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of the selective gain can be reduced with an increas- ing tuning frequency
by means of an extra integrator The invention relates to a tunable
resonance am-  arranged in series with the signal path, such an inte-
plifier comprising a non regenerative DC negative  grator introduces
unwanted effects such as, for ex- feedback loop which includes controlled
amplifying   5   ample a very strong increase of the output signal of means
providing a controlled loop gain, said loop In-  the amplifier at a tuning
frequency decreasing to corporating first and second first-order low-pass
RC  zero. The field of use of this known tunable resonance filters, and
having a signal path arranged from the in-  amplifier is comparatively
small, also because of this put to the output and a feedback path arranged
from  frequency-dependent selective gain. Application in, the output to the
input.                      10  for example, receiver tuning devices for a
tunable The invention also relates to a frequency synthe-  channel RF
selection of a desired RF reception signal sis circuit comprising a
frequency divider circuit, a  is not possible. phase detector, a loop
filter and a voltage-controlled  The invention has for its object to
obviate these oscillator successively incorporated in a phase-   drawbacks
in a simple manner. locked loop.                                  15
According to the invention a tunable resonance The invention also relates
to a superheterodyne  amplifier of the type described in the opening para-
receiver with an adaptive IF signal processing.    graph is therefore
characterized in that: A tunable resonance amplifier of this type is      -
the signal path incorporates one of the twosaid known, for example, from
German Patent Specifica-       filters and the feedback path incorporates
the tion no. 1,262,466.                            20        other filter
together with the controlled ampli- A frequency synthesis circuit of this
type is       fying means, or that known, for example, by the type
indication LM 7005    - the controlled amplifying means comprises of Sanyo.
two controlled amplifiers and the signal path Asuperheterodyne receiverof
this type Is known,      incorporates the two said filters together with
for example, from United States Patent 3,541,451.    25  one of said
amplifiers and the feedback path Frequency selective amplifiers including
at least    incorporates the other of said amplifiers. one transconductance
block are known from Pro-        The invention is based on the recognition
that a ceedings of the Nat. Elect. Conference, vol. 25, 8-10  compensation
of the frequency-dependent selective December 1969, pages 112-116 and from
Proceed-     gain of the known resonance amplifier can be ob- ings of the
IEEE 1987 National Aerospace and Elec-  30  tained withoutextra components
by a suitably chosen tronics Conference NAECON 1987, Dayton, 18-22
distribution of the loop gain and the filteraction on the May 1987, vol. 1,
IEEE, pages 44-46. In these fre-  signal and feedback path of the loop.
quency selective amplifiers however there is no dis-  When using the
measure according to the inven- tribution of the loop gain and the filter
action on the  tion, an effective compensation of the frequency-de- signal
and feedback paths of the loop.        35  pendent variation of the
selective gain of the reso- In the signal path from the input to the output
the  nance amplifier is obtained while maintaining a con- known resonance
amplifiersuccessively comprises a  stant bandwidth. This is achieved
without the use of voltage signal adding circuit, an Inverting cnjontrolla-
extra gain controls and/or circuits such as integrators ble voltage
amplifier and an RC network composed   which increase the costprice and/or
even introduce of a cascade arrangement of the first and the second   40
unwanted effects. The tunable resonance amplifier first-order low-pass RC
filters. The output of the res-  according to the invention is therefore
suitable for onance amplifier is connected to the adder circuit via  many
applications, inter alia for realising in radio and the feedback path,
resulting in a DC negative feed-  TV receivers a tunable channel RF
selection and/or back loop with a controlled loop gain.            for
realising a fixed IF selection of a desired RF or IF The known resonance
amplifier has a bandpass  45  reception signal in the case of a suitably
chosen tun- characteristic around a tunable resonance frequency  ing. which
can be varied by controlling the loop gain. At  A tunable resonance
amplifier according to the this resonance or tuning frequency the
frequency-de-  invention is preferably characterized in that the loop
pendent transmission of the resonance amplifier is  comprises in a closed
loop form and successively ar- maximum. The passbandwidth of this resonance
am-  50  ranged In cascade a first controlled amplifier, the first plifier
is determined by the time constants of the two  RC filter, a second
controlled amplifier and the sec- RC filters and is independent of the loop
gain. This  ond RC filter, the two amplifiers and the two RC fil- provides
the possibility ofvarying the tuning frequen-  ters being mutually
substantially identical. cy and hence the frequency location of the pass
When using this measure, each of the two ampli- range at a constant size of
the bandwidth.   55  fiers can be varied in gain over a comparatively large
However, the known resonance amplifier has a   control range without
unwanted phenomena such as, selective gain which increaseswith an
increasing tun-  for example saturation occurring therein. With this ing
frequency, and conversely. Although the increase  preferred measure the
tuning range of the resonance 2   
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to the invention is increased con-  the gain, or conversely. siderably.
Moreover, this preferred embodiment is not   This embodiment is
particularly suitable for use only suitable for a frequency selection of
single-pha-  in receivers, for example, for automatic gain control se
signals but with suitably chosen Input and output  (AGC). By controlling
the transconductances of the terminals, it is also suitable for selecting
phase quad- 5  third and fourth transconductance circuits with an rature
signals or it is suitable as a selective phase  AGC signal, it is achieved
that weaker RF reception splitter or as a selective adder circuit
signals, which must be amplified to a larger extent as A preferred
embodiment having a comparatively    compared with stronger RF reception
signals, are se- simple circuit configuration which is also suitable to
lected with a narrower bandwidth than said stronger be realised in an
integrated form is characterized in  10   RF reception signals. Since such
weaker RF recep- that the first and second controlled amplifiers com -
tion signals comprise relatively more noise compo- prise first and second
transconductance circuits each  nents than the stronger RF reception
signals, a dy- having a controllable transconductance from a vol-  namic
noise suppression is obtained simultaneously tage input to a current output
and in that in the loop  with such a gain control. the current outputs of
the first and second transcon-   15  An embodiment which provides the
possibility of ductance circuits are coupled via parallel RC mem-
adjusting the resistance or of varying the load to very bers of the first
and second RC filters to the voltage  large values is characterized in that
each one of the inputs of the second and first transconductance cir-  third
and fourth transconductance circuits is positive- cuits, respectively, said
loop comprising means for  ly fed back from the output to the input. When
using signal inversion, the input of the resonance amplifier  20  this
measure, the third and fourth transconductance being coupled to the input
of at least one of the two  circuits constitute a negative resistor,
therewith ena- transconductance circuits for applying an input signal
bling a high effective load resistorto be realised when current thereto and
the output of the resonance am-  using a comparatively small load resistor
without an plifier being coupled to the output of one of the two  increase
of the power supply voltage and hence the transconductance circuits for
applying an output sig-  25   power dissipation. nal voltage thereto.
An embodiment which is particularly suitable for An embodiment which is
suitable for a selective  the TV VHF/UHF and/or the TV satellite frequency
gain of quadrature signals is characterized in that the  range is
characterized in that each one of the third input and the output of the
tunable resonance ampli-  and fourth transconductance circuits is
negativelyfed fier comprise an in-phase and a quadrature input ter-  30
back from the output to the input. When using this minal and an in-phase
and a quadrature output termi-  measure, the third and fourth
transconductance cir- nal, respectively, one of the two first and second
cuits constitute a positive resistor which with unwant- transconductance
circuits being arranged between    ed phase shifts due to delay time
effects can be com- said two input terminals and output terminals.
pensated at frequencies in the last-mentioned fre- When using this measure,
use is made of the fact  35   quency range so that oscillation can be
prevented. that the phase shift through each one of the first and  An
embodiment in which the gain of the tunable second parallel RC members at
the respective out-   resonance amplifier can be adjusted In asimple man-
puts of thefirstand second transconductance circuits  ner is characterized
in that the Input signal of the res- at the resonance frequency is [err]in
at least  onance amplifier is applied via an input transconduc- a very
close approximation.                     40  tance circuitto the input of
at least one of the twofirst A further preferred embodiment of the tunable
and second transconductance circuits. resonance amplifier according to the
invention Is       To control the last-mentioned gain within the tun-
characterized in that the outputs of the first and sec-  ing range without
varying the bandwidth, a further ond transconductance circuits are
connected to in-  embodiment is characterized In that the input trans- puts
and outputs of third and fourth transconduc-  45  conductance circuit is
controllable. tance circuits, respectively.                           A
practical embodimentwhich is particularly suit- When using this measure,
the third and fourth    able for integration is characterized in that the
first transconductance circuits constitute an extra resistor  and second
transconductance circuits comprise first parallel to the load resistor and
the capacitive load  and second difference pairs, respectively, which first
and a reduction of the power dissipation and a de-  50  and second
difference pairs comprise first and sec- crease of the required power
supply voltage is ob-  ond, and third and fourth emitter-coupled
transistors tained.                                             with a
first and a second current source transistor ar- A further embodiment of
such a resonance am-     ranged in a common emitter tail configuration,
said plifier which is characterized in that the transconduc-  two current
source transistors being controllable tances of the third and fourth
transconductance cir-  55  from a first common control circuit having a
tuning cuits are controllable, provides the possibility of re-  control
input for controlling the transconductance of ducing the bandwidth by
varying the last-mentioned  the first and second transconductance circuits,
the transconductances and of simultaneously increasing  collectors of said
first to fourth transistors each being 3  
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the power supply voltage via first to    acterized in that an emitter
resistor is incorporated in fourth load resistors, respectively, and being
coupled  the emitter lead of each one of the fifth to eighth tran- to the
bases of the fourth, third, first and second tran-  sistors. sistors, while
first and second capacitances are ar-     An embodiment which is
particularly suitable for ranged between the collectorsofthefirstand
second,   5   very high frequencies, for example in the TV satellite and
the third and fourth transistors, respectively.  frequency range is
characterized in that the fifth to When using this measure, the load
resistors are not   eighth transistors are fed back from collector to base
only used for a desired attenuation of the selective  via the base-emitter
junction of ninth to twelfth tran- operation of the loop circuit but they
also simplify the  sistors, respectively, and in that the collectors of the
realisation of a suitable working point of the transis-  10  first to
fourth transistors are coupled to the bases of tors.
the fourth, third, first and second transistors, respec- An embodiment in
which oscillation at high fre-   tively. When using this measure, the
cut-off frequen- quencies due to, inter alla delay time effects in said  cy
of the signal-processing transistors is increased. first and second
difference pairs is avoided is char-    Apractical embodimentof the
inputtransconduc- acterized in that first and second load series resistors
15  tance circuit is characterized in that the input trans- are arranged in
series with the first and second ca-  conductance circuit comprises a
differential stage pacitances respectively. Said load series resistors re-
having first and second emitter-coupled input transis- duce the phase shift
effect due to parasitic delay    tors and a current source in a common
emitter lead times in the difference pairs.                        whose
collectors are connected to the bases of the An embodiment in which the
effect of the fre-   20  transistors of one of the two difference pairs.
quency-dependent base input resistance of the differ-    The known
frequency synthesis circuit utilizes a ence pairs on the quality factor and
the bandwidth of  wideband amplifier between the voltage-controlled the
resonance amplifier is reduced is characterized in  tuning oscillator and
the frequency divider In order to that base series resistors are arranged
between the   comply with the existing radiation requirements and
collectors of the third, fourth, second and first transis  25  it has a
comparatively complex and hence expensive tors and the bases of the first
to fourth transistors.  circuit configuration. A practical embodiment of
the third and fourth        The invention has for its second object to
provide transconductance circuits is characterized in that the  a frequency
synthesis circuit which can be realised, third and fourth transconductance
circuits comprise   inter alia at lower cost and has less power dissipation
third and fourth difference pairs with fifth and sixth,  30  than the known
frequency synthesis circuit. and seventh and eighth emitter-coupled
transistors,      According to the invention such a frequency syn-
respectively, comprising a third and a fourth current  thesis circuit is
therefore characterized in that a tuna- source transistor arranged in a
common emitter tail   ble resonance amplifier as described hereinbefore is
configuration for adjusting the transconductance of   arranged between the
voltage-controlled oscillator the third and fourth transconductance
circuits, the   35   and the frequency divider circuit, the loop filter
being bases of the fifth to eighth transistors being coupled  coupled to a
tuning control input of the tunable reso- to the collectors of the first to
fourth transistors and  nance amplifier for simultaneously tuning the vol-
the transistors of the third and fourth difference pairs  tage-controlled
oscillator and the tunable resonance being fed back from collectors to
bases.              amplifer. Another way of reducing the influence of the
fre-   40  When using this measure according to the inven- quency-dependent
base input resistance on the         tion, a comparatively high selective
amplification of bandwidth different from the one mentioned herein-   the
oscillator signal can be obtained by means of the before is possible in an
embodiment which is charac-  tunable resonance amplifier with only a
comparative- terized in that the third and fourth current source tran-
lysmall power dissipation, so that the oscillator signal sistors are
controllable from a second common con-   45   amplitude may be chosen to be
small. trol circuit for controlling the transconductance of the  The
Invention has for its third object to provide a third and fourth
transconductance circuits.           superheterodyne AM and/or FM receiver
with an A practical realisation of a positive feedback of  adaptive IF
signal processing, which can be realised the third and fourth
transconductance circuits Is char-  more easily than the known receiver.
acterized in that the collectors of the fifth to eighth  50  Such a
superheterodyne AM receiver succes- transistors are coupled to the bases of
the sixth, fifth,  sively comprising an RF inputsection, a tunable mixer
eighth and seventh transistors, respectively.         stage, an AM-IF
section and an AM demodulation de- A practical realisation of a negative
feedback is  vice is characterized in that the AM-IF section com-
characterized in that each one of the fifth to eighth  prises a tunable
resonance amplifier comprising a transistors is fed back from collector to
base.  55   non regenerative DC negative feedback loop which A preferred
embodiment using a little critical and  includes controlled amplifying
means providing a hence accurate control of the transconductance of
controlled loop gain, said loop incorporating first and the third and
fourth transconductance circuits is char-  second first-order low-pass RC
filters, and having a 4 
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from the Input to the output and  ing realised byfirstand second
transconductance cir- a feedback path arranged from the outputtothe input,
cuits each having a controllable transconductance the signal path
incorporating one of the two said fil-  from a voltage input to a current
output, and in that in ters and the feedback path incorporates the other
fil-  the loop the current outputs of the first and second ter together
with the controlled amplifying means, or   5   transconductance circuits
are coupled via parallel RC the controlled amplifying means comprising two
con-  members of the first and second RC filters to the vol- trolled
amplifiers and the signal path incorporating  tage Inputs of the second and
first transconductance the two said filters together with one of said
amplifi-  circuits, respectively, said loop comprising means for ers and
the feedback path incorporating the other of  signal inversion, the input
of the resonance amplifier said amplifiers, said controlled amplifying
means be-  10  being coupled to the input of at least one of the two Ing
realised by first and second transconductance cir-  transconductance
circuits forapplying an input signal cuits each having a controllable
transconductance  current thereto and the output of the resonance am- from
a voltage input to a current output, and in that in  plifier being coupled
to the output of one of the two the loop the current outputs of the first
and second  transconductance circuits for applying an output sig-
transconductance circuits are coupled via parallel RC   15  nal voltage
thereto, the outputs of the first and second members of the first and
second RC filters to the vol-  transconductance circuits being connected to
inputs tags Inputs of the second and first transconductance  and outputs of
third and fourth transconductance cir- circuits, respectively, said loop
comprising means for  cuits, respectively, said third and fourth
transconduc- signal inversion, the input of the resonance amplifier  tance
circuits being controllable and being coupled to being coupled to the input
of at least one of the two   20  an output of a reception quality detection
circuit via a transconductance circuits for applying an input signal
control input, said first and second transconductance current thereto and
the output of the resonance am-  circuits being coupled to an output of the
FM demod- plifier being coupled to the output of one of the two  ulation
device via a control input transconductance circuits for applying an output
sig-  When using this measure, both a high IF selec- nal voltagethereto,
the outputs of the firstand second   25  tivity and a receiver performance
which is largely in- transconductance circuits being connected to inputs
dependent of reception quality variations are ob- and outputs of third and
fourth transconductance cir-  tained in a simple manner. cuits,
respectively, said third and fourth transconduc-  The invention will be
described in greater detail tance circuits being controllable and being
coupled  with reference to the Figures shown in the drawings via a control
input to an output of an automatic gain  30   which only serve to
illustrate the description and in control signal generating circuit.
which corresponding elements have the same refer- When using this measure,
the gain of the AM, IF  ences. section is increased with a decreasing field
strength,  In the drawings: accompanied by a reduction of the bandwidth,
and      Fig. 1 shows a known tunable resonance ampli- conversely. Since
the influence of noise on weak re-  35  fier, ception signals is greater
than on strong reception   Figs. 2a to 2c show first to third embodiments
of signals, a stabilization of the noise Impression on a  the tunable
resonance amplifier according to the comparatively low noise level is
simultaneously ob-   invention, tained with an automatic gain control.
Fig. 3 is a block diagram of a preferred embodi- A superheterodyne FM
receiver successively  40     ment of a tunable resonance amplifier
according comprising an RF input section, a tunable mixer       to the
Invention, stage, an FM-IF section and an FM demodulation de-    Figs. 4a
to 4f show a number of drive and cou- vice is characterized in that the
FM-IF section com-  pling-out possibilities of the tunable resonance prises
a tunable resonance amplifier comprising a     amplifier according to the
Invention, non regenerative DC negative feedback loop which   45  Fig. 5
shows a first integrable embodiment of a includes controlled amplifying
means providing a      resonance amplifier according to the invention,
controlled loop gain, said loop incorporating first and  Fig. 6a shows the
bandpass characteristic of the second first-order low-pass RC filters, and
having a  first embodiment at different adjustments of the signal path
arranged from the input to the output and  first and second
transconductance circuits, afeedback path arrangedfrom the outputto the
input,  50  Fig. 6b shows the bandpass characteristic of the the signal
path incorporating one of the two said fil-  first embodiment at different
adjustments of the ters and the feedback path incorporates the other fil-
third and fourth transconductance circuits, ter together with the
controlled amplifying means, or  Fig. 7 shows a second integrable
embodiment of the controlled amplifying means comprising two con-   a
resonance amplifier according to the invention, trolled amplifiers and the
signal path incorporating  55  Fig. 8 shows an embodiment of a frequency
syn- the twosaid filters together with one of said amplifi-  thesis circuit
comprising a plurality of tunable res- ers and the feedback path
incorporating the other of  onance amplifiers according to the invention,
said amplifiers, said controlled amplifying means be-  Fig. 9 shows an AM
superheterodyne receiverac- 
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invention,                      second embodiments of a tunable resonance
ampli- Fig. 10 shows an FM superheterodyne receiver   fier according to the
invention, each amplifierselec- according to the invention.
tively amplifying an input signal voltage [err] applied to Fig. 1 shows the
basic circuit diagram of the  the input IN to an output signal voltage
[err] at the out- known tunable resonance amplifier according to said   5
put OUT. German Patent Specification no. 1,262,466, which      In said
first embodiment as shown in Fig. 2a the selectively amplifies an input
signal voltage [err] ap-  signal path from the input IN to the output OUT
only plied to an input IN to an output signal voltage [err] at
incorporates the second low-pass filter R2C2 and the an output OUT. The
known resonance amplifier com-  feedback path from the output to the input
incorpor- prises a non-regenerative loop having a signal path  10  ates the
other loop elements, namely the controlled from the input IN to the output
OUT successively in-  loop gain realised by the controllable voltage ampli-
corporating: avoltageaddercircuit S, a controlled vol-  fier VA and the
first low-pass filter RICI. To this end tage amplifier VA and a cascade
circuit of first and  the voltage adder circuit S is incorporated between
second first-order RC low-pass filters R1C1 and   the two low-pass filters
RICI and R2C2. An alterna- R2C2, respectively. Each low-pass filter RICI
and   15  tive, which is not shown, of this tunable resonance R2C2
comprises a serial resistor RI, R2 and a parallel  amplifier according to
the invention is obtained by ar- capacitor C1, C2, respectively, connected
to ground.  ranging the addercircuit S between VAand RI CI and The output
of R2C2, i.e. the common junction point  by using the output of R1C1 as
output OUT of the res- between R2 and C2 is connected to the output OUT
onance amplifier. The signal path of this alternative, of the resonance
amplifier. The loop also comprises  20  which is not shown, incorporates
thefirstlow-pass fil- a feedback path via which the output OUT is coupled
ter R1 C1 and the feedback path incorporates the sec- to the voltage adder
circuit S. The voltage adder cir-  ond low-pass filter R2C2 succeeded by
the control- cult S adds the input voltage [err] to the output voltage
lable voltage amplifier VA. [err] and applies the sum voltage [err] thus
ob-       Unlike the resonance amplifier of Fig. 2a, the tained to the
voltage amplifier VA.           25  controlled loop gain oin said second
embodiment is not The voltage amplifier VA realises a controlled  realused
by means of a single controllable voltage am- loop gain as well as a signal
inversion. Since RI C1  plifier but by the cascade circuit of several
controlla- and R2C2 realise a frequency-dependent phase       ble voltage
amplifiers each realising a part and jointly shift, which is only zero for
the DC component, said  realising the total loop gain. The version shown in
Fig. signal inversion results in a DC negative feedback in  30  2b
comprises a cascade circuit of first and second the loop.
controllable voltage amplifiers denoted by VA1 and Said German Patent
Specification shows that the  VA2, respectively. The voltage amplifiers VA1
and tunable resonance amplifier of Fig. 1, starting from  VA2 preferably
have a mutually equal amplification mutually identical low-pass filters
R1C1 and R2C2  so that each of them realises half the total loop gain with
R1 = R2 = R and C1 = C2 = C and a gain -A in  35  in dB and a signal
Inversion takes place In one of the controllable voltage amplifier VAhas a
resonance  these voltage amplifiers. The adder circuit S is ar- frequency
[err] which is equal [err] a quality    ranged between VA1 and VA2 so that
the signal path from the input IN to the output OUT incorporates a factor
Qwhich is equal to [err] and a bandwidth  cascade circuit of the second
controllable voltage am- AW which is equal to 3/RC. The transmission factor
40  plifier VA2, the first and the second low-pass filters at the resonance
frequency, or the selective amplifi-  R1C1 and R2C2, respectively and the
feedback path cation is substantially equal to jQ. As is apparentfrom  from
the output OUT to the input IN incorporates the the foregoing, a variation
of the gain factor -A of the  first controllable voltage amplifier VA1. An
alterna- voltage amplifier VA may lead to a tuning of the res-  tive, which
is not shown, is obtained by arranging the onance frequency[err] at a
desired value without a va-  45  adder circuit S between the second voltage
amplifier riation of the bandwidth[err] However, such a tuning  VA2 and the
first low-pass filter R1C1 and by using variation results in a variation of
the selective ampli-  the output of the first voltage amplifier VA1 as
output fication of the resonance amplifier as a whole. This  OUT of the
resonance amplifier. In this case the sig- property is fundamental for the
known resonance am-  nal path from IN to OUT incorporates the cascade cir-
plifier. It is true that the increase of the selective am-   50  cuit of
the two low-pass filters RICI and R2C2 and plification with an increase of
the tuning frequency  the first voltage amplifier VA1, while the feedback
can be compensated for by arranging an Integrator in  path from OUT to IN
incorporates the second voltage series with the known resonance amplifier
in known  amplifier VA2. manner. However, such an extra integrator
introduc-   Fig. 2c shows a third embodiment of a tunable es a strong
increase of the selective amplification at  55  resonance amplifier
according to the invention which a tuning decreasing to the zero frequency
until theo-  can be more easily realised in practice as compared retically
infinite at the zero frequency itself.   with that shown In Figs. 2a and
2b. The loop is formed Figs. 2a and 2b are block diagrams of first and  by
a cascade circuit of first and second transconduc- 
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circuits TC1 and TC2 having a controllable   In a second mode the first
terminal (I/0)1 is used as transconductance whose outputs are coupled to a
a current input and the second terminal (I/0)2 is used parallel circuit,
functioning as the first low-pass filter  as a voltage output, or
conversly. In a third mode the RIC1, of a first load capacitor C1 and a
first load re-  tunable resonance amplifier is used forfiltering a pair
sistor R1 and a parallel circuit, functioning as the sec-   5   of phase
quadrature signals, the first and second ter- ond low-pass filter R2C2, of
a second load capacitor  minals (I/0)1 and (I/0)2 constituting both a phase
C2 and a second load resistor R2, respectively, said  quadrature current
input terminal pair and a phase two parallel circuits being connected to
ground. The  quadrature voltage output terminal pair. two transconductance
circuits TC1 and TC2 together    In the first mode an input signal
current[err]is ap- with the parallel circuits RICI and R2C2 constitute  io
plied, for example to the first terminal (I/0)1 and is firstand second
sections which mutually correspond.  added at the junction point S1 to the
outputcurrent [err] In the embodiment shown the output of the second   of
TC1. The output impedance of TC1, viewed from transconductance circuit TC2
is connected to the in-       S1, is inductive and may be considered to be
replaced put of the first transconductance circuit TC1 via a vol-  by a
coil L1 (not shown) which is arranged parallel tage invertercircuit INV.
The result is a closed loop cir-  15  across R1C1. The voltage at S1 across
R1CI is there- cuit in which a phase shift of [err]occurs at very high  by
mainly in phase with the input signal current[err] at resonance frequency
values, and an infinite reso-  the resonance frequency [err] of the
resonance ampli- nance frequency value in the theoretical case. The  fier
and is equal to the sum of the sub-voltages which resonance frequency is
the frequency for which the  are produced by each of the currents [err]
across gain of one occurs in the closed loop. In practice the   20   RICI.
This voltage is available at the first terminal phase shift at the
resonance frequency across each  (I/0)1 as output signal voltage [err]
section appears to be [err] in a very close approxima-  Although the first
terminal (I/0)1 Is used as a cur- tion, but with a suitable dimensioning
there is a suffi-  rent input and a voltage output, the signal path of the
cient phase margin left to avoid oscillation.      loop from the current
input to the voltage output Incor- The loop circuit has a bandpass
characteristic  25  porates the first low-pass filter RI CI in this first
mode whose resonance frequency is controllable by means  and the feedback
path of the loop from the voltage of a variation ofthe transconductanceof
TC1 and TC2  output to the current input incorporates the cascade and whose
bandwidth is adjustable bymeans of a cor-  circuit of TC2, R2C2, INV and
TC1. As already noted rectly chosen RC value for the parallel circuits R1C1
hereinbefore, TC1 and TC2 realise the controlled loop and R2C2.
30  gain. The inverter INV can be incorporated at any arbi-  In a
corresponding manner an input signal cur- trary position in the loop and
may be omitted If a sig-  rent [err] at the second terminal (I/0)2 results
in an out- nal inversion takes place in one of the transconduc-  put
voltage [err] at S2 across R2C2 which is substan- tances TC1 and TC2. For
reasons of symmetry the   tially in phase with the input signal
current[err] section formed by TC1 and R1C1 is preferably equal  35  and
which is the sum of the sub-voltages produced by tothe section formed by
TC2 and R2C2. In a balanced    [err] and the output current of TC2,[err]
across[err]. The implementation a signal inversion is simply obtained
signal path of the loop from the current input to the by providing a
cross-coupling in the loop, which will be  voltage output incorporates the
second low-pass filter further described with reference to Figs. 5 and 7.
R2C2 and the feedback path of the loop from the vol- The transconductance
circuits TC1 and TC2   40  tage output to the current input incorporates
the cas- each supply output currents [err] respectively,  cade circuit of
INV TC1, R1C1 and TC2. which vary with input voltages [err] the trans-  In
said third mode (I/0)1 and (I/0)2 constitute in- conductances [err] being
controllable.  phase and quadrature terminals, respectively, to The
controllable voltage-current conversion in TC1  which the in-phase and
quadrature components of a and TC2 thus obtained is succeeded by a fixed
cur-  45  phase quadrature input signal current are applied. In
rent-voltage conversion across R1C1 and R2C2, re-  the manner described
herein before the in-phase and spectively, so that together with the
voltage inverter  quadrature components of the phase quadrature out- INV a
DC negative feedback is obtained in the loop  put signal voltage produced
by this phase quadrature and a loop gain is obtained which is controllable
by  input signal current become available at the same ter- controlling the
transconductances of TC1 and TC2.   50   minals (I/0)1 and (I/0)2
respectively. In the embodiment shown in Fig. 2c the tunable    In said
second mode with, for example the first resonance amplifier has first and
second terminals  terminal (I/0)1 as the current input and the second ter-
(I/0)1 and (1/0)2, respectively, which are connected to  minal (I/0)2 as
the voltage outputthe signal path of the the common junction point of TC1
and R1CI, and TC2  loop from the current inputto the voltage output incor-
and R2C2 denoted by S1 and S2, respectively. In a   55   porates the
cascade circuit of the first low-pass filter first mode the first terminal
(1/0)1 or the second ter-  R1C1 the second transconductance TC2 and the
sec- minal (I/0)2 is used as a current input and simultane-  ond low-pass
filter R2C2 and the feedback path from 



