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The invention relates to an FM receiver comprising an RF section, a first 

mixer stage for converting a desired RF reception signal to a first IF signal having a 

carrier frequency located on average at a first intennediate frequency, a first IF section 

for selecting the first IF signal, a second mixer stage for converting the first IF signal to 

S a second IF signal having a carrier frequency located on average at a second 

intermediate frequency, said second intermediate frequency being below the first 

intermediate frequency, a second IF section for selecting the second IF signal, said 

second IF section being coupled to an FM demodulator for demodulating the baseband 

modulation signal of said desired RF reception signal, and an IF stage for use in such 

10 an FM receiver, succeded by a low-pass tilter for selecting the baseband modulation 

signal. 

An FM receiver of this type is known per se, for example from the 

international PCT Patent Application WO 88/08223. 

In the known FM receiver the first mixer stage is tunable and is used to 

IS convert a desired RF reception signal from an RF FM reception range down in 

frequency to a fixed first intermediate frequency of 10. 7 MHz. The first 10. 7 MHz IP 

signal thus obtained is selected in the first IF section and subsequently converted down 

in frequencyagain by means of the second mixer stage to a fixed second intermediate 

frequency of 700 kHz,. resulting in said second IF signal. This second 700 kHz IF 

20 signal is demodulated by means of said FM demodulator after filtering. 

In the frequency demodulation, signal multiplications and non-linear 

signal processing operations are performed so that mixing products and notably higher 

order interference components cannot be avoided. For an effective suppression of such 

interference components complex and hence costly tilters are required. Such tilters 

25 impede the integration of the FM receiver. 

It is inter alia an object of the invention to enhance the signal processing 

of the known FM receiver and to realise the receiver in:.a largely in•grated..form. 

It is also an object of the invention to provide a substantially fully 

<'\. .. 
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integrable IF stage which can be exchanged in a simple manner with the IF circuit of 

substantially all existing FM receivers of the superheterodyne type and realises a 

selectivity which may be considerably larger than that of the known IF filters • 

. According to the invention, an FM receiver of the type described in the 

5 opening paragraph is therefore characterized in that a third mixer stage is arranged 

between the second IF section and the FM demodulator for converting the second IF 

signal to a third IF signal having a carrier frequency located on average at a third 

intermediate frequency, which third intermediate frequency is above the second 

intermediate frequency. 

10 The invention is based on the recognition that an extra degree of freedom 

is obtained by means of the third mixer stage, which provides the possibility of 

choosing the second intermediate frequency to be sufficiently low to realise a largely 

integrated form of the second IF section at a sufficiently large dynamic range and of 

choosing the third intermediate frequency to be sufficiently high to cause the higher 

15 order interference components occurring during the frequency demodulation to occur 

sufficiently far from the desired baseband modulation signal so that a suppression of 

these higher order interference components is possible by means of an easily integrable 

low-pass filter. 

When the measure according to the invention is used, the selectivity is 

20 greatly enhanced with respect to the known FM receiver, while maintaining a 

sufficiently large dynamic range, and the higher order interference effect during the 

frequency demodulation is considerably reduced, while a large degree of integration is 

possible. 

Such an FM receiver according to the invention is preferably 

25 characteri7.ed in that the. third intennediate frequency is equal to the first intermediate 

frequency and mutually equal second and third mixing signals are applied to the second 

and third mixer stages. This provides the possibility of genmating the mixing signals of 

the second and third $er stages by means of one and the same fixed local oscillator, 

which leads to a simplification of the FM receiver. 

30 Moreover, in such an FM receiver the second mixer stage, the second IF 

section and the third mixer stage can be incorporated in and/or. implemented as a 

detaehable IF stage which is easily integrable as a component and is exchangeable with 

an IF filter tuned to said first intermediate frequency of a conventional superheterodyne 
... ~ ~'" ; -: '; . I 
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FM receiver. When such an IF stage is used according to the invention as an IF 

selectivity in a conventional superheterodyne FM receiver, the last-mentioned preferred 

embodiment of an FM receiver according to the invention is obtained. 

