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1 FM r.gceiver including a phase-quadrature IF filter. The i nvent ig@@,.rel ates
to an FMreceiver conprising an RF section, a first tunable mixer Stage for
a frequency conversign of a desired RF FMreception signal into a.firs
i nt ermedi ate ?H@éﬁ@?@y signal, an |IF device and an FM denodul at or _;1#@}992
recei vers qQf the above-nentioned type are known per se as superheterodyne
FMreceivers. It is known to realise a high internediate frequency (IF)
sel ectiVity sW@réﬁQ@“E? @fﬁﬁthﬂ@f-si gnal processing in the
known FM receiver as nmuch as possi ble. However, conpl e i i
are difficult to integrate and hence costly are requi rec}h{sgﬁeett}ﬂ'gﬁeegﬂr QSE-
The use of active integrated and hence |lowcost filters i | qae | N
t he known FM recei ver concept w thout maki ng concessions ﬂ“mlmnnﬁﬂl
selectivity and/or the dynam c range. '

The invention relates to an FM receiver comprising an RF section, a first
tunable mixer stage for a frequency conversion of a desired RF FM reception signal
5 into a first intermediate frequency signal, an IF device and an FM demodulator.

FM receivers of the above-mentioned type are known per se as
superheterodyne FM receivers. _
It is known to realise a high intermediate frequency (IF) selectivity so as
10 to avoid disturbances of the signal processing in the known FM receiver as much as
possible. However, complex IF filters which are difficult to integrate and hence costly
are required for this purpose. The use of active integrated and hence low-cost filters is
not possible in the known FM receiver 'conce'pt without making concessions to the IF -
selectivity and/or the dynamic range.
15 In fact, the usual requirements regarding the dynamic range in FM
receivers imposes a given upper limit on the quality factor Q of the IF filter. To satisfy
~ the conflicting requirements of a sufficient by large dynamic range on the one hand and
a high selectivity on the other hand when using small and hence easily integrable
Capacitances, there is currently a tendency to realise the IF selectivity at the lowest

-t

20 possible intermediate frequency. However, the further decrease of the resonance
frequency of a conventional IF filter is accompanied by a growing asymmetry in the
amplitude or response characteristic around the resonance frequency so that there is a
strong increase of the second-order distortion in particular.

25

It is an object of the invention to enhance the selectivity and the degree of
; Integration of the known FM receiver while maintaining a sufficiently large dynamic
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In fact, the usual requirenents regarding the dynamic range in FMreceivers
| nposes a given upper limt on the quality factor Qof the IF filter. To
satisfy the conflicting requirenents of a sufficient by |arge dynam c range
on thé ¢one ha ge@és hi gh selectivity on 2he other hand when usidpsimed?
and hence easiTy integrable capacitances, -there is currently a tendency to
reallsezthe | F selectivity at the | owest Possible internmedi ate frequency.
However | the %ﬁéther decrease of the resonance frequency of a conventional
IF filte onpanled by a growi ng asymetry in the anplitude or
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5 signals being applied to in-phase and quadrature signal paths of the IF device, said IF
device comprising a polyphase IF filter incorporated in said in-phase and quadrature
signal paths and having a bandpass characteristic which is symmetrical around its
resonance frequency, said polyphase IF filter being coupled to the FM demodulator.
The invention is based on the recognition that a low-distortion selection
10 of an FM IF signal at a comparatively low intermediate frequency can be realised in a
simpler manner with a polyphase filter rather than with a single;phase filter, because the
bandpass characteristic of a single-phase filter at lower values of the resonance
frequency cannot or can only hardly be made symmetrical around this resonance
frequency, whereas this is possible in known manner with a polyphase filter. Such
IS polyphase filters are known, for example from European Patent Applications EP 0 344
852 and EP 0 420 974.

The measure according to the invention includes a signal conversion from
single phase to phasevquadrature 50 as to make the use of said polyphase filter possible
and hence either enhance the selectivity in the case of an equal distortion or reduce the
distortion in the case of an equal selectivity, or by enhancing the selectivity and
‘ reducing the distortion as compared with the known FM receiver, while maintaining the

dynamic range,
A preferred embodiment of the FM receiver according to the invention,

20

in which an accurate signal conversion from single phase to phase quadrature is

25

Obtained in a simple manner, is characterized in that the IF device comprises,
°°“s°°uﬁVer coupled the first mixer stage, a first IF stage, a second mixer stage for a
d°W!\-conversion of the first IF signal into a second IF signal, and a second IF stage,
faid Second mixer stage being part of said means for converting a single-phase signal
110 2 pair of signals in mutual phase quadrature and comprising an in-phase and a
Wadrature mixer circuit having a common signal input for applying the first IF signal
th‘emo and an in-phase and a quadrature output, local in-phase and quadrature oscillator
"UXing signals being applied from a local oscillator to said in-phase and quadrature
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2 range. To this end an FMreceiver according to the invention is _
characterized by means incorporated in the signal path of the FMreceiver
for converting a single-phase signal into a pair of signals in nutual phase
quadrature, HNII$GY of phase-quadrature 3ignal s being applied tp jyipbpse
and quadrature signal paths of the IF device, said |IF device conprising a
pol yphase IF filter incorporated in said in-phase and quadrature signal

aths and hayjiey circiits despectivelyq foc échvefiing thaVike | tbrinedltl o) sRnatD | 1S
Pesonance frequency,, sai d pol %hase | F flg| ter %2‘? ng couple tg&ts%g
derodul at or . inrphase ddeguadmiurecomponentoaf theesecanddFrsigriahrsaidpalyphase IF filter

|t er madh at e SFPE Sl Ynfenihs inpiase S Hiaarine it o e soigrirmizeh segonase
filter rathepanddpair of phase-quadigtuee Ripaascofithé FM dedShdatse t he
5 To realise an integrable high IF selectivity in a simple manner, a further
preferred embodiment of the FM receiver according to the invention is characterized in
that the polyphase IF filter comprises first and second resonance amplifiers
consecutively arranged in cascade in the signal direction.
The use of one or more resonance amplifiers as IF selectivity in an FM
10 receiver is known per se from the last-mentioned European Patent Application EP 0 420
974. However, the measure of using -such resonance amplifiers as IF polyphase filters
- of the phase-quadrature type provides the possibility of choosing the second intermediate
frequency to be considerably lower than has hitherto been conventional practice in
" known FM receivers of the superheterodyne type, while maintaihing a symmetrical
15 bandpass characteristic and a point-symmetrical phase characteristic. A further
integration of the IF filter is thereby possible, while maintaining a low-distortion IF
signal selection. |
Such an FM receiver is preferably characterized in that each one of said
resonance amplifiers has a tuning control input for controlling the tuning, while an
20 output of the cascade arrangement of the first and second resonance amplifiers is
{ coupled vig the frequency demodulator to a tuning control signal generating circuit, first
and second outputs of which are coupled to the tuning control inputs of the first and
second resonance amplifiers, respectively, said tuning control signal generating circuit
deriving for each resonance amplifier a tuning control signal from the output signal of
the frequency demodulator and thereby constituting first and second tuning control loops
from the output to the tuning control input of the first and second resonance amplifiers,

25

Tespectively, the open loop gain of each one of the first and second tuning control loops
being smatler than one.

When this measure is used, the tuning frequency of each one of the two
first ang second resonance amplifiers instantaneously follows the modulation signal of
% TF signal, With respect to the situation without tuning control, the bandwidth of
hese resonance amplifiers may be further narrowed, which enhances the IF selectivity,
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bandpass characteristic of a single-phase filter at |ower values of the
resonance frequency cannot or can only hardly be, nade symmetrical around
this rgsonance frequency, whereas this is possible in known manner with a
pol yphgse fllpKN14gﬁih pol yphase filters a¢e known, for exanple f2bh9.1992
Eur opegn Patent Applications EP 0 344 852 -and EP 0 420 974. The neasure
accordifng to the invention includes a signal conversion from single phase

to phage qua%&ihumlehsmaﬂerpanoﬁﬁre ttanefer sharadteristiccbfithe yesbaanee famiplifiersdossi bl e
and herjce eit her eg}anc the el ectivity in the case of .an equal di stortlon
or redice theragraed © bey ‘thchtﬁ%ﬁé!hs ¥ep é‘@@ﬁ“@q’%@k reguctign

enhancifng them?o%&f?\ﬁ]x\ﬁ}xfﬁheﬁi?3¥ ;@%gaﬁ]ﬁqﬁ nam &Hu% D afeS red wt h t he

known M receiver e main range. p: preterred
enbodi fent of the FM r Aderther praferred dimbgdintent of an FM néceiver acdording ¢dn then
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E of the tuning control loop as a result of an instantaneously occurring large frequency
? deviation and being dominant in this loop with respect to the desired transmitter, it is
prevented that the tuning control captures the desired tuning and is drawn away from
this tuning by this unwanted neighbouring transmitter, is characterized in that the tuning
10 control signal generating circuit comprises an amplifier-limiter coupled to the output of
the frequency demodulator and having a gain factor which is smaller than one, which
amplifier-limiter is active for.each one of the two first and second tuning control loops
and whose gain decreases gradually at an incrmﬁing input signal amplitude .gnd supplies
an output signal whose amplitude increases monotonically to a limitation value for a
15 continuous and gradual limitation of the tuning control signal in each one of the two
first and second tuning control loops at an increasing output signal amplitude of the FM
demodulator. l
A further preferred embodiment of an FM receiver according to the
invention is characterized in that the tuning control signal generating circuit comprises a
20 cascade arrangement of first and second amplifier-limiters, outputs of which are coupled
to the tuning control inputs of the first and second resonance amplifiers, respectively,
the gain factor of each one of the two first and second amplifier-limiters being smaller
than one. In this respect the gain characteristic function of the first and second
amplifier-limiters corresponds to that of the afore-mentioned amplifier-limiters active for
25 each one of the two first and second tuning control loops and the second amplifier-
limiter as well as the last-mentioned amplifier-limiter influence the loop gain of both the
first and the second tuning control loop.
Another preferred embodiment of an FM receiver according to the

invention is characterized in that the bandwidth of the first tuning control loop is larger

