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The invention relates to an FM receiver comprising an RF section, a first
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mixer stage for converting a desired RF reception signal to a first IF signal having a
carrier frequency located on average at a first intermediate frequency, a first IF section
for selecting the first IF signal, a second mixer stage for converting the ﬁfst IF signal to
5 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 filtér 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
15 convert a desired RF reception signal from an RF FM reception i'ange down in
frequency to a fixed first intermediate frequency of 10.7 MHz. The first 10.7 MHz IF
signal thus obtained is selected in the first IF section and subsequently converted down
in frequency again by means of the second mixer stage to a fixed second intermediate
frequency of 700 kHz, resulting in said sécond IF signal. This second 700 kHz IF
20 signal is demodulated by means of said FM demodulator after filtering.
 Inthe 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 filters are required. Such filters
25 impede the integration of the FM receiver. -
It is inter alia an object of the ixiwieniion to enhance the signal processing
of the known FM receiver and to realise the receiver in a largely integrated .form.
- It is also an object of the invention to provide a subszaqﬁany fully
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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 integrablé
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
sufficiehtly large dynamic range, and the higher order interference effect during the
frequency demodulation is considerably reduced, while a large degl;ee of integration is
possible. | S ' .

' Such an FM receiver according to the invention is preferably

25 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. This provides the possibility of generating the mixing signals of
the second and third mixer 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
detachable 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
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type and realises a According to the mvenuon an IF stage which can be used in an FM
5 receiver of the type described i in the opening paragraph is therefore characterized in that
it has an IF input terminal for applymg 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 being 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 phaue-spﬁtﬁng
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 supeiposition 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, ihe 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 resonanoe amphﬁer 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 amplifier, there will be an accurate phase-quadrature relationship between
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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 sa1d 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 measure is used,

~ the higher-order interference components 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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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
c.ircuit 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 operating 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
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.

30 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 an RF input section RF and a tunable RF input filter RFF for RF
amplification and selection of a desired RF FM reception signal, a first mixer stage M1
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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 receptidn signal and for
10 audio signal processing and reproduction, respectively. '

A common tunihg 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 td that of a conventional
superheterodyne FM receiver. For example, the first mixer stage M1 can mhse 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 f1 of, for example 10.7 MHz. In
contrast to the IF signal proceﬁsing in such conventional superheterodyne FM receivers,
the first IF signal of the first IF section IF1 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 f2. |
The second intermediate frequency f2 can be chosen to be relatively low
with respect to the first intermediate frequency f1 so that it will be possible to achieve a
high selectivity at a sufficiently large dynamic range with a comparatively simple
bandpass ﬁlier 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

30
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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 respective

15 resonance amplifiers 1-3 vig a limiter 4, a further, or second FM demodulator 5, a loop
amplifier 6, a lbop filter 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 mnirig
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 o 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 infegrated and render a very high
selectivity possible. They 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 pol);phase filters 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 IF1 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



commonl y appl ying the output signal of the sedbisfhesiaeBecsRegl®ed 0 t he
i n-phase and quadrature inputs of the resonancml a
n

sufficient] jgh quality factor Q of the_ reso Imm”I“ there will
be an acc&%?;]eig%ge-quadrature rel ati onship between 29.09.1992
4, the in-phase and quadrature output signals of the resonance anplifier.
It is altcupBkIngR §ixed osciblator frequprayafle, %&bv@dchyrm foeiuency slivigionasreait s e-