According to the invention, an IF stage which can be used in an FM 

s receiver of the type described in the opening paragraph is therefore characterized in that 

it has an IF-input terminal for applying the first IF signal thereto, which terminal has 

successively coupled to it the second mixer stage, the second IF section and the third 

mixer stage, said third· mixer stage being coupled to an IF output terminal of the IF 

stage, mutually equal second and third mixing signals bein~ applied_ from a common 

10 fixed local oscillator to said second and third mixer stages. 

Another preferred embodiment of the FM receiver and particularly the IF 

stage according to the invention, in which a reduction of non-linear distortion is 

obtained with respect to the known FM receiver, is characterized by a phase-splitting 

device for converting a single-phase signal into a pair of phase-quadrature signals and a 

15 resonance amplifier operating as a tunable phase-quadrature IF selectivity, which 

resonance amplifier applies in-phase and quadrature components of the second IF signal 

from in-phase and quadrature outputs to said third mixer stage, said third mixer stage 

comprising in-phase and quadrature multiplier circuits as well as a superposition stage 

for converting the in-phase and quadrature components of the second IF signal to in-

20 phase and quadrature components of the third IF signal and for mutually 

superpositioning the two last-mentioned in-phase and quadrature components for 

converting the third intermediate frequency signal from phase quadrature to single 

phase. 

When this measure is used, the property is utilized that the resonance 

25 amplifier in said use as a phase-quadrature filter has a symmetrical bandpass 

characteristic and a point-symmetrical phase characteristic around the resonance 

frequency, even at a very low value of the resonance frequency. Such a resonance 

amplifier is fully integrable and known.per se, for example from European Patent 

Application EP 0 420 974. 

30 The resonance amplifier may also be used as a phase-splitting device by 

commonly applying the output signal of the second mixer stage to the in-phase and 

quadrature inputs of the resonance amplifier. At a sufficiently high quality factor Q of 

the resonance ampli~, there will be an accUrate phase-quadrature relationship between 



PHN 14.119 4 
iii ilili1irrf 

29.09 199'.'. 

the in-phase and quadrature output signals of the resonance amplifier. 

It is alternatively possible to operate the second mixer stage as a phase­

splitting device and to provide it to this end with in-phase and quadrature multiplier 

circuits, signal inputs of which are coupled in common to an output of the first IF 

5 section whose mixing signal inputs are coupled to in-phase and quadrature outputs of a 

fixed local phase-quadrature oscillator and signal outputs of which are coupled to in­

phase and quadrature inputs of the resonance amplifier, said in-phase and quadrature 

outputs of the fixed local phase-quadrature oscillator being also coupled to respective 

mixing signal inputs of the in-phase and quadrature multiplier circuits of the third mixer 

10 stage. 

To enhance the selectivity, the last-mentioned FM receiver according to 

the invention is preferably characterized in that the second IF section comprises a 

tunable IF selectivity having a tuning control input to which the baseband modulation 

signal of said desired RF reception signal is applied for a dynamic frequency tracking of 

15 the tuning of the tunable IF selectivity by means of the modulation signal. 

An IF stage according to the invention, which when used as an IF 

selectivity in a conventional superheterodyne FM receiver results in the last-mentioned 

preferred embodiment of an FM receiver according to the invention and in which 

instabilities in the tuning control are prevented, is characterized in that the tunable IF 

20 selectivity in the second IF section precedes a further FM demodulator which is 

arranged in a tuning control loop from the output of the tunable IF selectivity to the 

tuning control input, said tuning control loop having an open loop gain which is smaller 

than one. 

