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PCT/ | B95/ 00¥©86/10864 FM denodul ator with threshol d ext ensi oRCRARDSI00T68i ver
gonpri sing such an FM denodul at or. The
invention relates to an FM demodul at or habi ng a first and a second

I nput term nal for rece| Vi n FM rmdul ated input signals having a 90 degree
phase r e[FMids SioThAR(h recetyer Sompriging sueh %%ﬂ@ﬂmdm
signal, said FM dem)dul at or corrprl sing: 5 - a phase conparator having
a first and second input and an output, which first input is" coupl ed
to the first input term nal of said FM denodul ator and which output is
coupled to the out put terminal of said FM denodul at or, - afirst
t unabl e phase shifting means coupl ed bet Ween the second input term nal of

sai d FM denodul at Jhen%q&o& Cari ‘@gth' phmﬁg '
said first phase shlftﬁ\egﬁgglg%\s 1 conprising a tuning c ntro{Tytﬁfnpt%&'oFl r
cont r ol | inpyt sermindlifgr receiping) FM aiodulated i’npntsmgqlﬂlﬁhmng a 90°hdegreephase a¢lation

-Coﬁt:gledba K pawtfterr(l)ln” ﬂ%gls&éﬁut of SqquE ?ﬁi{cma d%Mt sal trunlrﬂg

U

i nvent i ogomM gilggel ates to a receiver for recei ving FM signal s, 15
corrprl sing an stage, an | F stage, an FM denodul at or -and an LF st age.

An FMSderm8cphase eomparatos havingcaifirst and secondrinput andrangoutpet, ivehidhnfivst irpub as
coupled to the first input terminal of said FM demodulator and which output is coupled to the
output terminal of said FM demodulator,

- a first tunable phase shifting means coupled between the second input terminal of said FM
demodulator and the second input of said phase comparator, said first phase shifting means
10 comprising a tuning control input for controlling a tuning frequency of said first phaée

shifting means,
- a feedback path from the output of said phase comparator to said tunmg control mput
comprising a loop filter. .
The mvennon also relates to a receiver for receiving FM signals,
15 comprising an RF stage, an IF stage, an FM demodulator and an LF stage.

An FM demodulator as described in the opening paragraph is known from
the European Patent Application EP-A 574 083. In this patent an FM demodulator is
20 - disclosed having a first and a second input terminal and an output terminal. To these input
terminals FM modulated input signals are applied, having a 90° phase relation. In the known
FM demodulator first and second phase shifting means are combined in a polyphase filter
having in-phase and quadrature inputs and outputs and a tuning control input for controlling a
tuning frequency of said polyphase filter. The in-phase and quadrature inputs of said '
25 polyphase filter are coupled to the first and second input terminals respectively, and the in-
phase and quadrature outputs of the polyphase filter are coupled to second inputs of second
and first phase comparators respectivély.-- Said phase comparators further comprise first
inputs, said first inputs being coupled to said first and second input terminals respectively.
| Outputs of the first and second phase comparators are coupled to a subtracting stage, an
30 output of said subtracting stage being coupled via a feedback path to the tuning control input
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t hreshol d. However, such a reduction 10 can lead to instability in the

for placercar use P "HnioBBHSE abfiSved By'in ‘Pl deedulafir docording 15 the invention,
which is characterised in that said feedback path further comprises a compensation filter
having a transfer characteristic substantially corresponding to an inverse transfer
20 characteristic of said first phase shifting means transposed to baseband.
' The invention is based on the recognition that the transfer characteristic of
the phase shifting means for the modulation of the FM input signals can be approximated by
a low-pass filter having a transfer characteristic equal to the transfer characteristic of the
phase shifting means, transposed to baseband. Thus the transfer characteristic of this low-
25 pass filter will be part of the tuning control loop. When the bandwidth of the phase shifting
means is reduced to a value close to the bandwidth of the loop filter, instability can occur.
By using the measure according to the invention. the transfer characteristic of the phase
shifting means in the tuning control loop is substantially cancelled by the compensation filter.
Thus the phase shifting means is no longer part of the tuning control loop and consequently,
30 the stability of the tuning control loop is no longer affected by the phase shifting means.
A symmetrical embodiment of the FM demodulator according to the
invention is characterised according to Claim 2.
By this measure an automatic cancellation of harmonics of the carrier
frequency is achieved at the output of the subtracting stage. The symmetrical transfer