splitting Vi L O RLOVI it to this d wih in-phase gnd quadrature
oP! 1119 RVEERGRY oyl S ) ohavid i heed iBARR So e
out put of rhixéng kigaals Ifforf e84 bAINBO ERqHENEY Tib By ARAding 1YY & AViSicRARbEDE ©
I n-phase and quadrature outputs of a
2n. Starting from the afore-mentioned numerical example with f1 = 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 1/2 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 second 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 éomponents 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, which tuning control
signal generating circuit 8 may have, for example a junction poini (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 has 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 when the open loop
30 gain of the tuning control lbop of each one of these resonance amphfiers 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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10 are coupled to inputs of a superpositibn stage SS which realises such a superpositibn of
the mixing products obtained in the in-phase multiplier circuit M3i and quadrature
multiplier circuit M3q that the mixing products occurring at £3 are mutually added to
each other-and the unwanted mixing products which are mirrored with respect to flo
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 = f1 is applied via the output terminal IFO of
the second IF stage TFS 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 'reptoduction,
respectively, take place in known manner. |
The input and output signals of the second IF stage IFS at IFI and IFO
are at one and the same i:itennediate_. frequency, at 10.7 MHz in the given case. The
second IF stage IFS can therefore be easily implemented as a éomponent in existing
25 conventional superheterodyne FM receivers, resultitig in an FM receiver according to
the invention having a comparatively high IF selectivity. Moreover, due to the use of
resonance amplifiers as phase-quadrature filters, 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 tixe invention the second intermediate frequency f2 was 300 kHz. -
Due to this low second intermediate frequency f2 the requirement with respect to the |
quality factor Q of the second IF stage IFS, which determines the dynamic range, is
further decreased, which further simplifies the integration of this second IF stage IFS.
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denodul ag or is sinpl Ahother mannereofidewmgobeversion and phase splitting ist 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 locai oscillator frequency of 11
MHz in the given case is applied from the fixed oscillator FO to the multiplier M2°.
10 The resonance amplifier RA supplies in-phase and 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 | connected 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
compo:ients 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 second IF signal selected by the resonance amplifiers 1-3.
In such an application 1t 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 demodulators in Figs. 3 and 4. These may
be used instead of the limiter 4 and the second FM demodulator 5.
Fxg 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 mput 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



5 l-out put of the FM denodulator is sufficient to realise an effective
suppression of interference. Anot her preferred enbodi nent

of the inventi‘g? in which the same effggt wth respect to the Jy (;? and
the FM deRHRU })r is obtained, is characterized in that the fdreher
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aflltér circ arranged between the further " limter circul't and one of
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and the giNfRedeiverdicdordiig to the 1fwéntt1©h f$ihg & dixth 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 apphed to the limiter, so that hlgher-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 of the multiplier 'circuit M is arranged between a seventh and an
eighth mixer stage M7 and M8 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 M8. 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 baﬁdpass filter for selection in the second IF section with

25 filter 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
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Thése and other aspects of the invention will be apparent from and
elucidated with reference to the enbodi nents described hereinafter.
Cor r espondi n? eilsmants are denoted by the sane reference indications. In

the dr awiPH@% Fig. 1 sho&s a first enbodi ment of2qu09Fbb2

recei ver according to the invention; - Fig. 2 shows a second
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Fig. 1 stnequalda the/firstcistermediatectreqliengy D, t he |nvent| on, haV| ng a radio
frequency (RF) antenna input for connecting an antenna ANT thereto to which
are successively coupled an RF input section RF and a tunable RF input
filter RFF for RF
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ar¥l fication and sel ection of a desired RF FMreception signal, a first 6
mixer stage ML 6 to which a tunable oscillation si gnal is
applied froma tuning oscillator TO for a : frequency conversi on of

the desi PHN K1 reception signal to d3first internmediate 29.09.1992
frrequency (1 F) signal having a carrier frequency |ocated on average at a
first gLAﬂZS.nternedlatefreunsectlon I Fl for a first

| F sel éction, a second I F eet to be descri bed hereinafter for
a second IF selection, athird IF eplaced for athird IF
selection, a first FM denodul at or tlngthethird | F

signal selected by the third IF se 'pass filter and audio
si gnal processor

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 intermediate frequency, a first IF section for selecting the
first IF signal, a. second mixer stage for com)erting the first IF signal 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 szgnal havmg 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 quadrature 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
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quadrature to single phase.



" FMreceivers
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the FM r eupubof the first (ﬂ: fgeHan Whgse mlxlgg s1gp tﬂ{llg@%le rﬁglt‘%lﬁ@“?s g‘lcit ase algﬁll g];)uf
term nal qhidraie Bngaoagsfg%xw 16af BRaseEehaliPartire SREMAbr and si ignal B Buighits 8f age M2

arranged ™ e secon stage | e second m xer sta
real i 3¢s whidlr axpucoupledcorineptaseand fuadratute inputs ¢f thegesdnance amplifien; daidrin-
S! .gnal h%\ﬂl ng and quadrature outputs of the fixed local phase-quadrature oscillator being also
coupled to respective mixing signal inputs of the m—phase and quadrature multiplier
circuits of the third mixer stage. o
6. An FM receiver as claimed in any one of Claims 1 to §, 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
tuning 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 stagé, to a second
_ input of a multiplier circuit, mumany equal mixing signals being applied to said fourth
i 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, characterized 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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cafrier frequency |l ocated on average at a second i nt er nmedi at e frequency f 2.

