 140, whose drain-source path provides a

parallel path to resistor 142, This is a control boost

circuit. The output voltage at 26 is fed, through a
rectifier and smoothing circuit 143 to the control _
boost voltage divider circuit comprising resistors 142,
144, 146. When FET 140 is conducting, resistor 142 is

shunted, thereby reducing the resistance between

resistors 144, 146 and providing an increased control

gain (decreased loss) for the control voltage. The

modulated control veoltage is then fed through a DC
amplifier

148 and resistor 152, and applied to gate 122
to cancel

the effect of bootstrapping on the effective
impedance of FET 116 as described above. The gain

control of the high mode signal through the control




band circuits as well as high pass filters wwth an wupwardly sliding high

frequency shelf response. Al such and sinilar configu-att+ens—are n
the scope of the invention. ' WEPLACEMENT@%%
In a | ow frequency stage of a conpressor such
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boost path from output 26 to gate 122 and the gain
control of the high mode signal for controlling the
amount of bootstrapping are chosen so that their
effects on. the effective impedance of FET 116 cancel.
To reduce distortion, half of the drain-
source voltage of FET 116 should be applied back to its
gate at 122, that is, the gate voltage should be
maintained half way between the drain voltage and
source vdltage, on an AC basis.- The drain voltage of
FET 116 passes through amplifiers 136, 154 and appears
at node 164. The source voltage of FET 116 passes '
through buffer 156 and appears at node 162. As shown
in Fig. 4, the voltage at node 170 is fed back to gate
122 of FET 116 to reduce distortion. Configured in
such manner, the change in the source voltage of FET
116 at node :120 caused by bootstrapping dog; not affect

the feedback of half the drain-source voltage to the
gate of FET 11ls6.

Bootstrapping may be advantageously applied
in circuits for modifying dynamic range, such as in
"dual path" circuit arrangements. As described in
detail in US-PS 3,846,719; US-PS 3,903,485; US-PS
4,490,691 and US~PS Re 28,426, audio noise reduction
systems advantageously employ dual path arrangements.

A "dual path" arrangement is one in which a compression
or expansion characteristic is achieved through the use
of a main path which is essentially free of dynamic
action and one or more secondary or side paths having
dynamic action. The side path or paths take their

input from the input or output of the main path and the.
side path output or outputs are additively or
.subtractively combined with the main path in order to




as circuit 50" of Fig. 5, the low pass filter 68 nmay be placed at the input
of the stage. However, it is nore advantageous to place it at the |ocation
shown in Fig. 5 after the variable gain el enent for
bel ow. Under certain signal conditions, ci
transient distortions. Also, element 14 is an i nduct

it is desirable to place filter 68 at the position shov
pl aced in such position, |ow pass filter 68 attenuat '
distortion generated by circuit 50 andi4 educes hi gh fyequency noi se cau$ed
by the gyrator circuit. \Were overshoot suppression i pl-+-ed—over shoot
suppressi on can be generated w thout the del ay inher in a low pass
filter pladd®vdide FOMPESSESIoN 0Fr8&PF“§6°“'Whéﬁ“Fﬁé 8%/6a§§d?|lter is

pl aced at tﬁ&iuuyndmum@sshowwpeh@MEQANutuhg srdeaefiabde is that quite high
st gnal n'gexeéﬁéwalua&o%%ra UnP il 16 whilich QlkeTBNLoRHsLLRE egpabl e of

t e main path determines if it boosts (to provide

compression) or bucks (to provide expansion) the main
path signal components. Dual path circuit arrangements
can be found in the A-type, B-type and C-type noise
reduction systems marketed and licensed by Dolby
Laboratories of San Francisco.

As discussed above, an attenuator employing a
device such as a FET is linear provided that the
voltage across the device is below a predetermined
value which is characteristic of the device. Thus,
under high level signal conditions, it is necessary to
ensure that the voltage across the device does not
‘exceed the predetermined value so that the device will
continue to function linearly to prevent distortion.

In the A-type, B-type and C-type noise reduction
systems marketed and licensed by Dolby Laboratories,
this is inherent since these systems apply a high
degree of limiting to the signal in the side paths,
beginning at a low-level threshold.

