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frequencies which would be likely to occur if the two circuits were used as
an input circuit and as feedback The present invention relates to
improvements in  circuit, respectively, of a single amplifier can be elim-
or relating to circuits, such as FM detector circuits. A  inated. The use
of switched capacitor circuits having typical prior art circuit is shown in
US-A-4,704,545.    5   similar structures that are fabricated using a
common Extensive use is made of frequency modulation of  integrated circuit
(IC) process results in a cancelling carrier signals (FM) in both radio and
wire transmis-  out of process and operating temperature variations. sion
systems as it enables high fidelity substantially  An embodiment of the
present invention is descri- noise free information to be transmitted and
received.  bed below, by way of example only, with reference to However,
this depends upon both the modulation and   10  the accompanying drawings,
in which: detection of the transmitted signal being free from In-  Figure 1
shows a schematic diagram of an em- ternal circuit noise and upon the
receipt of a reason-  bodiment of FM detector; ably strong signal at the
receiver.                    Figure 2 shows graphs of clocking signals used
FM detectors can be thought of as being, essen-    with the FM detector of
Figure 1; tially, frequency to voltage converters. Early FM de-  15  Figure
3 shows a graph of detector output voltage tector circuits were made up of
differentiators, diode  against Input frequency; and detectors and filters.
They created an output known    Figure 4 shows a schematic diagram of a
trans- as the "S" curve, which would be zero when the Inter-  mission gate
used in the FM detector of Figure 1. mediate Frequency (IF) signal was
unmodulated and      For the purposes of illustration only, the parame-
would vary to values above and below zero when the   20  ters of standard
US commercial FM broadcast signals IF signal was modulated. Only the linear
portion of the  will be used, in which the FM carrier signal lies in the
"S" curve can be used for FM reception.            frequency range of 87.5
MHz to 108.0 MHz and is Adisadvantage with these early circuits is thatthe
modulated so as to vary by plus or minus 75 KHz from coils and resistors
used cannot be reduced for incor-  its centrefrequency. The signal received
bythe FM re- poration into integrated circuits.            25  ceiver is
mixed, by means of an FM mixer, with the With the advent of switched
capacitor circuits to  output of a local tunable oscillator to generate an
in- simulate resistors in integrated circuits, frequency-to-  termediate
Frequency (IF) signal in known manner. voltage converters in integrated
form have been sug-  The IF signal has a centre frequency of 450 KHz and
gested. An example of afrequency-to-voltage conver-  Is modulated In
accordance with the received FM sig- ter is described in an article
entitled "Switched-Ca-  30  nal so as to vary between plus and minus 75 KHz
of pacitor Frequency-to-Voltage and Voltage-to-Fre-    the centre
frequency. quency Converters" published in the IEEE TRANS-        The term
"switched capacitor circuit" is used In ACTIONS ON CIRCUITS AND SYSTEMS VOL
33,            the following description to denote a circuit in which NO 6,
August 1986. This article suggests that the cir-  equal packets of
electrical charge are conveyed from cults It discloses are suitable for use
in a modem for  35  or through a capacitor to a load. In such circuits, it
is transmitting or receiving FM signals. However, there  essential that the
capacitor be fully charged and die- is a serious possibility of noise being
generated when  charged during each switching cycle. A switched ca- the
circuits are used in an FM detector for receiving  pacitor circuit can be
thought of as being the equiva- standard commercial broadcast signals. The
unwant-  lent of a resistor connected between a source poten- ed noise at
the output of the detector occurs In the   40  tial (e.g., a fixed bias
potential or a signal source) and form of beat frequencies of the clock
signals generat-  a load (e.g., the input of an operational amplifier). It
ed at the input from received FM signals and from the  behaves as a
discrete time equivalent of a resistor fixed rate clock signals used in the
switched capacitor  which, of course, Is a continuous time device. The ef-
feedback circuit                                   fective resistance of
the switched capacitor circuit va- It is desirable to have an FM detector
in integrated   45  ries inversely as a function of both capacitor size and
circuit form which uses switched capacitor circuits  frequency of
switching. thatdo not generate undesirable noise due tobeatfre-   Referring
to Figure 1, an FM detector 100 com- quencies.
prises a frequency-to-voltage converter 101, a com- A first aspect of the
present Invention is charac-  pensation circuit 103, and a clock signal
source 105. terised over the prior art by the features defined in the   50
A power supply 104 used to power the FM detector characterising portion of
claim 1.                  100 has three separate +4 volt outputs which are
cou- A second aspect of the present Invention is de-  pled to conductors
191, 192, and 193 respectively, fined in claim 10.
and has a separate fourth output of +8 volts which is The use of the first
switched capacitor circuit as  coupled to a conductor 194. an Input to the
first amplifier and the use of a second   55  The clock source 105 has an
input terminal 105a switched capacitor circuit as a feedback element of
which serves as an Input terminal to the FM detector the second amplifier
serves to separate electrically  100, to which Is applied the Intermediate
frequency the two switched capacitor circuits. Accordingly, beat  (IF)
signal. 



2    3                   EP0419037B1                     4 The clock signal
source 105 has a number of     transmission gate 111 of Figure 1, the
output PHI Is pairs of output terminals PH1 and [err], PH2 and [err],
applied to the gate terminal of the firsttransistor(e.g., PH3 and [err],
PH4 and [err], such that the outputs of  the gate of the p-channel
transistor) and the signal each pair of output terminals are complements of
PH1 is applied to the gate terminal of the second tran- each other.
5   sistor (e.g., the gate of the n-channel transistor) in The signals
generated atthe PH1 and PH2 output  such a manner as to control the
conduction of signals terminals are non-overlapping clock signals which
through the two input/output terminals 1 and 2. correspond to the zero
crossings of the IF signal. As  In the circuit shown, specifically, the
first in- is known, information on the IF signal is represented  put/output
terminals of the transmission gates III, by variations in frequency of that
signal, in accor-  10  114, 116 and 119 are coupled to the conductor 191
dance with variations in the received FM radio signal.  which is coupled to
the first +4 volt output terminal of Thus, the signals generated at the
terminals PH1 and  the power supply 104. The first input/output terminals
PH2 vary in frequency in accordance with the varia-  of the transmission
gates 113 and 118 are coupled to tions In the received FM signal.
ground, although may be coupled to some other ref- The signals generated at
the outputs PH3 and   15  erence voltage. The second input/output terminals
of PH4 are non-overlapping clock signals having a fixed  the transmission
gates 111 and 113 are coupled to a oscillating frequency of 3.6 MHz.
first terminal of capacitor 115. The second Input/out- Figure 2 shows the
signal waveforms generated   put terminal of the transmission gate 114 and
the first by the clock signal source 105 at the outputs PH1,  input/output
terminal of the transmission gate 112 are [err], PH2, [err], PH3 and PH4.