A further elaboration of the above-mentioned aspect of the invention is 

25 realised in a further preferred embodiment of the last-mentioned FM receiver which is 

characterized in that the further FM demodulator comprises a limiter circuit which is 

connected via a fourth mixer stage to a first input and via a filter circuit, succeeded by 

a fifth mixer stage, to a second input of a multiplier circuit, mutually equal mixing 

signals being applied to said fourth and fifth mixer stages for an up-conversion of the 

30 frequency of the two input signals of the multiplier circuit. When this measiire is used, 

the higher-order interference compon~ts produced during the demodulation are shifted 

further in frequency with respect to the desired baseband modulation signal so that the 

integration of the FM demodulator is simplified, while a simple low-pass filter at the 
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;:; output of the FM demodulator is suffici~nt ·to realise an effective suppression of 

interference. 

Another preferred embodiment of the invention, in which the same effect 

with respect to the limiter and the FM demodulator is obtained, is characterized in that 

5 the further FM demodulator comprises a limiter circuit which is connected to a first 

input and, via a filter circuit, to a second input of a multiplier circuit, and a sixth mixer 

stage preceding the limiter circuit for an up-conversion of the frequency of the signal 

applied to the limiter. 

Yet another preferred embodiment of the invention, in which filtering is 

10 possible at a comparatively low frequency, is characterized in that at least one of the 

first-mentioned and further FM demodulators comprises a limiter circuit, a multiplier 

circuit having two inputs and an output and a filter circuit arranged between the· further 

limiter circuit and one of the two inputs of the multiplier circuit, said filter circuit being 

arranged between a seventh and an eighth mixer stage for a down-conversion and an up-

15 conversion, respectively, of the frequency of the input signal and the output signal of 

the filter circuit. 

These and other aspects of the invention will be apparent from and 

elucidated with reference to the embodiments described hereinafter. Corresponding 

20 elements are denoted by the same reference indications. In the drawings: 

Fig. 1 shows a first embodiment of an FM receiver according to the 

invention; 

Fig. 2 shows a second· mixer stage oiJerating as a phase-splitting device 

for use in an FM receiver according to the invention; 

25 Fig. 3 shows a first embodiment of an FM demodulator for use in an FM 

30 

receiver according to the invention; 

Fig. 4 shows a second embodiment of an FM demodulator for use in an 

FM receiver according to the invention. 

Fig. 1 shows an FM receiver according to the invention, having a radio 

frequency (RF) antenna input for connecting an antenna ANT thereto to which are 

successively coupled m RF input section RF and a tunable RF input tilter RFF for RF 

amplification.and selection of a desired RF.FM reception signal, a tint mixer stage Ml 
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to which a tunable oscillation signal is applied from a tuning oscillator TO for a 

frequency conversion of the desired RF FM reception signal to a first intermediate 

frequency (IF) signal having a carrier frequency located on average at a first 

intermediate frequency fl, a first IF section IFl for a first IF selection, a second I~ 

5 stage IFS to be describ_ed hereinafter for a second IF selection, a third IF section IF3 

for a third IF selection, a first FM demodulator DEM for demodulating the third IF 

signal selected by the third IF section IF3, a low-pass filter and audio signal processor 

ASP preceding a sound reproducing device L for a low-pass selection of the 

demodulated baseband modulation signal of said desired RF FM reception signal and for 

10 audio signal processing and reproduction, respectively. 

A common tuning voltage is applied from a tuning control terminal Vt to 

tuning control inputs of the RFF and the tuning oscillator TO. Consequently, a tuning 

synchronism is· obtained between the signal tuning on the one hand and the RFF on the 

other hand so that the RFF can be chosen to have a comparatively narrow band and 

15 hence an effective mirror suppression is obtained. 