3
O than that of the second tuning control loop.

This measure increases the stability in each one of the first and second
Nning control loops.
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obtained in a sinple manner, is characterized in that the |IF device

conpri ses, consecutively coupled the first m xer stage, a first |IF stage, a
second- m xer ﬁé&g? 1;985 a down conversion of the first IF signal into a
second | F si gn&t) 49892 second IF stage, safd second mi xer stage b&ilng. 592t
of said neans for converting a single-phase signal into a pair of signals

I n mutual phase quadrature and conprising an in-phase and a quadrature

m xer circuit having a Feffdurtherdmaroviement off the tunipg yomrpl alpreferved tembodimannal
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Conver i vy AP R ey JTAE byl S SRSl B
first and second loop filters, respectively.

5 When this measure is used, the bandwidth of each resonance amplifier
can be set to a bandwidth which is favourable for a suitable neighbouring selection,
without any loss of stability.

A preferred embodiment of an FM receiver according to the invention,
which can easily be realised in practice, is characterized in that the frequency
10 demodulator comprises a multiplier circuit and a frequency-dependent phase shifter, in
which the polyphase IF filter is coupled to a first input of the multiplier circuit and to a
second input of the multiplier circuit via the frequency-dependent phase shifter, said
frequency-dependent phase shifter compfising a resonance amplifier.

15
These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter. Elements
corresponding in function have the same reference indications. In the drawings:
Fig. 1 shows an FM receiver according to the invention;
20 Fig. 2 shows an amplifier-limiter for use in the FM receiver of Fig. 1;
Figs. 3A-3C show three embodiments of a tuning control signal
generating circuit for use in the FM receiver of Fig. 1;

———

Fig. 4 shows the gain characteristic of an amplifier-limiter for use in the
FM receiver of Fig. 1 as a function of the input signal amplitude;

Fig. S shows amplitude and.phase characteristics of a conventional LC
filter and a resonance amplifier.

25

% Fig. 1 shows an FM receiver according to the invention, comprising a
raj‘ﬁO‘fl'equency (RF) antenna input RFI for connecting an antenna ANT thereto, to
Which an RF input section RF for RF amplification and selection of a desired RF FM

"ception signal is coupled, followed by means M1, IF1, M2 for a down-conversion of
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I n- phase and quadrature conponents of the second |IF signal, said polyphase
IF filter being arranged between the in-phase and quadrature outputs of the
second.yri xer stage and a pair of phase-quadrature inputs of the FM

denodulfat or. pHN 149863 se an integrable high6IF selectivity in a sibhp(®1992
manner ,§ a further preferred enbodi nent of -the FMreceiver according to the
I nventipn is characterized in that the polyphase IF filter conprises first

and sedpnd rwmdwmm:mmagMaewﬁmmwm ﬁedeimdommmgim t he

signal Hirection. The use one or nore resonance anplifiers_ as IF

sel ectifity itnablg Fﬂ’lm’éééﬁ% Mistowiigh 2 fugablgcoscillstion signalais apphied: fremed

E P

S S e B by S B i B L1

OVi degeceftioniuigital b & ifiryt iffermédiae ifrguédes (HOGENA] hatiey aedirier dréquegyency

to be gonsiderably |ower than has hltherto been conventi onal practlce n

known AM r éc deopled On @verage aky Higst iaieEmestige dreqyensy fly-andcomnrising & firsy [ section
synmet rfi cal IF1 for selecting the first IF signal, foilowed by a second mixer stage M2 for a down-

conversion of the first IF signal to a second IF signal having on average a carrier
frequency located at a second intermediate frequency f2.
The tuning oscillator TO is tuned to a frequency which deviates by the
10 value of fl from that of the carrier frequency of the desired RF FM reception signal by
means of a tuning voltage applied vig a tuning control terminal Vt, while a mixing
signal having a fixed oscillator frequency deviating by the value of f2 from the first

intermediate frequency f1 is applied to the second mixer stage M2 from a fixed local
oscillator device LO.

15 The down-conversion in the second mixer stage M2 is accompanied by a
conversion from single phase to phase quadrature. To this end the second mixer stage
M2 comprises an in-phase multiplier circuit M2i and a quadrature multiplier circuit
M2q to which the first IF signal on the one hand and in-phase and quadrature mixing
signal components from a fixed local oscillator device LO on the other hand are applied
in common. These in-phase and quadrature mixing signal components are obtained by
‘ dividing the frequency of the oscillator signal from a fixed oscillator FO by a correct
even factor in a frequency divider FD. In a practical embodiment the first intermediate
frequency was 10.7 MHz, the second intermediate frequency was 300 kHz, the
oscillator frequency of the FO was 22 MHz and the division factor of the FD was 2.
The second mixer stage M2 has in-phase and quadrature outputs which
are coupled vig in-phase and quadrature signal paths I and Q to a cascade arrangement,
functioning as a tunable second IF filter IF2, of first to third tunable resonance
amplifiers RA1-RA3 for selecting the second IF signal. Such resonance amplifiers are
own per se from European Patent Application EP 0 420 974 and are particularly
Witable to be integrated. It is known from the last-mentioned Patent Application that

20

25

"Sonance amplifiers in their relevant use as tunable polyphase filters of the phase-
drature type have a linear tuning behaviour, also at very low values of the resonance
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bandpass characteristic and a point-symetrical phase characteristic. A
further integration of the IF filter is thereby possible, while nmaintaining
a lowdigstortion I F signal selection. Such an FMreceiver is preferably
charact g i zeggNnl4t06it each one of said re§onance anplifiers has 21t0hi9%8
control @nput for controlling the tuning, while an output of the cascade
arrangefgent of the first and second resonance anplifiers is coupled via the

frequendy denpgiehoytfoes imd Dbindpasscrhaoteristic whithas sgifimetrithl Aound fresiahd af i r st
and sec@nd out putdg of which are coupled to the tu%?ng control inputs of the

first I a sewwym@h@ba%@mﬁﬁeégt&, spébqﬁ@dpwdis;qmgmmeqﬁmis\g Bineds o
cont rol Tt gnare HEme vt af A5, reskes MeaFE <8 BfRRRRGS R at b e dpcelfl

t her eby Jconstjidriibdifte frdguédcyamd second tuning control |oops fromthe output

to the funing control input of the first and second resonance anplifiers,
respect fvelsy, the operfFordempemmpse offillusteation fig.of shaws by meansefruseasohd! @odhi ng

control fl 9%P3c2 the bandpass or amplitude characteristic and by means of curves PC1 and PC2 the
phase transfer characteristic of a resonance amplifier in the relevant use as a phase-
quadrature filter and a conventional LC filter, respectively, each around an equal
resonance frequency fres. Curves AC1 and AC2 clearly illustrate that a resonance

10 amplifier in the mentioned use has a symmetrical amplitude characteristic and a
conventional LC filter has an asymmetrical amplitude characteristic around fres. Curves
PC1 and PC2 illustrate that such a resonance amplifier has a point-symmetrical phase
characteristic and a conventional LC filter has a more or less quadratic phase
characteristic around fres.

B The tunable second IF filter IF2 is coupled to a phase-quadrature FM
demodulator DEM via a limiter LIM. This limiter LIM eliminates unwanted amplitude
variations on the-sédmd IF signal. The FM demodulator DEM precedes a low-pass
filter LPF fo} seieéting the baseband modulation signal, a baseband modulation signal
processing device ASP for procesﬁmg the baseband signal and the audio modulation

2 signal, and a sound reproducing device L for reproducing the desired audio signal. The

‘ Phase-quadrature FM demodulator DEM may be of a known type and use, for example,

only one of the two in-phase and quadrature components of the second IF signal as an

 input signal, or it may have a structure known from German Patent Application no. 26
36 268.
5 An output of the low-pass filter LPF is also coupled to an amplifier-
limiter AL incorporated in a tuning control signal generating circuit TC, an output of
%aid amplifier-limiter being connected in common to tuning control inputs TI1-TI3 of
the respective first to third resonance amplifiers RA1-RA3. The amplifier-limiter AL is
Used for an amplification and a gradual limitation (soft limiting) to be described

hereinafier of the IF filter tuning control signal.
First to third IF tuning control loops are obtained via the coupling of the
t““jﬂg control signal generating circuit TC to each one of the first to third resonance
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being smaller than one. Wien this neasure is used, the tuning frequency of
each one of the two first and second resonance anplifiers instantaneously

foll ows § he nodul ati on signal of the IF signal. Wth respect to the

si tuati oh wit IpENt14t068i ng control, the band®i dth of these resonancdl.09.;992
anplifiegs may be further narrowed, whi ch enhances the I F selectivity, 4
and a h smaller part of the transfer characteristic of the resonance

