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- and a DC-separation coupled to the antilog circuit and arranged to
prevent the DC- The invention relates to a circuit arrangement
component of the output signal of the loga- for linearly amplifying and
demodulating an AM -       rithmic amplifier from being applied to the
modulated audio signal. Such circuit arrangements   5  input of the antilog
circuit. are known and are frequently used, for example, in   It is also an
object of the invention to provide a broadcasting receivers for amplifying
and de-     semiconductor element for use in such a circuit modulating  an
intermediate-frequency  AM-       arrangement. modulated audio signal.
The invention is based on the recognition that It is important that the
gain remains linear over  10  considerable advantages are obtained in
applica - a large dynamic range, that is to say, the amplifier  tions in
which a linear signal gain is required, if the should be prevented from
performing its limiting  AM - modulated audio signal is first amplified and
action in the case of a large signal field strength.  demodulated by such a
logarithmic amplifier, the For this purpose it is conventional practice to
use  resultant field strength -dependent DC component automatic gain
control. In the case of larger signal  15  is blocked and the
logarithmically distorted signal field strengths the gain of a stage is
reduced so  is subsequently linearized again by means of an that the
subsequent stages are prevented from     antilog circuit. performing their
limiting actions.                   Logarithmic amplifiers of the type
described However, automatic gain  control has its       above are known
per se from IEEE, Journal of drawbacks. A plurality of circuit elements is
re -   20  Solid State Circuits, Vol. SC - 15, No. 3, June 1980, quired for
deriving, postponing, amplifying and/or  pp. 291 -295 or from  German
Auslegeschrift smoothing the required control voltage. Amplifier  2,606,270
or US patent 3,605,027. These logarith - stages must be controllable for
which concessions  mic amplifiers are used for amplifying and de- must be
made to the noise and/or distortion prop -  modulating AM-modulated signals
having a large erties of the amplifier stages. Moreover, an effect  25
dynamic range in which compression of large sig - of the AVC is that the
lowest frequencies of the  nal amplitudes is desired as, for example, in IF
modulation signals are partly suppressed, resulting  radar uses or in
radiation detectors. Due to the in an undesirable attenuation of the
demodulated  logarithmic compression, AVC can then be avoid - signal at the
low end of the frequency characteris -  ed. tic.
30      It is also known (GB-A-1,600,117) to com- It is an object of the
invention to provide a  bine a logarithmic amplifier with an antilog
circuit circuit arrangement for linearly amplifying and de -  for non -
linearly amplifying, for example, squaring modulating an AM-modulated audio
signal in        of signals. which at least a part of the above-mentioned
For a satisfactory logarithmic characteristic the drawbacks of automatic
gain control is obviated   35  gain of each of the amplifier stages should
be and to this end the circuit arrangement according  comparatively small
(for example, < 15 db). On the to the invention is characterized by
other hand the amplitude of the signal applied to - a logarithmic amplifier
of the type having an  the antilog circuit should have the correct value
for input for receiving the AM -modulated audio  an optimum compensation of
the logarithmic dis- input signal, a plurality for limiting amplifier  40
tortion. To satisfy the two requirements, the circuit stages which
successively  perform  their    arrangement according to the invention may
be limiting actions in response to an increase of  characterized in that
the logarithmic amplifier the input signal, for each said limiting am -
comprises cascaded amplifier stages having a first plifier stage a
demodulation circuit having its  output for supplying signals with a given
gain to a input connected to an output of the cor-   45  subsequent state,
and a second output for sup- responding limiting amplifier stage, an adder
plying signals with a higher gain to the relevant circuit for summing the
output signals of the  demodulation circuit. demodulation circuits and an
output, which is    The antilog circuit is realised in a simple the output
of the adder circuit for supplying a  manner by means for applying the
demodulated, demodulated logarithmically distorted output  50
logarithmically distorted output signal of the loga- signal;
rithmic amplifier to the series arrangement of a - an antilog circuit
having an input connected  capacitor and a pn junction of a semiconductor
to the output of the logarithmic amplifier for  element, a current source
connected to the corn - substantially compensating the logarithmic   mon
connection between the capacitor and the pn distortion of the output signal
of the logarith -   55  junction for supplying a bias current in the
forward mic amplifier and for supplying the demodu -  direction to the pn
junction and means for deriving lated AM signal;
the demodulated AM  signal from  the current through the pn junction. A
further economy of ele - 2    
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if the pn junction is con -  control quantity. stituted by the base -
emitter junction of a transis -  The invention will now be described in
greater tor, if the capacitor and the current source are  detail, by way of
example, with reference to the connected to the emitter electrode of the
transistor  accompanying drawings in which and if the output for the
demodulated AM signal is   5  Fig. 1 is a block diagram of a circuit
arrange - coupled to the collector electrode of the transistor.  ment
according to the invention; It is to be noted that it is known per se to
use  Fig. 2 is a second block diagram of a circuit in FM receivers a
logarithmic amplifier of the type  arrangement according to the invention;
with a cascade of amplifier stages successively     Fig. 3 shows a
characteristic curve to explain performing their limiting actions in
response to an   10    the operation of the circuit arrangement of Fig.