As explained in U.S. Patent No. 4,498,055,
the high degree of limiting applied beginning at a low-
level threshold may, in some circumstances, cause loss
of noise reduction in the A, B and C-type systems.
Thus, in fixed band noise reduction circuits, the
presence of high level stop band signals may cause a
reduction in the gain or loss applied in the pass-band.
In sliding band circuits, the presence of high level
stop~band signals may cause excessive sliding of the

corner frequencies of the sliding shelf. 1In U.S.

Patent No. 4,498,055, the applicant disclosed in detail



| evel , high frequency signals, since these signals are no |lo

. by the |l ow pass filter 68.

of

-showi ng two

202,

anot her circuit for nodifying dynam c range wherle RE
advant ageously applied. GCrcuit 200 of Fig. 6 is a pofSe red éﬁgw
side paths, one frominput 12 to output}? a\dhdl§§ -
frominput 12 with its output fed into the first
main path 201. The side path frominput 12 to output

Fig. 6 1is as
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a scheme called modulation control which reduces the
undesirable responses of compressors and expanders to
the effect of stop-band signal components at high input
signal levels. As explained in detail in such patent,
for fixed band systems, the modulation control scheme
raises the limiting threshold in the stop-band and
reduces the degree of limiting. For sliding band
systems, once the variable filter cut off frequency is
about two to three octaves above the dominant signal
frequency, the modulation control scheme counteracts
further sliding of the filter.

In both the fixed and sliding band systems,
suitably filtered or frequency weighted signals from
the main signal path are rectified, and in some cases
smoothed, and are fed in opposition to the control
signals generated by the control circuits of the fixed
or sliding band systems. Thus, when the modulation
control scheme is applied, there is a significant
reduced gain reduction or reduced sliding of the
variable filters as a function of increasing input
signal levels. The effect of modulation control is
therefore to increase the levels of stop-band signal
components in the side path at high input signal
levels. | '

' From the above, the reduced limiting provided
by modulation control increases the level of.stop-band
signals in the side paths. These higher level stop-
band signals may cause the voltage across attenuators
in the side paths to exceed the predetermined limits
for linear operation. 1In such contéxts, bootstrapping
may be adﬁantageously applied to again assure linear

operation of the attenuators in the side paths without

requiring signal limiting.

' Q}E\\EENTC GHEETIi

path,} t oget hes—nit
a includes filagr
i npedance el ement 214 and buffer 216. The output at__26a—+s-f&d back
through a control circuit 217 which




et

. element 218 to control its inpedance. elenment 218 is |copperlid

pat h between el enents 214 and 216. Were el enent 214 capaciTor, th
above arrangenent forms a sliding band | ow pass filte qug Owﬂﬁgﬂ d
ath™t hrough s

. frominput 12 includes the resistor 204 and a feedbac-' _
: a fixeo

control circuit 205 and a vari abl e i npedance el enent
band signal attenuator.

side path can be substituted for that t he ot her wheln

spectral content of the input signal c onents change. This is perforned
by connecting the output of the second side path to affect the output of

the first side path. glddssd UpgR oWt L%n alternative to the
severe limiting applied in A, B and C-type systems.
Variable bootstrapping provides a particularly
desirable alternative. No bootstrapping is applied
until high~level signal conditions are detected which
may cause the attenuator to function in a nonlinear
region. When such signal conditions are detected,
bootstrapping is then applied, céﬁsing the voltage
across the attenuator to remain less than such

predetermined value, thereby assuring linear operation
of the device.

Fig. 5 is a schematic circuit diagram of a
dual path sliding band compressor circuit employing
both variable bootstrapping and modulation control to
illustrate the invention. 1In certain dual path noise -
reduction systems, it may be advantageous to employ two
side paths or stages: one for handling the high
frequency components and the other for handling the low
frequency components of signals. Thus, attenuator
circuit 50' forms the low frequency stage of compressor
circuit 70. The outputs of the high'ftequency stage 72
and of the low fregquency stage 50' are added by adder
74 and the sum signal added to the output of the main
path 76 by adder 78 to give the output of the '
compressor at 80.