Except for the signal processing in the second IF stage IFS, the signal 

processing in the FM receiver described so far corresponds to that of a conventional 

superheterodyne FM receiver. For example, the first mixer stage Ml can realise a 

frequency conversion of an RF FM reception signal at an RF carrier frequency of the 

20 order of 100 MHz to a first intermediate frequency fl of, for example 10.7 MHz. In 

contrast to the IF signal processing in such conventional superheterodyne FM receivers, 

the first IF signal of the first IF section IFl of the FM receiver according to the 

invention is applied via an input terminal IFI of the second IF stage IFS to a second 

mixer stage M2 arranged in the second IF stage IFS. The second mixer stage M2 

25 realises a frequency conversion of the first IF signal to a second IF signal having a 

carrier frequency located on average at a second intermediate frequency fl. 

The second intermediate frequency f2 can be chosen to be relatively low 

with respect to the first intermediate frequency fl so that it Will be possible to achieve a 

high selectivity at a sufficiently large dynamic range with a comparatively simple 

30 bandpass filter circuit as the second IF selectivity. A further improvement of the 

selectivity will be possible by giving such a bandpass filter circuit a tunable structure 

and by varying the tuning with the demodulated baseband modulation signal. To this 

end for example, an output of the first FM demodulator DEM may be coupled (not 
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shown) to a tuning control input of said bandpass filter circuit. To obtain a sufficient 

stability in the tuning control, the open loop gain of the tuning control loop which is 

coupled from the output of said bandpass filter circuit via the first FM demodulator 

DEM to the tuning control input of this bandpass filter circuit should be smaller than 

5 one. The tuning of the bandpass filter circuit thereby dynamically tracks the 

instantaneous frequency modulation of the second IF signal so that the bandwidth of the 

bandpass filter can be chosen to be considerably smaller than the bandwidth of the 

second IF signal. 

In the embodiment shown a cascade circuit of three tunable resonance 

10 amplifiers 1-3 operating as bandpass filters has been chosen, which realise a tunable 

second IF selectivity of the second IF section IF2, each at a resonance frequency which 

tracks the instantaneous frequency modulation of the second IF signal and which is on 

average equal to the second intermediate frequency f2. To this end the output of said 

cascade circuit is fed back to tuning control inputs 9, 10 and 11 of the resi>ective 

15 resonance amplifiers 1-3 via a limiter 4, a further, or second FM demodulator 5, a loop 

amplifier 6, a loop tilter 7 and a tuning control signal generating circuit 8. The tuning_ 

control signal generating circuit 8 has three outputs which are coupled to tuning control 

inputs 9-11, respectively, of the resonance amplifiers 1-3. First, second and third tuning 

control loops are thereby formed. The open loop gain of each one of the first, second 

20 and third tuning control loops should be smaller than one so as to prevent instabilities in 

the loops .. The elements 1-11. constitute a second IF section IF2 of the second IF stage 

IFS. The resonance amplifiers 1-3 can be easily integrated and render a very high 

selectivity possible. 'niey are known per se from European Patent Application EU 0 420 

974 and do not need to be further described for understanding the invention. In order to 

25 render a low-distortion selection possible at the comparatively low value of f2, the 

resonance amplifiers 1-3 are used as polyphase tilter! of the phase-quadrature type. To 

this end a phase-splitting device for converting a single-phase signal into a pair of 

phase-quadrature signals is to be arranged in the IF signal path. 

In the embodiment of Fig. 1 a phase splitting is effected by way of 

30 example with the aid of the second mixer stage M2 which comprises in-phase and 

quadrature multiplier circuits M2i and M2q to which the first IF signal is applied from 

the first IF section IFl jointly with in-phase and quadrature mixing signals from a local 

oscillator device LO. The local oscillator device LO comprises a fixed oscillator FO for 
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supplying a fixed oscillator frequency flo, followed by a frequency division circuit FD. 

The frequency division circuit FD derives the last-mentioned in-phase and quadrature 

mixing signals from t~e oscillator frequency flo by dividing it by a division factor of 

2n~ Starting from the afore-mentioned numerical example with fl = 10.7 MHz, the 

5 second intermediate frequency f2 will be 300 kHz at an flo of, for example 22 MHz and 

a frequency division by two (n = 1) in the frequency division circuit FD and hence in­

phase and quadrature mixing signals at 112 flo . 11 MHz. 