increase of the input signal and with stepwise de-  2; modulation for
supplying an FM field strength-      Fig. 4 is a detailed circuit diagram
of a circuit dependent control quantity which is then used, for
arrangement according to the invention; example, for the FM  field
strength-dependent       Fig. 5 is a modification of the circuit diagram of
mono - stereo control of a stereo decoder circuit.  15  Fig. 4 and The FM
signal which is non- linearly amplified by   Fig. 6 is a block diagram of a
circuit arrange - the cascade of amplifier stages is then applied to   ment
according to the invention for receiving an FM detector for demodulating
the FM signal.      and processing AM or FM - modulated radio The use of
the circuit arrangement according     signals. to the invention in an AM -
FM receiver has the   20  The circuit diagram of Fig. 1 shows a cascade
advantage that the limiting amplifier stages can be  of five limiting
amplifier stages A1 to A5, with the used both for amplifying the FM signals
and for   input of the amplifier stage A1 being coupled to an amplifying
the AM signals and that the entire     input terminal 4/5 and each input of
the subsequent logarithmic amplifier may serve for both receptions,  stages
A2 to A5 being coupled to the output of the namely for the non - linear
amplification and de -   25  previous stage A1 to A4. Each output of the am
- tection of the AM signals and possibly for gen -  plifier stages A1 to A5
is also coupled to an input erating a field strength - dependent control
quantity  of a demodulation circuit D1 to D5 and the outputs in the case of
AM reception on the one hand and   of the demodulation circuits are coupled
to inputs for generating the field strength -dependent control  of an adder
circuit S in which the output signals of quantity in the case of FM
reception on the other  30  the amplifier stages demodulated by the demodu
- hand.                                             lation circuits are
summed. The output signal [err] In FM receivers for use in motor vehicles
it is  of the adder circuit S is applied via a terminal 15 known to use a
suppression circuit (IAC) for sup-  and a DC separation symbolically shown
by means pressing interference pulses in the demodulated   of a capacitor C
to an antilog circuit AL having an FM signal. When using such a suppression
circuit  35  input terminal 16 and an output terminal 20 for the circuit
arrangement according to the invention  supplying the linear, demodulated
signal [err]. An may further be characterized by a connection for
amplitude-modulated input signal [err] is applied to supplying suppression
pulses from the output for   the input terminal 4/5, for example, an AM -
mod - supplying the demodulated AM signal to the sup-   ulated
intermediate-frequency signal of 470 KHz pression circuit.
40  in a radio receiver for AM - modulated signals. The All this means that
a considerable simplification  amplitude of the input signal [err] may vary
due to can be obtained with the invention as compared    two causes, namely
due to the signal modulation with circuits arrangements in which
substantially  (approximately 20 db) on the one hand but con - entirely
separated sections for FM reception and  siderably more on the other hand
(for example, for AM reception are used. This also means that it  45  50-60
db) due to field strength variations with is possible to provide an
integrated semiconductor  which the signal received via an aerial and RF
element in a simple and inexpensive manner,       preliminary stage (not
shown) is beset. The highest which element can find universal use in an AM
field strength variations may be reduced by an receiver, in an FM receiver,
in an AM - FM receiver  AGC control on the RF preliminary stage, but the
and in a receiver for signals which are both AM   50  input signal [err] is
still substantially uncontrolled. and FM-modulated. Such a semiconductor
ele-          The amplitude variations of the input signal [err] ment will
then preferably comprise the integratable  ensure that alternately more or
fewer stages of the circuit elements of the logarithmic amplifier, the
amplifier stages A1 to A5 perform their limiting antilog circuit and the FM
detector, as well as a  actions. In the case of small input signals all
stages common input for all signals to be amplified and   ss  are non -
limiting, but in response to an increase of demodulated, an output for the
demodulated FM     the input signal firstly the amplifier stage A5, sub -
signal, an output for the demodulated AM signal   sequently the amplifier
stage A4 and so forth will and an output for the field strength - dependent
perform their limiting actions. The output signals of 3    



5                EP 0 331 234 B1                    6 the amplifier stages
are stepwise demodulated in  plifier stage must be introduced in the output
of the [err] demodulation circuits D1 ... D5 and subse-   adder circuit. A
simpler solution may be that each quently summed in the adder circuit S.
amplifier stage A1 ... A4 in the cascade has two The known combination of
limiting amplifier    signal outputs, one having a low gain for driving the
stages, demodulation circuits and adder circuits   5   next amplifier stage
and one having a higher gain constitutes a logarithmic amplifier/detector
LA  for driving the associated demodulation circuit. whose output signal
[err] is a more or less sat -     This is elucidated in Fig. 2 in which the
same isfactory approximation of the logarithm of the   reference numerals
as in Fig. 1 have been used for amplitude of the input signal. The
logarithmic re-  corresponding elements and in which the gain of lation
between [err] and the amplitude of [err] is better  10  the output with
respect to the input of the relevant approximated as the gain per stage of
the stages  amplifier stage is indicated at the various outputs of Al -A5
is smaller and the number of these stages  the amplfier stages A1 ... A5.
The gain G of stages is larger. On the other hand the dynamic range of  A1,
A2, A3 and A4 to the input of the next stage the logarithmic amplifier is
substantially determined  may be equal to, for example, 4 (= 12 db) and the
by the number of amplifier stages multiplied by the   15  gain of the
stages A2, A3, A4 and A5 to the gain per stage. For example, 6 stages
having a    respective demodulation circuit is equal to K x G in gain of 12
db each may be chosen for an AM        which K > 1. K may be equal to, for
example, 2 so ntermediate -frequency amplifier, which yields a  that K x G
= 8 (= 18 db). dynamic range of approximately 70 db. It will be      The
amplifier stage which is the last to perform evident that the number of
five stages shown in  20  its limiting action in response to an increase of
the Fig. 1 is only given by way of example. For a good  input signal (i.e.