As is evident from a comparison of Figs. 3
and 5, the attenuator circuit 50' is similar in
structure to attenuator 50 of Fig. 3; identical
elements in Figs. 3 and 5 are referred to by the same
numerals. As is well known from the U.S. patents on
dual path circuit arrangements referred to above, the
feedback action from the output of the side path in

attenuator 50*' to the control terminal 22 of impedance



perforned by connecting the output of the second side path to node 220 of

e[enment 218 in the first side path, via attenuator 208,

228. Bootstrappi ng can be applied to node 220 through
sumer 228, which adds to it the attenuated output of
pat h. Fig. 7 is a schematic circuit diagram of
where action substitution, bootstrapping and control

applied ti illustrate the preferred enbodi ment of the

300 fornms the side path of a conpandi ngz noi se reductio
side path is frominput 12 to output 26. The input signal at

line 210 and sunyrer

REPLFGRHENE T

n t enuat or io
bbogt {rfry JANI1SBE |

i ndention. Crcuit
circuit, where the
i nput_12.i.s

O

attenuated by circuit elenents 302, 304. Elenent 304, as shown in Fig. 7 is
a FET. A fretenentol6t¢entrals v thyemnic FRET L30mansef o Bheklew its source
t hrough a pﬁEqu@ﬁéydéﬂ@hé&”é&ﬁpéﬂghtéE¥H;ﬂdﬂbﬁ¥y§oﬁmﬂwrbhﬁQr73121

In attenuator 50', the high mode signal is
derived from the output 80 of the compresso

preferably
r 70 instead

of from its input; other than such difference, the high
mode signal applied to variable gain element 64 is
derived in the same manner as in the case of Fig. 3.

The control signal in attenuator

50°* is

derived from'its output signal at 26. However, before

the control signal is modified by the high
as described above in reference to Fig. 3,
bucked by a modulation control signal from

mode signal
it is first
modulation

control circuit 82. Circuit 82 derives a modulation
control signal indicative of the signal level of the
stop—band'components. By subt;acting the_modulation
control signal from the control signal by means of

combiner 84 and then smoothing the difference signal,

the effect of high level stop-band signals

on the

control signal eventually applied to element 16 is
reduced. Where attenuator 50' is a fixed -band type

circuit, this causes the attenuation applied to pass-~

band signal coﬁponents to be less affected

by stop-band

signals. Where attenuator 50' is a sliding band

circuit, this causes the sliding shelf not
more than is necessary. '

to slide

After being bucked by the modulation control
signal and before being fed back to control terminal
22, the control signal is modified by the high mode
signal which controls the transmission of the variable
gain element 64 in the feed back path in the same
manner as that described in reference to Fig. 3. 1In

Fig. 5, element 14 is an inductor which may be

simulated by a gyrator circuit, so that circuit 50' is
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324. The drain voltage is attenuated by resistors 308, é(i@\ amnBHEET
vol tage divider circuit. The attenuated drain voltag | '

anplifier 312. The out put signal from anot Her yﬂt Jﬁ&ﬁ) a
noi se reduction circuit parallel to the path frominputjl 26| may
be coupled to circuit 300 at port 314. In reference tp EiLgs—6-and fpr
exanpl e, the output of the fixed band side path (refefred to belom/as t

action substitution signal), appearing at node 210 i nlLELg
coupled to circuit 300 at node

21  resisior.320-—and byf f er

5, ey bre

a low pass filter with a sliding band type low
frequency shelf response sliding downwardly. The
‘modulation control signal is derived from output 80 by
a control circuit 82. 1In the control circuit 82, the
input signal is amplified - and rectified to provide the

. modulation control signal. As déscribed in detail in
U.S. Patent 4,498,055 and summarized above, the
modulation control signal from control circuit 82
reduces the degree of limiting applied by attenuator
50'. This has the effect of increasing the signal-
level at element 16. Under high level high frequency
signal conditions, this may cause element 16 to

function in a nonlinear region. Bootstrapping, whether

fixed or variable, causes the voltage across element 16
to be less than the predetermined limit for linear
operation, even though variable bootstrapping is
particularly advantageous as explained above. 1In such
manner bootstrapping and modulation control operete
‘together to improve the characteristics of compressor
70.