The second mixer stage M2 does not only realise a down-conversion but 

also operates as a phase-splitting device in which in-phase and quadrature components I 

10 and Q of the second IF signal are obtained at f2 from the single-phase first intermediate 

frequency signal. As mentioned hereinbefore, this second phase-quadrature IF signal is 

filtered .at a relatively high selectivity in the cascade circuit of the resonance amplifiers 

1-3. Subsequently, the in-phase and quadrature components I and Q of the secol'ld IF 

signal are limited in amplitude in the limiter 4, followed by a demodulation in the 

15 second FM demodulator 5. This second FM demodulator 5 ·may be constructed in 

known manner and comprise, for example a multiplier circuit (not shown) with a 

frequency-dependent phase shifter which is operative for one of the in-phase and · 

quadrature components I and Q of the second IF signal. The baseband modulation signal 

is applied to the tuning control signal generating circuit 8 from the output of the second 

20 FM demodulator 5 via the loop amplifier 6 and the loop filter 7, wliich tuning control 

signal generating circuit 8 may have, for example a junction point (not shown) via 

which the baseband modulation signal amplified in the loop amplifier 6 (possibly at a 

gain factor smaller than one) is applied in common to the tuning control inputs 9-11, or 

it may have a cascade arrangement of two amplifier circuits (not shown), which cascade 

25 arrangement bu an input coupled to the tuning control terminal 9 and an output coupled 

to the tuning control terminal 11, the common junction point of the two amplifier 

circuits being connected to the tuning control terminal 10. The gain factors of these 

amplifier circuits are to be chosen in such a way that no instabilities are produced in the 

tuning control of the resonance amplifiers 1-3. This is achieved w~en the open loop 

30 gain Qf the tuning control loop of each one of these resonance amplifiers 1-3 is smaller 

than one. The tuning control does not require any further explanation for understanding 

the invention. 

The output of the cascade circuit 1-3 is also coupled to an in-phase 
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multiplier circuit M3i and a quadrature multiplier circuit M3q of a third mixer stage 

M3. The in-phase .and quadrature mixing signals of the local oscillator device LO at flo 

are also applied to the in-phase multiplier circuit M3i and quadrature multiplier circuit 

M3q. The in-phase multiplier circuit M3i and quadrature multiplier circuit M3q of the· 

5 third mixer stage M3 consequently supply in-phase and quadrature components of a 

third IF signal at a carrier frequency which is located on average at a third intermediate 

frequency f3 which is above the second intermediate frequency £2 and is equal to the 

first intermediate frequency fl due to the common use of the local oscillator device LO. 

Outputs of the in-phase multiplier circuit M3i and the quadrature multiplier circuit M3q 

10 are coupled to inputs of a superposition stage SS which realises such a superposition of 

the mixing products obtained in the in-phase multiplier circuit M3i and quadrature 

multiplier circuit M3q that the mixing products occurring at f3 are mutually added to 

each other and the unwanted mixing products which are mirrored with respect to tlo 

compensate each other. The third IF signal thus obtained will become available at an 

15 output terminal IFO of the second IF stage IFS. 

The third IF signal with f3 = fl is applied via the output terminal IFO of 

the second IF stage IFS to, successively, the third IF section IF3, the first FM 

demodulator DEM, the low-pass filter and the audio signal processor ASP and the 

sound reproducing device L in which, as mentioned hereinbefore, a third IF selection, a 

20 demodulation, a low-pass filtering, an audio signal processing and reproduction, 

respectively, take place in known· mann~.· 

The input and output signals of the second IF stage IFS at IFI and IFO 

are at one and the same intermediate frequency, at 10. 7 MHz in the given case. The 

second IF stage IFS can therefore be easily implemented as a component in existing 

25 conventional superheterodyne FM receivers, resulting in an FM receiver according to 

the invention having a comparatively high IF selectivity. Moreover, due to the use of 

reso~ance amplifiers as phase-quadrature tilters, the second intermediate frequency f2 

can be chosen to be considerably lower than the second intermediate frequency of 700 

kHz of the first-mentioned known FM receiver. In a practical embodiment of the FM 

30 receiver according to the invention the second intermediate frequency f2 was 300 kHz. 