Thg, second |nterrred| ate frequency f2 can be chosen to be relatively | ow
with res L the first |ntermed|atq frequency f1 so that it_wll be
pok5i bl 4a eve a hi gh selfdctivity at a suffici entd%Le-4P%e
dy

am c ran%e W th a conparatively si mpl e bandpass filter circuit
t he todB@HMItE sel ectivity. A further inprovenent of the
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tHe first FM denodul ator DEM may be cou é

7 multiplier circuit having two inputs and an ou ut 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
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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, chafacterizgd 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 stage, mutually equal second and third
_mixing signals beihg 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 arranged 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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) to a tuning control input of said bandpass filter circuit. To obtain z
‘a sufficient stability in the tuning control, the open |oop gain of the
tuni pg control | ogp which is coupled fromthe output of said bandpass
filgpr ci PHN 44412 the first FM denodul atfor DEM to the tuning co29.9l:g9aput

of «tjhi s bandpass filter circuit should be smaller than one. The tuning of
t he andpm circuit thereby dynanmically tracks the instantaneous
frequency dul ation of the second IF signal so that the bandw dth of the
bandpass FM) *IV€En be chosen to be consi der ably smaller than the bandw dth

of tjhe second | F signal. In the enbodi mrent shown a cascade

filtlers has been chosen, which realise a tunable second IF selectivity of
second | F section |IF2, each at a resonance frequency which tracks the
ant aneous frequency nodul ati on of the second IF signal and which is on

age equal to th euivtr| rﬂF‘g | f . | .6 £

ut of said cascgtlj\g?m rcaidtahﬁ:g dﬁtggk@%%ﬁﬁ%%%%gf?%& ?%p{})?lgéxg{nglo
11 ofa desiredcRPaeteptionrsignmah & a dirst [ sifhairiaving3a vardied freqlibAcy loéated on

her, or second_.FM.denodyl ator 5, a Igop anplifier 6, a loop filter 7

a t urdvVriREEAHa g’r’“éﬁ“ﬁﬁ'ﬂ?&i TERENGy acfirst IF sectionTios seleating) theofitst &F si gnal
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t hisr chaving agarrier frequency located on average at a second intermediate frequency, said
second in_termediate 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, succeeded by a low-pass filter for selecting the baseband modulation
10 signal. In order to enhance the signal processing of the FM receiver and to realise a
receiver in a largely integrated form, as well as to provide a substantially fully
integrable IF stage which is easily exchangeable with the IF section 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, a third mixer stage.is arranged
15 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: '
Fig. 1.
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cont gol | oops are thereby fornmed. The open | oop gain of each one of the L
firsg, second and third tuning control |oops should be snaller than one so .
as T¢ prevent instabilities in the | oops. The el errents 1 11 constitute a
secofd | F section IF2 of the second IF S‘h etlfli@eefr ¥sonance anplifiers
1-3 g¢an be easily integrated_and render ectivi possi bl e.
Theylare known per se fr @R pean Pate EU 0. 974 and do
not fieed to be further déSckibdd for unders an |ng the i nvention.. In order
to regnder a lowdistortion sdlection possible at the corrparatlvely | ow
val ug of f2, the resonance POpNlifiers 1-3 are used as pol yphase filters of
the phase-quadrature typ&3T& tlhis end a phase-splitting device for
converting a single-phase signal into a palr of phase quadrature signals is
to bp arranged in the I F sigmeh path. . ‘tn the enbodi nent of
Fig.] 1 a phase splittingu. ected by way of exarrple with the aid of the
secand mi xer stage M2 whiChe pri ses i n-phase and quadranre mul tiplier
cirquits M2i and M2q to whic e first IF signal is applied fromthe first
| F dection IFL JointTy W {h 1jn- qe ;e and quadrature mxrng Jignals froma
| ocgl oscillapr device LO The ogixl- LO cqnprises a fixed
oscifl lator Fd for
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8 Jsupplying a fixed oscillator frequency flo, followed by a frequency
diMdision circuit FD. The frequency division circuit FD derives the——

| agt - nenti oned i n-phase and quadrature m xing signals fromthe OSCI|| tor
freéquency flo by dividing it by a djvision factor ofTEnSh%R t he
af gre-nmenti oned nunerical exanple fl = 10.7 Mz, ‘