In Fig. 5, the modulation control signal is
derived from the output signal of the compressor, it
will be understood that the modulation control signal
can also be'derived-from the input 12 ef the compressor
as well; all such possible schemes for deriving
modulation control signals are within the scope of this '
invention. Bootstrapping together with modulation
control can also be applied to compressors and
expanders employing attehuators in the form of fixed
band circuits as well as high pass filters with an
upwardly sliding high freguency shelf response. 2ll

such and similar configurations are within the scope of
the invention.



314 to achieve action substitution. The bootstrap signal at node 316 nmay be
added to the action substitution signal at node 314; this is acconplished

at node 318 through resistors 320, 322 and the sunmed si gnal _l.s.thep~fedto
t he source of FET 304 through buffer 324. The

drain voltage of FET 304 bootstrapped to its source

by the attenuation of the voltage divider circuit co
308, 310 and by the gain of anplifier 312. |If the nax
anplifier 312 approaches the attenuation of the voltage idi
then a bootstrap voltage between the vol tage divider
approaching the full drain voltage (e.g. 90% of FET

boot st rapped to the sﬁuacmoaffta@geﬁi§isihgegafnaoéqﬁﬁfeggﬁﬂi§d¢ﬁ' 312
Cenends on o Ba i iCSa o BASSES! 0he 305 o] PO E IR, 23 L0E
of FET 338 Hiaacegomttr ghlecdnpytt RE hhghshade.si Gowevas, ait ehsianete by

advantageous to place it at the location shown in Fig.

-5 pftirlthe vagiable gain element for reasons.explained

below. o

_ Under''cértain signal conditions, circuit 50°
may generate ﬁfansient distortidﬂs. Also, element 14
is an inductor simulated by a gyrator circuit which may
generate high frequency noise. For these reasons it is
desirable to place filter 68 at the position shown in
Fig. 5 When placed in such.position, low pass filter
68 attenuates any transient distortion qenerated by
circuit 50' and reduces high frequency noise caused by
the gyrator circuit. Where overshoot suppression is
applied, overshoot suppression can be generated without

. the delay inherent in a low pass filter placed at the
input of circuit 50'. When the low.pass filter is
placed at the position shown, however, the side effect
is that'quite high signal levels will appear at element
16. This element must be capable of handling high
level, high frequency signals, since these signals are
no longer attenuated by £hé low pass filter 68.

Fig. 6 is a schematic circuit diagram of
another circuit for modifying dynamic range where
bootstrapping can be advantageously abplied. Circuit’
200 of Fig. 6 is a noise reduction system showing two
side paths, one from input 12 to output 26a and the
other from input 12 with its output fed into the first
path, together with a main path 201. The side path
from input 12 to output 26a includes filter 202,
impedance element 214 and buffer 216. . The output at
26a is fed back through a control circuit 217 which

-



attenuator 342 and resistors 344, 346, 348. \Wen FET 304 is required to

provi de | ow i npedances, the high

node si gnal

amount of bootstrapping is

has a small anplitude, and FET 338 is pi nched..off

20

includes a rectifier and a smoothing means to a variable impedance element
218 to control its impedance. element 218 is connected to the side path
between elements 214 and 216. Where element 214 is a capacitor, the above
arrangement forms a sliding band low pass filter. The other side path from
input 12 includes the resistor 204 and a feedback path through a control circuit
205 and a variable impedance element 206 forming a fixed band signal
attenuator. .