An object of the invention is to provide an FM denodul ator, whereof the
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' 15 tuning control loop for modulation frequencies falling within the loop bandwidth.
Furthermore, the very high gain at low frequencies ensures a correct tuning of the phase
 shifting means even when no modulation is present.
An embodiment of the FM demodulator according to the invention is
characterised according to Claim 5. '

20 ' The measure according to the invention provides a simple circuit for the
realisation of the integrator in combination with the compensation filter. This combined
integrator and compensation filter is for use in conjunction with phase shifting means
comprising a first-order band-pass filter, for example the resonance amplifier of Claim 2.

An embodiment of the FM demodulator according to the invention in.

25 which the bandwidth of the tuning control loop and thus of the FM demodulator can be
adjusted externally, is characterised according to Claim 6.

The bandwidth of the tuning control loop can be varied by varying the
~ gain in the tuning control loop. In the FM demodulator this loop gain can be varied by
adding means for providing a variable loop gain to the FM demodulator and applying an

30 appropriate control signal to the first control terminal. This measure is especially
advantageous in a first-order tuning control loop comprising an integrator, as a variation of
the loop gain will only result in a variation of the bandwidth of the tuning control loop,
without affecting the amplitude of the output signal of the FM demodulator.

An embodiment of the FM demodulator according to the invention is



characteristic of a polyphase filter is advantageously used herein to
reduce di woptmmm of the - denodul ated FM si gnal. The repOoTaBISM0768
anplifier is an easily integratable realisation of a pol yphase filter
having a first-order band-pass transfer.4haracteristic.

An embodi ment of the FM denpdul ator according to the inventionis 5

char act eharaetdrisstcancarding o Chiimi 7 3. Due to the

"oop. |5 dat er m ned by VERNSIRAskls e My RRE R 1 { A S s B |

the vai&y 8oitiridusty. Tbabwohiiedonitinibilcontrdl of the BitidwidthasTthe PhRsse mme
the anplitude of the” output signal of the FM denodul at or | S

subst anmeans yﬂmxansmr charaeteristic,of the compensasion fiiter shonld peraljusted acsordingly to

A1 PR dHFier PO BPHASEAf eI imbabti B BB i o o

S charmasmpaﬂamm&l ng to Cl aim4. . The
integrator is a special real i satiop of _the, Ioop fllter By,usin an

i nt egr at or the anpl i A gecedyer foE recsiving FM signalscomprises acrording jo RN

Fal | i ng Mtk et ?ﬁa‘sﬁﬁr“'ﬁq”ﬁqﬁ“&“‘“ﬁfﬂ% TR T e s

| ow freqtage.cl es ensures a correct tuning of the phase shifting means

even when no nodul ati res An enbodi ment

of t¥k FMm denodul atorﬁ’fct&g ﬁﬂ%‘%ﬂmfﬂmr{?%“&v&"m canbe psed; or i sed

accor di pg il ﬁa&@elverforao improving the sigrldlto/HofeUaflo %T%Pé{cﬁigefo the
e

i nvention pro |des a sinple circuit fo he - realisation of
integrator in combi nmlmmhrmmmmnm hichr the bandwidthrof thedFM

I nt egr at,0 0 nsatd nfllt.er IS f.or us W th ase
shiftin Wé?aﬂ'd?wr ‘QR%«? “FFFS‘E“‘!HSJQ tﬁﬁé’ﬁ‘?ﬂﬁﬁé ﬁ#t"%ﬁe’ PO | e
the reswmaaﬂmmiuo%feimﬂsalm&n LF stage, and further comprises deffioduldteli ment
of the FM denodul ator according to the |nvent|on in 25 which the bandw dth

of t¥fe bandwigth control meaps go tnths Brst controteaminglof the M demagalator for

e o ReR g fondefef Y 8R4 M BaRERRERECT D9 0 CL3 D00 i ng the

gain in the tuning COAtréé&lvérdbpredeivmilmlki@mpﬂu{vmchrﬂléfwﬁd\bﬂdpoﬂmerpm

be vari ed by addi ng means foy provi | var| apl.e | oop gai gnhg the FM

denpdul ShifHng meaps,gan be yaried, sompaises the, inyentian anRF stagey, stage, .
control &R Béodulllor of SRt F, dnd ﬁ?ﬂ?%l Yurther comprising further bandwidth