ously as a voltage output of the resonance amplifier.  the voltage output
to the current input incorporates 7    13                  EP 0 420 974 B1
14 the inverter circuit INV as well as the first transcon-  attenuation of
the bandpass characteristic of the res- ductance TC1. Consequently the
controlled loop gain  onance amplifier is possible and with which phase is
evenly distributed over the signal and feedback  shifts due to parasitic
delay time effects can be com- paths of the loop in the case of a
symmetrical imple-  pensated. Dependent on the nature of the prevailing
mentation in this second mode. As stated hereinbe-   5   parasitic effects,
i.e dependent on the frequency to fore, an input current [err] applied to
(1/0)1 produces a  be processed, a positive or negative feedback of TC3
voltage at S1 which is substantially in phase with[err]  and TC4 is used in
order to obtain a correct operation This in-phase voltage is converted in
TC2 into a cur-  of the resonance amplifier. To this end the transcon- rent
[err] which is in phase with the last-mentioned vol-  ductance of TC3 and
TC4 can be adjusted at a fixed tage and is hence substantially in phase
with [err] The   10  value. current[err] produces a voltage at S2 across
R2C2,     However it is alternatively possible to control the which voltage
is substantially shifted [err] in phase  transconductance of TC3 and TC4 in
a suitable man- with respect to [err] so that an output voltage [err] is
ob-  ner, for example, in a manner which is to a certain ex- tained at
(I/0)2 which at [err] is shifted [err] in phase or  tent dependent on the
transconductance of TC1 and at least very close to [err] with respect to
[err]  15  TC2. It can thereby be achieved that the bandwidth Fig. 3 shows
a preferred embodimentof a tunable  remains constant within accurate limits
over a com- resonance amplifier RA according to the invention,  paratively
large tuning range of the tunable reso- based on the amplifier shown in
Fig. 2c. The preferred  nance amplifier and a correct operation of the
reso- embodiment shown has an input with in-phase and    nance amplifier is
maintained. quadrature voltage input terminals Vi and Vq and an   20  The
tunable resonance amplifier RA shown has output with in-phase and
quadrature voltage output  an input transconductance circuit comprising
first and terminals VI and VQ. VI and VQ correspond to the first  second
input transconductance divider circuits TC5 and second terminals (I/0)1 and
(I/0)2, respectively,  and TC6. The circuits TC5 and TC6 are arranged be-
of Fig. 2c.                                        tween the in-phase input
terminal Vi and the junction To provide the possibility of an electronic
adjust-  25  point S1 and between the quadrature input terminal ment of the
bandwidth, the tunable resonance ampli-  Vq and the junction point S2. The
output of TC1, or 51, fier RA comprises third and fourth transconductance
and the output of TC2, or 52, are coupled to the in- circuits TC3 and TC4
each of which is fed back from  phase output terminal VI and the quadrature
output output to input and is arranged at the outputs of TC1  terminal VQ
respectively, of the tunable resonance and TC2, respectively. These
transconductance cir-  30  amplifier RA. The input transconductance circuit
cults TC3 and TC4 realise an extra resistorwhich can  TC5, TC6 converts a
pair of phase quadrature input be considered to be arranged parallel to the
parallel  voltages into a pair of phase quadrature input cur- circuits RIC1
and R2C2, respectively.              rents and applies these currents to
the loop circuits A variation of the transconductance of TC3 and  at said
junction points between which one of the two TC4 not only results in a
variation of the bandwidth  35  first and second transconductance circuits
TC1 and but also in a variation of the selective amplification at  TC2 is
arranged. As a result the phase quadrature re- the resonance frequency
without influencing the tun-  lation of the phase quadrature input voltages
to be ing frequency. Adecrease of the bandwidth is accom-  amplified is
maintained. The amplified phase quadra- panied by an increase of the
selective amplification  ture voltages are coupled out from said points in
the so that this tunable resonance amplifier is particular-  40  loop
circuit. By means of a correct adjustment of the ly suitable for use as an
IF filter in a receiver for a  transconductance of TC5 and TC6 the gain
factor of noise adaptive signal selection and amplification.  the resonance
amplifier can be adjusted to a desired This will be further elucidated in
Fig. 9.         value. In the case of a positive feedback from output to  A
variation of TC3 and TC4 results in a variation input as shown, they
realise a negative resistor which   45  of said gain factor, which can be
compensated for togetherwith R1 and R2 ata value approximating that  over a
large tuning range by a suitable control of TC5 of R1 and R2 in an absolute
sense may give rise to  and TC6. very high effective resistance values and
enable a    Figs. 4a to 4f show a number of connection and simple
adjustment at a high quality factoror a narrow  coupling-out possibilities
of the tunable resonance bandwidth. Moreover, R1 and R2 can be chosen to be
50  amplifier RA according to the invention in which the small byusing this
measure sothat dependenton the  elements corresponding to those of Fig. 3
have the form of realisation, the power supply voltage and  same
references. hence the power dissipation can be maintained at a    Fig. 4a
shows a common supply of a single input low value.
signal voltage toVi and Vq, which input signal voltage In the case of a
negative feedback (not shown)  55  is selectively amplified and converted
into a pair of from output to input, for example by means of an in-  phase
quadrature output voltages at VI and VQ which 