It is to be noted that  20  coupled to the second terminal of the capacitor
115. in the waveforms shown, PH2 is approximately the   The second
input/output terminals of the transmission complement of PH1, differing in
that PH2 goes low, at  gates 116and 118 are coupled to a first terminal of
the T=t1, before PH1 goes high, at T=t2, and in that it  capacitor 120. The
second input/output terminal of goes high, at T=t4, after PH1 goes low, at
T=t3. Thus  the transmission gate 119 is coupled to the first in- PH1 and
PH2 are denoted as being non-overlapping.  25  put/output terminal of the
transmission gate 117 and PH3 bears the same relationship to PH4 (i.e.,
they are  to the second terminal of the capacitor 120. The sec-
non-overlapping) as PH1 bears to PH2.              ond input/output
terminals of the transmission gates PH1, PH2, PH3 and PH4 and their
complements     112 and 117 are coupled, via a conductor 121, to a serve as
inputs to the FM receiver 100. The receiver  first terminal of the resistor
123. The second terminal 100 has an output terminal 179 at which is
generated   30  of the resistor 123 Is coupled to the negative input of an
output voltage signal.                          the operational amplifier
124, to first terminals of the The frequency-to-voltage converter 101
compris-  resistors 126 and 127 and to the first terminal of the es first
and second switched capacitor circuits 10 and  capacitor 125. The positive
input of the operational 12, an inverting operational amplifier 124, a
non-in-  amplifier 124 and the first terminals of the capacitor verting
operational amplifier 130, resistors 121,123,  35  129 and the resistor 134
are coupled, via the conduc- 126, 127, 128, 132 and 134, and capacitors 125
and  tor 192, to the second +4 volt output terminal of the 129.
power supply 104. The second terminal of the resistor The switched
capacitor circuit 10 comprises     126 Is coupled to ground. transmission
gates 111, 112, 113 and 114 and a ca-     The output of the amplifier 124
is coupled to the pacitor 115. Similarly, the switched capacitor circuit
40  second terminal of the capacitor 125 and to a first ter- 12 comprises
transmission gates 116, 117, 118 and  minal of the resistor 128. The second
terminal of the 119 and a capacitor 120.                           resistor
128 is coupled to the second terminal of the In the illustrated embodiment,
each of the trans-  capacitor 129 and to the positive input of the
amplifier mission gates 111 to 114, and 116 to 119 comprises  130. The
negative input of the amplifier 130 is coupled an n-channel and a p-channel
metal-oxide-semicon-  45  to a first terminal of the resistor 132 and, to
the sec- ductor field effect transistor (MOSFET) coupled to-  ond terminal
of the resistor 134. The output of the am- gether In a parallel
configuration to provide a low im-  plifier 130 is coupled by means of the
conductor 131, pedance bilateral transmission path. Figure 4 shows  to the
second terminals of the resistors 127 and 132 more clearly such a
transmission gate. A first com-  and to a first terminal of the resistor
140 of the narrow mon set of terminals of the two transistors, for exam-
50   band-pass filter 102. ple the two source terminals, are coupled to a
first in-  With the circuit as shown in Figure 1, the capac- put/output
terminal 1, while a second common set of  itor 115 becomes fully charged
between the +4 volts terminals of the two transistors, for example the two
on conductor 191 and ground, when the output PH2 drain terminals, are
coupled to a second input/output  of the clocksignal source 105 is high,
this causing the 



terminal 2. The transmission gate is operated by ap-  55   gates 113 and
114 to be biased on such that one ter- plying a first control signal to the
gate of the p-channel  minal of the capacitor 115 is effectively connected
di- transistor and the complement (inverse) signal to the  reedy to the
first +4 volt terminal of the power supply gate of the n-channel
transistor. For example, in the  104 and the other terminal is connected to
ground. 3    5                   EP 0 419 037 B1                 6
Subsequently, when the output PHI Is set high, the  value in the manner
shown in Figure 3. left-hand terminal of the capacitor 115 becomes con-
As noted earlier herein, the desired dc output vol- nected to the same 4
volt supply through the conduc-  tage VO at the output terminal 179 for an
IF signal tor 191 by appropriate operation of the gate 111, and  without
modulation is +4 volts. However, when an IF at the same time the right-hand
terminal of the capac-   5   signal is applied to the Inputs of the
switched capaci- itor 115 becomes connected to the conductors 121   tor
circuits 10 and 12, an unwanted offset voltage Is and 122 by appropriate
operation of the gate 112. The  produced at the output of the amplifier 124
and of the 4 volt initial charge on the capacitor 115 and the sub-
succeeding amplifier stages. The resistor 126 is pro- sequent +4 volt
charge on the conductor 191, through  vided to nullify the effect of this
offset voltage, and is the conductors 121 and 122, are additive and produce
10  connected In series between the two switched capac- an 8 volt signal on
the conductor 122 which is supplied  itor circuits 10 and 12 and ground. It
has a value of to the resistor 123, this signal being supplied to the in-
277,777 ohms which corresponds to the effective re- verting input of the
amplifier 124.                sistance of the switched capacitor circuits
10 and 12 In the second switched capacitor circuit 12, the  for an IF
signal without modulation, so that under capacitor 120 is charged when the
signal at PH1 is  15  these conditions, the inverting Input of the
amplifier high, and discharged when the signal at PH2 is low.  124 is at +4
volts. The switched capacitor circuits 10 and 12 operate  In the FM
detector circuit 100 of Figure 1, filtering together at twice the frequency
of the IF signal, i.e. at  is conveniently distributed throughout the
circuit. For 900 kHz when the IF signal Is not modulated. In the  example,
the resistor 128 and the capacitor 129 are illustrated embodiment when the
IF signal is not  20  part of the distributed filtering. modulated, the
switched capacitor circuits 10 and 12,  Since the amplifier 130 is operated
as a non-in- acting together, appear as a resistor of 277,777 ohms  verting
amplifier, Its output can provide feedback to connected between a +8 volt
supply and the inverting  the inverting input of the amplifier 124. In
Figure 1, the input of operational amplifier (opamp) 124.        feedback
resistor 127 has a value of 208,333 ohms However when the frequency of the
IF signal va-  25  and is arranged such that the gain of the amplifiers
ries from the 450 kHz centre frequency, the effective  124 and 130 is
established by the ratio of the value of resistance of the switched
capacitor circuits 10 and 12  the feedback resistor 127 to the resistance
of the cir- will also vary. For example, when the IF signal is at  cults 10
and 12. However, in the absence of the com- 375 kHz (i.e., 450 kHz minus 75
kHz due to modula-  pensation circuit 103, changes in circuit parameters
tion), the two circuits 10 and 12 together appear as a   30  caused by the
manufacturing process and tempera- resistor of 333,333 ohms and operate at
a frequency  ture variations in the resistors and capacitors of the of 750
kHz. Similarly, when the IF signal is at 525 kHz,  frequency-to-voltage
converter 101 may seriously al- the two circuits 10 and 12 together appear
as a resis-  ter the operating parameters of the circuit both initially tor
of 238,095 ohms and operate at a frequency of   and during its operating
life. 1050 kHz.                                     35       The narrow
band filter 102 comprises an invert- It will be apparent that the
resistance values are  Ing amplifier 145, a first set of resistors 140,
142, and given by way of example and may be different from   144 connected
in series and two shunt capacitors 141 circuit to circuit because of
design, process and tem-  and 143, the resistor 144 of the set being
coupled to perature variations.                               the negative
input of the amplifier 145; a second set As a consequence of the change in
apparent re-  40  of resistors 147, 149, 161, 153 and 155 connected in
sistance of the two switched capacitor circuits 10 and  series and to four
shunt capacitors 148, 150, 152 and 12, the voltage at the inverting input
of the amplifier  154, the resistor 147 of the set being coupled to the 124
will vary in accordance with this change in resis-  outputof the amplifier
145. The filter 104 furthercom- tance. Thus, the output of
frequency-to-voltage con-  prises a resistor 156 and a capacitor 146
connected verter 101 will change, also in accordance with this  45  in
parallel between the output of the amplifier 145 and change In resistance,
and hence as a function of the  its negative input. change in frequency of
the Input signals PH1 and       More specifically, the second terminal of
the re- PH2, and of the IF signal.                         sistor 140 is
coupled to a first terminal of the resistor The output voltage VO at the
output 179 is dictat-  142 and to a first terminal of the capacitor 141.