Due to this low second intermediate frequency £2 the requirement with respect to the 

quality factor Q of the second IF stage IFS, which determines the dynamic range, is 

further decfeasecl, which further simplifies the integration of this second IF stage IFS. 
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Since the second IF stage IFS supplies a third IF signal which is relatively high in 

frequency to the FM demodulator DEM, the interference components produced during 

the demodulation are comparatively far remote from the baseband modulation signal and 

can be effectively suppressed by means of an easily integrable low-pass filter. 

Another manner of down-conversion and phase splitting is shown in Fig. 

2. In this Figure a frequency conversion is effected in a multiplier M2' and a 

conversion from single phase to phase quadrature is effected in a resonance amplifier 

RA coupled to an output of the multiplier M2'. A fixed local oscillator frequency of 11 

MHz in the given case· is applied from the fixed oscillator FO to the multiplier M2'. 

IO The resonance amplifier RA supplies in-phase artd quadrature components of the second 

IF signal at the second intermediate frequency f2 from in-phase and quadrature outputs. 

An alternative manner of tuning control is obtained by omitting the 

limiter 4 and the second FM demodulator and by using instead a third FM demodulator 

12 which is shown in broken lines. The input of the third FM demodulator 12 is 

15 coMected to an output of the superposition stage SS, while an output is connected to the 

loop amplifier 6. In this third FM· demodulator 12 the third IF signal is demodulated so 

that, likewise as with the first FM demodulator DEM, the higher-order interference 

components produced during demodulation are comparatively far remote from the 

desired baseband modulation signal and can be suppressed by means of a simple 

20 integrable low-pass filter. 

It is further possible to implement the limiter 4 and the second FM 

demodulator in single Phase by utilizing, for example, only the in-phase or the 

quadrature component of the ~nd IF signal selected by the resonance amplifiers 1-3. 

In such an application it is possible to utilize the inventive idea - filtering at a relatively 

25 low frequency and demodulation at a relatively high frequency - in a wider sense, for 

example, as is shown by means of the FM deiitodulators in Figs. 3 and 4. These may 

be used instead of the limiter 4 and the second FM demodulator 5. 

Fig. 3 shows a first embodiment of an FM demodulator for use in an FM 

receiver according to the invention, comprising a limiter 4' to which, for example the 

30 in-phase component of the second IF signal selected by the resonance amplifiers 1-3 is 

applied. The limiter 4' is connected via a fourth mixer stage M4 to a first input and via 

a filter circuit PS operating as a frequency-dependent phase shifter, followed by a fifth 

mixer stage MS, to a second input of a multiplier circuit M, said fourth and fifth mixer 
• 
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stages M4 and MS receiving mutually equal mixing signals for an up-conversion of the 

frequency of the two i~put signals of the multiplier circuit M. The two mixing signals 

for the fourth mixer stage M4 and the fifth mixer stage MS are supplied from the rIXed 

oscillator FO and have a frequency which is, for example equal to 11 MHz. In contrast 

5 to the original second FM demodulator 5, a frequency demodulation at f.3, i.e. a much 
higher frequency than f2 is effected in the multiplier circuit Min Fig. 3. 