= 1) in the frequency ElVlSlon circuit

22 MHz
Hye mxing signals at 1/2 flo = 11 M.

I ntjermedi ate frequency f2 wll be 3 0 kHz at an flo. of
and a frequency division by :
FDjand hence in- phase and
The second mi xer stage M2
operates as a phase-splittimgTdevice in which in- phase and quadrature
colirponents | and Q of the second I F signal are obtained at f2 fromthe
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frequency signal. As nentioned hereinbefore, this second phase-quadrature

lF signal is filtered at a relatively high selectivity in the cascade _
Circuit of the resonance anplifiers 1-3. SubsequentE¥s ARe LN OhEsSE aned -
quadrature conmponents | and Q of the second IF §i; “lh}xg‘%iﬁﬁifd‘“ﬁﬁqd G

anplitude in the liniter 4, followed by a demodulgtion 1h tHesechrd Fjpd ».
denodul ator 5. This second FM denwdtigios ' bg Constr ctiéé“”rthéﬁam* .
A TRl ler cf rgult “FHSY dHedhy™ip tieeed
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I n- phase and quadrature cp ' 991d Q pf the_ second I F signal. The
baseband nodul ati on signa red to thé tu}pii?ﬁ@’{fdoﬁi?rﬁﬁﬁﬁﬁﬁihaﬂ@/!zm= _____
generating circuit 8 fromithe outp the\second FM denbdarator 5T e te
| oop anplifier 6 and the ljoop filte phi-ch tuning control signal
generating circuit 8 may hlhve er—€xanpl e a junction point (not shown) via

whi ch the baseband nodul ation signal anplified in the |oop anplifier 6
(possi bly at a gain facfheringemgioherelatelsdo anFN receiveywompdsing andRFsection, & ifiest

t uni trol i ts.9-11 i t / d t, of .t
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tuning control termnal "11, the commbn junction point of thé two anplifier
circuits bei nigr sclectingithel firss IFisignali 4 segord mixes| stagerfar penvening tip dirgdiFrsignal to
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intermediate frequency, said second intermediate frequency being below the first
intérmediate 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
an FM receiver, succeded by a low-pass ﬁlter 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

+ convert a desired RF receptiori 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 IF
signal thus obtained is selected in the first IF section and subsequently converted down
in’ frequency again 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
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 inte_rference components cannot be avoided. For an effective suppression of such
interference components complex and hence costly filters are required. Such filters
impede the integration of the FM receiver. _

It is inrer alia an object of the invention to enhance the signal processing
of the known FM receiver and to realise the receiver in a largely integ;ated form.

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



tuning c ntﬁEBLA(ﬁﬁ%?ﬂﬁeﬁ*ﬁ%oHance anplifiers 1-3. This is achi eved when the

open | oo —of~The tuni ng control |oop of each one of these resonance
anplifier 1ﬁg ﬁéﬁ”@?‘(er tthan one. The tuning control does not require any
further | aMat ynder st andi ng the invention. The

out put offt —Acdit 1-3 is also cpupled to an in-phase

9 mltpyier circuit MBi gnd a quadrature multiplier circuit M3q of a
third mx 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 [F filters.

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

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
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
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
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. This provides the possibility of generating the mixing signals of
the second and third mixer stages by means of one and the same fixed local oscillator,
which leads to a simplification of the FM receiver.