verter circuit in the signal path of TC3 and TC4 (not  are mutually added
in an adder circuit, resulting in a shown) they realise a positive resistor
with which an  single output voltage. 8    15                  EP 0 420 974
B1                     16 Fig. 4b also shows a common supply of a single
The third and fourth transconductance circuits input signal voltage to Vi
and Vq, the tunable reso-  are each positively fed back from output to
input and nance amplifier RAfunctioning as a selective phase  are connected
to the outputs of the first and the sec- splitter. A single input voltage
is selectively amplified  ond transconductance circuits, respectively,
because and converted or split up Into a pair of phase quadra-   5   the
collectors of T5 to T8 are connected to the bases ture output voltages.
of T6, T5, T8 and T7, respectively, and the collectors Fig. 4c shows the
supply of a single input voltage  of T1 to T4 are connected to the bases of
T5 to T8, to Vi and the decrease of a single output voltage at VQ
respectively. which is shifted [err] or substantially [err] in phase with
The tunable resonance amplifier also comprises respect to Vi.
10  a controllable input current transconductance circuit Fig. 4d shows the
supply of a single input voltage  having first and second emitter-coupled
input transis- to Vi and an addition of the phase quadrature output  tors
Ti1 and Ti2, respectively, with a controllable cur- voltages obtained from
this input voltage and result-  rent source CT5 in a common emitter tail.
The collec- ing in a single output voltage.                    tors of Ti1
and Ti2 are connected to the collectors of Fig. 4e shows the tunable
resonance amplifier  15  T1 and T2 and tothe basesofT4 and T3,
respectively. RA as a selective amplifier of phase quadrature vol-  The
bases of Ti1 and Ti2 are connected to a balanced tages, with a pair of
phase quadrature Input voltages  input of the resonance amplifier and via
mutually being applied to Vi and Vq and a pair of phase quad-  equal base
resistors R3 and R4 to a common output ratureoutputvoltages being supplied
from VI and VQ.  of a voltage divider D4, R1, R3 fora suitable working Fig.
4f shows the tunable resonance amplifier RA   20  point of Ti1 and Ti2. A
balanced output voltage from as a selective interface stage from quadrature
to non-  the collectors of T3 and T4 is applied to a balanced quadrature
signals in which a pair of phase quadra-  output of the tunable resonance
amplifier. ture input voltages isselectively amplified in a pair of  The
tunable resonance amplifier comprises first phase quadrature output
voltages, which output vol-  and second emitter-coupled output transistors
To1 tages are mutually added in an addercircuit and result  25  and To2
with a controllable current source transistor in a single output voltage.
CT6 in a common emitter tail. The bases of To1 and Fig. 5 shows a practical
embodiment of a tunable  To2 are connected via mutually equal base
resistors resonance amplifier according to the invention which  R7 and R8
to a common output of a voltage divider is particularlysuitable to be
realised in bipolar IC tch-  D5, R5, R6 for a suitable working point of To1
and To2, nology with first to fourth controllable transconduc-  30  while
the collectors are connected both to the collec- tance circuits comprising
first to eighth transistors T1  tors of T4 and T3 and to a balanced output
of the res- to T8 and first to fourth currentsource transistors CT1  onance
amplifier. The controllable current source to CT4 each of which functions
as a controllable cur-  transistors CT5 and CT6 constitute output
transistors rent source. The emitters of T1 and T2, and T3 and  of a third
controllable current mirror circuit with an in- T4 are mutually directly
coupled and those of T5 and   35  put control transistor D3 functioning as
a diode. Said T6, and T7 and T8 are each connected to a common   first to
third controllable current mirror circuits are emitter tail via a
degeneration resistor Re. The emitter  controllable/adjustable by means of
a tuning, a band- tail of the first to fourth difference pairs T1 T2; T3,
T4;  width and a gain control current It, Iq and Id at control T5, T6 and
T7, T8 thus obtained incorporates the cur-  inputs IT, TQ and ID,
respectively, which control in- rent source transistors CT1 to CT4.
40   puts are coupled to the bases of D1 to D3, respective- Said first to
fourth difference pairs together with  ly. These control currents are
mirrored in the first to the current source transistors CT1 to CT4
constitute  third current mirror circuits to the output transistors a
practical realisation of the first to fourth controllable  CT1, CT2; CT3,
CT4; CT5, CT6. transconductance circuits TC1 to TC4 of Fig. 1. The   The
outputdifference pairTo1, To2 mainly serves current source transistors CT1
and CT2, and CT3 and   45  to obtain a mutually equal DC bias of the two
sections CT4 are output transistors of a first and a second con-
constituted by the first and third, and the second and trollable current
mirror circuit, respectively, with input  fourth transconductances. control
transistors D1 and D2 functioning as a diode.  In the embodiment shown each
one of the third The collectors of T1 to T4 are connected to the power  and
fourth controllable transconductance circuits T5, supply voltage via first
to fourth mutually equal load   50  T6, CT3 and T7, T8, CT4 constitutes a
controllable resistors RC1 and RC2, while a first capacitance C1  negative
resistor which provides the Possibility of and a second capacitance C2 are
arranged between   compensating for an increase in bandwidth and a de- the
collectors of T1 and T2, and T3 and T4, respec-  crease in gain due to a
decrease of the input resis- tively. The collectors of T3, T4, T2 and T1
are coupled  tance ro of T3, T4 and T1, T2 without varying the load to the
bases of T1 to T4, respectively, via a base ser-  55  resistors RC1-RC2. A
decrease of ro is produced in 