S i S hplifiersrR&-RAS, twidch Raniigocomtrot toobemsalnm y/\imrzhhe fmidgts in a
ns

consi derfabl e reductign of distortion. Sjinultaneous] t abi | |t| es in the
nt r ofrequency f\each gae ofathe firstterthisd sesopancg

receiver accogagébggd ffodhfafion signal of the second IF signal. To obtam a sufﬁcxent loop stability,
the open loop gain in each one of the first to third IF tuning control loops should be
5 smaller than one. This can be achieved in a simple manner by choosing the gain of the
AL to have a suitable value which is smaller than one. '
Due to the instantaneous control of each one of the first to third
resonance amplifiers RA1-RA3, the effective bandwidth of the cascade circuit of RA1-
RA3 can be chosen to be considerably smaller than the bandwidth of the baseband
10 modulation signal so that a comparatively high IF selectivity is feasible without any loss
of useful signal information.
In view of the symmetrical amplitude characteristic of each one of the
first to third resonance. amplifiers RA1-RA3, substantially no distortion is introduced.
The gain of the amplifier-limiter AL gradually decreases at an increasing
15 input voltage in such a manner that the output voltage increases at an increasing value
of the input voltage, for example, in accordance with a tangent hyperbola function and .
due to saturation phenomena when an input voitage increasing towards infinity
asymptotically approximates a given limitation value. The choice of the limitation value
will hereinafter be described in greater detail. A transistor difference pair is s >wn in
20 Fig. 2 and has an emitter coupled transistor pair T1, T2 with a common emitter current
source and collector resistors R1 and R2. In the embodiment shown without emitter
resistors said tangent hyperbola function is obtained. One may deviate therefrom by
- using emitter resistors while maintaining the character of a gradual limitation. The
amplifier-limiter AL shown supplies an output voltage and a gain which vary as a
function of the input voltage, as is shown by means of curves Cl and C2, respectively,
in Fig. 4. The realisation and the operation of such an amplifier-limiter as well as its
behaviour at a varying input voltage are known to those skilled in the art and do not

25

Tequire any further description for understanding the invention.

Due to the limitation of the output signal of the amplifier-limiter AL at an
™'Dut Signal of the FM demodulator DEM increasing an amplitude, and when the IF
"ning control loop captures an unwanted neighbouring transmitter carrier, the IF filter

RA3 wiy only follow the frequency modulation of this neighbouring transmitter
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i nvention, in which due to a neighbouring transmtter comng within the
capturing range of the tuning control loop as a result of an

i nst ant.angously occurring | arge frequency deviation and bei ng dom nant in
this | oofgwithppe$466F to the desired trans¥itter, it is prevented2ioari9dhe

tuning cghtrol captures the desired tuning-and is drawn away fromthis
tuning bygthis unwanted nei ghbouring transmtter, is characterized in that
the tunirl conbpet irsfaland @b eorit asrtﬁis(fréq%n? fediMtcneEke pladewithin@he bantidl er
coupl ed tp the output of the frequency denmpdul ator and having a gain factor
whi ch i s prmal | rengetofighe Brstto thindtuniagsoniroldoopsi i the meighbouring, arsmitteraaarrierne
of the t

first and.s tuni control, | oo and whose i [ S
gradual | J at &% s:%a%ﬁﬁgpfaﬁgg’t&gi% cmlﬁ'ﬁ% m&&@ﬂnﬁggﬁa@ag
si gnal wiose agp3 willfbmaim ey 188 TefingrBBQICABY @alehiine® b} thd HinttAkdroRvaI URe fRT a
conti nuogs and gradual |imtation of the tuning control i'{smldgnal i n each one

of the t{o f5 runingeantrobsignal. Whenthe desied sarmies spgpprarniwithiscthe suning;conirobut
si.gnal afpl i tude o thefirst 1 HFEFHufig control loops in the last-mentioned position of the IF

filter RA1-RA3, the IF filter RA1 -RA3 will follow this desired carrier in tuning
frequency again and the desired tuning control is thereby restored. Since the amplifier-
limiter AL gradually decreases in gain when the amplitude of the demodulator output

10 signal increases, an effective reduction of interference due to capturing phenomena is
obtained.

! The FM demodulator DEM preferably comprises a resonance amplifier
(not shown) as a tunable frequency-dependent phase shifting circuit so that a reliable
manufacture of the FM receiver shown is possible in a simple manner by means of

15 matching with the first to third resonance amplifiers RA1-RA3.

The use of circuits having mutually corresponding operations, ‘such as the
first tunable resonance amplifier RA1 and the second tunable resonance amplifier RA2,
the first amplifier-limiter AL1 and the second amplifier-limiter AL2, the in-phase and
quadrature multiplier circuits in the second mixer stage M2 and the multiplier circuit

% M3, and the common use of circuits in the two tuning control loops provides a
considerable matching and hence a simple and accurate manufacture.

Improvements of the tuning control behaviour while maintaining the
stability are possible by deriving, in the tuning control signal generating circuit TC, an
individually adapted tuning control signal from the output signal, selected in the low-
Pass filter LPF, of the FM demodulator DEM for each one of the first, second and third
Wning control loops. The loop gain, loop bandwidth and/or stability may then be
Optimized for each tuning control loop.

Generally, the open loop gain in each tuning control loop should be
Smaller than one for the purpose of a satisfactory loop stability, while the phase shift in
the tuning control loops should be such that a frequency tracking of the resonance
Umplifiers is obtained at which the tuning of the resonance amplifiers follows the
fre‘1““-Ilc}/ modulation of the second IF signal substantially instantaneously in frequency.
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A further preferred enbodi nent of an FMreceiver according to the invention
I's characterized in that the tuning control signal generating circuit

conpri seg a casc rangenent of first and second anplifier-limters,
out puts gf \Ahiﬂ'ﬂ‘?g‘f'ggioupl ed to the tuning lg’ontrol I nputs of the fitzfé’g-iz?ﬁ%l
second r gsonance anplifiers, respectively, 'the gain factor of each one of

the two Rirst and second anplifier-limters being smaller than one. In this
respect fhe gai n char ackig i3é& showsafitst prefesred; epbadiment of the iingnepntrol signal

anplifieg-limters. cok . t fore- ' .
canplifiel-1i m&e%e@“gg‘{'{cggmg&“ég‘gﬂﬁ%%é‘%\t“dé R’%‘%ﬁg‘eﬁ 5@@%&5‘%&%\1&}1@6&m ng
control Foops jpi@rs AER1-A3 oaktpuesddf which ard ¢dfinteted asthérbning Softhsl inputs TI1, TI2
| ast - mengi oned a&&llfler-l imter influence the | oop gain of both the first

and t he Fecondnd 38 necapsn leop gainin eaghanef the Brsty segondoanshtirdetyning fcopmol- M
. . ! Op” % e . : o
of e 1] rec et bfatteP Sdn Wi loYha o (£ RFRHEAg FifErol Tode 3 srallEe Aaf ol B

control § oop. the second tuning control loop, while that of the second tuning control loop is smaller

than that of the third tuning control loop. The gain factor of each one of the first to
third amplifier-limiters AL1-AL3 should then preferably be smaller than one.
Fig. 3B shows a second preferred embodiment of the tuning control

10 signal generating circuit TC in which first, second and third cascade arrangements of
{ the first, second and third amplifier-limiters AL1, AL2 and AL3 with first, second and
third low-pass filters LF1, LF2 and LF3 used as first, second and third loop filters are
used for deriving individual tuning control signals for the first, second and third tuning
control loops. Inputs of the first ampﬁﬁer—limiter AL1, the second amplifier-limiter AL2
. 15 and the third amplifier-limiter AL3 are connected in common to the output of the LPF,
while outputs of the first loop filter LF1, the second loop filter LF2 and thé third loop
filter LF3 are connected to the tuning control inputs TI1, TI2 and TI3, respectively.
The gain of the first amplifier-limiter AL1 is preferably smaller than that of the second
amplifier-limiter AL2 and the gain of the second amplifier-limiter AL2 is smaller than

20 that of the third amplifier-limiter AL3, while the bandwidths of the first to third loop
filters LF1-LF3 are mutually of the same order of magnitude.