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
detachable 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
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reproduci ng device L in which, as nentioned hereinbefore, a third IF
sel ection, a 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
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-
phase and quadrature components of the third IF signal and fqr mutuaily
superpositioning the m;o 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
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 pef se, for example from European Patent
Application EP 0 420 974. .
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-phas_e and
quadramré inputs of the resonance amplifier. At a 'sufﬁcienﬂy high quality factor Q of
the resonance amplifier, there will be an accurate phase-quadrature relationship between
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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. '

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
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 [F
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
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
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 vig a fourth mixer stage to a first input and vig 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. When this measure is used,
the higher-order interference components 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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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
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-

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

These and other aspects of the 'inventiqn will be apparent from and

elucidated with reference to the embodiments described hereinafter. Corresponding
.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 operating as a phase-splitting device

for use in an FM receiver according to the invention;

Fig. 3 shows a first embodiment of an FM demodulator for use in an FM
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 an RF input section RF and a tunable RF input filter RFF for RF
amplification and selection of a desired RF FM reception signal, a first mixer stage M1
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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 tuniing 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
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 M1 can realise a
frequency'conversion of an RF FM reception signal at an RF carrier frequency of the

“order of 100 MHz to a first intermediate frequency f1 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 IF1 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
realises a frequency conversion of the first IF signal to a second IF signal havinga -
carrier frequency located on average at a second intermediate frequency f2.

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 comparitively simple ’
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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DEM to the tning control input of this bandpass filter circuit should be smaller than

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
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 respecﬁve
resonance amplifiers 1-3 vig a limiter 4, a further, or second FM demodulator 5, a loop
amplifier 6, a loop filter 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, re5pecdvely, 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

- 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
selectvity possible. They 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
render a low-distortion selection possible at the comparatively low value of f2, the
resonance amplifiers 1-3 are used as polyphase filters 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 effecnéd by way of
example with the aid of the second mixer stage M2 which comprises in-phase and
quadranrs multiplier circuits M2i and M2q to which the first IF signal is applied from
the first [F section IF1 jointly with in-phase and quadrature mixing signals from a local
oscillame device LO. The local oscillator device LO comprises a fixed oscillator FO for
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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 second IF
signal are limited in amplitude in the limiter 4, followed by a demodulation in the
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

" FM demodulator 5 vig the loop amplifier 6 and the loop filter 7, which tuning control
signal generating circuit 8 may have, for example a junction poiht (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
arrangement has an input coupled to the tuning control terminal 9 and an output coupled
to the tuning control terminal 11, the common juncﬁon 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 when the open loop
gain of 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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FM 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 f2 and is equal to the
first intermediate frequency f1 due to the common use of the local oscillator device LO.
Outputs of the in-phase multiplier circuit M3i and the quadrature multiplier.circuit qu
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 Qith respect to flo
compensate each other. The third IF signal thus obtained will become available af an
output terminal IFO of the second IF stage IFS.

The third IF signal with f3 = f1 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 filtér and the audio signal processor ASP and the
sound reproducing device L in which, as mentioned heminbeforé, a third [F selection, a
demodulation, a low-pass filtering, an audio signal processing and reproduction,
respectively, take place in known manner. |

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 [F stage IFS can therefore be easily implemented as a compdnent in existing
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
resonance amplifiers as phase-quadrature filters, the second intermediate frequency 2
can be chosen to be considerably lower than the second intermediate frequency of 700
kHz of the ﬁrst-mentio_ned known FM receiver. In a practical embodiment of the FM
receiver according to the invention the second intermediate frequency f2 was 300 kHz.
Due to this low second intermediate frequency f2 the requirement with respect to the
quality factor Q of the second IF stage IFS, which determines the dynamic range, is
further decreased, which further simplifies the integration of this second IF stage IFS.
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since the second IF stage [FS supplies a third IF signal which is relatively high in
frequency to the FM demodulator DEM, the interference components produced during
(e demodulation are comparatively far remote from the baseband modulation signal and
can be effectively suppressed by means of an easily integrable low-pass filter.