the amplifier stage Al) has a gain logarithmic variation a bipolar
transistor differential  to its demodulation output which is approximately
a amplifier stage with directly coupled emitters (see  factor of Fig. 4) is
preferably used in the stages. The output signal [err] of the logarithmic
am-   25 plifier comprises the  logarithmically  distorted modulation
signal as well as a DC component which is dependent on the average field
strength of  larger than the gain to the demodulation outputs of the
received input signal. This field strength -de -  the other amplifier
stages, i.e. it holds for G = 4 pendent DC component is blocked by the DC
30  that separation in such a way that only the logarith- mically distorted
modulation signal appears at the            [err]         2.5 db input of
the antilog circuit AL. This signal is con- verted in the antilog circuit
to the original un- distorted modulation signal. Consequently, where in  35
so that the gain of the stage A1 to its demodulation known amplifiers the
field strength dependence of  output is approximately 20.5 db. the input
signal is suppressed to a certain extent   It has been found that this
measure yields an by an automatic gain control at one or more am -
improvement of the logarithmic characteristic of the plifier stages, this
field strength dependence is  logarithmic amplifier at the higher signal
ampli- completely suppressed in the circuit arrangement  40  tudes. This is
shown in greater detail in Fig. 3. This shown  by  the  combination  of
logarithmic       Figure shows the characteristic curve of the output
amplifier/demodulator, DC separation and antilog  signal [err] on a linear
scale as a function of the circuit. Whereas the logarithmic amplifier must
amplitude of [err] on a logarithmic scale. The curve have a large dynamic
range, for example, 20 db for  C1 is the characteristic curve for six
amplifier the signal variations and 50 db for the field strength  45
stages with G = 4 and equal gains to the de - variations, hence a total of
70 db, the dynamic   modulation outputs; the curve C2 is the same range of
the antilog circuit need only be suitable  characteristic curve with a 2.5
db higher gain to the for the signal variations (20 db).
demodulation output of the amplifier stage A1. In - The input signal of the
antilog circuit should  stead of the amplifier stage A1, the demodulation
have the correct value for an optimum linearization   50  circuit D1 may
also have the desired of the signal. For example, if the logarithmically
distorted signal is applied to one silicon pn junc -
[err] tion, [err] should increase by approximately 17-20 millivolts per
octave variation of the signal [err]. To achieve this optimum value it may
occur that either  55  higher gain, for example, by choosing the value of
the gain per amplifier stage A1 ... A5 should be  resistor R1 to be
described with reference to Fig. 4 larger, which detracts from the correct
logarithmic  to be smaller than the values of the corresponding variation
of the amplifier LA, or an additional am-  resistors R2 ... Rn. 4    
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Fig. 4 the cascade -       quent amplifier stage. As will be elucidated
with arranged amplifier stages are denoted by A1 to An   reference to Fig.
6, it is advantageous to connect and the demodulation circuits are denoted
by D1 to  an FM detector FD having an output terminal 29 to Dn. The
amplifier stage A1 comprises two transis -  the output of the last stage
An. tors 1 and 2 whose emitter electrodes are directly   5  The adder
circuit S comprises a common node connected together. A DC source 3 is
incorporated  P to which the resistor R1 and corresponding re - between
these emitter electrodes and ground. The   sistors R2 ... Rn are connected,
as well as a base electrodes of the transistors 1 and 2 are     current
source 12 which is connected thereto. The connected to two input terminals
4 and 5 of the    node P is connected to an output terminal 15 via
amplifier stage A1; they also constitute the input  10  an emitter follower
circuit comprising transistor 13 terminals of the logarithmic amplifier. A
positive  and emitter resistor 14. The output terminal 15 power supply
terminal is coupled via two series-   supplies the logarithmic voltage
[err] and thus arranged resistors 6 and 7 to the collector elec-  serves as
the output of the logarithmic amplifier. trode of transistor 1 and via two
series-arranged      The output terminal 15 of the logarithmic am -
resistors 8 and 9 to the collector electrode of  15  plifier is connected
via a separating capacitor C to transistor 2. The junction points of the
resistors 6  the input terminal 16 of the antilog circuit AL. It and 7 and
of the resistors 8 and 9 are connected to  comprises a transistor 17 whose
base electrode is the input terminals of the subsequent amplifier
connected to the input terminal 16 and whose stage A2 and the collector
electrodes of the tran -  emitter electrode is directly connected to
ground. sistors 1 and 2 are connected to the input terminals  20  The
collector electrode of the transistor 17 is con - of the demodulation
circuit D1.                    nected to the positive power supply terminal
via a The transistors 1 and 2 and their collector     collector resistor 18
and the base electrode is resistors and the common current source 3 con -
connected thereto via a current source 19. Finally, stitute a limiting
amplifier having a tanh transfer  the collector electrode is connected to
an output function. The gain to the next amplifier stage is  25  terminal
20 for supplying the linearized demodu- determined by the value of the
current source 3    lated signal [err]. To decrease the collector imped -
and of the collector resistors 6 and 8. The larger  ance of the transistor
17, a common -base tran - gain to the demodulation circuit D1 is determined
sistor, which constitutes a cascade with the tran - by the value of the
current source 3 and of the    sistor 17, can be arranged between the
collector series arrangements of collector resistors 6/7 and   30
electrode of this transistor and the resistor 18. 8/9.
To elucidate the operation of the separating The demodulation circuit D1
comprises two       capacitor C and the antilog circuit AL, it is assumed
transistors 10 and 11 with interconnected emitter  that the input signal at
the terminals 4-5 can be electrodes and with collector electrodes connected
represented by A.(1 + m.sin[err]).sin[err] in which [err] is to the
positive power supply terminal. The base   35  the angular frequency of the
AM - modulated car - electrode of transistor 10 is connected to the col -
rier, 1 +m.sin[err] is the sinusoidal AM modulation lector electrode of
transistor 1 and the base elec-  with angular frequency [err] and
modulation depth m, trode of transistor 11 is connected to the collector
and A is the average carrier amplitude. This am - electrode of transistor
2. The transistors 10 and 11  plitude A changes due to field strength
variations of constitute a full - wave rectifier for the output signal  40
the input signal. of the amplifier stage A1. The interconnected em -
Due to the demodulation and the logarithmic itter electrodes of these
transistors are coupled to  conversion of the logarithmic
amplifier/demodulator, the adder circuit S via a resistor R1.