The ed by the output of the frequency-to-voltage converter  50  second
terminal of the resistor 142 18 coupled to first 



101 and will only be different therefrom if it is affected  terminals of
the resistors 144 and 156 and of the ca- by the filter circuit 102 on the
compensation circuit  pacitor 143. The second terminal of the resistor 144
103. Figure 3 shows an idealised curve of how the  is coupled to the
negative input of the amplifier 145 outputvoltageVO varies with changes in
the inputfre-  and to a first terminal of the capacitor 146. The output
quency. The point FO denotes the output voltage  55   of the amplifier 145
Is coupled to the second terminals when there is no information In the IF
signal, i.e. when  of the resistor 156 and the capacitor 146 and to a first
the IF signal Is unmodulated. Information in the IF sig-  terminal of the
resistor 147. The second terminal of nal causes the output voltage to vary
from this base  the resistor 147 is coupled to first terminals of the re- 4
7                   EP 0 419 037 B1                     8 sistor 149 and of
the capacitor 148. The second ter-  vided through the transmission gates
170 and 171 minal of the resistor 149 is coupled to first terminals  and
the capacitor 172. of the resistor 151 and the capacitor 150. The second
When the output PH3 is high, the output potential terminal  of the resistor
151 is coupled to first termi-  of the amplifier 177 charges the capacitor
172 to +4 nals of the resistor 153 and of the capacitor 152. The   5
volts through the conductor 193. When the output second terminal of the
resistor 153 is coupled to first  PH4 is high, the charge on the capacitor
172 is deliv- terminals of the resistor 155 and of the capacitor 154.  ered
to the Inverting input of the amplifier 177 through The second terminals of
the capacitors 141,143,148,  the gate 170. This circuit, and the switched
capacitor 150, 152 and 154 are coupled to ground. The second  circuit 16,
will operate at a fixed frequency of 3.6 MHz terminal of the resistor 155
is coupled to the negative   10  in accordance with the frequency of the
outputs PH3 input of the operational amplifier 177 of the compen-  and PH4.
The effective resistance of this feedback cir- sation circuit 103.
cult is selected to be 277,777 ohms in order to match The resistors 147,
149, 151, 153, and 155 are  the resistance of the switched capacitor inputs
10 and constructed so as to be Identical to the construction  12 when the
IF signal is not modulated thereby pro- of feedback resistor 127. That Is,
the resistor 127 is  15  viding unit gain through the decoder circuit 100
during constructed of five equal sections corresponding to  this state. The
value of the capacitor 172 Is chosen to the resistors 147-155 and those
sections are intercon-  be 1 picoFarad. nected by nodes corresponding to
the nodes to which    As will be apparent from the above, the roles of the
capacitors 148-154 are connected. The total value  the switched capacitor
circuits 10 and 12 and of the of the series connected resistors 147-155 is
thus   20  feedback resistor 127 of converter 101 are reversed 208,333 ohms
to match the value of the resistor 127.  In the compensating circuit 103 by
switched capaci- Although shown as being part of the filter ar-  tors
feedback circuits 14 and 16 and resistor 176. Ac rangement 102, the
resistors 147-155 also form a re-  cordingly, variations in circuit
parameters due to the sistor for connecting the output of the amplifier 145
to  manufacturing process and temperature changes the Inverting input of
the amplifier 177.      25   produce complementary effects in the converter
101 The compensation circuit 103 comprises the op-  and in the compensating
circuit 103. Furthermore, erational amplifier 177, third and fourth
switched ca-  electrical isolation (separation) of the switched capac-
pacitor circuits 14 and 16 and a capacitor 178. The  itor circuits 10 and
12 of the converter circuit 101 and switched capacitor circuit 14 comprises
two transmis-  of switched capacitor feedback circuits 14 and 16 of sion
gates 170 and 171 and a capacitor 172. Similarly,  30  the compensation
circuit 103 helps ensure interfer- the switched capacitor circuit 16
comprises two trans-  ence beat frequency signals are not generated.
mission gates 173 and 174 and a capacitor 175.         The gates 173 and
174, like the gates 170 and First input/output terminals of the
transmission  171, are operated by the 3.6 MHz clock signals of the gates
170 and 174 and a first terminal of the resistor  outputs PH3 and PH4.