Anothier 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 pha.se 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’.
The resonance amplifier RA supplies in-phase and 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
connected 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

", 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 second 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
low frequency and demodulation at a relatively high frequency - in a wider sense, for *
example, as is shown by means of the FM demodulators 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 2n FM
receiver according to the invention, comprising a limitér 4’ to which, for example the _
in-phase component of the second IF signal selected by the resonance amplifiers 1-3 is
applied. The limiter 4’ is connected vig a fourth mixer stage M4 to a first input and via
a filter circuit PS operating as a frequency-dependent phase shifter, followed by 2 fifth
mixer stage M35, to a second input of a multiplier circuit M, said fourth and fifth mixer
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Fig. 4 shows a second embodiment of an FM demodulator for use in an
FM receiver according to the inventidn, using a sixth mixer stage M6 to which, for
example, the in-phase component of the second IF signal selected by the resonance
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
one of the two inputs of the multiplier circuit M is arranged between a seventh and an
eighth mixer stage M7 and M8 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 M8. Consequently, filtering takes
. 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
filter 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 possibfe to omit the third
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
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m xing signals are applied to the second and third m xer stages.
3. desodulAIDT enagibeaused 3o vhryi the durifig N YheOWuRdpdss tfl@r B BfeCRE ﬁhé?
1 or 2, q§$acter|zed by a phase-splitting device
converting alES i aes“btﬁglé'ec ahwphﬁ%wa Bds then also possxble lO choosg the thlrd |
phase- quadr at ia
Phage. o PidtceRiseueRGr) c0ud 62 AYARE fhald e becl PR ey Aot | o1
appl i es i n- pbeeswalatadhe fisstriatermediate frequency fl. corrponent s of the second IF

signal fromin-phase and quadrature outputs to said third

m xer stage, said third m xer stage conprising in-phase and quadrature

mul tiplier circuits as well as a superposition stage for
converting the in-phase and.quadrature conponents of the
second I F signal to in-phase and quadrature conponents of the third

| F signal and for nutually superpositioning the two | ast-nentioned in-phase
and guadrature conponents for converting the third.

i nternedi ate frequency from phase quadrature to single
phase. :



1ZREPLA@"’%‘WT SHEHIN \FM receiver as clained in Caim3, characterized in that

te&lanplifier also operates as a phase- splitting device and
F W@Z guadrature i nputs which are nmutually coupled in common
of a®

t second m xer stage. 5. An FM receiver as

cl hjned._in Claim 3, characterized in that t second m xer stage al so
perates as a phasp- splitting device and conprises in-phase and

conmbn to an

wae-at-tte ||U|ttR €l circuits, signal inputs of which are coupled in

ut of the first IF section whose mixing signal inputs

are coupl ed to I n- phase and guadrature outputs of a fixed |ocal
phase- quadrature oscillator and signal outputs of

l. 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 intermediate frequency, a first IF section for selecting the
first IF signal, a second mixer stage for converting the first IF signal to a second IF
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
modulation signal, characterized in that a.third mixer stage is arranged between the
second IF section and the FM demodulator for converting the sebond 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.

-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 Clmms 1 or 2,
characterized by a phase-splitting device for converting a single-phase 51gna1 into a pair
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 quadrature multiplier \
circuits as well as a superposition stage for converting the in-phase and quadrature
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

(N




whi ¢ éA%éMTeﬁvrd iln- phase and quadrature inputs of the resonance

anpl§ f sald I n- phase and quadrature outputs of the fixed | ocal
phaske- quad; By_\erg l{l at or bei ng al so coupl ed to respective m xing

si gnpl | i nputs heg ijn- phase and quadrature multiplier circuits of the
t hi rd W-er—stage: An FM redéiver as claimed in any one of
d ai 1to 5, characterl zed in that the second |IF section conprises a
tunabl & TF Ser&ctivi ty Harv FM) receiven angainesdt inaClaim Bnphﬁmdtmzeﬁlxﬁhhithlﬁe

baseband nodul sai d desired RF eeeptl on signa I S applled
for a dynamc %r equen ﬁ%@iﬁ"n‘ﬁ’ewesﬁﬁé PRES 1H’f“gt ‘CF&HQ%P%"I'

sel ectivity byqu ﬂlﬂ&e@rﬁpuﬁhﬁhﬁﬁ% HubiAlly 2o e&m dommon ¢ I ver
as clainmed in %:l aim6, characterized in tﬂpgt t he tuﬁgb?énfgmggﬁfe@?: \%‘i%ﬁe in
the second | F B€F S1agf- precedes a further FM denodul at or whi ch |s arranged

in a tuning coatrol |oopf [-; d&?luezoﬁgayitmegfmtﬂ ol gnﬁgl e.l F | w{t% 'tjial i