ies resistor Rb. Due to this mutual collector-base cou-  the case of an
increase of the tuning control current pling a negative feedback of a
cascade circuit of the  It, i.e. when tuning from lower to higher
frequencies. first and second transconductances is obtained.    Also the
base series resistors Rb counteract an in-    17                 EP 0 420
974 B1                18 crease of the bandwidth and a decrease of the gain
RC1-RC4 45 [err] the first and second load resistors in the case of an
increasing frequency. Although in  (not shown) 50 [err] the embodiment
shown the use of the negative resis-  the current Id 26 [err] tor
constituted by T5, T6, CT3 and T7, T8, CT4 is  the power supply voltage 2.7
V; shown in combination with the use of the base series   5   the power
consumption 0.6 mW. resistors Rb, the two applications are alternative sol-
Fig. 6a shows curves 1-5 at different tuning cur- utions to the same
problem and the one application  rents it and constant currents iq and Id
of the band- may be used without using the other.              pass
characteristic of the tunable resonance amplifi- In practice the tuning
frequency FR, the band-  er shown in Fig. 5 and realised in a bipolar IC
tech- width BW and the gain G for the embodiment shown   10  nology with
LOCOS insulation, 2 [err] emitter width appears to be approximately
satisfying the following  and a transistor cut-off frequency of
approximately 4 equations at low values of Rb and Re:             GHz. In
this amplifier the base-series resistors Rb [err] in which VT is the
thermal potential and Is approxi-  acteristic of the last-mentioned tunable
resonance mately 25 mV and It, Iq and Id are the currents of the  20
amplifier at a constant current It and different cur- current source
transistors CT1, CT2; CT3, CT4 and  rents Iq and Id. It can clearly be seen
that there is no CT5, CT6, respectively.
detuning. In a practical application for tuning in the RF-AM  An embodiment
which is suitable for tuning in the radio frequency range of 400 kHz-1600
kHz the value  RF-TV VHF/UHF frequency range of 50 MHz-900 of the resistors
R3, R4, R7 and R8 was 2 [err] R2, R5   25  MHz is obtained by negatively
feeding back T5 and T6 70 [err] R1, R6 30 [err] RC-1RC4 25 [err] Re 15
[err]  and T7 and T8 (not shown) in the embodiment of Fig. Rb=0
(short-circuited);                           3 and by arranging first and
second load series resis- the capacitors C1, C2, 32 pF;
tors in series with C1 and C2 (not shown). Such a neg- the power supply
voltage 1.8 V;                   ative feedback Is achieved by providing a
collector- the power consumption 0.36 mW;               30  base connection
for each one of the transistors T5- Id 30 [err]
T8. and Iq = 2 [err]+Itx0,18.                               In a practical
realisation both It and Iq were con- An alternative embodimentwith a
constanttrans-  trolled and conductance of the third and fourth
transconductance  the resistors R3, R4, R7, R8 had a value of 2 [err] R2,
circuits is obtained if, unlike the aforegoing dimen-  35  R5 1 [err] R1 R6
60 [err] sioning, Iq is adjusted at 3.8[err] and Rb Is chosen to  RC1-RC4 5
[err] the first and second load resistors be 7 [err]
(not shown) 100 [err] each; In a practical application for tuning in the
RF-FM  Rb = Re = 0 (short-circuited); radio frequency range of 85 MHz-110
MHz the value  the load capacitor C1, C2 0.5 pF; of the resistors RC1-RC4
was 10[err] Re 3.3 [err] Rb   40  the current Id 200 pA; 40[err]
the power supply voltage 5 V; the current Id 30 pA; Iq 10A;
the power consumption 12.5 mW. the capacitor C1, C2 0.5 pF;
Fig. 7 shows an embodiment of a tunable reso- the power supply voltage 1.8
V;                   nance amplifier which is suitable for tuning in the TV
the power consumption 0.55 mW.               45  satellite frequency range
of approximately 900 MHz- Another simplified embodiment (not shown) of a  2
GHz. The capacitive load of the first and second tunable resonance
amplifier according to the inven-  transconductance circuits T1, T2, CT1
and T3, T4, tion which is also suitable for tuning in the said RF-  CT2 is
constituted in this case by the parasitic collec- FM radio frequency range
Is obtained by completely  tor base capacitances at the load resistors
RC1-RC4. dispensing with the third and fourth transconductar-  50  To
prevent oscillation due to delay time effects, T5 ice circuits T5, T6, CT3
and T7, T8, CT4 (not shown)  and T6 and T7 and T8 are negatively fed back
via and by arranging first and second load resistors (not  ninth to twelfth
transistors T9 and T10 and T11 and shown) in series with C1 and C2,
respectively, be-  T12 arranged as emitter followers. These emitterfol-
tween the collectors of T1 and T2, and T3 and T4, re-  lowers T9-T12 also
Increase the cut-off frequency of spectively.
55  the signal processing transistors T1-T4 and are each In a practical
realisation of such a simplified em-  connected to ground via an emitter
resistor Rem. Fur- bodiment the value of the resistors R3, R4, R7, R8
thermore RC3 and RC4 are commonly connected to was 2 kQ; R2, R5 1 [err]
the power supply voltage via a diode series pair D5, 10  



19                  EP 0 420 974 B1                 20 D6. The diode series
pair D5, D6 is used for an equal  The third tunable resonance amplifier RA3
amplifies d.c. bias of the first and second sections. The output  the
comparatively weak oscillator signal or SL selec- stage only serves for
measuring purposes in this case  tively to a signal level which can be used
for mixing. and simulates a load. It does not have a signal proc-  Fig. 9
shows an AM superheterodyne receiver ac- essing function and is therefore
notfurtherdescribed.   5   cording to the invention comprising successively
an In a practical realisation the values of the resis-  RF input section
11,a mixer stage 12 to which a tuna- tors R1, 2 were 30 [err] R, R4 2[err]
R0 10[err] Rem 1  ble mixer signal is applied from a tuning oscillator 13
[err] RC1-RC4 750[err]                                 for converting a
desired AM-RF signal to a fixed AM the power supply voltage 5 V;
intermediate frequency (AM-IF), an AM-IF section 14 the power consumption
75 mW.                  10  for amplifying and selecting the AM-IF signal,
an AM Fig. 8 shows a frequency synthesis circuit ac-  demodulator 16 for
demodulating theAM-IF signal, an cording to the Invention, comprising a
phase-locked  audio processing section 15 and a sound reproducing loop
successively incorporating a first tunable reso-  device 17 for processing
and reproducing the de- nance amplifier RA1 a fixed frequency divider or
pre-  modulated audio signal. scaler PS for dividing the frequency by a
fixed division   15  The AM-IF section 14 comprises a cascade cir- factor
N, a second tunable resonance amplifier RA2,  cult of M tunable resonance
amplifiers RA1-RAn a programmable frequency divider PFD having a con-  each
of which is implemented as shown, for example, trol input Ti for a control
or programming of the fre-  in Fig. 3. The first and second controllable
transcon- quency division factor M, a phase detectorfrom which  ductances
TC1 and TC2 are fixed ata value at which a fixed reference frequency Is
applied from a fixed os-  20  the resonance frequency [err] corresponds to
the AM- cillator XO, a loop filter LF and a voltage-controlled  IF. The
third and fourth controllable transconductanc- oscillator T0 which
functions as a tuning oscillator.  es TC3 and TC4 are controlled from a
common con- The output of TO Is connected to the Input of RA1  trol input
BC to which a gain control signal (AGC sig- via a connection SL1 and to a
third tunable resonance  nal) current Iq is applied from an AGC signal
gener- amplifier RA3 an output 0 of which conveys the selec-  25  ating
circuit 18. The AGC signal generating circuit 18 tively amplified
oscillator signal of TO, forexample for  Is coupled to an output of the AM
demodulator 15 and a mixing conversion of an RF-AM or FM radio signal,
derives the AGC signal current Iq from the amplitude a TV-VHF/UHF or
satellite reception signal to an in-  of the demodulated audio signal by
means of a suit- termediate frequency.                              ably
chosen integration or low-pass filtering, which In the embodiment shown
RAI-RA3 correspond   30  signal current is a measure of the reception field
to one of the aforementioned embodiments, depend-  strength. By controlling
TC3 and TC4 by means of Iq ent on the frequency range in which the
frequency  at a decreasing reception field strength in the manner synthesis
circuit operates. In this circuit the d.c. con-  described hereinbefore so
that the selective amplifi- trol signal at the output of LF Is not only
used for a  cation of each resonance amplifier RA1 to RAn in-
phase/frequency control of T0 but also for a control  35  creases, their
bandwidth Simultaneously decreases. of the tuning of RA1-RA3. To ensure an
accurate syn-  Consequently not only an amplitude stabilization but
chronisation in the tuning of RA1-RA3 and T0, the d.c.  also an adaptive
noise level stabilization is obtained. control signal is suitably converted
into the tuning  Fig. 10 shows an FM superheterodyne receiver control
current It by means of a d.c. Conversion Cir-  whose sub-circuits
functionally corresponding to cuit CC, dependent on the implementation of
RA1-  40  those of Fig. 9 have the same references. In this re- RA3 and T0.
If a bandwidth control is also required,  ceiver an FM-RF reception signal
is converted to an for example in the TV satellite frequency range, CC
FM-IF signal with a fixed IF carrier frequency by also supplies the control
currents Iq (not shown) de-  means of the mixer stage 12. Subsequently the
FM- rived from the d.c. control signal.                IF signal is IF
selected In the FM-IF section 14' and Since in practice the tuning
oscillator T0, when   45  the FM-IF signal is demodulated in an FM
demodula- realised in an integrated form, is not formed on the  tor 15'.
Subsequently the baseband signal is process- same substrate as the other
circuits of the loop, the  ed in a baseband signal processing unit 16'
which signal level at the connection SL should be sufficient-  may
comprise, for example, a stereodecoder and/or ly small so as to comply with
the current requirements  an RDS signal processing device. imposed on
oscillator radiation. To ensure a correct  50  Unlike the receiver of Fig.
9, notonlythe third and operation of the loop, RA1 selectively amplifies
the  fourth transconductances but also the first and sec- oscillatorsignal
before there Is a frequency division in  ond transconductances TC1 and TC2
of each reso- PS. Afurther Improvement of the loop operation is ob-  nance
amplifier RA1-RAn of the FM-IF section 14' tained with RA2 which increases
the logic margin, I.e.  are controlled. To this end theircontrol inputs are
cou- the difference between the 0 and 1 level of the signal  55   pled to a
common tuning control input TU. A tuning at the output of PS. Since RA2 is
operative in a lower  control current It Is applied to this tuning control
input frequency range than RA1, an adaptation of the tun-  TU from a tuning
control signal generating circuit 19. ing control signal It may be
necessary (not shown).  This circuit 19 derives said tuning control current
It 11 



21                  EP0420974B1                     22 from the baseband FM
modulation signal at the out-       - the controlled amplifying means (VA)
com- put of the FM demodulator 15' or(notshown) from the        prises two
controlled amplifiers (VA1, VA2) filtered FM-IF signal at the outputof the
FM-IF section    and the signal path incorporates the two 14, so thatthe
amplitude of this tuning control current    said filters (RI C1, R2C2)
together with one substantially follows the baseband FM modulation   5
of said amplifiers (VA1, VA2) and the feed- signal. Consequently the
resonance frequency of the        back path incorporates the otherof said
am- IF-FM section 14' instantaneously follows the FM           plifiers
(VAI, VA2). modulation of the IF carrier so that the bandwidth of this
IF-FM section 14' can be chosen to be consider-  2. A tunable resonance
amplifier as claimed in ably narrower than that of conventional fixed IF-FM
10  Claim 1, characterized in that the loop comprises filters without a
loss of desired signal components in  in a closed loop form and
successively arranged the FM-IF signal. As compared with conventional FM
in cascade a first controlled amplifier (VA1), the receivers, a
considerably improved IF channel selec-  first RC filter (R1 C1), a second
controlled ampli- tivity is obtained.
fier (VA2) and the second RC filter (R2C2), the The use of a narrow-band IF
filter whose reso-  15  two amplifiers and the two RC filters being mu-
nance frequency varies with the FM modulation of the  tually substantially
identical. IF-FM signal, is known, for example from United States Patent
no. 3,541,451. However, by using the  3. A tunable resonance amplifier as
claimed in tunable resonance amplifier according to the inven-   Claim 2,
characterized in that the first (VA1) and tion as a varying narrow-band IF
filter, the Implemen-  20  second (VA2) controlled amplifiers comprise
first tation of such a receiver is considerably simplified  (TC1) and
second (TC2) transconductance cir- and realised at low cost.
cults each having a controllable transconduc- The third and fourth
transconductances TC3 and     tance from a voltage input to a current
output and TC4 of each resonance amplifier RA1-RAn incorpo-      in that in
the loop the current outputs of the first rated in the FM-IF section 4 are
now controlled from   25  (TCI) and second (TC2) transconductance cir- a
reception quality detector 20. This detector 20 pro-  cuits are coupled via
parallel RC members of the vides a measure of the reception quality of the
de-   first(R1,C1) and second (R2,C2) RCfilters to the sired FM signal in
the control current Iq, which quality  voltage inputs of the second (TC2)
and first (TCI) measure is determined, inter alia by the field strength,
transconductance circuits, respectively, said noise and multi-path
reception. Such a detector is  30  loop comprising means for signal
inversion, (INV) known per se, for example from United States Patent   the
input of the resonance amplifier being cou- no. 4,491,957 and the bandwidth
of the IF-FM section  pled to the Input of at least one of the two trans-
4' varies in such a way that it increases with an im-  conductance circuits
(TC1, TC2) for applying an proved reception quality, and conversely. Conse-
input signal current thereto and the output of the quently an automatic
adaptive IF selectivity is ob-  35  resonance amplifier being coupled to
the output tained which stabilizes the signal processing of the re-  of one
of the two transconductance circuits (TC1, ceiver against reception quality
variations. It will be  TC2) for applying an output signal voltage there-
evident that the automatic bandwidth control can be   to. used
independently of the afore-mentioned frequen- cy control of the IF-FM
section 4'.           40  4. A tunable resonance amplifier as claimed in
Claim 3, characterized in that the input and the output of the tunable
resonance amplifier com- Clalms
prise an in-phase and a quadrature input terminal and an in-phase and a
quadrature output termi- 1. A tunable resonance amplifier comprising a non
45  nal, respectively, one of the two first (TC1) and regenerative DC
negative feedback loop which       second (TC2) transconductance circuits
being includes controlled amplifying means (VA) pro-     arranged between
said two input terminals and viding a controlled loop gain, said loop
incorpor-  output terminals. ating first (RI CI) and second (R2C2)
first-order low-pass RC filters, and having asignal path ar-  50  5. A
tunable resonance amplifier as claimed in ranged from the input to the
output and a feed-    Claim 3 or 4, characterized in that the outputs of
back path arranged from the output to the Input,  the first (TC1) and
second (TC2) transconduc- characterized in that:
tance circuits are connected to inputs and out- - the signal path
incorporates one of the two   puts of third (TC3) and fourth (TC4)
transconduc- said filters (RI CI, R2C2) and the feedback  55  tance
circuits, respectively. path incorporates the other filter together with
the controlled amplifying means (VA),  6. A tunable resonance amplifier as
claimed in orthat                                        Claim 5,
characterized in that each one of the 