Therefore, no beatfrequencies 176 are coupled to a first terminal of the
capacitor 178   35  are generated during operation of the two switched and
to the negative input terminal of the amplifier 177.  capacitor circuits 14
and 16 of the compensation cir- The second terminal of the capacitor 178 is
coupled  cuit 103. to theoutputofthe amplifier 177, to a first input/output
In the converter circuit 101, the switched capac- terminal of the
transmission gate 171 and to the FM  itor circuits 10 and 12 appear as a
277,777 ohm re- detectoroutput terminal 179. The second input/output  40
sistor, when the IF signal is unmodulated, having one terminals of the
transmission gates 170 and 171 are  terminal effectively connected to a +8
volt supply and coupled to a first terminal of the capacitor 172. The  the
other terminal connected to the resistor 126 which second terminal of the
capacitor 172 is coupled to the  is also connected to ground. In the
compensation cir- positive input of the amplifier 177 and, via the conduc-
cuit 103, the connections of the switched capacitor cir- tor 193, to the
third +4 volt output terminal of the pow-  45  cuits 14 and 16 and the
resistor 176 are reversed with er supply 104. The second input/output
terminal of the  respect to the +8 volt source of the power supply 104 



transmission gate 174 is coupled to a first input/output  and ground. These
complementary couplings allow terminal of the transmission gate 173 and to
a first ter-  close tracking of the voltages applied to the Inputs of minal
of the capacitor 175. The second terminal of the  the amplifiers 124 and
177 over a useful range of va- capacitor 175 and the second input/output
terminal of  50    riations in circuit parameters due to the manufacturing
the transmission gate 173 are connected to ground.  process, operating
temperature and power supply va- The control, gate terminals of the
transistors of the  riations of an integrated circuit. The resistors (e.g.,
transmission gates 171 and 174 are coupled to the   126 and 176) and the
capacitors (e.g. 115, 120 and outputs PH3 and [err] of the clock signal
source 105,  175) are manufactured to have the same structures while the
control, gate terminals of the transistors of  55  such that their values
alter together with variations in the transmission gates 170 and 173 are
coupled to the  operating temperature and will behave in the same outputs
PH4 and [err] of the clock signal source 105.  way to changes in the
circuit parameters due to the In the compensation circuit 103, feedback is
pro-  manufacturing process of the integrated circuit. 5    9
EP 0 419 037 B1                     10 The FM detector 100 can be
fabricated as an in-     pedance feedback circuit (127,130) coupled be-
tegrated circuit on a single semiconductor (e.g., sili-  tween the input
and the output of the first ampli- con) substrate using a complementary
metal-oxide-      fier (124); characterised by a second amplifier
semiconductor (CMOS) process or any other IC proc-     (177) having an
output coupled to a circuit output ess.
5       terminal (179); a gain controlling circuit (102) hav- Various
modifications may be made to the above-    ing a first terminal coupled to
the output of the described embodiment. For example, only one input
first amplifier (124) and a second terminal cou- switched capacitor circuit
may be used instead of the  pled to an input of the second amplifier (177),
and two Input switched capacitor circuits 10 and 12        having an
Impedance related to the impedance of shown. Still further, a combination
comprising a   10  the first continuous time impedance feedback cir-
switched capacitor circuit (such as the switched ca-   cult (10,12); and a
second switched capacitor cir- pacitor circuit 10), an operational
amplifier (such as  cult (14,16) coupled between the input and the the
amplifier 124) and a continuous Impedance feed-    output of the second
amplifier (177) and being back device (such as the resistor 127) may be
used     adapted to be actuated by signals applied to the to perform a
linear FM detector function (i.e., frequen-  15  inputs thereof.
cy-to-voltage conversion). In this combination an out- put of the switched
capacitor circuit may be coupled  2. A circuit according to claim 1,
wherein the first to an inverting input of the operational amplifier and
and  second  switched  capacitor  circuits the feedback resistor may be
coupled between the in-   (10,12;14,16) have similar structures and arefab-
verting input and the output of the amplifier. This com-  20  ricated using
the same process such that differ- bination may be modified so as to
include a non-in-    ences between the two switched capacitor cir- verting
amplifier having an Input coupled to the output  cults and in the operation
thereof are substantially of the Inverting amplifier and having its output
cou-  eliminated. pled to the output of the combination. Furthermore, the
frequency-to-voltage converter 101 may be used   25  3. A circuit according
to claim 1 or 2, comprising a by itself in some applications. Still
further, the compo-  third, non-Inverting amplifier (130) and a fourth,
nents of the above-described combination may be ar-   Inverting amplifier
(145); wherein the output of ranged to form a new combination in which the
switch-  the first amplifier (124) is coupled to an input of ed capacitor
circuit is used as the feedback circuit and  the third amplifier (130), the
output of the third the resistor is used as an input circuit with one
termi-  30  amplifier (130) is coupled to the inputof thefourth nal thereof
coupled to the input of the amplifier and a  amplifier (145), the output of
the fourth amplifier second terminal thereof coupled to a voltage supply.
(145) is coupled to the first terminal of the gain The inputs of the
switched capacitor would serve as    controlling circuit (102) such that
the gain control- the inputs of the new combination. Furthermore, the
ling circuit Is coupled to the output of the first am- FM detector 100 may
be modified such that the   35     plifier (124); and wherein the
continuous time im- switched capacitor circuits 10 and 12 are used as a
pedance feedback circuit (127,130) comprises a feedback circuit for the
amplifier 124 and the resistor  feedback resistor (127). 127 is used as an
input circuit coupled by one terminal to the inverting input of the
amplifier 124 and coupled  4. A circuit according to any one of claims 1 to
3, by the second terminal to a voltage source. In this  40  wherein the
gain controlling circuit (102) compris- modified version of FM detector,
the switched capac-   es a first plurality of serially coupled,
substantially itor circuit 14 may be used as an input circuit which  equal
value resistors (147-155) and a first plural- 



couples the outputof the amplifier 145 to the inverting  ity of capacitors
(148-154), each capacitor of the input of the amplifier 177 and the
resistors 147, 149,  first plurality of capacitors being coupled to a 151,
153 and 155 (or a single replacement resistor)  45  common terminal between
adjacent resistors of are used as a feedback circuit coupled between the
the first plurality of resistors. inverting input and the output of the
amplifier 177. 5. A circuit according to claim 4, wherein the first
switched capacitor circuit (10,12) is connected to Claims
so      a first voltage terminal (191); the circuit compris- ing a first
resistor (126) having a first terminal 1. A circuit comprising a first
amplifier (124); a first  coupled tothe inputof the first amplifier (124)
and switched capacitor circuit (10,12) having inputs   a second terminal
coupled to a second voltage coupled to a circuit Input terminal (105a), for
re-  terminal; a second resistor (176) having a first ceiving control
signals (PHI, PH2) for controlling  55  terminal coupled to the input
terminal of the sec- the operation thereof, an output of the first switch-
ond amplifier (177) and a second terminal cou- ed capacitor circuit being
coupled to an input of  pled to a third voltage terminal (194); and a third
the first amplifier(124); a first continuous time im-  switched capacitor
circuit (16) having a first ter- 6    9                    EP 0 419 037 B1
10 The FM detector 100 can be fabricated as an in-       pedance feedback
circuit (127,130) coupled be- tegrated circuit on a single semiconductor
(e.g., sili-    tween the input and the output of the first ampli- con)
substrate using a complementary metal-oxide-        fier (124);
characterised by a second amplifier semiconductor (CMOS) process or any
other IC proc-        (177) having an output coupled to a circuit output
ess.                                             5       terminal (179); a
gain controlling circuit (102) hav- Various modifications may be made to
the above-       ing a first terminal coupled to the output of the
described embodiment. For example, only one input        first amplifier
(124) and a second terminal cou- switched capacitor circuit may be used
instead of the     pled to an input ofthe second amplifier(177), and two
input switched capacitor circuits 10 and 12           having an impedance
related to the impedance of shown. Still further, a combination comprising
a   10     the first continuous time impedance feedback cir- switched
capacitor circuit (such as the switched ca-      cult (10,12); and a second
switched capacitor cir- pacitor circuit 10), an operational amplifier (such
as    cuit (14,16) coupled between the input and the the amplifier 124) and
a continuous impedance feed-       output of the second amplifier (177) and
being back device (such as the resistor 127) may be used        adapted to
be actuated by signals applied to the to perform a linear FM detector
function (i.e., frequen-   15  Inputs thereof. cy-to-voltage conversion).