Fig. 3C shows a third preferred embodiment of the tuning control signal
generating circuit TC in which the first, the second and the third cascade arrangements
of the first amplifier-limiter AL1 with the first loop filter LF1, the second amplifier-

%5 limiter AL2 with the second loop filter LF2 and the third amplifier-limiter AL3 with the
third loop filter LF3 are dimensioned in a corresponding manner as in the embodiment
of Fig. 3B and which are shunted by means of respective amplifier stages A1, A2 and
A3, The gain factor of A3 should then be preferably smaller than that of A2 and the
8ain factor of A2 should be smaller than that of Al. A shunt path for the higher

frequencies of the tuning control signals is formed by the amplifier stages Al, A2 and
A3,

%

It will be evident that the invention is not limited to the embodiment
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This measure increases the stability in each one of the first and second
tuning control | oops. 5 For a further inprovenent of the tuning control
a preferrgd enbodi ment of the | ast-nmentioned FM recei ver according to the
i nventi ongi s ﬂh@qamsgrized in that the firpt and second anplifier 2¢j0ec\goLs
in'the t ing control signal generating circuit precede first and second

| oop filt respectlvely When this nmeasure is used, the bandw dth of

coch, o ket HocseS USRI i b of it 1o

_ amplifier, preceded by a single-phase tunable mixer stage, to use a conventional FM
quadrature demodulator instead of the FM demodulator shown, as is known, for
example from German Patent Application 26 36 268, to form the first and second

5 amplifier-limiters AL1 and AL2 in a different manner (for example, asymmetrically), to
omit the second mixer stage M2 and to tune the tunable second IF filter RA1-RA3 and
the FM demodulator DEM to the first intermediate frequency f1, to form the tunable
second IF filter RA1-RA3 with a different number than the three cascade-arranged
resonance amplifiers shown, or with only a single resonance amplifier, to arrange in the

10 FM receiver of Fig. 1 a low-pass filter (not shown) functioning as a loop filter between
the output of the first amplifier-limiter AL1 and the common junction point of the
connections to the tuning control inputs of the first to third resonance amplifiers RA1-
RA3, or to use a single-phase mixer stage instead of the phase-quadrature mixer stage
M2 shown, followed by a resonance amplifier as a phase splitter, as is known per se

15 from the afore-mentioned European Patent Application no. 0 420 974. It is also feasible
fo use the afore-described tuning control in a conventional single-phase tunable IF
circuit.

T
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A preferred enbodi rent of an FMrecei ver according to the invention, which
can easily be realised in practice, is characterized in that the frequency
denodulgat or conprises a nmultiplier circuit and a frequency-dependent phase
shifterf, in PHNCI4.08% pol yphase IF filter i2s coupled to a first iBpuw9.19H2
t he nultlpller circuit and to a second input of the nmultiplier circuit via
the frdquency-dependent phase shifter, said frequency-dependent phase
shifterj conp .a resonance anpllfler These and ot her aspects of the

i nventijon w € apparent from and el ucidated with reference to the
enbodi fents described hereinafter. E enments; gorrespondlng in function have

t he sa reference indications. In theThdISbmﬁ §=en d shows an FM
recei vgr according to the invention; w uﬁ arrpllfler-llmter for
or

use in‘the FMreceiver of Fig. 1; Figs. ree enbodi nents of a

tuning control signal generating circuit use in the FMreceiver of Fig.
1;

1. An FM receiver comprising an RF section, a first tunable mixer stage for
a frequency conversion of a desired RF FM reception signal into a first intermediate
frequency signal, an IF device and an FM demodulator, characterized by means
incorporated in the signal path of the FM receiver for converting a single-phase signal

5 into a pair of signals in mutual phase quadrature, said pair of phase-quadrature signals
being applied to in-phase and quadrature signal paths of the IF device, said IF device
comprising a polyphase IF filter incorporated in said in-phase and quadrature signal

~ paths and having a bandpass characteristic which is symmetrical around its resonance
frequency, said polyphase IF filter being coupled to the FM demodulator.

10 2. An FM receiver as claiméd in Claim 1, characterized in that the IF
device comprises, consecutively cdupled to the first mixer stage, a first If stage, a
second mixer stage for a down-conversion of the first IF signal into a second IF signal,
and a second IF stage, said second mixer stage being part of said means for converting
a single-phase signal into a pair of signals in mutual phase quadrature and comprising

15 an in-phase and a quadrature mixer circuit having a common signal input for applying
the first IF signal thereto and an in-phase and a quadrature output, local in-phase and
quadrature oscillator mixing signals being applied from a local oscillator to said in-
phase and quadrature mixer circuits, respectively, for converting the first intermediate
frequency signal into in-phase and quadrature components of the second IF signal, said

20 polyphase IF filter being arranged between the in-phase and quadrature outputs of the

second mixer stage and a pair of phase-quadrature inputs of the FM demodulator.

3. An FM receiver as claimed in Claim ! or 2, characterized in that the

polyphase IF filter comprises first and second resonance amplifiers consecutively
arranged in cascade in the signal direction.

4. An FM receiver as claimed in Claim 3, characterized in that each one of
said resonance amplifiers has a tuning control input for controlling the tuning, while an

* C L ] s *
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Fig. 4 shows the gain characteristic of an arrpllfler-llmter fOr use in the
FMreceiver of Fig. 1 as a function of the |npu1h1 Hbsmemi kiede; Fig. 5
shows ampl itude and phase characteristics of a c fllter and a
resonancd anRHNil#065Fi g. 1 shows an FM reddi ver &ﬂl}\

invention, conprising a radio-frequency (RF) antenna |

connectifg an antenna ANT thereto, to which an RF input section RF for

anpl i fitdti orputpud of theccdscade fangerientiofahe fifst Bhd sezong resonarce quplifiers lsoupl ed,

fol |l owed {by neans ML, IFl, M2 for a down-conversion of 6 a desi.re F FM
receptior si caeupled yigthe;frequenaydemadulatorfoantyping seatrelosignal gﬁrﬁgatgps cmu?t rst

and second outputs of which are coupled to the tuning control inputs of the first and

second resonance amplifiers, respectively, said tuning control signal generating circuit

5 deriving for each resonance amplifier a tuning control signal from the output signal of
the frequency demodulator and thereby constituting first and second tuning control loops
from the output to the tuning control input of the first and second resonance amplifiers,
respectively, the open loop gain of each one of the first and second tuning control loops
being smaller than one.

10 5. An FM receiver as claimed in Claim 4, characterized in that the tuning
control signal generating circuit comprises an amplifier-limiter coupled to the output of
the frequency demodulator and having a gain factor which is smaller than one, which
amplifier-limiter is active for each one of the two first and second tuning control loops

* and whose gain decreases gradually at an increasing input signal amplitude and supplies

- 15 an output signal whose amplitude increases monotonically to a Iinﬁtation value for a
continuous and gradual limitation of the tuning control signal in each one of the two
first and second tuning control ioops at an increasing output signal amplitude of the FM
demodulator. .

6. . AnFM receiver as claimed in Claim 4, characterized in that the tuning

2 control signal generating circuit comprises a cascade arrangement of first and second
amplifier-limiters, outputs of which are coupled to the tuning control inputs of the first

and second resonance amplifiers, respectively, the gain factor of each one of the two
first and second amplifier-limiters being smaller than one.
7. An FM receiver as claimed in any one of the preceding Claims 4 to 6,
25 characterized in that the bandwidth of the first tuning control loop is larger than that of
the second tuning control loop.
8. An FM receiver as claimed in Claim 7, characterized in that the first and
second amplifier circuits in the tuning control signal generating circuit precede first and
second loop filters, respectively.
; 09, An FM receiver as claimed in any one of the preceding Claims 4 to 8,
{  characterized in that each one of the first and second resonance amplifiers has a
bandwidth control input for setting the bandwidth, the bandwidth of the second tuning
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tunable first mxer stage ML to which a tunable oscillation signal is
applied froma tuning oscillator TO for tuning to and frequency conversion
of the .degired RF FMreception signal to a first internediate frequency
(I'F) signgl heHNrid.085carrier frequency |lockted on average at a fi 400 1992
internedi §te frequency f1, and conprising a first IF section IF1 for

sel ecting§the first IF signal, followed by a second m xer stage M for a
down- conyer sjofifoldbop being ildrgér than $had 0Rkhe! PrsetunfipMtrbllodpgnal having on
average afcarrier frequency |located at a second internediate frequency f2.
The tuni ng osWkI1 ator 'P@Félmér ascelainted doy Cdaioy 3 wehacacterized an that the t he

value of g1 fro f rrier fr ency of the.desired RF.F
receptionfsi g%@&@?%%ﬂg&gﬁ %%&ﬁ%@“\?ﬁf%&b _%‘pﬂd&lm%nﬁy'aﬁ?ﬁnﬂﬁnl\{lagm ol
termnal Vt, iHet,cinavhith tHeopoiyphass I ke cBupled 8la FetiihpitloBithd rRMHHREY
devi ating{by the value of f2 fromthe first internediate frequency f1l is
appl i ed tb § Heircuibarsthto arisscond dnpigof te mulsiplier ¢irouisovia theofrequeney-tiependent phasee
LO.

shifter, said frequency-dependent phase shifter comprising a resonance amplifier.
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The down-conversion in the second m xer stage M2 is acconpani ed by a
conversion fromsingle phase to phase quadrature. To this end the second

m xer stage M2 conprises an in-phase nultiplier circuit M2 and a
quadr at ur e nBHNi 4. circuit M2g to whicHSthe first- IF signal odl.6%e%he
hand and i n- phase and quadrature m xi ng signal conponents froma fixed

| ocal oscillator device LO on the other hand are applied in comon. These

i n- phase andABSTRAQ@TUre mi xi ng signal conponents are obtained by dividing
t he frequency of the osci]lator signal froma fixed oscillator FO by a
correct evenFMageaiver inclydingaphase-quadraturectF fiter. | n -a practical enbodi nent
the first internediate frequency was 10.7 MHz, the second internedi ate
frequency was 300 kHz, the oscillator frequency of the FO was 22 MHz and
the division factor of the FD was 2. The second m xer stage M2 has i n-phase
and quadrature outputs which are coupled via in-phase and quadrature signal
paths I and Q to a cascade arrangenent, functioning as a tunable second IF
filter 1F2, of first to third tunable resonance

FM receiver comprising an RF section, a first tunable mixer stage for a
frequency conversion of a desired RF FM reception signal into a first intermediate
frequency signal, an IF device and an FM demodulator. In order to render a
considerable degree of integration possible, while maintaining a signal processing which

5 is free from distortion, the FM receiver according to the invention comprises means
incorporated in the signal path for converting a single-phase signal into a pair of signals
in a- mutual phase quadrature, said pair of phase-quadrature signals being applied to in-
phase and quadrature signal paths of the IF device, said IF device comprising a
polyphase IF filter incorporated in .said in-phase and quadrature signal paths and having

10 a bandpass characteristic which is symmetrical around its resonance frequency, said
polyphase IF filter being coupled to the FM demodulator. '
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anplifiers RA1-RA3 for selecting the second IF signal. Such resonance
anplifiers are known per se from European Patent Application EP 0 420 974
and are partieularty-—stuttable to be integrated. It is known fromthe

| ast - menti s%hm SRE @gﬁ&&patlon that resonance anplifiers in their
rel'evant use Iyphase filters of the phase- quadratusg type
have a Iinea m Htﬂ I our, t very |l ow val ues of the frlegonance
7 frequéncy dpass cﬁzgggteristic which is symretrical around
fres and a p0|nt symmetri cal phase ¢haracteristic, so that a | ow

distortion selection is obtained. claverage val ue of the resonance
frequency fres corresponds to that] of jt he second internedi ate frequency f2.