The compression action resulting from one side path can be substituted
for that of the other when the level and spectral content of the input signal
components change. This is performed by connecting the output of the second
side path to affect the output of the first side path. This for example can be

22
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performed by connecting the output of the second side path to node 220 of

element 218 in the first side path, via attenuator 208, line 210 and summer
228. Bootstrapping can be applied to node 220 through attenuator 226 and
summer 228, which adds to it the attenuated output of the fixed band side
path. '
Fig. 7 is a schematic circuit diagram of an attennator 300 where action
substitution, bootstrapping and control boost may all be applied ti illustrate the
preferred embodiment of the invention. Circuit 300 forms the side path of a
companding noise reduction circuit, where the side path is from input 12 to
output 26. The input signal at input 12 is attenuated by circuit elements 302,
304. Element 304, as shown in Fig. 7 is a FET. A fraction of the drain

voltage of FET 304 is'feb back to its source through a path including buffer
306, resistor 308, amplifier 312,



negligi bl e. Wen signal conditions require bootstrapping, however, a high
node signal of sufficient magnitude will cause FET 338 to conduct, so that
anplifier 312 has significant gain. This causes a sizable fraction of .the

drain voltage to be bootstrapped to the source for §U4 £T ISi nce
CAGEMENT SHEEY 1 1

:the action substitution signal is also fed to the s uRE
necessary to derive the bootstrapping signal such that{Thé actio

substitution signal itself does not become bootstrappef. \Wejﬁd&ﬂg n
substitution signal at termnal 314 is Epupled to the $ource of EEI _.B38
t hrough resistors 352, 354, 356. If the™ratio of thelvalues of resistofs
352, 356 is related to the ratio of values of resistérs 308, 310 and—

one-tenth. fofegxafdd €324 hewa WeedantdpOf R dirdiin vofitage @5 FET 304

appears at node 360 apd one-tenth of_ the bstitution voltage appears at
node 362. ThatbeRVared Upsi5eshs o it 3[3[56 REFSHY &XPEE&E efrglronthz

boot st rappi ndiatéénncircuit. The attenuated drain voltage is
amplified by amplifier 312.

The output signal from another side path of a
noise reduction circuit parallel to the path from input
12 to output 26 may be coupled to circuit 300 at port
314. In reference to Figs. 6 and 7, for example, the
output of the fixed band side path (referred to below
as the action substitution signal), appearing at node
210 in Fig. 6, may be coupled to circuit 300 at node
314 to achieve action substitution. The bootstrap
signal at node 316 may be added to the action
substitution signal at node 314; this is accomplished
at node 318 through resistors 320, 322 and the summed

signal is then fed to the source of FET 304 through
buffer 324,

The fraction of the drain voltage of FET 304
bbotsttapped to its source is determined partly by'the
attenuation of the voltage divider circuit comprising
resistors 308, 310 and by the gain of amplifier 312.

If the maximum gain of amplifier 312 approaches the
attenuation of the voltage divider circuit, then a -
bootstrap voltage between the voltage divider value and
something approaching the full drain voltage (e.g. 90%)
of FET 304 may be bootstrapped to the source of the
FET. The gain of the amplifier 312 depends on the
values of the resistors 332, 334 and 336 as well as the
drain~source resistance of FET 338.

The drain-source resistance of FET 338 is
controlled by the high mode signal as attenuated by
~attenuator 342 and resistors 344, 346, 348. When FET
304 is required to provide low impedances, the high



In other words, when the action substitution voltage at term nal. 314
Taises the source voltage of FET 304, thereby red

T, T Re Ll uf ce
vol tage of the FET, the source voltage of FET 338 ﬁt%é}*%@égﬁ Sreﬁﬁq)i M | ar
.WMUTYW;;a J

proportion. This reduces the signal current to FET}{3
reduces the output of anplifier 312. In such manne
prevent bootstrapping fromaffecting the action substfitution.

resistors 372 and 374 are of equal values, a voltag way between

t.ur

drai n and source voltages of FET 304 Eg fed from ndde 376 to_the.gatd of

the FET to reduce distortion.

mode signal has a small amplitude, and FET 338 is
pinched off, so that the amount of bootstrapping is
negligible. When signal conditions reqguire
bootstrapping, however, a high mode signal of
sufficient magnitude will cause FET 338 to conduct, so
that amplifier 312 has significant gain. This causes a
sizable fraction of the drain voltage to be
bootstrapped to the source for FET 304.