In this combination an out- put of the switched capacitor circuit may be
coupled  2. A circuit according to claim 1, wherein the first to an
inverting input of the operational amplifier and    and  second  switched
capacitor  circuits the feedback resistor may be coupled between the in-
(10,12;14,16) have similar structures and are fab- verting input and the
output of the amplifier. This com-  20  ricated using the same process such
that differ- bination may be modified so as to include a non-in-
ences between the two switched capacitor cir- verting amplifier having an
input coupled to the output   cults and in the operation thereof are
substantially of the inverting amplifier and having its output cou-
eliminated. pled to the output of the combination. Furthermore, the
frequency-to-voltage converter 101 may be used   25   3. A circuit
according to claim 1 or 2, comprising a by itself in some applications.
Still further, the compo-  third, non-inverting amplifier (130) and a
fourth, nents of the above-described combination may be ar-       Inverting
amplifier (145); wherein the output of ranged to form a new combination in
which the switch-     the first amplifier (124) is coupled to an input of
ed capacitor circuit Is used as the feedback circuitand   the third
amplifier (130),. the output of the third the resistor is used as an input
circuit with one termi-  30  amplifier(130) is coupled to the input of
thefourth nal thereof coupled to the input of the amplifier and a
amplifier (145), the output of the fourth amplifier second terminal thereof
coupled to a voltage supply.      (145) is coupled to the first terminal of
the gain The inputs of the switched capacitor would serve as
controlling circuit (102) such thatthe gain control- the inputs of the new
combination. Furthermore, the      ling circuit is coupled to the output of
the first am- FM detector 100 may be modified such that the   35
plifler (124); and wherein the continuous time im- switched capacitor
circuits 10 and 12 are used as a       pedance feedback circuit (127,130)
comprises a feedback circuit for the amplifier 124 and the resistor
feedback resistor (127). 127 is used as an input circuit coupled by one
terminal 



to the inverting input of the amplifier 124 and coupled  4. A circuit
according to any one of claims 1 to 3, by the second terminal to a voltage
source. In this  40  wherein the gain controlling circuit (102) compris-
modified version of FM detector, the switched capac-      es a first
plurality of serially coupled, substantially itor circuit 14 may be used as
an input circuit which     equal value resistors (147-155) and a first
plural- couples the output of the amplifier 145 to the inverting  ity of
capacitors (148-154), each capacitor of the input of the amplifier 177 and
the resistors 147, 149,   first plurality of capacitors being coupled to a
151, 153 and 155 (or a single replacement resistor)  45  common terminal
between adjacent resistors of are used as a feedback circuit coupled
between the       the first plurality of resistors. inverting input and the
output of the amplifier 177. 5. A circuit according to claim 4, wherein the
first switched capacitor circuit (10,12) is connected to Claims
50       a first voltage terminal (191); the circuit compris- ing a first
resistor (126) having a first terminal 1. A circuit comprising a first
amplifier (124); a first  coupled to the input of the first amplifier(124)
and switched capacitor circuit (10,12) having inputs      a second terminal
coupled to a second voltage coupled to a circuit input terminal (105a), for
re-   terminal; a second resistor (176) having a first ceiving control
signals (PH1, PH2) for controlling   55  terminal coupled to the input
terminal of the sec- the operation thereof, an output of the first switch-
ond amplifier (177) and a second terminal cou- ed capacitor circuit being
coupled to an input of     pled to a third voltage terminal (194); and a
third the first amplifier (124); a first continuous time im-  switched
capacitor circuit (16) having a first ter- 6    11                  EP 0
419 037 B1             12 minal coupled to the input of the second
amplifier  comprising an offset compensation resistor (126) (177) and a
second terminal coupled to the sec-      connected between a second
potential source ond voltage terminal.                              and the
first Input of the first amplifier (124); and offset compensating means
(176) connected to 6. A circuit according to claim 5, comprising a fourth
5  the first input of the second amplifier (177) to switched capacitor
circuit (12) having inputs cou-  compensate for voltage offsets. pled to a
circuit input terminal (105a) for receiving control signals (PHI,PH2) for
controlling the op-  13 An FM signal detector according to claim 12,
eration thereof, an output coupled to the input of  wherein the offset
compensating means (176) the first amplifier (124) and a terminal coupled
to  10  comprises a compensating resistor (176) con- the first voltage
terminal (191).                   nected between a third potential source
and the first input of the second amplifier (177); and a 7. A circuit
according to claim 6, wherein the gain   third switched capacitor circuit
(16) actuated at controlling circuit comprises a resistor-capacitor  the
predetermined frequency and connected be- network (140-144) coupling the
outputof the third  15  tween the second potential source and the first in-
amplifier (130) to the input of the fourth amplifier  put of the second
amplifier (177). (145) to form a frequency filter. 14. An FM signal
detector according to claim 13, 8. A circuit according to claims 5,6 or 7,
wherein the  wherein the first potential source is a mid-supply continuous
time impedance feedback circuit  20     voltage source, the second
potential source is a (127,130) is connected to the second voltage ter-
low voltage source; and the third potential source minal.