the signal [err] is proportional to ln{A.(1 + m.sin[err]) - The amplifier
stages A2 to An and the de -        }=InA + ln(1 + m.sin[err]). modulation
circuits D2 to Dn are identical to the   45  The first term is the field
strength -dependent stage A1 and to the detection circuit D1, respec -  DC
component of [err] which is not transferred by tively, on the understanding
that the resistors 7 and  the capacitor C. The voltage ln(l + m.sin[err])
is 9 of the stage A1 have higher values than those of  present across the
base-emitter junction of the the corresponding resistors of the other
stages in  transistor 17 and the exponential voltage -current order to
achieve the gain of the first stage which is  so  characteristic of this
junction converts this voltage higher by a factor of
to a current I.(1 + msin[err]) through collector resistor 18, in which I is
the average collector current determined by the current source 19. Thus,
the undistorted modulation is available at the output 55  terminal 20. and
that in the last stage An the resistors 6, 7 and   It is to be noted that
the term ln(1 + msin[err]) 8, 9 may be combined to one collector resistor
actually comprises a modulation -dependent DC because there is no output
required for a subse-   component which is of course blocked by the ca -
9                EP 0 331 234 B1                    10 



oacitor C and would thus lead to an incorrect     which may have a form as
described with refer- linearization of the modulation signal. However, it
ence to one or more of the previous Figures. The can be shown that the
current source 19, together  IF circuit 27 has an output 28 of the
amplifier stage with the exponential base - emitter junction of the  AN for
supplying the FM intermediate -frequency transistor 17, regenerates the
required DC com -    5   signal limited and amplified by the amplifier
stages ponent across this junction. The value of the direct  Al ... AN. An
FM demodulator 29 for demodulating current supplied by the source 19 also
determines  the IF signal during FM reception is coupled to the the
amplitude of the output signal [err].            output 28. The demodulated
FM signal is interfer - If the modulation signal has a DC component    ence
suppressed in an interference pulse sup - of itself, as is the case with
video signals, the   10  pression circuit (IAC) 30 which may have a form as
current of the source 19 should be varied depen -  described in US Patent
3,739,285 in the name of dent on this DC component. This can be done by
the Applicant and the interference-suppressed comparing a level of the
video signal at the output  signal is decoded in a stereo decoder 31 which
terminal 20, which level should be constant, for  applies via two AM/FM
switches 32 and 33 the left example the peak sync level or the backporch
15  and right stereo signals, respectively, to LF am - level, with a
reference level and by deriving a   plifiers 34 and 35 and loudspeakers 36
and 37, control voltage from the difference to control the  respectively,
connected thereto. current source 19 by means of this voltage.
During AM reception the AM -modulated IF As will be described with
reference to Fig. 6, a  signal is applied to the input 4/5 of the IF
circuit 27. control voltage [err], which is field strength - de -   20  As
described, the output 20 supplies the linearly pendent, is often required.
This voltage can be   amplified and demodulated AM signal [err]. This
derived from the voltage [err] at the terminal 15 via  signal is freed from
unwanted high -frequency a low - pass filter 21 with which the AC component
components in a low - pass filter 38 and the LF of [err] is obstructed.
Such a control voltage may  signal thus filtered is applied via the AM/FM
be obtained in a simpler manner by means of the   25  switches 32 and 33 to
the LF amplifiers 34 and 35. antilog circuit of Fig. 5. In this case the
voltage [err]  The [err] output of the IF circuit 27 not only is directly
applied to the base electrode of the  serves for supplying the demodulated
signal during transistor 17 via the terminal 16; instead of the  AM
reception, but it is also used for FM reception. capacitor C of Fig. 4 a
capacitor C' is now arranged  In fact, this output supplies pulses during
FM re - between the emitter electrode of transistor 17 and   30  ception
which are produced by pulse interferences ground and instead of the current
source 19 the  in the FM signal and these pulses are applied to antilog
circuit of Fig. 5 comprises a current source  the suppression circuit 30 so
as to block the signal 19' arranged between the emitter electrode and
supply from the FM detector to the stereo decoder ground. The circuit
operates substantially analo-  for a short period. As described in US
Patent gously to that of Fig. 4 but in the circuit of Fig. 5   35
3,739,285, the blocking pulses may be derived the voltage [err] may be
directly taken off the    alternatively from the FM - IF signal instead of
from capacitor C. Moreover, since both the logarithmic  the demodulated FM
signal. amplifier and the antilog circuit can be fully incor-  The field
strength -dependent DC voltage [err] porated in one IC in a simple manner,
except for  presentat the output 22 of the IF circuit can also be the
capacitors C and C', which should be con -   40  used for FM and AM
reception. To this end [err] is nected externally, only one IC pin is
required for  applied to the stereo decoder 31 for an abrupt or the
capacitor C in Fig. 5, whereas two IC pins are  gradual transition from
stereo to mono reproduction required for the capacitor C in Fig. 4.
when the level of the received FM signal becomes To reduce the temperature
dependence of the    too weak for a satisfactory stereo reproduction.
circuit of Figs. 4/5, the current sources 3, 12 and   45  [err] is also
applied as an AVC voltage to the AM 19 and 19' may be temperature
-dependent, pref -  tuner 24 in order to reduce the RF gain of the AM
erably in such a way that the current is proportional  tuner when receiving
extremely strong AM signals. to the absolute temperature.