12    21                  EP 0 420 974 B1                 22 from the
baseband FM modulation signal at the out-       - the controlled amplifying
means (VA) com- put of the FM demodulator 15' or (not shown) from the
prises two controlled amplifiers (VAI, VA2) filtered FM-IF signal atthe
outputofthe FM-IF section       and the signal path incorporates the two
14', so thatthe amplitude of thistuning control current    said filters
(R1C1, R2C2) together with one substantially follows the baseband FM
modulation   5       of said amplifiers (VA1, VA2) and the feed- signal.
Consequently the resonance frequency of the        back path Incorporates
the otherof said am- IF-FM section 14' Instantaneously follows the FM
plifiers (VA1, VA2). modulation of the IF carrier so that the bandwidth of
this IF-FM section 14' can be chosen to be consider-  2. A tunable
resonance amplifier as claimed in ably narrower than that of conventional
fixed IF-FM   10  Claim 1, characterized in that the loop comprises filters
without a loss of desired signal components in  in a dosed loop form and
successively arranged the FM-IF signal. As compared with conventional FM
in cascade a first controlled amplifier (VA1), the receivers, a
considerably improved IF channel selec-  first RC filter (R1C1), a second
controlled ampli- tivity is obtained.
fier (VA2) and the second RC filter (R2C2), the The use of a narrow-band IF
filter whose reso-  15  two amplfiers and the two RC filters being mu-
nance frequency varies with the FM modulation of the  tually substantially
identical. IF-FM signal, is known, for example from United States Patent
no. 3,541,451. However, by using the  3. A tunable resonance amplifier as
claimed in tunable resonance amplifier according to the inven-   Claim 2,
characterized in that the first (VA1) and tion as a varying narrow-band IF
filter, the implemen-  20  second (VA2) controlled amplifiers comprise
first tation of such a receiver is considerably simplified  (TC1) and
second (TC2) transconductance cir- and realised at low cost.
cuits each having a controllable transconduc- The third and fourth
transconductances TC3 and     tance from a voltage input to a current
output and TC4 of each resonance amplifier RA1-RAn incorpo-      in that in
the loop the current outputs of the first rated in the FM-IF section 4 are
now controlled from   25  (TC1) and second (TC2) transconductance cir- a
reception quality detector 20. This detector 20 pro-  cuits are coupled via
parallel RC members of the vides a measure of the reception quality of the
de-   first (R1,C1) and second (R2,C2) RC filters to the sired FM signal In
the control current Iq, which quality  voltage Inputs of the second (TC2)
and first (TCI) measure is determined, Inter alia by the field strength,
transconductance circuits, respectively, said noise and multi-path
reception. Such a detector Is  30  loop comprising means for signal
inversion, (INV) known per se, for example from United States Patent   the
input of the resonance amplifier being cou- no. 4,491,957 and the bandwidth
of the IF-FM section  pled to the input of at least one of the two trans-
4' varies in such a way that it increases with an im-  conductance circuits
(TC1, TC2) for applying an proved reception quality, and conversely. Conse-
input signal current thereto and the output of the quently an automatic
adaptive IF selectivity is ob-  35  resonance amplifier being coupled to
the output tained which stabilizes the signal processing of the re-  of one
of the two transconductance circuits (TC1, ceiver against reception quality
variations. It will be  TC2) for applying an output signal voltage there-
evident that the automatic bandwidth control can be   to. used
independently of the afore-mentioned frequen- cy control of the IF-FM
section 4'.           40  4. A tunable resonance amplifier as claimed in
Claim 3, characterized in that the input and the output of the tunable
resonance amplifier com- Claims
prise an in-phase and a quadrature input terminal and an in-phase and a
quadrature output termi- 1. A tunable resonance amplifier comprising a non
45  nal, respectively, one of the two first (TC1) and regenerative DC
negative feedback loop which       second (TC2) transconductance circuits
being includes controlled amplifying means (VA) pro-     arranged between
said two input terminals and viding a controlled loop gain, said loop
incorpor-  output terminals. ating first (R1C1) and second (R2C2)
first-order low-pass RC filters, and having a signal path ar-  50  5. A
tunable resonance amplifier as claimed in ranged from the input to the
output and a feed-    Claim 3 or 4, characterized in that the outputs of
back path arranged from the output to the input,  the first (TC1) and
second (TC2) transconduc- characterized in that:
tance circuits are connected to inputs and out- - the signal path
incorporates one of the two   puts of third (TC3) and fourth (TC4)
transconduc- said filters (R1C1, R2C2) and the feedback  55  tance
circuits, respectively. path incorporates the other filter together with
the controlled amplifying means (VA),  6. A tunable resonance amplifier as
claimed in 



orthat                                        Claim 5, characterized in
that each one of the 12    23                   EP 0 420 974 B1
24 third (TC3) and fourth (TC4) transconductance     13. A tunable
resonance amplifier as claimed in circuits is positively fed back from the
output to    Claim 11, characterized in that base series resis- the input
tors (Rb) are arranged between the collectors of the third (T3), fourth
(T4), second (T2) and first 7. A tunable resonance amplifier as claimed in
5       (T1) transistors and the bases ofthefirsttofourth Claim 5,
characterized in that each one of the       transistors (T1..T4). third
(TC3) and fourth (TC4) transconductance circuits is negatively fed back
from the output to  14 A tunable resonance amplifier as claimed in the
input                                            Claims 5 and 11,
characterized In that the third 10      (TC3) and fourth (TC4)
transconductance cir- 8. A tunable resonance amplifier as claimed in any
cults comprise third and fourth difference pairs one of Claims 5 to 7,
characterized In that the      with fifth (T5) and sixth (T6), and seventh
(T7) transconductances of the third (TC3) and fourth       and eighth (T8)
emitter-coupled transistors, re- (TC4) transconductance circuits are
controllable.    spectively, comprising a third (CT3) and a fourth 15
(CT4) current source transistor arranged in a 9. A tunable resonance
amplifier as claimed in any       common emitter tail configuration for
adjusting one of the preceding Claims 3 to 8, characterized    the
transconductance of the third (TC3) and in that the input signal of the
resonance amplifier  fourth (TC4) transconductance circuits, the bas- is
applied via an input transconductance circuit     es of the fifth to eighth
transistors (T5..T8) being (TC5/TC6) to the input of at least one of the
two   20  coupled to the collectors of the first to fourth tran- first
(TC1) and second (TC2) transconductance         sistors (T1 ..T4) and the
transistors of the third circuits.
and fourth difference pairs being fed back from collectors to bases. 10. A
tunable resonance amplifier as claimed in Claim 9, characterized in that
the Input transcon-   26 15. A tunable resonance amplifier as claimed in
ductance circuit (TC5/TC6) is controllable.           Claim 14,
characterized in that the third (CT3) and fourth (CT4) current source
transistors are 11. A tunable resonance amplifier as claimed in any
controllable from a second common control cir- one of Claims 3 to 10,
characterized in that the     cuit for controlling the transconductance of
the first (TC1) and second (TC2) transconductance   30    third (TC3) and
fourth (TC4) transconductance circuits comprise first and second difference
circuits. pairs, respectively, which first and second differ- ence pairs
comprise first (T1) and second (T2),   16. A tunable resonance amplifier as
claimed in and third (T3) and fourth (T4) emitter-coupled        Claim 14
or 15, characterized in that the collec- transistorswithafirst(CT1) and a
second current   35  tors of the fifth to eighth transistors (T5..T8) are
source transistor (CT2) arranged in a common         coupled to the bases
of the sixth (T6), fifth (T5), emitter tail configuration, said two current
source   eighth (T8) and seventh (T7) transistors, respec- transistors (CT1
,CT2) being controllable from a     tively. first common control circuit
having a tuning con- trol input (IT) for controlling the transconduc-   40
17. A tunable resonance amplifier as claimed in tance of the first (TC1)
and second (TC2) trans-      Claim 14 or 15, characterized in that each one
of conductance circuits, the collectors of said first to  the fifth to
eighth transistors (T5..T8) is fed back fourth transistors (T1..T4) each
being connected    from collector to base. to the power supply voltage via
first to fourth load resistors (RC1..RC4), respectively, and being   45
18. A tunable resonance amplifier as claimed in coupled to the bases of the
fourth (T4), third (T3),  Claim 14, characterized In that an emitter
resistor first (T1) and second (T2) transistors, while first   (Re) is
incorporated in the emitter lead of each (C1) and second (C2) capacitances
are arranged       one of the fifth to eighth transistors (T5..T8). between
the collectors of the first (T1) and sec- ond (T2), and the third (T3) and
fourth (T4) tran-   50   19. A tunable resonance amplifier as claimed In
sistors, respectively.                               Claim 17,
characterized In that the fifth to eighth transistors (T5..T8) are fed back
from collector to 12. A tunable resonance amplifier as claimed in
base via the base-emitter junction of ninth to Claim 11, characterized in
that first and second     twelfth transistors (T9..T12), respectively, and
in load series resistors are arranged in series with  55  that the
collectors of the first to fourth transistors the first (C1) and second
(C2) capacitances, re-      (T1 ..T4) are coupled to the bases of the
fourth 