Fig. 4 shows a second embodiment of an FM demodulator for use in an 

FM receiver according to the invention, using a sixth mixer stage M6 to which, for 

example, the in-phase component of the second IF signal selected by the resonance 

10 amplifiers 1-3 is applied and which precedes the limiter circuit 4'. An 11 MHz mixing 

signal is applied to the sixth mixer stage M6 from the local oscillator device LO for an 

up-conversion of the frequency of the signal applied to the limiter, so that higher-order 

interference components can be suppressed with a simple filter downstream of the . 
multiplier circuit M~ The filter circuit PS arranged between the limiter circuit 4' and 

15 one of the two inputs qf the multiplier circuit M is arranged between a seventh and an 

eighth mixer stage M7 and MS for a down-conversion and an up-conversion of the 

frequency of the input signal and the output signal, respectively, of the filter. circuit. 

Said 11 MHz mixing signal is applied also from the local oscillator device LO to the 

seventh mixer stage M7 and the eighth mixer stage MS. Consequently, filtering takes 

20 place at the comparatively low frequency f2, while demodulation takes place at the 

comparatively high frequency· f3. 

It will be evident that the invention is not limited to the embodiment 
shown in Fig. 1. For example, it is possible to use the inventive idea for a single or 

multistage and/or single-phase bandpass filter for selection in the second IF section with 

25 tilter types other than resonance amplifiers, to arrange the loop filter 7 in the signal 

direction in the tuning control loop for the loop amplifier 6 or to omit it completely 

and/or even completely refrain from the dynamic frequency tracking of the resonance 
. . 

amplifiers 1-3. In the latter case the bandwidth should be chosen to be sufficiently large 

to comprise the bandwidth of the second IF signal. It is also possible to omit the third 

30 IF section IF3 and/or to render the FM demodulators shown in Figs. 3 and 4 suitable, 

after some adaptation, for use as the said first, second and/or third FM demodulator, 

DEM, 5 and 12, respectively. If less stringent requirements are imposed on the 

exchangeability of the second IF stage IFS, the output signal of the first FM 

= 

I 
!! 
i 
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· demodulator may be used to vary the tuning of the bandpass filter in the second IF stage 

IFS via a suitably chosen amplification. It is then also possible to choose the third 

intermediate frequency f3 to be higher than the second intermediate frequency f2, but 

unequal to the first intermediate frequency fl. 

·····-· 
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1. An FM receiver comprising an RF section, a first mixer stage for 

converting a desired RF reception signal to a first IF signal having a carrier frequency 

located on average at a first intermedi~te frequency, a first IF section for selecting the 

first IF signal, a second mixer stage for converting the first IF $ignal to a second IF 

5 signal having a carrier frequency located on average at a second intermediate frequency, 

said second intermediate frequency being located below the first intermediate frequency, 

a second IF section for selecting the second IF signal, said second IF section being 

coupled to an FM demodulator for demodulating the baseband modulation signal of said 

desired RF reception signal, succeeded by a low-pass filter for selecting the baseband 

10 modulation signal, characterized in that a third mixer stage is arranged between the 

second IF section and the FM demodulator for converting the second IF signal to a third 

IF signal having a carrier frequency located on average at a third intermediate 

frequency, which third intermediate frequency is above the second intermediate 

frequency. 

15 2. An FM receiver as claimed in Claim 1, characterized in that the third 

intermediate frequency is equal to the first intermediate frequency and mutually equal 

second and third mixing signals are applied to the second and third mixer stages. 

3. An FM receiver as claimed in any one of the preceding ·Claims 1 or 2, . . 

characterized by a phase-splitting device for converting a single-phase signal into a pair 

20 of phase-quadrature signals and a resonance amplifier operating as a tunable phase­

quadrature IF selectivity, which resonance amplifier applies in-phase and quadrature 

, components of the second IF signal from in-phase and quadrature outputs to said third 

mixer stage, said third mixer stage comprising in-phase and q~ multiplier 

circuits as well as a superposition stage for converting the in-phase and quadrature 

25 components of the second IF signal to in-phase and quadrature components of the third 

IF signal and for mutually superpositioning the two.last-mentioned in-phase and 

quadrature components for converting the third intermediate frequency from phase 

quadrature to single phase. 