With the exception of several circuit elements Fig. 6 shows a radio
receiver for AM and FM -  in the FM detector, all elements of the sections
modulated signals. The receiver comprises an FM   50  surrounded by a
broken line in Figs. 4 and 5 may tuner 23 and an AM tuner 24 which can both
be     be combined in one integrated semiconductor connected to an aerial
25. An AM/FM switch 26     element in which the terminals 4, 5, 15, 16, 29
(Fig. supplies a power supply voltage to the FM tuner   4) and 4, 5, 20,
22, 29 (Fig. 5) may be IC pins. This for FM reception and to the AM tuner
for AM       provides a very universal IC which can be used in reception.
55  AM receivers, FM receivers, AM/FM receivers and Both tuners 23 and 24
supply their FM and     in receivers for signals which are both AM and
AM-modulated intermediate-frequency signals,      FM - modulated.
respectively, to the input 4/5 of an IF circuit 27 6    11              EP
0 331 234 B1                    12 



It is to be noted that not all amplifier stages A1  pn junction for
supplying a bias current in the An of the logarithmic amplifier should be
ar-       forward direction to the pn junction and means ranged in cascade.
In this connection reference is    (18) for deriving the demodulated AM
signal made to the Applicant's Patent Application EP-        from the
current through the pn junction. A-0 331 246 of the same priority date.
5 4. A circuit arrangement as claimed in Claim 3, Claims
characterized in that the pn junction is con - stituted by the base -
emitter junction of a 1. A circuit arrangement for linearly amplifying
transmission (17), in that the capacitor (C') and and demodulating an AM
-modulated audio  10       the current source (19') are connected to the
signal, characterized by                           emitter electrode of the
transistor and in that - a logarithmic amplifier (LA) of the type     the
output (20) for the demodulated AM signal having an input (4/5) for
receiving the       is coupled to the collector electrode of the AM -
modulated audio input signal, a          transistor. plurality for limiting
amplifier stages  15 (A1 ..A5) which successively perform their  5. A
circuit arrangement as claimed in Claim 3 or limiting actions in response
to an in-        4, characterized in that the output signal [err] crease of
the input signal, for each said     of the logarithmic amplifier (LA)
varies ap - limiting amplifier stage a demodulation       proximately 17 -
20 mV per octave of the input circuit (D1 ..D5) having its input con-   20
signal [err] of the logarithmic amplifier. nected to an output of the
corresponding limiting amplifier stage, an adder circuit  6. A circuit
arrangement as claimed in any one of (S) for summing the output signals of
the     the preceding Claims, characterized by means demodulation circuits
and an output           (23) for applying an FM - modulated signal to (15),
which is the output of the adder  25   the input (4/5) for supplying the AM
- modu - circuit, for supplying a demodulated          lated signal, an FM
detector (FD) connected to logarithmically distorted  output signal      an
output of one of the amplifier stages (AN) of [err];
the logarithmic amplifier and a low -frequency - an antilog circuit (AL)
having an input       circuit (32-37) for processing the demodu - (16)
connected to the output (15) of the   30  lated AM signal supplied by the
antilog circuit logarithmic  amplifier for substantially      and the
demodulated FM signal supplied by compensating the logarithmic distortion
the FM detector. of the output signal of the logarithmic amplifier and for
supplying the demodu -  7. A circuit arrangement as claimed in Claim 6,
lated AM signal;                     35       characterized by means for
deriving a field - and a DC-separation (C, C') coupled to
strength-dependent control quantity  [err] the antilog circuit and arranged
to pre-      from the output signal of the logarithmic am - vent the
DC-component of the output           plifier and means for supplying the
field signal of the logarithmic amplifier from      strength-dependent
control quantity to an being applied to the input of the antilog   40
arrangement (31) having an FM signal field circuit.
strength-dependent function and to an ar- rangement (24) having an AM
signal field 2. A circuit arrangement as claimed in Claim 1,       strength
- dependent function. characterized in that the logarithmic amplifier
comprises cascaded amplifier stages having a   45  8.  A circuit
arrangement as claimed in Claim 6, first output for supplying signals with
a given    comprising a suppression circuit (30) for sup- gain (G) to a
subsequent stage, and a second       pressing interference pulses in the
demodu - output for supplying signals with a higher gain   lated FM signal,
characterized by a connection (KG) to the relevant demodulation circuit.
for supplying suppression pulses from  the 50      output (20) for
supplying the demodulated AM 3. A circuit arrangement as claimed in Claim
1,       signal [err] to the suppression circuit. characterized by means
for applying the de- modulated, logarithmically  distorted  output  9. An
integrated semiconductor element for use signal [err] of the logarithmic
amplifier to the  in a circuit arrangement as claimed in any one series
arrangement of a capacitor (C,C') and a   55  of the preceding Claims,
comprising integrable pn junction of a semiconductor element (17), a
circuit elements of a logarithmic amplifier (LA) current source (19,19')
connected to the corn -    of the type having a number of amplifier mon
connection between the capacitor and the       stages successively
performing their limiting 7    11                EP 0 331 234 B1
1 



It is to be noted that not all amplifier stages A1  pn junction for
supplying a bias current in the An of the logarithmic amplifier should be
ar-      forward direction to the pn junction and means ranged in cascade.
In this connection reference is   (18) for deriving the demodulated AM
signal made  to the Applicant's Patent Application EP -     from the
current through the pn junction. A - 0 331 246 of the same priority date.