spectively.                                           (T4), third (T3),
first (T1) and second (T2) transis- tors, respectively. 13    25
EP 0 420 974 B1                 26 20. A tunable resonance amplifier as
claimed in any   at least one of the two transconductance one of Claims 11
to 19, characterized in that the  (TC1,TC2) circuits for applying an input
signal input transconductance circuit comprises a dif-    current thereto
and the output of the resonance ferential stage having first (Ti1) and
second (Ti2)  amplifier being coupled tothe output of one of the
emitter-coupled input transistors and a current   5  two transconductance
circuits (TC1 ,TC2) for ap- source in a common emitter lead whose collec-
plying an output signal voltage thereto, the out- tors are connected to the
bases of the transistors  puts of the first (TC1) and second (TC2) trans-
of one of the two difference pairs (T1,T2/T3,T4).  conductance circuits
being connected to inputs and outputs of third (TC3) and fourth (TC4)
trans- 21. A frequency synthesis circuit comprising a fre-  10  conductance
circuits, respectively, said third quency divider circuit (PS,PFD), a phase
detector  (TC3) and fourth (TC4) transconductance cir- (PD), a loop filter
(LF) and a voltage-controlled  cuits being controllable and being coupled
via a oscillator (T0) successively incorporated in a     control input to
an output of an automatic gain phase-locked loop, characterized in that a
tuna-   control signal generating circuit (18). ble resonance amplifier
(RA1) as claimed in any  15 one of the preceding Claims is arranged between
23. A superheterodyne FM receiver successively the voltage-controlled
oscillator (T0) and the fre-  comprising an RF input section, a tunable
mixer quency divider circuit (PS,PFD), the loop filter   stage, an FM-IF
section and an FM demodulation (LF) being coupled to a tuning control input
(It) of  device, characterized in that the FM-IF section the tunable
resonance amplifier (RA1) for simul-  20  comprises a tunable resonance
amplifier com- taneously tuning the voltage-controlled oscillator  prising
a non regenerative DC negative feedback (T0) and the tunable resonance
amplifier (RA1).   loop which includes controlled amplifying means (VA)
providing a controlled loop gain, said loop in- 22. A superheterodyne AM
receiver successively        corporating first (RI C1) and second (R2C2)
first- comprising an RF input section (11), a tunable  25  order low-pass
RC filters, and having a signal mixer stage (12), an AM-IF section (14) and
an     path arranged from the input to the output and a AM demodulation
device (15), characterized in      feedback path arranged from the output
to the in- that the AM-IF section (14) comprises a tunable    put, the
signal path incorporating one of the two resonance amplifier comprising a
non regenera-     said filters (R1C1, R2C2) and the feedback path tive DC
negative feedback loop which includes  30  incorporates the otherfilter
together with the con- controlled amplifying means (VA) providing a
trolled amplifying means (VA), or the controlled controlled loop gain, said
loop incorporating first  amplifying means (VA) comprising two controlled
(RI C1) and second (R2C2) first-order low-pass     amplifiers (VA1, VA2)
and the signal path incor- RC filters, and having a signal path arranged
porating the two said filters (R1C1, R2C2) to- from the input to the output
and a feedback path  35  getherwith one of said amplifiers (VA1, VA2) and
arranged from the output to the input, the signal  the feedback path
incorporating the other of said path incorporating one of the two said
filters     amplifiers (VA1, VA2), said controlled amplifying (R1CI, R2C2)
and the feedback path incorpor-       means (VA) being realised by first
(TC1) and sec- ates the other filter together with the controlled  ond
(TC2) transconductance circuits each having amplifying means (VA), orthe
controlled amplify-  40  a controllable transconductance from a voltage ing
means (VA) comprising two controlled ampli-    inputto a current output,
and in that in the loop the fiers (VA1, VA2) and the signal path
incorporating  current outputs of the first (TC1) and second the two said
filters (R1C1, R2C2) together with    (TC2) transconductance circuits are
coupled via one of said amplifiers (VA1, VA2) and the feed-    parallel RC
members of the first (R1CI) and sec- back path incorporating the other of
said amplifi-  45  ond (R2C2) RC filters to the voltage inputs of the ers
(VA1, VA2), said controlled amplifying means   second (TC2) and first (TC1)
transconductance (VA) being realised by first (TC1) and second
circuits, respectively, said loop comprising (TC2) transconductance
circuits each having a      means for signal inversion (INV), the input of
the controllable transconductance from a voltage in-   resonance amplifier
being coupled to the input of put to a current output, and in that in the
loop the   50  at least one of the two transconductance circuits current
outputs of the first (TC1) and second      (TC1,TC2) for applying an input
signal current (TC2) transconductance circuits are coupled via   thereto
and the output of the resonance amplifier parallel RC members of the first
(R1 C1) and sec-  being coupled to the output of one of the two ond (R2C2)
RC filters to the voltage inputs of the  transconductance circuits (TC1
,TC2) for apply- second (TC2) and first (TC1) transconductance  55  ing an
output signal voltage thereto, the outputs 



circuits, respectively, said loop comprising       of the first (TCI) and
second (TC2) transconduc- means for signal inversion (INV), the input of
the  tance circuits being connected to inputs and out- resonance amplifier
being coupled to the Input of  puts of third (TC3) and fourth (TC4)
transconduc- 14    27                 EP 0 420 974 B1 tance circuits,
respectively, said third (TC3) and  ersten (RICI) bzw. zweiten (R2C2)
RC-Filter mit fourth (TC4) transconductance circuits being      dern
Spannungaeingang der zweiten (TC2) bzw. controllable and being coupled to
an output of a  ersten (TC1) Transkonduktanzschaltung gekop- reception
quality detection circuit (20) via a con-  pelt ist, wobel diese Schleife
mit Mittein versehen trol input, said first (TC1) and second (TC2)   s  ist
fOr eine Signalinversion (INV), wobel der En- transconductance circuits
being coupled to an     gang des Resonanzverstarkers mit dem Eingang output
of the FM demodulation device (15') via a  wenigstens elner der beiden
Transkonduktanz- control input.
schaltungen (TC1, TC2) gekop pelt Ist zum Zu- ffhren derselben eines
Eingangssignalstromes 10     und der Ausgang des Resonanzverstarkers mit
Patbntansprfche                                      demAusgang einerder
beiden Transkonduktanz- schaltungen (TCI, TC2) gekoppelt ist zum Lie- 1.
Abstimmbarer Resonanzverstarker mit einer         fern zu derselben elner
Ausgangssignalspan- nicht-regenerativen, fOr Gleichstrom negativ zu-  nung.
rfckgekoppelten Schleife mit geregelten Verstar-  15 kungsmitteln (VA) fOr
eine geregelte Schleifen-  4. Abstimmbarer Resonanzverstdrker nach An-
verstarkung, wobei diese Schlelfe erste (R1C1)    spruch 3, dadurch
gekennzeichnet, daB der Ein- und zweite (R2C2) TiefpaB-RC-Filter erster
Ord-   gang bzw. derAusgang des abstimmbaren Reso- nung aufweist und mit
einer von elnem Eingang     nanzverstArkers eine phasenrichtige und eine zu
einem Ausgang geschalteten Signalstrecke   20  Quadratureingangsldemme bzw.
eine phasen- und mit einer von dem Ausgang zu dem Eingang     richtige und
eine Quadraturausgangskiemme geschalteten Riickkopplungsstrecke, dadurch
aufweist, wobel zwischen diesen beiden Ein- gekennzeichnet, daS
gangsidemmen bzw. Ausgangsklemmen eine der - die Signalstrecke elnes der
beiden genann-   beiden ersten ((TCI) und zwelten (TC2) Trans- ten Filter
(RIC1, R2C2) aufweist und die  25  konduktanzschaltungen vorgesehen ist.
Ruckkopplungsstrecke das andere Filter zusammen mit den geregelten Verstlr-
5. Abstimmbarer Resonanzverstirker nach An- kungsmittein (VA) aufweist,
oder daB         spruch 3 oder 4, dadurch gekennzeichnet, dae - die
geregelten Verstarkungsmittel (VA)       derAusgang derersten (TCI) bzw.
zweiten (TC2) zwei geregelte Verstarker (VA1, VA2) auf-  30
Transkonduktanzschaltung mit ein- und Ausgin- weisen und die Signalstrecke
die zwei ge-    gen einer dritten (TC3) bzw. vierten (TC4) Trans- nannten
Filter (RICI, R2C2) zusammen         konduktanzschaltung verbunden ist. mit
einem der genannten Verstarker (VA1, VA2) und die ROckkopplungsstrecke den
6. Abstimmbarer Resonanzverstirker nach An- anderen Verstarker der
genannten Verstlr-  35  spruch 5, dadurch gekennzeichnet, daB Jede der ker
(VAI, VA2) enthilt.                      dritten (TC3) und vierten (TC4)
Transkonduk- tanzschaltungen von dem Ausgang zu dem Ein- 2. Abstimmbarer
Resonanzverstlrker nach An-          gang positiv zurfckgskoppelt ist. K-'
spruch 1, dadurch gekennzeichnet, daB die Schleife in geschlossener
Schlelfenform und  40  7. Abstimmbarer Resonanzverstarker nach An-
nacheinander in Reihe geschaltet mit elnem er-    spruch 5, dadurch
gekennzeichnet, daB jede der sten geregelten Verstarker (VAI), dem ersten
dritten (TC3) und vierten (TC4) Transkonduk- RC-Filter (RI CI), einem
zweiten geregelten Ver-  tanzschaltungen von dem Ausgang zu dem Emn-
stirker (VA2) und dem zweiten RC-Filter (R2C2)    gang negativ
zurflckgekoppelt let. versehen et, wobei die beiden Verstarker bzw.  45 die
beiden RC-Filter einander im wesentllchen  8. Abstimmbarer
Resonanzverstairker nach einem entsprechen.
derAnsprfche 5 bis 7, dadurch gekennzeichnet, daB die Transkonduktanzen
derdritten (TC3) und 3. Abstimmbarer Resonanzverstarker nach An-
vierten (TC4) Transkonduktanzschaltungen re- spruch 2, dadurch gekenn-
zeichnet, daB die er-  so  gelbar sind. sten (VAI) und zweiten (VA2)
geregelten Verstar- ker mit ersten (TC1) bzw. zweiten (TC2)       9.
Abstimmbarer Resonanzverstirker nach einem Transkonduktanzschaltungen
versehen sind mit      der Ansprfche 3 bHs 8, dadurch gekennzeichnet, je
elner regelbaren Transkonduktanz von einemr    daB das Eingangssignal des
Resonanzverstar- 



Spannungseingang zu einem Stromausgang und  s5    kers Obereine
Eingangstranskonduktanzschaltung daB in der Schlelfe der Stromausgang der
ersten  (TC51TC6) dem Eingang wenigstens einer der (TCI) bzw. zweiten (TC2)
Transkonduktanz-         beiden ersten  (TC1) und zweiten  (TC2) schaltung
Ober ein Parallel-RO-Glied aus dem      Transkonduktanzschaltungen
zugeffihrt ist. 15    g                                  ~~~~~~~~~~~~~~~~I
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30        c   L   M   S 10. Abstimmbarer Resonanzverstarker nach An-
elektroden des ersten bis einschliellich vierten spruch 9, dadurch
gekennzeichnet, daB die           Transistors (T1 .... T4) gekoppelt sind
und die Eingangstranskonduktanzschaltung (TC5/TC6)          Transistoren
des dritten bzw. vierten Differenz- regelbar ist.
paares von dem Kollektor zu den Basiselektro- 6       den zurrickgekoppelt
sind. 11. Abstimmbarer Resonanzverstarker nach elnem derAnspruche 3 bis 10,
dadurch gekennzeichnet,   15. AbstimmbarerResonanzverstarkernachAnspruch
daB die ersten (TCI) und zweiten (TC2)              14, dadurch
gokennzolchnet daB die dritten (CT3) Transkonduktanzschaltungen ersb bzw.
zweite         und vierten (CT4) Stromquellentransistoren zur
Differenzpaare aufweisen, wobei das erste bzw.   lo  Regelung der
Transkonduktanz der dritten (TC3) zweite Differenzpaar erste (T1) und
zweite (T2)     und vierton (TC4) Transkonduktanzschaltungen bzw. dritte
(T3) und vierte (T4) emittergekoppelte  mus einer zweiten gemeinsamen
Regelmchaltung Transistoren aufwelst miteinem in einen gemein-     regelbar
sind. samen Emittorschwanz aufgenommenen ersten (CTI) bzw. zweiten (CT2)
Stromquellentransi-  1s  16. Abstimmbarer Resonanzverstirker nach An- stor,
wobel diese belden Stromquellentransisto-     spruch 14 odor 15, dadurch
gokennzeichnet, dam ren (CTI, CT2) aus einer ersten gemeinsamen         die
Kollektorelektroden der ffnftbn bis ein- Rgelaschaltung regelbar sind,
wobel die Kollok-     schliellich achtbn Transistoren (T5, .... T8) mit den
torelektroden der genanntbn ersten bi ein-          Basiselektroden der
sechsten (T6), fOnften (T5), schilellich vierton Transistoren (TI .... T4)
je fiber  20  achtbn (T8) bzw. siebenten (17) Transistoren ge- erste bis
einschliellich vierte Belastungswider-    koppelt sind. stAnde (RCI,...
RC4) an der Spelsespannung lie- gen und mit den Basiselektroden des vierten
17. Abstimmbarer Resonanzverstarker nach An- (T4), dritton (T3), ersten
(TI) bzw. zweiten (T2)   spruch 14 odor 15, dadurch gskennzoichnot, daM
Transmitors gekoppelt sind und zwischen den Kol-  25  jeder der funften
bis achten  Transistoren lektorelektroden des ersten (T1) und zweiten (T2)
(T5,.T8) von dem Kollektorzu der Basis zurfick- bzw. dritton (T3) und
vierten (T4) Transmitors er-  gokoppelt ist. ste (C1) und zweite (C2)
Kapazititen geschaltet sind.                                            1&
Abstimmbarer Resonanzverstarker nach An- 30      spruch 14, dadurch
gekennzoichnet, daB in der 12. Abstimmbarer Resonanzverstarker nach An-
Emittbrleitung jedes der ffnftbn bim einschlie- spruch 11, dadurch
gekennzeichnet, dam1 in Rei-     lich achten Transistoren (T5 ...T8) emn
Emitterwi- he mit den ersten (CI) und zwelten (C2) Kapazi-     derstand
(Re) vorgesehen it. titen erste bzw. zweite Belastungswiderstlnde
vorgesehen sind.                            35   19. Abstimmbarer
Resonanzverstarker nach An- spruch 17, dadurch gekennzeichnet, dalB Ober
13. Abstimmbarer Resonanzverstarker nach An-            den
Basis-Emitter-bergang der neunten bisein- spruch 11, dadurch
gekennzelchnet, daB zwi-         schlieglich zw6lften Transistoren (T9
...T12) die schen dem Kollektor des drittbn (T3), vierten       ffInften
bis einschIlellich achten Transistoren (T4), zweiten (T2) bzw. ersten (TI)
Transbtoren   40  (T5 ... T8) von deni Kollektorzu der Basis zuruick-
einerseits und der Basis der ersten bi ein-         gekoppolt sind und die
Kollektorelektroden der schliellich vierten Transistoren (T1 .... T4) ande-
ersten bis einschliellich vierten Transistoren rerselts ein
Basisreihenwiderstand (Rb) vorgese-    (T1 ...T4) mit den Basiselektroden
der vierten hen bst                                             (T4),
dritten (T3), ersten (TI) bzw. zweiten (T2) 45      Transistoren gekoppelt
sind. 14. Abstimmbarer Remonanzvermlirker nach Anspruch 5 und 11, dadurch
gekennzeichnet, dma die dritt  20. Abstimmbarer Resonanzverstlrker nach
einem (TC3) und vierte (TC4) Transkonduktanzschaltung     derAnsprOche II
bie 19, dadurch gekennzeichnet drittb bzw. vierte Differenzpaare aufweoien
mit     daB die Eingangstranskonduktanzschaltung oine ffnften (T5) und
sechsten (T8) bzw. siebenten   so  Differenzmtufe aufweist mit ersten (TC1)
und zwei- (T7) und achton (T8) emittergekoppelten Transi-     ten (TC2)
emittergekoppelten Eingangstransisto- storen mit einem in einen gemeinsamen
Emitber-      ren und mit einer Stromquelle in einer gemeinsa- 