I.PF)

FIG.1

DEM,

~1C

1F2

RA3, _} LIM,
|
]
|
J
o
~

/

1z _ .A:U.?'_

RAZ,
12

RAY,
/\
i

I A S GRas GERD GRS GEP S

D
h

|
-
A
L=

o
:2n
-
MZi
“M2q
M2/

w
X

NT

Bt
iy
M" { !:s{w, }_\l i

{ ~I-PHN 14065 o




For the purpose of illustration Fig. 5 shows by neans of curves AClL and AC2
t he bandpass or anplitude characteristic and by neans of curves PCl and PC2
t he phase transfer characteristic of a resonance anplifier in the relevant
use _as a phase- quadrature filter and a conventional LC filter

respectively, each around an equal resonance frequency fres. 23 ACl1 and
AC2 clearly illustrate gpance anplifier in the nentlon use has
a symmetrical anplitude ch racter|.t|c and a conventional LC filter has an
asymmetrical anplitude ? ] ‘ around fres. Curves PCl and PC2

Il lustrate that such a . ifier has a point-symretrical phase
characteristic and a conve tlc al TLC filter has a nor e Toi She&t3fas BHdmRl¢phtddC

phase characteristic arount—fe#9he tunabl e second IF Mlﬂlﬂ;‘mmﬂ
is
t

coupl ed to a phase-quadr pdul ator DEM via a lji
limter LIMelimnateg W =wude vari ations on
signal. The FM denodul at & ddgs a | ow pass

FIG. 2
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filter LPF for selecting the baseband nodul ation signal, a baseband

modul ati on signal processing device ASP for processi ngi Sh@t@a@e@lmacsd gnal
and the audi o nodul ation signal, and a sound reproduci | r
reproduci ng the desired audio S|gnal The phase- quadra | at or
DEM nmay be of a known type and use, / xanple only one of the two

I n- phase and quadrature conponents of he second | F signal as an input

signal; or it naylhave a structure known |ication no.
26 36 268. A} Butplit of the |ow pass f¥lter SRF[p f o an
anplifier- 1Git E AL incorporated ip a tyni ngsgontro gnal geperating
circuit TC, an put of said anpliAier-limter Yei connected | n common
to tuning control inputs TI1-T13 ,6f the ré¢spectivpfirst to thirfd resonance
anplifiers RA -R&34 The anplifi f limter|AL is for an anpl]fication
and a gradual limf{ation (sofjp limting) o be/descrived hereinajter of the
IF filter tuni ng‘zg__)nt rol sieghal . ‘ \\
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® - f::}@.) & ‘\"\\\W ﬁ>
_First to third I'F tuning control |oops are obtained via the coupli ng of the
‘funi Aig control signal generating circuit TC to each one of the first to

¥ hird resonance 8 anplifiers RA1-RA3, which tuning control |oops

i nstant aneously vary the tuning frequency of each one of the first to third
resonance anplifiers RAL-RA3 with the bastand nmodul ati on signal of the
second I F signal. To obtain a sufficient loop stability, the open |oop gain
in each one of the first to third IF tuning control Ioop a mg\l'ﬁ;bgigﬁ.r;a er
than one. This can be hi eve n a. sj nner by cHodSIHgth 11 of
the AL to hﬂi%ﬁﬁ‘t"& E‘%Pﬁ%" gh'gﬁga Ter than dnd. Due to the | |

i nst ant aneous control of each one of the first to thirg 2 G MAR %97

The invention relates to an FM receiver comprising an RF section, a first
tunable mixer stage for a frequency conversion of a desired RF FM reception signal
into a first intermediate frequency signal, an IF device and an FM demodulator.

FM receivers of the above-mentioned type are known per se as
superheterodyne FM receivers. .

It is known to realise a high intermediate frequency (IF) selectivity so as
to avoid disturbances of the signal processing in the known FM receiver as much as
possible. However, complex IF filters which are difficult to integrate and hence costly
are required for this purpose. The use of active integrated and hence low-cost filters is
not possible in the known FM receiver 'oo'ncept without making concessions to the IF
selectivity and/or the dynamic range. |

In fact, the usual requirements regarding the dynamic range in FM
Teceivers imposes a given upper limit on the quality factor Q of the IF filter. To satisfy
the conflicting requirements of a sufficient by large dynamic range on the one hand and
a high selectivity on the other hand when using small and hence easily integrable
capacitances, there is currently a tendency to realise the IF selectivity at the lowest
possible intermediate frequency. However, the further decrease of the resonance
frequency of a conventional IF filter is accompanied by a growing asymmetry in the
amplitude or response characteristic around the resonance frequency so that there is a
Strong increase of the second-order distortion in particular.

It is an object of the invention to enhance the selectivity and the degree of
INtegration of the known FM receiver while maintaining a sufficiently large dynamic
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_resonance anplifiers RAL-RA3, the effective bandw dth of the.cascade _
"gircuit of RAL- RA3 can be chosen to be considerably snall érf%im,§n£;§;ﬁe,- SHEET
bandwi dt h of the baseband nodul ati on signal so that a conpar --+~v~e+~_yu~~.hi-aglii;LF

selectivity is feasible without any |oss of useful signal |nfopmation. In|
S3f Whét 1

e .

view of the symmetrical anplitude charac2eristic of each ohe szr%a
to third resonance anplifiers RAL-RA3, substantially no dijstiortion is

Rt
e T

i ntroduced. The gain of the anplifier-limiter AL gradual lfy decreases at an
i ncreasing ipput voltage in such a manner that the output “wortage-4-ncreases
at an incredstng value of the input voltage, for exanple, .in accordance
with a tangent hyperBothis eadhan Fdh recaiyeriaecording i thednyentioplie Akaracierizeidry an

gi ven 11 i BeanbHopEp s ¥ BEAA dat bt ok NIRRT RHEHENER 21 ¢ o1
o, 2 and P ml o0 &1 ot s o DT e
emtter cur signals being applied to in-phase and quadrature signal paths of the IF device, said IF
device comprising a polyphase IF filter incorporated in said in-phase and quadrature
signal paths and having a bandpass characteristic which is symmetrical around its
resonance frequency, said polyphase IF filter being coupled to the FM demodulator.
The invention is based on the recognition that a low-distortion selection
of an FM IF signal at a comparatively low intermediate frequency can be realised in a
simpler manner with a polyphase filter rather than with a single-.phase filter, because the
bandpass characteristic of a single-phase filter at lower values of the resonance
frequency cannot or can only hardly be made symmetrical around this resonance
frequency, whereas this is possible in known manner with a polyphase filter. Such
polyphase filters are known, for example from European Patent Applicatioris EP 0 344
852 and EP 0 420 974.

_ The measure according to the invention includes a signal conversion from
single phase to phase'quadx'amre so as to make the use of said polyphase filter possible
and hence either enhance the selectivity in the case of an equal distortion or reduce the
distortion in the case of an equal selectivity, or by enhancing the selectivity and
reducing the distortion as compared with the known FM receiver, while maintaining the
dynamic range,