5 4. A circuit arrangement as claimed in Claim 3, Claims
characterized in that the pn junction is con - stituted by the base -
emitter junction of a 1. A circuit arrangement for linearly amplifying
transmission (17), in that the capacitor (C') and and demodulating an AM
-modulated audio  10      the current source (19') are connected to the
signal, characterized by                          emitter electrode of the
transistor and in that - a logarithmic amplifier (LA) of the type     the
output (20) for the demodulated AM signal having an input (4/5) for
receiving the     is coupled to the collector electrode of the AM -
modulated audio input signal, a         transistor. plurality for limiting
amplifier stages  15 (A1 ..A5) which successively perform their  5. A
circuit arrangement as claimed in Claim 3 or limiting actions in response
to an in -      4, characterized in that the output signal [err] crease of
the input signal, for each said    of the logarithmic amplifier (LA) varies
ap - limiting amplifier stage a demodulation      proximately 17-20 mV per
octave of the input circuit (D1 ..D5) having its input con -   20  signal
[err] of the logarithmic amplifier. nected to an output of the
corresponding limiting amplifier stage, an adder circuit  6. A circuit
arrangement as claimed in any one of (S) for summing the output signals of
the    the preceding Claims, characterized by means demodulation circuits
and an output          (23) for applying an FM -modulated signal to (15),
which is the output of the adder  25   the input (4/5) for supplying the AM
- modu - circuit, for supplying a demodulated         lated signal, an FM
detector (FD) connected to logarithmically distorted output signal     an
output of one of the amplifier stages (AN) of [err];
the logarithmic amplifier and a low -frequency - an antilog circuit (AL)
having an input      circuit (32-37) for processing the demodu - (16)
connected to the output (15) of the  30  lated AM signal supplied by the
antilog circuit logarithmic  amplifier for substantially     and the
demodulated FM signal supplied by compensating the logarithmic distortion
the FM detector. of the output  signal of the logarithmic amplifier and for
supplying the demodu-   7. A circuit arrangement as claimed in Claim 6,
lated AM signal;                     35      characterized by means for
deriving a field - and a DC -separation (C, C') coupled to      strength
-dependent control quantity  [err] the antilog circuit and arranged to pre
-    from the output signal of the logarithmic am - vent the DC - component
of the output        plifier and means for supplying the field signal of
the logarithmic amplifier from     strength - dependent control quantity to
an being applied to the input of the antilog  40  arrangement (31) having
an FM signal field circuit.
strength-dependent function and to an ar- rangement (24) having an AM
signal field 2. A circuit arrangement as claimed in Claim 1,      strength
- dependent function. characterized in that the logarithmic amplifier
comprises cascaded amplifier stages having a   45  8. A circuit arrangement
as claimed in Claim 6, first output for supplying signals with a given
comprising a suppression circuit (30) for sup - gain (G) to a subsequent
stage, and a second      pressing interference pulses in the demodu -
output for supplying signals with a higher gain  lated FM signal,
characterized by a connection (KG) to the relevant demodulation circuit.
for supplying suppression pulses from  the 50      output (20) for
supplying the demodulated AM 3. A circuit arrangement as claimed in Claim
1,      signal [err] to the suppression circuit. characterized by means for
applying the de - modulated, logarithmically  distorted  output  9. An
integrated semiconductor element for use signal [err] of the logarithmic
amplifier to the  in a circuit arrangement as claimed in any one series
arrangement of a capacitor (C,C') and a   55  of the preceding Claims,
comprising integrable pn junction of a semiconductor element (17), a
circuit elements of a logarithmic amplifier (LA) current source (19,19')
connected to the com -    of the type having a number of amplifier mon
connection between the capacitor and the      stages successively
performing their limiting 7    13                EP 0 331 234 B1
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actions in response to an increase of the input      - und eine mit der
Antilogschaltung ge- signal, a demodulation circuit for each stage
koppelte Gleichstrom - Trennstufe (C, C') and an adder circuit which is
common for all           zur  Vermeidung  davon,  daB  der stages, and an
antilog circuit (AL), as well as        Gleichstromanteil des
Ausgangssignals an input pin (4/5) coupled to the an input of the   5  des
logarithmischen Verstarkers dem logarithmic amplifier for supplying the
signals        Eingang der Antilogschaltung zugefUhrt to be demodulated,
and an output pin (20)              wird. coupled to an output of the
antilog circuit for supplying AM -demodulated signals.            2.
Schaltungsanordnung nach Anspruch 1, da - 10      durch gekennzeichnet, daB
der logarithmische 10. An  integrated  semiconductor element as
Verstarker kaskadengeschaltete Verst~rker - claimed in Claim 9, further
comprising integ -    stufen aufweist mit einem ersten Ausgang zum rable
circuit elements of an FM detector (FD)     mit einer bestimmten
Verstarkung (G) Liefem and an output pin (29) coupled to a output of
von Signalen zu einer nachfolgenden Stufe und the FM detector for supplying
FM - demodu -   15  mit einem zwelten Ausgang zum mit einer lated signals.
gr6l3eren Verstarkung (KG) Liefern von Si - gnalen zu der betreffenden
Demodulations - 11. An  integrated  semiconductor element as
schaltung. claimed in Claim 9 or 10, further comprising an output pin (22)
coupled to an output of the   20   3  Schaltungsanordnung nach Anspruch 1,
ge- logarithmic amplifier for supplying a field       kennzeichnet durch
Mittel zum Zufihren des strength - dependent control quantity [err].