111111111111111111111111111111 
* C L M S * 

{ 



This Sheet Has Been Replaced 

PHN 14.119 14 I .lllllll 11111\ \l\l ll\ \Ill '29.09. ~.992 

4. An FM receiver·as claimed in Claim 3, characterized in that the 

resonance amplifier also operates as a phase- splitting device and has in-phase and 

quadrature inputs which are mutually coupled in common to an output of the second 

mixer stage. 

5 5. An FM receiver as claimed in Claim 3, characterized in that the second 

mixer stage also operates as a phase- splitting device and comprises in-phase and 

quadrature multiplier circuits, signal inputs of which are coupled in common to an 

output of the first IF section whose mixing signal inputs are coupled to in-phase and 

quadrature outputs of a fixed local phase-quadrature oscillator and signal outputs of 

10 which are coupled to in-phase and quadrature inputs of the resonance amplifier, said in­

phase and quadrature outputs of the fixed local phase-quadrature oscillator being also 

coupled to respective mixing signal inputs of the in-phase and quadrature multiplier 

circuits of the third mixer stage. 

6. An FM receiver as claimed in arty one of Claims 1 to S, characterized in 

15 that the second IF section comprises a tunable IF selectivity having a tuning control · 

input to which the baseband modulation signal of said desired RF reception signal is 

applied for a dynamic frequency tracking of the tuning of the tunable IF selectivity by 

means of the modulation signal. 

7. An FM receiver as claimed in Claim 6, characterized in that the tunable 

20 IF selectivity in the second IF section precedes a further FM demodulator which is 

arranged in a tuning control loop from the output of the tunable IF selectivity to the 

t1:1ning control input, said tuning control loop having an open loop gain which is smaller 

than one. 

8. An FM receiver as claimed in Claim 7, characterized in that the further 

25 FM demodulator comprises a limiter circuit which is connected via a fourth mixer stage 

to a first input and via a filter circuit, succeeded by a fifth mixer stage, to a second 

input of a multiplier circuit, mutually equal mixing signals being applied to said fourth 

and fifth mixer stages for an up.conversion of the frequency of the two input signals of 

the multiplier circuit. 

30 9. An FM receiver as claimed in Claim 7, eharacterized in that the further 

FM demodulator comprises a limiter circuit which is connected to a first input and, . via 

a filter circuit, to a second input of a multiplier circuit, and a sixth mixer stage 

preceding the limiter circuit for an up-conversion of the frequency of the signal applied 
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to the limiter. 

10. An FM receiver as claimed in Claim 7, characterized in that at least one 

of the first-mentioned and further FM demodulators comprises a limiter circuit, a 

multiplier circuit having two inputs and an output and a filter circuit arranged between 

5 the further limiter circuit and one of the two inputs of the multiplier circuit, said filter 

circuit being arranged between a seventh and an eighth mixer stage for a down­

conversion and an up-conversion, respectively, of the frequency of the input signal and 

the output signal of the filter circuit. 

11. An IF stage for use in an FM receiver as claimed in any one of the 

10 preceding Claims, characteri~ in that it has an IF input terminal for applying the first 

IF signal thereto, to which are successively coupled the second mixer stage, the second 

IF section with a second IF selectivity and the third mixer stage, said third mixer stage 

being coupled to an IF output terminal of the IF stag~, mutually equal second and third 

mixing signals being applied to said second and third mixer stages from a common 

15 fixed local oscillator. 

12. An IF stage for use in an FM receiver as claimed in Claim 11, 

characterized in that the second IF selectivity of the second IF section is tunable and 

precedes a further FM demodulator which is arrangecl in a tuning control loop from the 

output of the tunable IF selectivity to the tuning control input, said tuning control loop 

20 having an open loop gain which is smaller than one. 
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