A preferred embodiment of the FM receiver accbrding to the invention,
in which an accurate signal conversion from single phase to phase quadrature is
Obtained in a simple manner, is characterized in that the IF device comprises,
Consecutively coupled the first mixer stage, a first IF stage, a second mixer stage for a
down-conversion of the first IF signal into a second IF signal, and a second IF stage,
%id secongd mixer stage being part of said means for converting a single-phase signal
into 3 pajr of signals in mutual phase quadrature and comprising an in-phase and a

| Wadrature mixer circuit having a common signal input for applying the first IF signal
thereto and an in-phase and a quadrature output, local in-phase and quadrature oscillator
Mixing signals being applied from a local oscillator to said in-phase and quadrature
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source and collector resistors Rl and R2. In the enbodi menf SHOWIL, W t-hout=
‘emifter resistors said tangent hyperbola function is obtaijnett ~re ay> et
devi ate therefrom by using emtter resistors while naintaijnijng the
character of a gradual limtation. The anplifier-limter AL ;ShR¥nMaAROPYT e
an output voltage and a gain which vary ag a function of the input voltag
as i s shown by neans of curves Cl and C2, "respectively, I g4 The

realisation and the operation of such an anplifier-limter_as well as its

behavi our at .a _varyi | val tage are known .to thpse skilled,in the art
and do not r@ﬁﬂicﬁéﬁﬁﬁw,%&g ‘ﬁ*"g{”iﬂo‘ﬁe?w I ?‘g‘l“ﬁrfmqﬂﬁncﬁ’ﬁég’?h\f’é%tipn.
Due to the L. 'Mhﬂ@q;ﬂhmfﬁm&abﬁ oF SHadac s & hBtvnhd L at
an out put si“tg_gﬂal of the FM denodul at?og %M?@cﬁggﬁg%%bg{ Hstml}gglwgnd
when the | Fbeing ATanged hefween| the jn-phase and quadraturenautputs of dhiegsecond mixgr stage

modurat i on 8101 REE of ghfskershint oyt ¢F EM'demodilatye 011 O ThE Trequency

To realise an integrable high IF selectivity in a simple manner, a further

U7

D

preferred embodiment of the FM receiver according to the invention is characterized in
that the polyphase IF filter comprises first and second resonance amplifiers
consecutively arranged in cascade in the signal direction.
The use of one or more resonance amplifiers as IF selectivity in an FM
receiver is known per se from the last-mentioned European Patent Application EP 0 420
974. However, the measure of using -such resonance amplifiers as IF polyphase filters
- of the phase-quadrature type provides the possibility of choosing the second intermediate
frequency to be considerably lower than has hitherto been conventional practice in
" known FM receivers of the superheterodyne type, while maintaining a symmetrical
bandpass characteristic and a point-symmetrical phase characteristic. A further
integration of the IF filter is thereby possible, while maintaining a low-distortion IF
signal selection. |
Such an FM receiver is preferably characterized in that each one of said -
resonance amplifiers has a tuning control input for controlling the tuning, while an
output of the cascade arrangement of the first and second resonance amplifiers is
coupled via the frequency demodulator to a tuning control signal generating circuit, first
and second outputs of which are coupled to the tuning control inputs of the first and
Second resonance amplifiers, respectively, said tuning control signal generating circuit
deriving for each resonance amplifier a tuning control signal from the output signal of
the frequency demodulator and thereby constituting first and second tuning control loops
from the output to the tuning control input of the first and second resonance amplifiers,
fespectively, the open loop gain of each one of the first and second tuning control loops
being smaller than one.
When this measure is used, the tuning frequency of each one of the two
 first and second resonance amplifiers instantaneously follows the modulation signal of
" IF signal. With respect to the situation without tuning control, the bandwidth of
these resonance amplifiers may be further narrowed, which enhances the IF selectivity,
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9 carrier in so far and as long as this frequency nodul at | ot akessl gee:!
s thin the control range of the first to third tuning contrer-+oeeps:—tf-tihe
:nei ghbouring transmtter carrier exceeds this control range kah—eﬁh /sl
control will be maintained and the IF filter RAL- RA3 wil[ [erfaf frat “Phe
tuning frequency determned by the limtation |level of the LE_tuning
control signal. Wien the desired carrier re-appears withiph the tuning

control range of the first to third IF tuning control | oops—+h—the—

| ast - menti on | $chdAlle t ' t&i’am‘@éﬁ | 1 1 -RA3
will foll owaq%gal Ilé‘g‘gie'?si reé%%grdr?iq%ér E?élsjfétrum ng Pgﬁﬁfeg%%?g"%'# ila{;r}@qfé‘ﬁg“"desi red
t uni ng cont gplersed by Ithe Bbsignal 10 be selected mdich fesulmsninld ¢onsiderablentedectioflof
gradual |y decreaseg. in _gain when the amplitude of the denpdul ator out put
si gnal i ncr GigeEQn. g‘r’f“’é‘f’g@? v dnsiabities in, fepning coptrel R OBVIRS- t 0 capt uri ng

phenonena is A further preferred embodiment of an FM receiver according to the
invention, in which due to a neighbouring transmitter coming within the capturing range
of the tuning control loop as a result of an instantaneously occurring large frequency
deviation and being dominant in this loop with respect to the desired transmitter, it is
prevented that the tuning control captures the desired tuning and is drawn away from
this tuning by this unwanted neighbouring transmitter, is characterized in that the tuning
control signal generating circuit comprises an amplifier-limiter coupled to the output of
the frequency demodulator and having a gain factor which is smaller than one, which
amplifier-limiter is active for.each one of the two first and second tuning control loops
and whose gain decreases gradually at an increasing input signal amplitude gnd supplies
an output signal whose amplitude increases monotonically to a limitation vaiue for a
continuous and gradual limitation of the tuning control signal in each one of the two
first and second tuning control loops at an increasing output signal amplitude of the FM
demodulator. | '

A further preferred embodiment of an FM receiver according to the
invention is characterized in that the tuning control signal generating circuit comprises a
cascade arrangement of first and second amplifier-limiters, outputs of which are coupled
to the tuning control inputs of the first and second resonance amplifiers, respectively,
the gain factor of each one of the two first and second amplifier-limiters being smaller
than one. In this respect the gain characteristic function of the first and second
amplifier-limiters corresponds to that of the afore-mentioned amplifier-limiters active for
each one of the two first and second tuning control loops and the second amplifier-
limiter as well as the last-mentioned amplifier-limiter influence the loop gain of both the
first and the second tuning control loop.

Another preferred embodiment of an FM receiver according to the
invention is characterized in that the bandwidth of the first tuning control loop is larger
than that of the second tuning control loop.

This measure increases the stability in each one of the first and second
Nning control loops. '
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‘obt ai ned. The FM denodul at or DEM preferably conprises ar sg

IRANGE, APId Ei-er
vk Eﬁﬁ%‘iw 5 that

.(nat- shown) as a tunable frequency-dependent phase shifting. . h;i
-a reliable manufacture of the FMreceiver shown is possiblie pl e
manner by means of matching with the first to third resonan¢e 29%HAR iiéi/s
RA1- RA3. The use of circuits having nutualsly correspondi ng ¢perations, su
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in a sinpl
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as the first tunable resonance anplifier RAL and the second

tunabl e

resonance anplifier RA2, the first anplifier-limter ALl and _the secaond

anplifier-limter AL2 L, q@;&, rad: rm{H?l '
t he second m xer staggok/gefgﬁ%ﬂ& nﬁ?{éﬂbwg@ Cir E?t l lﬁgfr‘l‘:c?il[ed

Cnitfodirhehe |

he common use

of circuits dfnhe ast-mentioned FM) reveiver atcording so thednveneion as clraraditetized ih ¢hat the

mat chi ng and_ hence a sinpl g and. accur at e manuf act ur e.
tuni ng cont rfdst a9 ﬁﬁ‘?ﬂ"@tﬂgp

rqvenent,s of the
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deriving, i rhrgt%dts%nﬂ%ﬁ’ﬁké&l, re?b&ﬁ%lygenerati ng circuit TC, an

When this measure is used, the bandwidth of each resonance amplifier

can be set to a bandwidth which is favourable for a suitable neighbouring selection,

without any loss of stability.

A preferred embodiment of an FM receiver according to the invention,
which can easily be realised in practice, is characterized in that the frequency
demodulator comprises a multiplier circuit and a frequency-dependent phase shifter, in

which the polyphase IF filter is coupled to a first input of the multiplier circuit and to a

second input of the multiplier circuit via the frequency-dependent phase shifter, said

frequency-dependent phase shifter comprising a resonance amplifier.

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

elucidated with referer;ce to the embodiments described hereinafter. Elements

corresponding in function have the same reference indications. In the drawings:

Fig. 1 shows an FM receiver according to the invention;

Fig. 2 shows an amplifier-limiter for use in the FM receiver of Fig. 1,
Figs. 3A-3C show three embodiments of a tuning control signal

generating circuit for use in the FM receiver of Fig. 1;

Fig. 4 shows the gain characteristic of an amplifier-limiter for use in the

FM receiver of Fig. 1 as a function of the input signal amplitude;

Fig. 5 shows amplitude and phase characteristics of a conventional LC

filter and a resonance amplifier.

Fig. 1 shows an FM receiver according to the invention, comprising a
l'ddio-frequency (RF) antenna input RFI for connecting an antenna ANT thereto, 10
“hich an RF input section RF for RF amplification and selection of a desired RF FM
feception signal is coupled, followed by means M1, IF1, M2 for a down-conversion of
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and/or stability may then be optim zed for each tuning co ol “1'oop." * [
General ly, the open loop gain in each tunfng control | oop |shotte-—be-snafl br
than one for the purpose of a satisfactory |loop stability,] while the phase
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wning oscillator TO for tuning to and frequency conversion of the desired RF FM
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reception signal to a first intermediate frequency (IF) signal having a carrier frequency
jocated on average at a first intermediate frequency fl, and comprising a first IF section
IF1 for selecting the first IF signal, followed by a second mixer stage M2 for a down-
conversion of the first IF signal to a second IF signal having on average a carrier
frequency located at a second intermediate frequency f2.

The tuning oscillator TO is tuned to a frequency which deviates by the
value of f1 from that of the carrier frequency of the desired RF FM reception signal by
means of a tuning voltage applied vig a tuning control terminal Vt, while a mixing
signal having a fixed oscillator frequency deviating by the value of f2 from the first
intermediate frequency f1 is applied to the second mixer stage M2 from a fixed local
oscillator device LO.