demodulierten logarithmisch verformten Aus - gangssignals (Vo) des
logarithmischen Ver- Patentansprliche
stdrkers zu der Reihenschaltung aus einem 25      Kondensator (C, C') und
einem PN - Ober - 1. Schaltungsanordnung zum linearen Verstgrken
gangs eines Halbleiterelementes (17), durch und  Demodulieren  eines AM -
modulierten         eine an den Knotenpunkt des Kondensators Tonsignals,
dadurch gekennzeichnet, daB sie       und  des  PN-Obergangs
angeschlossene die nachfolgenden Elemente aufweist:
Stromquelle (19, 19') zum Liefem eines Vor- - einen logarithmischen
Verstarker (LA)  30    stroms in der Vorwdrtsrichtung zu dem PN- von dem
Typ mit einem Eingang (4/5)          Obergang und durch Mittel (18) zum
Ableiten zum  Empfangen des AM - modulierten          des demodulierten AM
- Signals aus dem Ton - Eingangssignals, mit einer Anzahl      Strom durch
den PN - Obergang. begrenzender        Verstarkerstufen (Al ...A5), die bei
zunehmendem  Ein-   35  4. Schaltungsanordnung nach Anspruch 3, da-
gangssignal nacheinander ihre begren-        durch gekennzeichnet, daB der
PN-Obergang zende Wirkung durchfUhren, mit elner         durch den Basis-
Emitter-Obergang eines Demodulationsschaltung  (D1 ... D5) fOr
Transistors (17) gebildet wird, daB der Kon- jede genannte
Begrenzungsverstirker-         densator (C') und die Stromquelle (19') an
die stufe, wobei der Eingang der Demodu-   40    Emitterelektrode des
Transistors angeschlos- lationsschaltung mit einem Ausgang der       sen
sind und daB der Ausgang (20) far das entsprechenden   Begrenzungsverstir -
demodulierte AM - Signal mit der Kollektor - kerstute verbunden ist, mit
einer Ad -       elektrode des Transistors gekoppelt ist. dierschaltung (S)
zum Summieren der Ausgangssignale der Demodulations -   45  5.
Schaltungsanordnung N3 oder 4, dadurch ge - schaltungen und mit elnem
Ausgang           kennzeichnet, daB das Ausgangssignal (Viog) (15), der der
Ausgang der Addierschal-       des logarithmischen Verstarkers (LA) etwa
tung ist, zum Liefem eines demodulierten     17-20 mV je Oktave des
Eingangssignals (Vi) logarithmisch verformten Ausgangssi -        des
logarithmischen Verstarkers schwankt. gnals (V,1);
so - eine Antilogschaltung (AL), von der ein   6. Schaltungsanordnung nach
einem der vorste - Eingang (16) mit dem Ausgang (15) des        henden
Ansprtche, gekennzeichnet durch logarithmischen Verstarkers verbunden
Mittel (23) zum Zuflihren eines FM - modu - ist, zum im wesentlichen
Ausgleichen der     lierten Signals zu dem Eingang (4/5) zum Lie -
logarithmischen Verformung des Aus -   55    fern des AM - modulierten
Signals, durch einen gangssignals des logarithmischen Ver -       FM -
Detektor (FD), der mit einem Ausgang starkers und zum Liefern des demodu -
einer der Verst~rkerstufen (AN) des logarith - lierten AM -Signals;
mischen Verstarkers verbunden ist, sowie 8    15                EP 0 331
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durch eine NF - Schaltung (32- 37) zum Ver -  Revendications arbeiten des
von der Antilogschaltung gelie - ferten demodulierten AM - Signals und des
von  1. Montage de circuit destind a amplifier lin6ai - dem FM - Detektor
gelieferten demodulierten      rement et demoduler un signal audio a mo- FM
- Signals.                             5      dulation AM, caracteris6 par
- un amplificateur logarithmique (LA) 7. Schaltungsanordnung nach Anspruch
6, ge-              comportant une entr6e (4, 5) destinee a kennzeichnet
durch Mittel zum Ableiten einer          recevoir le signal d'entree audio
a mo- feldstarkeabhangigen RegelgroBe (Vtev) aus            dulation AM,
une pluralite d'etages am - dem  Ausgangssignal des  logarithmischen   70
plificateurs limiteurs (Al, ..., AS) qui Verstarkers und durch Mittel zum
Uefern der           ex6cutent successivement leurs actions
feldstarkeabhangigen  RegelgroBe zu einer             limitatrices en
reaction a une augmen- Anordnung (31) mit einer FM - signalfeldstar -
tation du signal d'entr6e, pour chaque keabhangigen Funktion und zu einer
Anord-             etage amplificateur limiteur un circuit de nung mit
elner AM-signalfeldstirkeabhdngi-   is       demodulation (DI, ..., D5)
dont l'entree gen Funktion.                                         est
connect6e a une sortie de l'etage amplificateur limiteur correspondant, un
&  Schaltungsanordnung nach Anspruch 6 mit               circuit
additionneur (S) pour sommer les einer Austastschaltung (30) zum Aystasten
von         signaux de sortie des circuits de demo - Storimpulsen in dem
demodulierten FM - Si -   20      dulation et une sortie (15), qui est la
gnal, gekennzeichnet durch eine Verbindung            sortie du circuit
additionneur, pour fournir zum  Liefern von Austastimpulsen von dem
un signal de sortie demodule logarith - Ausgang (20) zum Liefern des
demodulierten            miquement d6form6 (Viog); AM - Signals (V') zu der
Austastschaltung.          - un circuit antilog (AL) comportant une 25
entree (16) connectee a la sortie (15) de 9. Integriertes Halbleiterelement
zum Gebrauch in        I'amplificateur logarithmique pour corn- einer
Schaltungsanordnung nach einem der              penser en substance la
distorsion loga- vorstehenden AnsprUche, mit integrierbaren
rithmique du signal de sortie de l'ampli - Schaltungselementen  eines
logarithmischen            ficateur logarithmique et pour foumir le
Verstarkers (LA) vom Typ mit einer Anzahl bei  so     signal AM d6moduK6,
zunehmendem Eingangssignal nacheinander in          - et une separation en
continu (C, C') ihren Begrenzungszustand geratender Ver -
couplee au circuit antilog et dispos6e de starkerstufen, mit einer
Demodulationsschal -         manibre & emp~cher la composante tung je Stufe
und mit einer alien Stufen ge -         continue du signal de sortie de
l'amplifi - meinsamen Addierschaltung, und mit einer  35          cateur
logarithmique d'etre appliqu6e a Antilogschaltung (AL), sowie mit einem Ein
-          1'entrde du circuit antilog. gangsstift (4/5) der mit einem
Eingang des logarithmischen Verstarkers gekoppelt ist zum  2. Montage de
circuit suivant la revendication 1, Liefern der zu demodulierenden Signale,
und      caracterise on ce que l'amplificateur logarith- mit einem
Ausgangsstift (20), dermit einem   40  mique comprend des 6tages
amplificateurs en Ausgang der Antilogschaltung gekoppelt ist       cascade
comportant une premibre sortie des - zum Uefern von AM - demodulierten
Signalon.      tinge A fournir des signaux avec un gain donn6 (G) a un
etage ulterieur et une seconde sortie 10. Integriertes Halbleiterelement
nach Anspruch     destinee a fournir des signaux avec un gain 9, weiterhin
mit integrierbaren Schaltungsele -   45  sup6rieur (KG) au circuit de
demodulation en menten oines FM - Detektors (FD) und mit ei-     question.