schwanz aufgenommenen dritten (CT3) bzw. vier-      men Emittrleitung,
wobei die Kollektorelektroden ten (CT4) Stromquellentransistor fMr eine
Einstel-  an den Basibelektroden derTransmitoren sines der lung der
Transkonduktanz der dritten (TC3) und  65  beiden Differenzpaare
(T1,T21T3,T4) liegen. vierten (TC4) Transkonduktanzschaltung, wobei die
Basiselektroden derfrlnften bie inschlie~lich  21.
Frequenzsyntheseschaltung mit einer Frequenz- achten Transietoren
(T5,...T8) mit den Kollektor-   teilerschaltung (PS, PFD), oinem
Phasendetek- 16    31                  EP 0 420 974B1                  32
!       11111 111lII "'  I tor (PD), einem Schlelfenfilter (LF) und einem
fern einerAusgangssignalspannung und daB der spannungmgesteuerten
Oszlllator (TO), die nach-    Ausgang der ersten (TCI) bzw. zweiten (TC2)
einander In einer phasenverriegelten Schleife      Transkonduktanzschaltung
mit En- und Ausgan- vorgesehen mind, dadurch gekennzeichnet, daB       gen
einer dritten (TC3) bzw. vierten (TC4) zwischen dem spannungsgesteuerten
Oszillator   5   Transkonduktanzschaltung verbunden ist, wobei (To) und der
Frequenzteilerschaltung (PS, PFD)     diese dritton (TC3) und vierton (TC4)
Transkon- ein abstimmbarer Resonanzverstarker (RAI)
duktanzschaltungen regelbar sind und Ober el- nach elnem der vorstehenden
Ansprfche vorge-       nen Regeleingang mit einem Ausgang oiner sehen Ist
und daB das Schleifenf liter (IF) mit e1-  Schaltungsanordnung zur
Erzeugung eines au- nem Abstimmregeleingang (IT) des abstimmba-  10
tomatischen Verstarkungaregelsignals (18) go- ran Resonanzverstarkers (RAI)
gskoppelt ist fOr    koppelt sind. eonen Gloichlauf der Abstimmung des
span- nungsgestouerten Oazillators (To) mitcderdes ab-  23.
Superheterodyn-FM-Empfanger mit nacheinan- stimmbaren Resonanzverstarkers
(RAI).              der einem HF-Eingangsmtil, elner abstimmbaren 15
Mlschstufe, einem FM-ZF-Teil und einer FM-De- 22.
Superheterodyn-AM-Empfanger mit nacheinan-        modulatbonsanordnung,
dadurch gekennzeich- der einem HF-Eingangsteil (11), einer abstimm-
net, daB der FM-ZF-Teil eonen abstimmbaren Re- baron Mischstufe (12), einem
AM-ZF-Tell (14)       sonanzverstirker aufweist mit einer nicht- und
einerAM-Demodulatlonsanordnung (15), da-
rogenerativen,fflrGielchstrom negativzuruckge- durch gekennzelchnet, daB
der AM-ZF-Teil (14)  20  koppelton Schleife mit einer geregelton Schiel-
eonen abstimmbaren Resonanzverstarker auf-         fenverstirkung (VA),
worn erste (RIC1) und weist mit einer nicht-regenerativen, fOr Glelch-
zweite (R2C2) TiefpaB-RC-Filter erster Ordnung strom negativ
zuruckgekoppelten Schlelfe mit ei-   aufgenommen sind und mit einer von
elnem Emn- ner geregelten Schlelfenverstarkung (VA), In die   gang zu einem
Ausgang geschaltoten Signal- erste (R1CI) und zwelte (R2C2) Tlefpal-RC-Fil-
25  strecke und oiner von dem Ausgang zu demn Emn- ter orsatr Ordnung
aufgenommen sind und mit ei-    gang geschalteten Rdckkopplungsstrecke,
wobel nervon einemEingangzueinemAusganggeschal-         in der
Signalstrecke els der beiden genannten teotn Signalstrocke und einervon
demAusgang zu     RC-Filter (RIC1, R2C2) und in der Rulckkopp deam Eingang
geschalteten Rfckkopplungastrecke,   lungsstrecke das andere RC-Fllter
zusammen wobei in der Signaistrecke eines der beiden ge-  30  mit der
geregelten Schleifenverstarkung (VA) nanntbn RC-Filter (R1CI, R2C2) und in
der ROck-    vorgesehen ist oder In der Signalstrecke die beo-
kopplungsstreckedasandereRC-Filterzusammen         den genannten RC-Fllter
zusammen mit elnem mit der geregelten Scheifenverstirkung (VA) vor-   Teil
der geregelten Schlelfenverstarkung (VA) gesehen Ist oder in der
Signalstrocke die beiden   und in der Rfickkopplungsstrecke der andere Tell
genannten RC-Filter (RICI, R2C2) zusammen   35     der geregelton
Schlelfenverstarkung vorgesehen mit elnem Tell der geregelten
Schloifenverstar-   let, wobei diese Schlelfenverstarkung (VA) durch kung
und in der Rfickkopplungsstrocke derando-     erste (TCI) und zweite (TC2)
Transkonduktanz- re Teil der geregelten Schlelfenverstarkung vor-
schaltungen mit je einer regelbaren Transkon- gesohen Ist, wobel diese
Schlolfenverstirkung      duktanz von einem Spannungseingang zu einem (VA)
durch ersto (TCI) und  weites (TC2)  40       Stromausgang verwirklicht ist
und daB in der Transkonduktarnmchaltungen verwirldicht ist mit je  Schielfe
der Stroomausgang der ersten (TC1) bzw. oinerregelbarenTranskonduklanzvon
einem Span-      zweibtn (TC2) Transkonduktanzschaltung Ober sin
nungsoingang zu elnem Stromausgang und daB in      Parallel-RC-Glied von
dem ersten (RICI) bzw. der Schleife der Stromausgang der ersten (TC1)
zweiten (R2C2) RC-Filter mit dem Spannungsain- bzw. zwelten (TC2)
Transkonduklanzschaltung   45   gang der zweitn (TC2) bzw. ersten (TCI)
Ober ein Parallel-RC-Glled des ersten (R1CI)       Transkonduktanzschaltung
gekoppelt aet, wobei bzw. zweiton (R2C2) RC-Filters mit dem Span-
diese Schleife mit Mittein farelne Signalinversion nungselngang der zweitn
(TC2) bzw. ersten         (INV) versehen Ist, wobei der Eingang des Reso-
(TCd) Transkonduktanzsohaltung gekoppelt ist       nanzverstfrkers mitdem
Eingangwenigsmtnseiner wobel diese Schielfe mit Mittein fOr eine Signalin-
5o  der beiden Transkonduktanzschaltungen (TCI, version (INV) versehen Ist,
wobel der Eingang      TC2) gekoppelt lst zum Zufflhren zu derselben ei- 



des Resonanzverstlrkers mitdem Elngang wenig-      nes
Eingangsaignalstromes und der Ausgang des stens einer der belden
Transconduktanzschaltun-    Resonanzverstlrkers mit dom Ausgang oiner der
gen (TC1, TC2) gekoppelt Ist zum Zufflhren zu      beiden
Transkonduktanzmchaltungen (TC1, TC2) derselben oines Eingangssignalstromes
und wo-  66  gekoppelt ist mzm Uefern einer Ausgangssignal- bei der Ausgang
des Resonanzverstarkers mit        spannung und das der Ausgang der ersten
(TC1) dem Ausgang elnerder belden Transkonduktanz-       bzw. zweiten (TC2)
Transkonduktanzschaltung mit schaltungen (TCI, TC2) gekoppelt Ist zum Ue-
En- und Ausgangen elnerdritten (TC3) bzw. vier- 17    33     'EP0O420 974B1
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C   L  M   S ten (TC4) Transkonduktanzschaltung verbunden      du deuxilme
(R2C2) filtres RC aux entrees de ist, wobei diese dritten (TC3) und vierton
(TC4)  tension du deuxime (TC2) et du premier (TC1)
Transkonduktanzschaltungen regelbar sind und      circuits de
transconductance, respectivement, flber einen Regeleingang mit elnem
Ausgang ci-    ladito boucle comprenant des moyens (INV) pour ner
Empfangsqualititsdetdktionsschaltung (20)   s  Inverser l signal, I'entree
de I'amplificatbur A re- gekoppelt sind und wobei diese erste (TCI) und
sonanoe itant couplie A l'entree d'au moins un zweibt (TC2)
Transkonduktanzschaltung fiber oi-   des deux circuits de transconductance
(TC1, nen Regeleingang mit einem Ausgang der FM-        TC2) pour y
appliquer un signal de courant d'en- Demodulationsanordnung (15') gekoppelt
ist.       troe et la sortie de l'amplificateur A risonancoe 10     etant
couplie a la sortie de l'un des deux circuits de transconductance (TC1,
TC2) pour y appli- Revendicatlons
quer un signal de tension de sortie. 1. Amplificatour A risonance
accordable compre-   4. Amplificateur A risonance accordable solon la nant
une boucle de retroaction negative en conti-  15  revendication 3,
caractirisi en cc quo l'entrie et nu non regeniratrice qul comports des
moyens      la sortie de I'amplificateur A risonance accorda-
d'amplification commandis (VA) offrant un gain    ble comprend une borne
d'entree en phase et de boucle commandi, laditb boucle comprenant      une
borne d'entrie en quadrature et une borne un premier (R1 CI) et un deuxieme
(R2C2) filtres  de sortie en phase et une borne de sortie en qua- RC
passe-bas du premier ordre et ayant un che-  20  drature, respectivement,
'un des deux premieret min de signaux allant de l'entrie A la sortie et un
deuxieme circuits de transconductance (TC1, trajet de retroaction allant de
la sortie A l'entree,  TC2) itant agenci entre lesdites deux bornes
caracterisi en ce quo:                            d'entree et lesdites deux
bornes de sortie. - lI trajet des signaux comprend l'un desdits deux f
iltres (R1C1, R2C2) etle trajet de ri-  25  5. Amplificatour A risonance
accordable sclon la troaction comprend l'autre flitre ainsi quo
revendication 3 ou 4, caractirisi en ce quo les les moyens d'amplification
commandis          sorties du premier (TC1) et deuxieme (TC2) cir- (VA), ou
cuits de transconductance sont connectees A - les moyens d'amplification
commandis          des entrees et A des sorties d'un troisibme (TC3) (VA)
comprennent deux amplificatburs  30      et d'un quatrieme (TC4) circuits
de transconduo- commandis (VA1, VA2) et Is trajet des si-     tance,
respectivement. gnaux comprend les deux filtres (R1CI, R2C2) ainsi quo l'un
des amplificateurs   6. Amplificateur A resonance accordable sclon la (VAI,
VA2) et le trajet de ritroaction        revendication 5, caractirise en co
quo chacun comprend l'autre des amplificateurs (VAI,  35  des troisieme
(TC3) et quatrieme (TC4) circuits VA2).
de transconductance est soumis A une retroac- tion positive de la sortie
vers l'entree. 2. Amplificatour A resonance accordable solon la
revendication 1, caractirisi en ce quo la boucle  7. Amplificateur A
circuits accordes sclon la reven- comprend, sous la forme d'une boucle
fermie et  40  dication 5, caractirise en co quo chacun des troi-
successivement agencis en cascade, un premier     sieme (TC3) et quatrieme
(TC4) circuits de trans- amplificateur commandi (VAI), le premier filtre
conductance est soumis A une retroaction nega- RC (R1 C1), un deuxieme
amplificateur comman-     tive de la sortie vers I'entree. de (VA2) et le
deuxieme filtre RC (R2C2), les deux amplificateurs et les deux filtres RC
itant  45  8. Amplificateur A risonancoe accordable solon sensiblement
identiques les uns aux autres.       I'une quelconque des revendications 5
A 7, carac- terisi en cc quo les transconductances du trol- 3.
Amplificateur A resonance accordable sclon la      sieme (TC3) et du
quatrieme (TC4) circuits de revendication 2, caracterlsi en cc quo le
premier  transconductance sont commandables. (VAI) et Is deuxieme (VA2)
amplificatours  50 