The down-conversion in the second mixer stage M2 is accompanied by a
conversion from single phase to phase quadrature. To this end the second mixer stage
M2 comprises an in-phase multiplier circuit M2i and a quadrature multiplier circuit
M2q to which the first. IF signal on the one hand and in-phase and quadrature mixing
signal components from a fixed local oscillator device LO on the other hand are applied
in common. These in-phase and quadrature mixing signal components are obtained by
dividing the frequency of the oscillator signal from a fixed oscillator FO by a correct
even factor in a frequency divider FD. In-a practical embodiment the first intermediate
ﬁ’equency was 10.7 MHz, the second intermediate frequency was 300 kHz, the
oscillator frequency of the FO was 22 MHz and the division factor of the FD was 2.

The second mixer stage M2 has in-phase and quadrature outputs which
are coupled via in-phase and quadrature signal paths I and Q to a cascade arrangement,
fl““"ticning as a tunable second IF filter IF2; of first to third tunable resonance
amplifiers RA1-RA3 for selecting the second IF signal. Such resonance amplifiers are
mown per se from European Patent Application EP 0 420 974 and are particularly
Witable to be integrated. It is known from the last-mentioned Patent Application that

"®Sonance amplifiers in their relevant use as tunable polyphase filters of the phase-

Ydrature type have a linear tuning behaviour, also at very low values of the resonance
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Fig.. 3A shows a first preferred enbodi nent of the tyning. control.

.signal
‘generating circuit TC conprising a cascade arrangenﬁnm[pﬂgfnﬁﬁq'pg fhird
anplifier- limters AL1-AL3 outputs of which are cohn'b ed-—+t+o~t-he nj ng
control inputs TI1l, TN2 and T13. The open | oop .gain i % the
first, second and third tuning control |opps is smalil ér aﬁ'o éﬂénd { hat
of the first tuning control loop is smaller than that {of the secondjtuning
control |oop, while that of the second tuning contrgl loop is snaller t han
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ar r angenent sThoaverage vajyesof the é@ﬁomcarfmquenaycfresrqu-re’spmds Itd dhiat of the’detondAL2 -and

AL3 with first hird |l owpass filters LF1l, LF2 and LF3-used as
first, secoﬁ'ﬁﬂg'ﬁ%&t% %3@1?:&0 ‘filters are used for derivi ng i ndi vi dual

tuning control signalForfth¢ plipesd of BlustrARAFIG. 830w by theahbfurves ACI and
AC2 the bandpass or amplitude characteristic and by means of curves PC1 and PC2 the
phase transfer characteristic of a resonance amplifier in the relevant use as a phase-
quadrature filter and a conventional LC filter, respectively, each around an equal
resonance frequency fres. Curves AC1 and AC2 clearly illustrate that a resonance
amplifier in the mentioned use has a symmetrical amplitude ct;éracteristic and a
conventional LC filter has an asymmetrical amplitude characteristic around fres. Curves
PC1 and PC2 illustrate that such a resonance amplifier has a point-symmetrical phase
characteristic and a conventional LC filter has a more or less quadratic phase
characteristic around fres.

The tunable second IF filter IF2 is coupled to a phase-quadrature FM
demodulator DEM via a limiter LIM. This limiter LIM eliminates unwanted amplitude
variations on the second IF signal. The FM demodulator DEM precedes a low-pass
filter LPF for selecting the baseband modulation signal, a baseband modulation signal
Processing device ASP for processing the baseband signal and the audio modulation
signal, and a sound reproducing device L for reproducing the desired audio signal. The
Phase-quadrature FM demodulator DEM may be of a known type and use, for example,
only one of the two in-phase and quadrature components of the second IF signal as an
input signal, or it may have a structure known from German Patent Application no. 26
36 268.

An output of the low-pass filter LPF is also coupled to an amplifier-
limiter AL incorporated in a tuning control signal generating circuit TC, an output of
$2id amplifier-limiter being connected in common to tuning control inputs TI1-TI3 of
the respective first to third resonance amplifiers RA1-RA3. The amplifier-limiter AL is
U8ed for an amplification and a gradual limitation (soft limiting) to be described
hereinafier of the IF filter tuning control signal.

First to third IF tuning control loops are obtained vig the coupling of the
"ning control signal generating circuit TC to each one of the first to third resonance
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AL to have a suitable value which is smaller than one.

Due to the instantaneous control of each one of the first to third
resonance amplifiers RA1-RA3, the effective bandwidth of the cascade circuit of RA1-
RA3 can be chosen to be considerably smaller than the bandwidth of the baseband
modulation signal so that a comparatively high IF selectivity is feasible without any loss
of useful signal information.

In view of the symmetrical amplitude characteristic of each one of the

first to third resonance. amplifiers RA1-RA3, substantially no distortion is introduced.

The gain of the amplifier-limiter AL grz':ldually'v decreases at an increasing
input voltage in such a manner that the output voltage increases at an increasing value
of the input voitage, for example, in accordance with a tangent hyperbola function and .
due to saturation phenomena when an input voltage increasing towards infinity |
asymptotically approximates a given limitation value. The choice of the limitation value
will hereinafter be described in greater detail. A transistor difference pair is s >wn in
Fig. 2 and has an emitter coupled transistor pair T1, T2 with a common emitter current
source and collector resistors R1 and R2. In the embodiment shown without emitter

resistors said tangent hyperbola function is obtained. One may deviate therefrom by

' using emitter resistors while maintaining the character of a gradual limitation. The

amplifier-limiter AL shown supplies an output voltage and a gain which vary as a
function of the input voltage, as is shown by means of curves C1 and C2, respectively,
in Fig. 4. The realisation and the operation of such an amplifier-limiter as well as its
behaviour at 3 varying input voltage are known to those skilled in the art and do not
™®quire any further description for understanding the invention.

Due to the limitation of the output signal of the amplifier-limiter AL at an
ouq"“‘ signal of the FM demodulator DEM increasing an amplitude, and when the IF
Nning Control loop captures an unwanted neighbouring transmitter carrier, the IF filter

LRA3 wiyy only follow the frequency modulation of this neighbouring transmitter
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for range of the first to third tuning control loops. If the neighbouring transmitter carrier
exceeds this control range, the tuning control will be maintained and the IF filter RAL-

RA3 will remain at the tuning frequency determined by the limitation level of the IF

. tuning control signal. When the desired carrier re-appears within the tuning control
range of the first to third IF tuning control loops in the last-mentioned position of the IF
filter RAI-RA3, the IF filter RA] -RA3 will follow this desired carrier in tuning
frequency again and the desired tuning control is thereby restored. Since the amplifier-
limiter AL gradually decreases in gain when the amplitude of the demodulator output

- signal increases, an effective reduction of interference due to capturing phenomena is
obtained.

The FM demodulator DEM preferably comprises a resonance amplifier
(not shown) as a tunable frequency-dependent phase shifting circuit so that a reliable
manufacture of the FM receiver shown is possible in a simple manner by means of
matching with the first to third resonance amplifiers RA1-RA3.

. The use of circuits having mutually corresponding operations, such as the
first tunable resonance amplifier RA! and the second tunable resonance amplifier RA2,
the first amplifier-limiter AL1 and the second amplifier-limiter AL2, the in-phase and
Quadrature multiplier circuits in the second mixer stage M2 and the multiplier circuit

| M3, and the common use of circuits in the two tuning control loops provides a
considerable matching and hence a simple and accurate manufacture.

Improvements of the tuning control behaviour while maintaining the
stability are possible by deriving, in the tuning control signal generating circuit TC, an
individually adapted tuning control signal from the output signal, selected in the low-
Pass filter LPF, of the FM demodulator DEM for each one of the first, second and third
fning control loops. The loop gain, loop bandwidth and/or stability may then be
Optimized for each tuning control loop.

| Generally, the open loop gain in each tuning control loop should be
Smaller than one for the purpose of a satisfactory loop stability, while the phase shift in
the tuning control loops should be such that a frequency tracking of the resonance
mplifiers is obtained at which the tuning of the resonance amplifiers follows the
frequency modulation of the second IF signal substantially instantaneously in frequency.
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than that of the third tuning control loop. The gain factor of each one of the first to

third amplifier-limiters AL1-AL3 should then preferably be smaller than one.

Fig. 3B shows a second preferred embodiment of the tuning control

signal generating circuit TC in which first, second and third cascade arrangements of

the first, second and third amplifier-limiters AL1, AL2 and AL3 with first, second and
third low-pass filters LF1, LF2 and LF3 used as first, second and third loop filters are
used for deriving individual tuning control signals for the first, second and third tuning

control loops. Inputs of the first ampﬁﬁer-limiter AL1, the second amplifier-limiter AL2

and the third amplifier-limiter AL3 are connected in common to the output of the LPF,
while outputs of the first loop filter LF1, the second loop filter LF2 and the third loop
filter LF3 are connected to the tuning control inputs TI1, TI2 and TI3, respectively.
The gain of the first amplifier-limiter AL1 is preferably smaller than that of the second
amplifier-limiter AL2 and the gain of the second amplifier-limiter AL2 is smaller than
that of the third amplifier-limiter AL3, while the bandwidths of the first to third loop

fiters LF1-LF3 are mutually of the same order of magnitude.