is a full supply voltage source. 9. Acircuit according to any preceding
claim, where-  15. An FM signal detector according to claim 14, in the
impedance of the gain controlling circuit  25  wherein the first potential
source is at 4 volts, the (102) is substantially the same as the impedance
second potential source Is at ground; and the third of the continuous time
impedance feedback cir-     potential source is at 8 volts. cuit. 16. An FM
signal detector according to any one of 10. An FM signal detector circuit
comprising:  30      claims 10 to 15, wherein the first Inputs of the first
a frequency to voltage converter (101),       and second amplifiers
(124,177) are inverting in- which converter includes a first operational
am-   puts. plifier (124), a first switched capacitor circuit (10,12)
having an inputconnected toafirstpoten-  17. An FM signal detector
according to any one tial source (191) and being actuated in depe-  35
claims 10 to 16, wherein the feedback resistor 



dance upon a received FM signal, and a feedback    (127) and the input
resistor (147-155) have sub- resistor (127) connected between the output
and    stantially Identical structures. a first input of the first
amplifier (124); and a compensation circuit (102,103) Including a second
operational amplifier (177), an input re-  40   Patentanspruche sistor
(147-155) connected between the outputof the first amplifier and a first
input of the second  1. Eine Schaltung, welche umfalt einen ersten Ver-
amplifier, the resistances of the feedback resistor  starker (124); olnen
ersten geschalteten Konden- (127) and the Input resistor (147-155) having a
satorkreis (10, 12) mit Eingfingen, die mit einer predetermined
relationship to one another, and a   45  Schaltungs-Eingangskiemme (105a)
gekoppelt second switched capacitor circuit (14) connected   sind zum
Empfangen von Steuersignalen (PHI,. between the output and the first Input
of the sec-  PH2) zum Steuern selnes Betriebs, wobel ein ond amplifier and
being adapted to be actuated at  Ausgang des ersten geschalteten
Kondensator- a predetermined frequency; coupling means          kreises mit
elnem Eingang des ersten Verstar- (140-144) being provided for coupling the
output  6o  kers (124) gekoppelt ist; elner ersten kontinuler- of the first
amplifier to thefirst inputof thesecond  lichen
Zeitimpedanz-Rtckkoppelschaltung (127, amplifier.
130), die zwischen dem Eingang und dem Aus- gang des ersten VerstArkers
(124) gekoppelt ist 11. An FM signal detector according to claim 10,
gekennzeichnet durch olnen zwelten Verstarker wherein the coupling means
(102) comprises a   as  (177)  mit einem   mit einer Schaltungs- filter
(140-144).                                  Ausgangsklemme (179)
gekoppelten Ausgang; elne Verstlrkungsfaktor-Steuerschaltung (102) 12. An
FM signal detectoraocording to claim 10 or 11,   mit elner ersten mitdem
Ausgang des ersten Ver- 7    13                 EP 0 419 037 B1
14    *       L  N  S starkers (124) gekoppelten Klemne und einer       me
und elnermit elnerdritten Spannungaklemme zwelten mit elnem Elngang des
zweiten Verstar-    (194) gekoppelten zwelten KIemme; und ehen ~-'    kers
(177) gekoppelten Klemme, die dine auf die  dritten geschaltetbn
Kondensatorkreis (16) mit Impedanz der ersten kontinuierlichen Zefflmpe-
elner ersten, mit dem Elngang des zwelten Ver- danz-ROckkoppelschaltung
(10, 12) bezogene   5    stArkers (177) gekoppelten Klemme und ehner
Impedanz besltzt; und eonen zweiten geschalte-   zwelten, mit der zweiten
Spannungsklemme ge- ten Kondensatorkrels (14,16), derzwischen dem
koppelten Klemme. Eingang und dem Ausgang des zweiten Verstir- kers (177)
gekoppelt und dazu ausgelegt ist,  6. Schaltung nach Anspruch 5, welche
umfal~t el- durch an den Eingangen desselben angelegte Si-  1o  nen vierten
geschalteten Kondensatorkrels (12) gnale betatigt zu werden.
mit Eingfingen, die mit diner Schaltung-Ein- gangaldemme (1 05a3 zum
Aufnehmen von Steu- 2. Schaltung nach Anspruch 1, bei der der erste und
ersignalen (PH1, PH2) zum Steuern des Betriebs derzwelte geschaltete
Kondensatorkrels (10, 12;   desselben gekoppelt sind, einem mit dem Ein-
14, 16) gleichartige Strukturen besltzen und un-  15  gang des ersten
Verstarkers (124) gekoppelten tbr Benutzung des gleichen Vorgangs
hergestellt   Ausgang und einer mit der ersten Spannungs- sind, so dal
Unterschiede zwischen den beiden     klemme (191) gekoppelten Klemme.
geschalteten Kondensatorkrelsen und dem Be- trieb derselben Im wesentlIchen
beseitigt sind.  7. Schaltung nach Anspruch 6, bel der dine VerstAr- 20
kungsfaktor-Steuerschaltung umfait ein Wider- 3. Schaltung nach Anspruch I
oder 2, welche ur-      stands/Kondensator-Netzwerk (140-144), das faWelnen
dritten nicht-lnvertlerenden Verstarker  den Ausgang des dritten
Verstirkers (130) mit (130) und einen vierten invertierenden VerstAr-   dem
Elngang des vierten Verstarkers (145) zur ker (145); wobei der Ausgang des
ersten Verstir-  Bildung eines Frequenzfliters koppelt kers (124) mit elnem
Eingang des dritten Verstir-  28 kers (130) gekoppelt ist, der Ausgang des
dritten  A  Schaltung nach Anspruch 5, 6 oder 7, bel der die Verstirkers
(130) mit dem Elngang des vierten     kontinulerliche
Zeltimpedanz-R(ckkoppelschal- Verstfirkers (145) gekoppelt ist, derAusgang
des  tung (127, 130) an der zwelten Spannungskiem- vierten Verstarkers
(145) mit der ersten Kiemme   me angeschlossen ist. der
Verstirkungsfaktor-Steuerschaltung (102)  30 gekoppelt ist, so daB die
Verstlrkungsfaktor-  9. Schaltung nach elnem der vorangehenden An- 



Steuerschaltung mit dem Ausgang des erston
spriche,beiderdielmpedanzderVerstirkungs- Verstarkers (124) gekoppelt ist;
und wobel die   faktor-Stbuerschaltung (102) im wesentlichen die
kontinuierliche Zeltimpedanz-Ruickkoppelschal-    gleoche wie die Impedanz
der kontinuierlichen tung (127, 130) elnen Riickkoppel-Widerstand   35
Zeltimpedanz-ROckkoppelschaltung ist. (127) umfalt. 10.