Since the action substitution signal is also

fed to the source of FET 304, it is necessary to derive

the bootstrapping signal such that the action
substitution signal itself does not become
bootstrapped. The action substitution signal at
terminal 314 is coupled to the source of FET 338
through resistors 352, 354, 356. If the ratio of the
values of resistors 352, 356;is related to the ratio of
values of resistors 308, 310 and is one-tenth for
example, then one-tenth of the drain voltage of FET 304
appears at node 360 and one-tenth of the substitution
voltage appears at node 362. The action substitution
signal is thereby excluded from the bootstrapping
action. - .

In other words, when the action substitution
voltage at terminal 314 raises the source voltage of
FET 304, thereby reducing the drain-source voltage of
the FET, the source voltage of FET 338 is raised by a
similar proportion. This reduces the signal current to
FET 338, which in turn reduces the output of amplifier
312. 1In such manner it is possible to prevent
bootstrapping from affecting the action substitution.
1f resistors 372 and 374 are of equal values, a voltage

. halfway between the drain and source voltages of FET

304 is fed from node 376 to the gate of the FET to
reduce distortion.

it’ﬂ§ paBsER eft ¢




23 : CLAIMS 1. A device for nodifying
the dynam c range of input signals within a frequency band, conprising:
a circuit including an inpedance el enent (16), said el enent having—a

J

i i npedance for modi {Ying. i ' SHEE
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termnal (22), “applied to.the first tgrnjnal,, fd
applying a dynanﬁccnnéiflcatﬁon control sigpal to said don rlgiigﬁgggé

wherein the i npedance between the first and second termnal-s—var+es—as—d
function of the dynam c nodification control signal appljed to

CLAIMS

-

1. -A device for modifying the dynamic range of input signals
within a frequency band, comprising: -

a circuit including an impedance element (16), said
element having a variable impedance for modifying the dynamic
range of the input signal, said element having a first and second
terminal (18,20) and a control terminal (22), said signal being
applied to the first terminal, means for applying a dynamic
modification control signal to said control terminal, wherein the
impedance between the first and second terminals varies as a
function of the dynamic modification control signal applied to
the control terminal when the voltage difference across the first
and second terminals is less than a predetermined value; and

bootstrapping means for applying to the second terminal a
fraction of the voltage at the first terminal to reduce the
voltage difference betweengthe first and second terminals.

2. - A device according to claim 1, said'circuit'having a
sliding band characteristic action for compressing’or expanding
the dynamic range of signal components.

3. A circuit for modifying the dynamic range of an input
signal, comprising:

a main signal path (76) which is substantially linear
with respect to dynamic range, the main path receiving the input
signal at its input;

a further signal path (50') which has its input derived
from at least one point in the main path and its output signal
combined with that of the main éignal path to provide the output
of the circuit;

said further path comprising:

(a) a frequency selective circuit (68) determining a
frequency pass-band within which the dynamic modification takes

place, said input signal including both pass-band and stop-band
signal components:




the control terminal when the voltage difference across the first and
second termnals is |l ess than a predeterm ned val ue;

boot st rappi ng neans for applying to the second tern1na ﬁﬁﬁhA&gVEHE %HEE%@
voltage at the 7irst term nal to reduce the voltage ditf

TENCe bet ween|t
first and SHI mmnﬂm Itllll A devi ce according tlo 1cfaijAN1i998aid
circuit hav d charact i i i

eristic action fol dqonpressing or
expandi ng the dynan1c range of signal conponents. 3.

ACircuit for

nodi fyi ng the dynam c range of an input signal, conpriging: a
signal path (76) which is substantially lizwgar wth respect to dynamc
range, the main path receiving the input signal at its input; a

further signal path (50'") which has its input derived fromat |east one
point in the main path(land dysmbcinedt fixagberd cicorisi mesiswW G646 hdo of t he
mai n signal pat sk QeP pPYdrd8s iV otk nodification of signal components in
' | that pass-band or to effect progressive sliding of the frequency
pass-band, whereby the dynamic range is modified, the dynamic
action of the dynamic modification circuit means being responsive
to the pass-band signal components and the stop-band signal
components within the circuit arrangement,.wherein.for high level
input signals the dynamic action of the dynamic modification
circuit means becomes less responsive to stop-band signal
components; .
wherein the dynamic modification circuit means comprises
a device in accordance with claim 1, the first and second
terminals of the variable impedance element being in the further
path so that the input signal to the furtﬁér path is attenuated
by the variable impedance of the element to brovide an attenuated
output signal for the further path, wherein the element
introduces distortion when the voltage between the first and
second terminals exceeds a predetermined value;
wherein at high level stop-band signal conditions, the
dynamic action of the dynamic modification circuit means is such
as to tend to increase the probability that the voltage across
the first and second terminals exceeds the predetermined value;
and )
(o) bootstrépping means (42,38) for applying to the
second terminal a fraction of the voltage at the first terminal
so that the voltage difference between the first and second