nem Ausgangsstift (29), der mit einem Aus - gang des FM - Detektors
gekoppelt ist zum     3  Montage de circuit suivant la revendication 1,
Liefern von FM - demodulierten Signalen.         caract6ris6 par des moyens
pour appliquer le so     signal de sortie d6modul4 logarithmiquement 11.
Integriertes Halbleiterelement nach Anspruch 9   d6formd (VI,,) de
I'amplificateur logarithmique odor 10, weiterhin mit einem  Ausgangsstift
au montage en serie d'un condensateur (C, C') (22), der mit einem Ausgang
des logarithmi -     et d'une jonction PN d'un 6lement semi - schen
Verstarkers gekoppelt ist zum Uefem        conducteur (17), une source de
courant (19, einer feldstArkeabhgngigen RegelgrdBe (VI,,.   S5  19')
connectee a la connexion commune entre le condensateur et la jonction PN
pour fournir un courant de polarisation en sons direct a la jonction PN et
des moyens (18) pour d6river le 9    I 111110 111111 IIID 11101 D 1ll 
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M    S* signal (AM) demodule du courant passant par        amplificateurs
executant successivement leurs V    la jonction PN.
actions limitatrices en reponse a une aug - mentation du signal d'entree,
un circuit de 4. Montage de circuit suivant la revendication 3,
demodulation dur chaque etage et un circuit caract6ris6 en co que la
jonction PN est   5       additionneur qui est commun dur tous les
constituee par la jonction basetemetteur d'un      6tages, et un circuit
antilog (AL) ainsi qu'une transistor (17), le condensateur (C') et la
broche d'entree (4/5) couple a l'entree ou a source de courant (19') sont
connect6s A           une entr6e de l'amplificateur logarithmique afin
1'61ectrode d'emetteur du transistor et la sortie  de foumir les signaux a
d6moduler, et une (20) pour le signal (AM) d6module est couplee   wo
broche de sortie (20) couplee a une sortie du 1 l'61ectrode de collecteur
du transistor.         circuit antilog afin de fournir des signaux de -
modules AM. 5. Montage de circuit suivant la revendication 3 ou 4,
caract6ris6 on co quo le signal de sortie  10. El6ment semi - conducteur
int6gr6 suivant la (Vwg) de l'amplificateur logarithmique (LA) va -   is
revendication 9, comprenant, en outre, des rie approximativement de 17 a 20
mV par            6l6ments de circuit int6grables d'un d6tecteur octave du
signal d'entrde (VI) de l'amplificateur  FM (FD) et une broche de sortie
(29) coupl~e logarithmique.                                     a une
sortie du d6tecteur FM pour fournir des signaux demodules FM. 6. Montage de
circuit suivant l'une quelconque   20 des revendications precedentes,
caracterise     11. Element semi-conducteur intdgr6 suivant la par des
moyens (23) pour appliquer le signal a     revendication 9 ou 10,
comprenant, en outre, modulation FM & I'entree (4/5) pour fournir le
une broche de sortie (22) coupl6e a une sortie signal a modulation (AM), un
detecteur FM          de l'amplificateur logarithmique afin de fournir (FD)
connecte A une sortie d'un des etages   25    une quantite de commande
ddpendant de amplificateurs (AN) de l'amplificateur logarith -  l'intensite
du champ (VIE). mique et un circuit a basse fr6quence (32-37) pour traiter
le signal AM ddmodul6 fourni par le circuit antilog et le signal FM
demodul6 foumi par le d6tecteur FM.                 30 7. Montage de
circuit suivant la revendication 6, caracteris6 par des moyens destin6s a
d6river une quantit6 de commande dependant de l'intensit6 du champ (V1w) du
signal de sortie  35 de l'amplificateur logarithmique et des moyens pour
foumir la quantit6 de commando d6pen - dant do l'intensite du champ a un
dispositif (31) pr6sentant une fonction d6pendant de l'intensite du champ
du signal FM et a un   40 dispositif (24) comportant une jonction depen -
dant de l'intensite du champ du signal AM. 8. Montage de circuit suivant la
revendication 6, comprenant un circuit de suppression (30)  45 pour
supprimer des impulsions d'interf6rences dans le signal FM demodule,
caracteris6 par une connexion destinee A fournir des impul - sions de
suppression de la sortie (20) destinde a fournir le signal AM d6module (V0)
au circuit  so de suppression. 9. El6ment semi -conducteur int~gr6 a
utiliser dans un montage de circuit suivant l'une. quelconque des
revendications pr6c~dentes,  55 comprenant des 6l6ments de circuit int6gra
- bios d'un amplificateur logarithmique (LA) du type comportant un certain
nombre d'6tages 10    