FM-Signaldetektor-Schaltung, welche umfakt: 4. Schaltung nach elnem der
Ansprfuche 1 bis 3, be!       einen FrequenzlSpannungs-Wandler (101), der
die  Verstirkungsfaktor-Steuerschaltung       welcher Wandler enthalt oenen
ersten Operati- (102) umfant eine erste VieIzahi von in Reihe ge-  4o
onsverstfirker (124), einen ersten geschalteten koppelten Widerstinden
(147-155) von Im we-       Kondensatorkreis (10, 12) mit elnem mit einerer-
sentlichen glelchem Wert und sine erste Vlelzahl  sten Spannungsklemme
(191) verbundenen Emn- von Kondensatoren (148-154), wobel jeder Kon-
gang, der In Abhgngigkeit von einem empfange- densator der ersten Vieizahl
von Kondensatoren    nen FM-Signal betltigt wird, und einem zwischen mit
einer gemeinsamen Klemme zwischen be-  45     dem Ausgang und elnem ersten
Eingang des er- nachbarten WiderstAnden der erstbn Vielzahl      sten
Verstarkers (124) angeschlossenen R~ck- von WiderstAnden gekoppelt Ist.
koppelwiderstand (127); und ehne Kompensations-Schaltung (102, 5. Schaltung
nach Anspruch 4, bei der der erste ge-  103), die enthalt elnen zweiten
Operatlonsver- schaltete Kondensatorkrels (10, 12) an elne erste  so
stsrker (177), oeen zwischen dem Ausgang des Spannungsklemme (191)
angeschlossen Ist; die      ersten Verstarkers und elnem ersten Elngang
Schaltung umfalt eonen ersten Widerstand (126)    des zwelten Verstarkers
angeschlossenen Ein- mit einer mitdem Elngang des ersten Verstarkers
gangs-Widerstand (147-155), wobei die Wider- (125) gekoppelben ersten
KIemme und einer mit    standswerte  des  R0ckkoppel-Widerstandes einer
zwelten Spannungsklemme gekoppelten  55    (127) und des
Eingangs-Widerstandes (147-155) sweiten Klemme; elnen zweiten Widerstand
eine vorbestimmte Beziehung zuelnander besit- (176) mit einer ersten mit
der Eingangsklemme    zen, und elnen zwelten geschalteten Kondensa- des
zweiten Verstirkers (177) gekoppelten Klei-   torkrebs (14), der zwischen
dem Ausgang und 8    1111 11111l 11111 ID II   I..' 15
EP0419037B1                    16   *C    L  M   S dem ersten Elngang des
zweiten Verstirkers an-     (124); un premier circuit A capacitis commutees
geschlossen und ausgelegt ist, mit elner vorbe-   (10, 12) ayant des
entrees rellees A une borne stimmten Frequenz betatigt zu werden; wobel
(106a) d'entree de circuit, pour recoevoir des si- Kopplungamlttel
(140-144) vorgesehen sind, um      gnaux de commande (PH1, PH2) pour
comman- den Ausgang des erstbn Verstirkers mit dem er-   5  der le
fonctionnement de coelul-cd, une sortie du sten Elngang des zweiten
Verstarkers zu kop-       premier circuit a capacitis commutbes btant re-
peln.                                              Iise A une entree du
premier amplificateur (124); un premier circuit A reaction A impedanoe
tempo- 11. FM-Signaldetektor nach Anspruch 10, bei dem       relle continue
(127, 130) relWi entre l'entree et la das Kopplungsmittel (102) ein Filter
(140-144)  10  sortie du premier amplificateur (124); caractbrsis umfatt.
par un deuxieme amplificateur (177) ayant une sortie reilbe A une borne
(179) de sortie de cir- 12. FM-Signaldetektor nach Anspruch 10 oder 11,
cult; un circuit de commando de gain (102) ayant
derumfaBteinenVersatz-Kompensations-Wlder-         une premiere borne
rellie a la sortie du premier stand (126), der zwischen einer zweiten
Potentl-  15  amplificateur (124) et une deuxibme borne rellibe alquelle
und dem ersten Eingang des ersten Ver-    a une entrie du deuxieme
amplilcateur (177), et stirkers (124) angeschlossen ist; und Versatz-
ayant une Imp6dance lise A l'Impedance du pre- Kompensations-Mittel (176),
die an dem ersten      mier circuit (127, 130) A reaction A impedance
Eingang des zweiten Verstarkers (177) ange-       temporelle continue; et
un deuxieme circuit A ca- schlossen sind, um Spannungsversatze auszu-  20
pacites commutees (14, 16) relle entre lentree et glelchen.
Ia sortie du deuxieme amplificateur (177) et etant adapte pour etre
commande par des signaux ap- 13. FM-Signaldetektor nach Anspruch 12, bei
dem       pliques aux entries de celul-ci. das Versatz-Kompensations-Mittel
(178) umfaft amen Kompensations-Widerstand (176), derzwi-  25  2. Circuit
suivant la revendication 1, dans lequel les schen ehner dritten
Potentialquelle und dem er-    premier et deuxibme circuits A capacitis
commu- 



sten Eingang des zwelten Verstirkers (177) an-    tWes (10, 12; 14, 16) ont
des structures similaires geschlossen ist; und elnen dritten geschalteten
et sont fabriquis en utilsant le mime procidb de Kondensatorkrels (16), der
mit der vorbestimm-     sorte quo lee diffirences entre los deux circuit a
ten Frequenz beaufschlagt und zwischen der  30     capacits commuties et
dens le fonctionnement zweiten Potentlalquelle und dem ersten Eingang
de ceux-ci sont pratiquement eliminees. deszweiten Verstarkers (177)
angeschlossen ist. 3. Circuit sulvant la revendication I ou 2, compre- 14.