terminals does not exceed the predetermined value to reduce
distortion.

4, A circuit according to claim 3, further comprising means
(52-56) for. deriving a bootstrapping second control signal from
the signal "at a point in the circuit, for indicating a signal
condition which causes the voltage across the first and second
terminals to exceed_said predetermined value, causing distortion
in the compression or expansion of the signal, and wherein said



of the circuit; said further path conpri sing: (a) a
f requency selectlve circuit (68) determning a frequ
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fraction of the first terminal voltage applied to the second
terminal by the bootstrapping means so varies with the
bootstrapping control signal that the voltage difference across

the first and second terminals does not exceed the_predetermined
value.

5. A circuit according to claim 4, wherein the dynamic
modification circuit means further comprises means (64)
responsive to the bootstrapping control signal for altering the
Ldynamic modification control signal applied to the control
terminal of the element, wherein the altering means alters thé
dynamic modification control signal in such manner that the
impedance of said element remains substantially the predetermined
function of the unmodified dynamic modification control signal.

6. A circuit according to any of claims 3 td 5, wherein the
pass-band is at lower frequencies than the stop-band, said
freduency selective circuit including a low pass filter means
(68) between the element and the output of the further path,
wherein the dynamic modification control .signal is derived from
the output of the low pass filter, said circuit further
comprising an inductor means (14) between its inpuf and the:first
terminal, said low pass filter means reducing high frequency

noise and transient distortion introduced by the inductor means
and other components of the circuit.

7. A circuit according to claim 6, wherein, when signal
components with frequencies above the cut-off frequency of the
low pass filter tend to cause the voltage between the first and
second terminals to exceed said predetermined value, the
bootstrapping means prevents said voltage from exceeding the
predetermined value to prevent distortion of the signal.
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. progressive dynam c nodification of signal conponents i anLAﬁawﬁNbéﬁﬁﬁgr
to ef fect—progressive sliding of the frequency pass-band \
dynamic ra Em he dynam c action of the dynpmc di£q o]

. Circuit rre!ﬂll“lmlmmnj ve to the pass-band signal cp oﬁeﬁtggﬁgﬁth
st op- band si*gndl tonponent’s within the circuit arrangenmeht lwherermTor
hi gh | evel input signals the dynam c aeki on of the dynamjc nodification
circuit neans becones | ess responsive to stop-band si ghal-eenrporents,
wherein the dynam c nodification circuit means conprises a device in
accordance wlth cl & simcuithecqording dpdanyeebridains f tl’s it Amapie abl e
i npedance el qa@IticRQol kilrbul eebiis thethdratbm@sidat the input signal to the

brovide an att enuatBaha Ead ea AR5 k¥ eRaty Beraancs dighelaBoETRe, o
el enent i nt r ddoete or diuspwr ©f obhencénceiteand Whigle variegewith ke fleyvek ofind
input signal components in the stop~band;
means (62) for deriving from at least one point in the
further path a second reference signal which varies with the
level of input signal components in the pass-band;
means (84) for subtractively combining the first and
second reference signals for deriving the dynamic'modification
control signal, thereby increasing the probability that signal

conditions in the circgit will tend to cause the voltage between

24 (b) dynamic nodification circuit nmeans ( 6Zzb4daimg-atfect
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the first and second terminals to exceed the predetermined value,
wherein said bootstrapping means counteracts such tendency,
causing the voltage to be less than the predetermined value to
assure linear operation of the impedance element.