commandes comprennent un premier (TCI) et un   9. Amplificatbur A risonance
accordable solon deuxieme (TC2) circuits de transconductance       'une
quelconque des revendicatlons 3 A 8, carac- ayant chacun une
transconductance commanda-       tirisi en ce quo le signal d'entree de
I'amplifica- ble d'une entree de tension A une sortie de cou-  tour A
resonance est appliqui via un circuit de rant, et en co quo, dans la
boucle, les sorties de  as  transconductance d'entrie (TC5/TCB) A 'entrie
courant du premier (TC1) et du deuxieme (TC2)     d'au moins un des deux
premier (TC1) et deuxie- circuits de transconductance sont couplies via
me (TC2) circuits de transconductance. des iliments RC paralilles du
premier (R1 C1) et 18    I llA)ll I AII ll)l liii Al I!II 35
EP 0 420 974B1                  3      c   L  M   S 10. Amplificateur A
r6sonanco accordable solon la     (17) et un hultieme (T8) transistors
coupl6s par rovendication 9, caracterise on ce quo to circuit  les
omettours, respectivement, comprenant un de transconductance d'entreo
(TC5/TC6) est        troisiome (Cr3) et un quatrieme (CT4) transis-
commandable.                                       tors sources de courant
agences solon une confi- c      guration de queue a emettburcommun pour
ajus- 11. Amplificatour A rosonanco accordable selon        ter la
transconductance du troisleme (TC3) et du l'une quelconque des
revendlcations 3 A 10, ca-    quatribme (TC4) circuits de transconductance,
racterise on cs quo le premior (TC1) ot le deuxie-  les bases des
cinquieme, sixiome, soptieme et mo (TC2) circuits do transconductanco
compren-     huitieme transistors (T5, ..., T8) etant couplees nent une
promiere ot une doeuxilme paires diffN-   lo  aux collcteurs des premier,
deuxiome, troisibme rentlelles, respectivement, lesditbs premibre et   et
quatrilme transistors (T1, ..., T4) et les tran- deuxibme pairos
differentoidlos compronant un      sistors de la troisiome et de la
quatrieme paires premier (TI) et un deuxiome (T2), ainsi qu'un trot-
difforentiellos otant soumis A une retroaction des siume (T3) et un
quatrieme (f4) transistors cou-   collecteurs aux bases. ples par los
emottburs avec un premier (CTI) et  15 un deuxieme (CT2) transistors
sources de cou-   15. Ampllficatour A resonance accordable solon la rant
agences dans une configuration de queue A     revendication 14, caracteriso
en ce quo le troisio- omettour commun, lesdits deux transistors (CT1,    me
(CT3) et le quatribme (CT4) transistors sour- CT2) sources de courant
pouvant etre comman-       ces de courant peuvent Mrt commandes A partir ds
par un premiercircuitdecommandocommun   20      d'un deuxibme circuit de
commando commun ayant une entree de commando d'accord (IT)         pour
commander la transconductance du troisie- pour commander la
transconductance du premier      me (TC3) et du quatrieme (TC4) circuits de
trans- (TC1) et deuxilme (TC2) circuits de transcon-      conductanco.
ductanco, les colleocturs dosdits premier, deuxiome, troisieme et quatribme
transistors  25  16. Ampllficateur A resonance accordable solon la (T1,
..., T4) etant connoctos respectivemont A la  revendication 14 ou 15,
caracterise en ca que les tonsion d'alimentatlon via une premlmre, une
collectours du cinquime, du sixibme, du septif- deuxieme, une troisieme et
une quatrieme rtsis-    me ot du huttibme transistors (T5, ..., T8) sont
tances de charge (RC1, ..., RC4), respective-      couples aux bases du
sixieme (T6), du cinquitme ment, et etant couplis aux bases du quatrieme
3o  (T5), du huitieme (T8) et du septieme (17) tran- (T4), du troisiome
(T3), du premier (T1) et du     sistors, rospectivement. deuxieme
transistors (f2), tandis qu'une premle- re (CI) et une deuxieme (C2)
capacites sont     17. Amplificatour A resonanco accordable solon la
agenceos entre les collectsurs du premler (T1) et  rovendication 14 ou 15,
caracteriso en co quo du deuxieme (T2), et du troislbme (T3) et du qua-  35
chacun des cinquibme (T5), sixilme (T6), septie- tribme (T4) transistors,
rospectivement.           me (17) et huitihme (T8) transistors fait liobjet
d'une retroaction du colleoctur a la baso. 12. Amplificatour A r6sonance
accordable solon la rovendication 11, caracteriso en ce que la pre-  18.
Amplificatbur A resonance accordable selon la miere et la deuxieme
rosistancos de charge en   40  revendication 14, caracternso en ce qu'une
resis- serie sont agencies en sirde avec la premlere      tance (Re) de
l'emettur est incorporee dans le (C1) et la deuxieme (C2) capacites,
respective-    conductour de lemetbtur de chacun des cinquib- ment.
me (T5), sixibme (f6), soptiime (17) et huitiome (T8) transistors. 13.
Amplificatour A resonanca accordable solon la  45 revendication 11,
caracteris9oen ce quo des resis-  19. Amplificatbur A rosonanco accordable
selon la tances sire de base (Rb) sont agencees entre       revendication
17, caracteriso en ce que les cin- les colleocturs des troisibme (T3),
quatribme      quihme, slichme, soptiome et huitiome transis- 



(T4), deuxieme (T2) et premier (T1) transistors et  tors (f5,  TB) font
l'objet d'une rotroaction du les basos des premier, deuxibme, troisilme et
50  collectourA la base via lajonction baso-emettbur quatribme transistors
(TI, ..., T4).               des neuvibme, dixibhme, onzibme et douzibme
transistors (TO, ..., T12), rospectivement, eten ca 14. Amplificatbur A
resonanae accordable selon los    quo los collectours des premier,
deuxihme, troi- revendicatlons 5 et 11, caracteriso en co quo Is   slbme et
quatribme transistors (TI, ..., T4) sont troisibme (TC3) et le quatribme
(TC4) circuits de  55  couples aux bases des quatribme (f4), troisieme
transconductanae comprennent une troisibme et      (T3), premier (f1) et
douxibme (2) transistors, une quatribme pairos differentiellos avec un cin-
respectivement. qulbme (T5) et un sixibme (Tf), et un septibme 19    37
EP 0 420 974B1                 38 I     c    L   M   S 20. Amplificatour A
risonance accordable solon      rant du premler (TCI) et du deuxienme (TC2)
cir- I'une quelconque des revendications 11 a 19, ca-  cuits de
transconductance sont couplees via des ractinse en ce quo le circuit de
transconductance  elements RC paralleles du premier (RICI) et du d'entree
comprend un itago differentiel ayant un  deuxieme (R2C2) filtres RC aux
entries de ten- premier (Till et un deuxibme (T12) transistors   5  sbon du
deuxieme (TC2) et du premier (TCI) cir- d'entree couplis par les emettburs
et une source  cuits de transconductance, respectivement, ladi- de courant
dans un conducteur d'6mettbur         to boucle compronant des moyens (INV)
pour in- commun dont lea collecteurs sont connectis aux   verser les
signaux, I'entreo de l'amplificateur A bases des transistors de l'une des
deux palres   risonance etant couple e a'entrie d'au moins un
diffirentielles (TI, T21T3, T4).         10      des deux circuits de
transconductance (TC1, TC2) pour y appliquer un signal de courant d'en- 21.
Circuit A synthese de frequence compronant un   troe et la sortie de
l'amplificatbur a risonance circuitdiviseurdefriquence (PS, PFD), un dteo-
etant couplee A la sortie de l'un des deux circuits tour de phase (PD), un
fiitre de boucle (LF) et un  de transconductance (TC1, TC2) pour y appli-
oscillateur commande en tension (TO) successi-  15  quer un signal de
tension de sortie, les sorties du vement Incorpores dans une boucle a
verrouilla-  premier (TC1) et du deuxieme (TC2) circuits de go de phase,
caractirise en ce qu'un amplifica-  transconductanco etant connecties A des
en- teur A risonance accordable (RAI) tel quo dicrit  treos et des sorties
d'un troisieme (TC3) et d'un dans l'une des revendications pricidentes est
quatribme (TC4) circuits de transconductance, K,      agenci entre
l'osclllateur (To) commandi en ton-  20  respectivement, lesdits troisieme
(TC3) et qua- sion et le circuit divisourde friquence (PS, PFD),  trieme
(TC4) circuits de transconductance pou- le filtre de boucle (LF) etant
coupli A une entrie  vanttre commandis etitantcouplisvla une en- (It) de
commando d'accord de l'amplificateur A   treo de commando A une sortie d'un
circuit gene- risonance accordable pour accorder simultani-    ratourde
signaux de commando de gain automa- ment l'oscillateur (To) commandi en
tension et  26  tique (18). I'ampiificatour A risonance accordable (RAI).
23. Ricepteur superhitirodyne FM, comprenant 22. Rcoepteur superhitirodyne
AM, comprenant        succoessivement une section d'entrie RF, un ita-
successlvement une section d'entrie RF (I1), un  ge melangeur accordable,
une section FM-FI et etage melangeur accordable (12), une section   30  un
dispositif de demodulation FM, caracteins en AM-FI (14) et un dispositif de
demodulation AM   ce quo Ia section FM-FI comprend un amplifica- (15),
caractirisi en ce quo la section AM-FI (14)  tour A risonance accordable
comprenant une comprend un amplificateur a risonance accorda-   boucle de
retroaction nigative en contlnu non ri- ble comprenant uno boucle de
retroaction nega-   generatrice qui comporte des moyens d'amplifl- tiv e n
continu non regeniratrice qul comporto  35  cation (VA) commandes offrsnt
un gain de boucle des moyens d'amplification (VA) commandis of-
commandi, laditb boucle comprenant un premier frant un gain de boucle
commandi, ladite boucle  (RICI) et un deuxieme (R2C2) filtros RC passe-
comprenant un premier (RICI) et un deuxieme      bas du premier ordre, et
syant un trajet de si- (R2C2) flitres RC passe-bas du premier ordre, et
gnaux allant de l'entree A la sortie et un trajet de ayant un trajet de
signaux allant de l'entrie A la  40  retroaction allant de la sortie a
I'entree, le trajet sortie et un trajet de retroaction allantde la sortie
de signaux comprenant un des deux filtres A I'entrie, le trajet de signaux
comprenant l'un  (RIC1, R2C2) et le trejet de retroaction compre- desdits
deux filtres (RI C1, R2C2) et le trjet de  nant l'autre filtre
conjointement avec les moyens retroaction comprenant l'autre filtre
conjointe-  d'amplificatlon (VA) commandis, ou blen les ment avec les
moyens d'ampliflcation (VA)  45    moyens  d'amplification  (VA)  commandis
commandis, ou bien les moyens d'amplification    comprenant deux
ampllficateurs commandes (VA) commandis comprenant deux amplifica-
(VAI, VA2) et le trajet de signaux comprenant les- 



tours commandis (VAI, VA2) et le trajet de si-   dits deux filtres (RI1CI,
R2C2) conjointement gnaux comprenant lesdits deux filtres (RICI,     avec
I'un desdits deux amplificatours (VAI, VA2) R2C2) conjointementavec l'un
desdits amplifica-  50  et Is trajet de retroaction comprenant l'autre des-
tours at le trajet de retroaction comprenant I'au-  dits amplificateurs
(VAI, VA2), lesdits moyens tre desdits amplificateurs (VAI, VA2), lesdits
d'amplification (VA) commandos itant realisis moyens d'amplification (VA)
commandis itant      par un premier (TCI) et un deuxilme (TC2) cir-
rialisis par un premier (TCI) et un deuxibme     cuits de transconductance
comportant chacun (TC2) circuits de transconductance comportant  5s  une
transconductance commandable d'une en- chacun une transconductance
commandable          treo de tension A une sortle de courant, et en ce
d'une entrie de tension A une sortie de courant,  quo, dans la boucle, les
sorties de courantdu pro- et en ce quo, dans la boucle, les sorties de cou-
mier (TC1) et du deuxieme (TC2) circuits de 20    39
EP0420974B1                     40  I!CIII1liii  1 transconductance sont
couplies via des 616- ments RC parallles du premier (RICI) et du deuxibme
(R2C2) filtres RC aux entrees de ten- sion du deuxieme (TC2) et du premier
(TC1) cir- cuits de transconductance, respectivement, ladi-   5 te boucie
compronant des moyens (INV) pour of- fectuer une inversion do signaux,
I'entr6e de l'ampllficateur A r6sonance otant couplie A l'on- tr6o d'au
moins un des deux circuits de transoon- ductance (TC1, TC2) pour y
appliquer un signal  1o de courant d'entreo et la sortie de l'amplificateur
A resonance otant couple A la sortie de lun des deux circuits de
transconductanco (TC1, TC2) pour y appliquer un signal de tension de
sortie, les sorties du premier(TCI) etdu dewdime (TC2)  15 circuits de
transconductance otant connecteos A des entr6os et des sorties dun
troisieme (TC3) et d'un quatrilmo (TC4) circuits de transconductan- co,
respectivement Is troisibme C3) etle quatrib- me (fC4) circuits de
transconductance pouvant  20 etre commandes et etant couplis a une sortie
d'un circuit de detection de qualite de rnoeption (20) via une entrhe de
commande, ledit premier (rC1) et le- dit deuxiAme (rC2) circuits de
transconductance 6tant coupl6s A une sortie du dbspositif de demo-  25
dulatbon FM (15) via une ontree de commando. 30 35 40 45 50 55 21    