Fig. 3C shows a third preferred embodiment of the tuning control signal
generating circuit TC in which the first, the second and the third cascade arrangements
of the first amplifier-limiter AL1 with the first loop filter LF1, the second amplifier-
limiter AL2 with the second loop filter LF2 and the third amplifier-limiter AL3 with the
third loop filter LF3 are dimensioned in a corresponding manner as in the embodiment

of Fig. 3B and which are shunted by means of respective amplifier stages Al, A2 and
A3. The gain factor of A3 should then be preferably smaller than that of A2 and the

8ain factor of A2 should be smaller than that of Al. A shunt path for the higher

frequencies of the tuning control signals is formed by the amplifier stages Al, A2 and

A3,

It will be evident that the invention is not limited to the embodiment
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“circuit. 12 CLAI M5 1. An FM receiver co +~$LIIQ~ an_RF secti on,
. a first tunable m xer stage for a frequency conversio 5@3&@&; e@‘JRE FM
.reception signal into a first internediate frequency I! eV| ce
and an FM denodul ator, characterized by means incor pol at' (r:}?a n the Si gh !
path of the FMreceiver for converti ng si ngl e- phase sﬂg HAR &9 al*r of
signals in nutual phase quadrature, said lpalr of phas -&uadLature signal s
being applied to in-phase and quadrature signal pathsfof the IF“aew )

said | F device conpr|3|ng a pol yphase | F filter incor
i n- phase ansiowt:RTA%amples ilgispossible to realise a phase split by means of a resona.nce

amplifier, preceded by a single-phase tunable mixer stage, to use a conventional FM
quadrature demodulator instead of the FM demodulator shown, as is known, for
example from German Patent Application 26 36 268, to form the first and second
amplifier-limiters AL1 and AL2 in a different manner (for example, asymmetrically), to
omit the second mixer stage M2 and to tune the tunable second IF filter RA1-RA3 and
the FM demodulator DEM to the first intermediate frequency f1, to form the tunable
second IF filter RAI-RA3 with a different number than the three cascade-arranged
resonance amplifiers shown, or with only a single resonance amplifier, to arrange in the
FM receiver of Fig. 1 a low-pass filter (not shown) functioning as a loop filter between
the output of the first amplifier-limiter AL1 and the common junction point of the
connections to the tuning control inputs of the first to third resonance amplifiers RAI-
RA3, or to use a single-phase mixer stage instead of the phase-quadrature mixer stage
M2 shown, followed by a resonance amplifier as a phase splitter, as is known per se
from the afore-mentioned European Patent Application no. 0 420 974. It is also feasible
o use the afore-described tuning control in a conventional single-phase tunable IF

circuit,
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pat hs and having a bandpass characteristic which is symetrical around its
‘resonance frequency, said polyphase IF filter being couptet-to~the FM :
denodul ator. 2. An FMreceiver as clainmed in C:aﬁﬂ%ip:’”ﬂ %dcﬁ
characterized in that the | F device conprises, consecut|VvETYy couplea tq thhe
first mxer stage, a first If stage, a sggond m xer stage f@@,ﬂﬁ\ Tsgg
down-conversion- of the first IF signal into a second | F|s nd
second | F stage, said second m xer stage being part of pa d e anS— O~
converting Mg e- phase signal into a pair of signalsfin mitual phase
guadr ature~and conprising an in-phase and a quadrature m Xeér Circuit naVIng
a common signal input for applying the first IF signal thereto and an

i n-phase and a quadrature output, local in-phase and quadrature oscillator
m xi ng signals being applied froma local oscillator to said in- phase and
guadrature m xer circuits, respectively, for converting the first

I nternmedi ate frequency signal into in-phase and quadrature conponents of
the second I F signal, said polyphase IF filter being arranged between the

i n-phase and quadrature outputs of the

1. An FM receiver comprising an RF section, a first tunable mixer stage for
a frequency conversion of a desired RF FM reception signal into a first intermediate
frequency signal, an IF device and an FM demodulator, characterized by means
incorporated in the signal path of the FM receiver for converting a single-phase signal
into a pair of signals in mutual phase quadrature, said pair of phase-quadrature signals
being applied to in-phase and quadrature signal paths of the IF device, said IF device
comprising a polyphase IF filter incorporated in said in-phase and quadrature signal

- paths #nd having a bandpass characteristic which is symmetrical around its resonance
frequency, said polyphase IF filter being coupled to the FM demodulator.
2. An FM receiver as claimed in Claim 1, characterized.in that the IF
device comprises, consecutively coupled to the first mixer stage, a first If stage, a _
second mixer stage for a down-conversion of the first IF signal into a second IF signal,
and a second IF stage, said second mixer stage being part of said means for converting
a single-phase signal into a pair of signals in mutual phase quadrature and comprising
an in-phase and a quadrature mixer ¢ircuit having a common signal input for applying
the first IF signal thereto and an in-phase and a quadrature output, local in-phase and
quadrature oscillator mixing signals being applied from a local oscillator to said in-
phase and quadrature mixer circuits, respectively, for converting the first intermediate
frequency signal into in-phase and quadrature components of the second IF signal, said
polyphase IF filter being arranged between the in-phase and quadrature outputs of the
second mixer stage and a pair of phase-quadrature inputs of the FM demodulator.
3. An FM receiver as claimed in Claim 1 or 2, characterized in that the
polyphase IF filter comprises first and second resonance amplifiers consecutively
arranged in cascade in the signal direction.
4, An FM receiver as claimed in Claim 3, characterized in that each one of
said resonance amplifiers has a tuning control input for controlling the tuning, while an
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second m xer stage and a pair of phase-quadrature inputs OfREPhECHRNINT SHERT
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and second outputs of which are coupled to the tuning control inputs of the first and -
second resonance amplifiers, respectively, said tuning control signal generating circuit
deriving for each resonance amplifier a tuning control signal from the output signal of
the frequency demodulator and thereby constituting first and second tuning control loops
from the output to the tuning control input of the first and second resonance amplifiers,
respectively, the open loop gain of each one of the first and second tuning control loops
being smaller than one.
5. An FM receiver as claimed in Claim 4, characterized in that the tuning
control signal generating circuit comprises an amplifier-limiter coupled to the output of
the frequency demodulator and having a gain factor which is smaller than one, which
amplifier-limiter is active for each one of the two first and second tuning control loops

" and whose gain decreases gradually at an increasing input signal amplitude and supplies
an output signal whose amplitude increases monotonically to a limitation value for a
continuous and gradual limitation of the tuning control signal in each one of the two
first and second tuning control loops at an increasing output signal amplitude of the FM
demodulator.
6. An FM receiver as claimed in Claim 4, characterized in that the tuning
control signal generating circuit comprises a cascade arrangement of first and second
amplifier-limiters, outputs of which are coupled to the tuning control inputs of the first
and second resonance amplifiers, respectively, the gain factor of each one of the two
first and second amplifier-limiters being smaller than one.
7. An FM receiver as claimed in any one of the preceding Claims 4 to 6,
characterized in that the bandwidth of the first tuning control loop is larger than that of
the second tuning control loop.
3. An FM receiver as claimed in Claim 7, characterized in that the first and
second amplifier circuits in the tuning control signal generating circuit precede first and
second loop filters, respectively.
S. An FM receiver as claimed in any one of the preceding Claims 4 to 8,
characterized in that each one of the first and second resonance amplifiers has a
bandwidth control input for setting the bandwidth, the bandwidth of the second tuning
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signal fromthe output signal of the frequency denodul at
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circuit and to a second input of the multiplier circuxt via the frequency-dependent phase
shifter, said frequency-dependent phase shifter comprising a resonance amplifier.
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of the FM denodul ator. 6. .An FM receiver as clainmed in
characterized in that the tuning control signgl_generating circuit
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An_FM

aBMcteativerdincludinigad phade-qoddratacd IF fited in that the first and second
circuits in the tuning control signal generating circuit precede
second loop filters, respectively.

FM receiver comprising an RF section, a first tunable mixer stage for a
frequency conversion of a desired RF FM reception signal into a first intermediate
frequency signal, an IF device and an FM demodulator. In order to render a
considerable degree of integration possibie, while maintaining a signal processing which
is free from distortion, the FM receiver according to the invention comprises means
incorporated in the signal path for converting a single-phase signal into a pair of signals
in 2 mutual phase quadrature, said pair of phase-quadrature signals being applied to in-
phase and quadrature signal paths of the IF device, said IF device comprising a
polyphase IF filter mcofborated in said in-phase and quadrature signal paths and having
a bandpass characteristic which is symmetrical around its resonance frequency, said
polyphase IF filter being coupled to the FM demodulator.

FIGURE 1



9. .. An FMreceiver as clainmed in any one of the preceding Clains 4
to 8, characterized in that each one of the first and second resonance
anplifiers has a bandwi dth control input for setting the bandw dth, the
bandw dt h of the second tuning 14 control |oop being f@ﬁ' ttran Lnat
the first tuning control |oop. 10. An FM recei vef A5 06 R SHAE
Claim3, characterized in that the freﬁuency dermodul at or { cpnpri s€s™a
multiplier circuit and a frequency-dependent phase shlftnrf i yWhinC ?w?h%
pol yphase IF filter is coupled to a first input of the nulgiplier CIFCUIt
and to a second input of the nultiplier circuit via the frequency-depen emt
phase shifter, said frequency-dependent phase shifter conprising a

resonance anplifier. ?%Ef
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