second term nals exceeds a predetermn ned val ue; wherein at high

| evel stop-band signal conditions, the dynam c action of the dynam c

nodi fication circuit means is such as to tend to increase the probability
that the voltage across the first and second term nals exceeds the

predet erm ned val ue; and ' (c) bootstrapping ans X ,
applying to the second termnal a fraction of the volt &&%ﬁ%ﬁ@é‘ﬁﬂ
termnal so that the voltage difference between the figstt—and second
term nal s does not exceed the predeterm ned value to redude | @i gANriBﬂ)n
4. A circuit according to claim3, further conprisinfpgimeans (52-56
for deriving a bootstrappi ng second control signal from{ the signal at a
point in the circuit, for indicating a Zgnal condition which causes_the
vol tage across _t i n rg ermnals to exceed sald predeterm ned
val ue, causi ng%&‘iﬁﬁﬁﬁﬁgﬂfm m& SMRAH%Q%M HE si gnal ,

and wherein said SIGNAL |

ABSTRACT

A device for modifying the dynamic range of input signals includes a voltage
divider formed by a fixed impedance (14) connected to one end of a variable .
impedance (16), e.g. an FET, controlled by a control signal. The control
signal is provided from the output of the voltage divider via a buffer amplifier
(36), rectifier (62) and smoothing circuit (63). In order to reduce the effect
of the non-linear response of the variable impedance, its other end is
connected to a potential derived as a fraction of the voltage divider output by |
way of an impedance (42) and buffer amplifier (38). This impedance (42) and
an impedance (64) in the main control signal path may optionally be controlled
by a signal derived from the input signal via a filter (52), rectifier (54) and
smoothing circuit (56) so as to increase the bootstrapper effect on the variable
impedance (16) and increase the effect of the main control signal at high input
signal levels.

Figure 5



25 fraction of the first termnal voltage applied to the second term nal
. by the bootstrapping neans so varies with the bootstrapping control signal
. that the voltage difference across the.,first and second terminals_ d

exceed the predeterm ned val ue.
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5. Acircuit according to claim4, wherein the dynam c nodification
circuit neans further conprises neans (64) responsive t
control signal for altering the dynam c nodification co
to the control termnal of the elenment, wherein the alt
the dynam c nodification control signal in such manner tihat e
R

of said elenent remains substantially the predeterm ned if upcti o t he
unnodi fi ed dynam ¢ nodification control signal. 6. A
according to any of clainms 3 to 5, erein the pass-bandjis at |owver

frequenci es than the stop-band, said frequency selective "Acl udi ng
a low pass filter neans (68) between the el enent and the output of the
further path, wherein the.dynam c nodification control.signal is derived
fromthe output of the Iow pass filter, said circuit further conprising an
i nductor neans (14) between its input and the first termnal, said | ow pass

filter neansmerucing hi gh frequency noi se and transient distortion
_introduced by the i?chtor nmeans
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‘and ot her conponents of the circuit.

7. A circuit according to clalm
6, wherein, when signa

conponents with frequenci es above the cut-off

frequency of the | ow pass filter tend to cause the voltage between the
first and second termnals to exceed said predeterm ned val ue,
boot st rappi ng neans prevents said voltage from excee

t h R—_——-s -
value to prevent distortion of the signal.
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26 8. A circuit according to any of clainms 3 to 7 said dynanic

nodi fication circuit nmeans further conpri sing: nmeans (82) for
deriving a first reference signal fromthe input or output of the circuit
and which varies with the |level of input signal conponents in the

st op- band,; means (62) for deriving fromat |east one point in the
further path a second reference signal which varies with the I evel of input
si gnal conmponents in the pass-band; " neans (84) for subtractive

conbining the first and second refgpgence signals for d??gﬁﬁqa?@ﬂﬁﬂd§ﬁggi
nodi fication control signal, thereby increasing the prgb Tl at_sigral
conditions in the circuit will tend to cause the voltagedEetmeen t?§7fjrst

and second termnals to exceed the predeterm ned val ue, ef@idhﬁd
boot st rappi ng neans counteracts such tendency, causingit vol t age to He
| ess than the predeterm ned value to assure |inear operfation of the

i npedance el enent. —
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