FM-Signaldetektor nach Anspruch 13,.bel dem die   nant un troisleme
amplificateur non-inverseur erste Potentialquelle elne
Mttelversorgungsspan-  35  (130) et un quatrieme amplificateur inverseur
nung-Quele ist die zwelte Potentialquelle ese Nie-  (145); dens lequel la
sortie du premier ampliflca- derspannungsquelle und die dritte
Potentialquelle  teur(124)estreliiee une entrie du troislime am- elm
Voll-Versorgungsspannungsquelle st.            plificateur (130), la sortie
du troisibme ampliflce- tour (130) est reliee A i1entree du quatribme am-
15. FM-Signaldetektor nach Anspruch 14, bei dem   40  plificatbur(145), la
sortie du quatrieme amplifica- die erste Potentialquelle bel 4 V liegt, die
zweite  teur (145) est rellie A la premiere borne du circuit
Potentialquelle bei Erde und die dritte Potential-  de commando de gain
(102) de tella maniere quo quelle be! 8 V.
le circuit de commando de gain eat relM i la sortie du premier
amplificateur (124); et dens lequel le 16. FM-Signaldetektornach elnem
derAnsprflche 10   45  circuit A reaction A impedance temporelle conti- bis
15, bei dem die ersten Eingange des ersten     nue (127, 130) comprend une
r"sistance de riac- und des zwelten Verstarkers (124, 177) Invertie-  tion
(127). rende Eingange sind. 4. Circuit sulvant l'une quelconque des
revendica- 17. FM-Signaldetektor nach einem derAnsprOche 10  50  tions I A
3, dans loquel le circuit de commando de bis 16, be! dem der
Rrckkoppel-Widerstand          gain (102) comprend une premibre pluralit de
r- (127) und der Eingangswiderstand (147-155) im      sistances (147 - 155)
de valeur pratiquement wesendichen identische Strukturen besitzen.
igale rellies en seie et une premiere pluralite de condensateurs (148 -
154), chaque condensateur u5      de la premibre pluralite de condensateurs
btant Rovendicatlons                                        reloe A une
borne commune entre des resistances adjacentos de la premiere pluralti de
risistan- 1. Circuit comprenant un premier amplificateur        ces. 9    I
1!11  1111111111 IIID 11 ID 17                 EP 0 419 037B1
18           c  L 5. Circuit suivant la revendlcation 4, dans lequel le
cateur, lea valeurs de resistance de la rbsistance premier circuit A
capacitis commnutbes (10, 12)   deriaction(127)
etdelar6sistanced'entrie(147 est relie A une premlere borne do tension
(191);  - 155) ayant une relation predtebrminee l'une le circuit comprenant
une premiere rbsistance     avec I'autre, et un deuxibme circuit A
capacites (126) ayant une premiere borne rellie A l'entree   5  commutees
(14) connecte entre la sortie etla pre- du premier amplificateur (124) et
une deuxieme    minre entree du deuxieme amplificatour et etant borne
rf.iiee A une deuxieme borne de tension;    adapte pour etre commande A une
frequence pre- une deuxieme resistance (176) ayant une pre-
diterminbe; des moyens de couplage (140 - 144) minre borne rellee A la
borne d'entree du deuxie-  etant prevus pour reller la sortie du premier
am- me amplificateur (177) etune deuxiime borne re-  10  plificateur A la
premiere entrie du deuxieme am- Nio A une troisleme borne de tension (194);
et un  plificateur. trolsibme circuit A capacitis commutees (16) ayant une
premibre borne reliee A l'entree du  11. Ditecteur de signal FM sulvant la
revendlcation deuxibme amplificateur (177) et une deuxilme      10, dans
lequel les moyens de couplage (102) borne rellee a la deuxibme borne de
tension.  15  comprennent un filtre (140 - 144). 6. Circuit sulvant la
revendication 5, compronant un  12. Detecteur de signal FM suivant la
revendication quatribme circuit A capacitis commutees (12)      10 ou 11,
comprenant une resistance de compen- ayant des entres rellies a une borne
dentrie de   sation de decalage (125) connectie entre une circuit (1 05a)
pour recevoir des signaux de   20  deuxibme source de potontiel etIs
premibre en- commando (PHI, PH2) pour commander le fonc-       trie du
premier ampificateur (124); et des tionnement de celul-cl, une sortie
rellie A l'entree  moyens de compensation de decalage (176) re- 



du premier amplificateur (124) et une borne reliee  lies a la premiere
entrie du deuxieme amplifica- A la premlere borne de tension (191).
tour (177) pour compenser lee tensions de dica- 25     lage. 7. Circuit
suivant la revendlcatlon 6, dans lequel le circuit de commando de gain
comprend un ri-   13 Detecteur de signal FM suivant la revendication seau A
resistances-condensateurs (140 -144) re-   12, dans lequel les moyens de
compensation de liant la sortie du trolsieme amplflcataur (130) a  dicalage
(176) comprennent une resistance de l'entree du quatribme amplificateur
(145) pour  30  compensation (176) connectie entre une troisib- former un
filtre de frequences.                   me source de potential et la
premlire ontrie du deuxibme ampliflcateur (177); et un troisime cdr- 8.
Circuit suivant les revendlcations 5, 6 ou 7, dens  cult a capacitie
commutees (16) commande a la lequel le circuit A reaction A impedance
temporel-  friquence prditebrminie et connecte entre Ia le continue (127,
130) est relie Ala deuxieme bor-  35  deuxibme source de potentiel et la
premibre en- ne de tension.                                   trie du
deuxiome amplfficateur (177). 9. Circuit suivant l'une quelconque des
revendica-  14. Ditecteur de signal FM suivant la revendication tions
pricedentes, dans lequel l'impidance du     13, dans lequel la premlbre
source de potentiel circuit de commando de gain (102) est pratique-  40
est une source de tension d'alimentation Interm6- ment la mime que
l'impidance du circuit A riac-   diaire, la deuxibme source de potentlei
est une tlon a Impidance temporelle continue.             source de tension
faible; etla troisieme source de potentiel est une source de tension totale
d'all- 10. Detecteur de signal FM comprenant                mentation. un
convertisseur frquenceltnsion (101),  45 lequel convertissour comprend un
premier ampil-  15. Dbtecteur de signal FM suivant la revendication
ficatbur opirationnel (124), un premier circuit A  14, dans lequel la
premibre source de potentiel capacites commuties (10, 12) ayant une entree
eat A 4 volts, la deuxilme source de potentiel est reliee a une premiere
source de potentiel (191) et  a la masse; et la troisieme source de
potentiel est etant commandb en fonction d'un signal de FM   so  A 8 volts.
revu, et une resistance de reaction (127) connec- tee entre la sortie et
une premibre entree du pre-  16. Ditecteur de signal FM suivant l'une
quelconque mber amplificateur (124); et                      des
revendicatbons 10 A 15, dans lequel lea pre- un circuit de compensation
(102, 103)       mibres entries des premier et deuxiime amplfi- comprenant
un deuxieme amplificateur opira-  s5   cateurs (124,177) sont des entries
inverseuses. tionnel (177), une resistance d'entree (147 - 155) connectie
entre la sortie du premier amplifica-  17. Ditecteur de signal FM suivant
l'une quelconque tour et une premiere entree du deuxibme amplifi-  des
revendhcatbons 10 A 16, dans lequel la risis- 10    19                  EP
0 419 037 BI                  20      I    c   L 1      S tance de reaction
(127) et la resistance d'entre (147 - 155) ont pratiquement des structures
!den- "     Utiques. 10 15 20 25 30 35 40 45 50 55    