the tuning control input, ni ng control oop
which is snal | mixer jtage dmaoptﬁ'ates as a phase- splAnng:MMC&:aid/wm;ﬁfsesl hﬁpmsl ahdd Caim
7, characterized %gﬂ the further FM denodul ator conprises a limter

circuit which qu@d tinjiey cucujts; sigralinpyts @ w@f"’&g@"’t"@"ﬂe‘* i Camman i amnd
via a filter cutpuvif thesteC SR Ao Whdsd inflike E’i‘gﬁﬁrlngﬁ ?fe %&Pleﬁ tﬁ‘?ﬁp 5'a.PH)Ut

of a multiplier circuit, nmutually equal m¥Xxing si ng app
quadrature outputs of a fixed local phase-quadrature oscillator and signal outputs of

CD_'

said fourth
: 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 any one of Claims 1 to 5, 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 recepﬁon 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

- 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
tuning 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
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 sxgnals of
the multiplier circuit. '
9. ' AnFM receiver as claimed in Claim 7, characterized in that the further

- FM demodulator comprises a limiter circuit which is connected to a first input and, vig
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

QLT




a F}ﬁp’f‘%@i”‘"fﬁ’?"{e&*%ﬂt"ades for an up-conversion of the frequency of the two
input signals of ttheg nultiplier circuit. 9. An FM receiver as
cl{ai|med Qi MAZI@9M 7, icharacterized in that the further FM denodul ator
cangrises a limtegr jcircuit which is connected to a first input and, via a
fifl ter—crrTcart; 710 q second input of a nultiplier circuit, and a sixth
mixer stage preceding the limter circuit for an up-conversion of the

frequency of th | applied 15 tothe limter. 10.
An FM recei vef® &gﬁf&q%qhed in Claim7, characterized in that at |east one
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
the Ifur_tt_xer limiter circuit and one of the two inputs of the multiplier circuit, said filter
cirf:uit 'being afranged 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.

1. An TIF stage for use in an FM receiver as claimed in any one of the
preceding Claims, characterized in that it has an IF input terminal for applying the first
IF signal thereto, to which are successively coupled the s_eéond 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 stage, mutually equal second and third
~mixing signals being applied to said second and third mixer stages from a common
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 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.'

Y



of t heRFRLAGEMAhISHEERA and further FM denodul ators conprises a limiter
circ |E"—"é' AUFtTptigr icircuit having two inputs and an output and a filter
Ci r cli I et en the further limter circuit and one of the two

I Npuk s pﬁﬁg&enﬁg? J/\Eer'ci rcuit, said filter circuit being arranged

bet weeh—a—seventh-add jan ei ghth mi xer stage for a down- conversion and an
up- clonver si on, respectlvely, of the freque{g:y of the input signal and the -
out put srgnat—of—the—filter circuit. An | F stage for use in an
FM recei ver as ﬁ d in any one of the precedl ng C ains, characterized in
that it has hglg-:igut termnal for applying the first IF signal thereto,
to which arq_—l@ E&ivetl vel y coupled the second m xer stage, the second IF
section with a second |F selectivity and the third mixer stage, said third
m xer stage being coupled to an IF output termnal of the IF stage,

nmut ual Iy equal second and third m xing signals being applied to said second
and third m xer stages froma common fixed | ocal oscillator. 12.

An | F stage for use in an FMreceiver as clained in Claim1l, characterized
in that the second IF selectivity of the second IF section is tunabl e and
precedes a further FMEMrmecrivern comprisinghan REasectiomyeai first mixer sagg) fargonyenting

oot Sai o & dsRel HE Rereton R ARG o OF i A Sl ok R B,

than one.  ,verage at a first intermediate frequency, a first IF section for selecting the first IF

signal, a second mixer stage for converting the first IF signal to 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 bascbahd modulation signal of said desired RF
reception signal, succeeded by a low-pass filter for selecting the baseband modulation
signal. In order to enhance the signal processing of the FM receiver and to realise a
receiver in a largely integrated form, as well as to provide a substantially fully
integrable IF stage which is easily exchangeable with the IF section of substantially ail
existing FM receivers of the superheterodyne type and realises a selectivity which may
'be considerably larger than that of the known IF filters, 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-

Fig. 1.
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