20 control means coupled to the second control terminal of the FM demodulator for supplying a
bandwidth control signal to said second control terminal. '

The above and other features and advantages of the invention will be
25 apparent from the following description of exemplary embodiments of the invention with
reference to the accompanying drawings, in whlch
Figure 1 is a block diagram of a first embodunent of an FM demodulator
accordmg to the invention, -
Flgure 2isa graph of the amplitude versus frequency characteristic of the
30 first phase shifting means,
Figure 3 is a graph of the amplitude versus frequency characteristic of the
compensauon filter used in conJuncuon with the first phase shifting means,
Figure 4 is a block diagram of a second embodiment of an FM

demodulator according to the invention,
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st age, amaid:ontpugmgnal being the demodulateduFM signalf The mnemodmm ralsorcompriges a

furt h% Cphise Icg ];oli-r S lgdam%Aa first input to the first input tennmal 11 and coupled with
an output to the output terminal 13, as well as a first tunable phase shifting means 2, coupled
between the second input terminal 12 and a second input of the phase comparator 1. The first
tunable phase shifting means 2 comprises a tuning control input 17 for controlling the tuning
frequency of the first phase shifting means 2, the output of the phase comparator 1 being

20 coupled to said tuning control input 17 according to the invention via a feedback path
comprising a loop filter 3 and a compensation filter 5. Through this feedback path the tuning
frequency of the first phase shifting means 2 will track the modulation of the FM input
signals. Thus a tuning control loop can be identified, comprising the first tunable phase
shifting means 2, the phase comparator 1, the loop filter 3 and the compensation filter 5.

25 The compensation filter 5 has a transfer characteristic substantially
corresponding to an inverse transfer characteristic of said first phase shifting means 2
transposed to baseband. In the FM demodulator known from EP-A 574 '083, FM threshold
extension can be achieved by a reduction of the bandwidth of the first phase shifting means
2. This reduction of the bandwidth is limited, however, due to the fact that the tuning control

30 loop can become unstable. If the bandwidth of the phase shifting means 2 is of the same |
order of magnitude as the bandwidth of the tuning control loop, ringing or even instability of
the tuning control loop may occur. This makes the known FM demodulator unsuitable for
achieving FM threshold extension. '

The effect of the first phase shifting means 2 on the modulatlon
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Figure 3 shows the amplitude versus frequency characteristic of the first
phase shifting means 2 transposed to baseband with a dotted line and the amplitude versus
frequency characteristic of the compensation filter 5 with a solid line. The product of both
curves results in a horizontal line parallel to the frequency axis, thus illustrating that the
amplithde versus frequency characteristic of the compensation filter § is the inverse of the
characteristic of the first phase,shifting-means 2 transposed to baseband. From Figure 3 it is
clear that the compensation filter 5 compensates the roll-off of the first phase shifting. means
2. This means that the tracking is no longer affected by the bandwidth of the phase shifting
means 2. Thus FM threshold extension may be achieved by a reduction- of the bandwidth of
ﬂu:ﬁnnphmw:mﬂhngnuzns2vwﬂunﬂﬂu:nﬂ:ofumubﬂny

anuetldmnmsasaunulenﬂxxhnmmtofanIﬂutkmmxhﬂauwzmconhngto
ﬂwinwﬁnkm.Aulmmmnkm4lsphwaiu1unmsvmmnhekmpfﬂmES.Thehxmnonofﬂw
amplifier 4 is not essential, however. It can be located anywhere in the tuning control loop
and is intended as a means for providing a gain in the tuning control loop. The loop filter 3
compﬁgsznﬁnwonkrhmﬁpmmfﬂmrhaﬁngaxmmdﬁfhnmawyvmmmiskmmrﬂmna
hnmuuﬁmqnquwinthenumuhﬁoncfthefmdnmxwmﬁulhthdgmd&“AIOWﬂussﬁhmﬁ
having a high cut-off frequency, as described in U.S. Patent 4,079,330, has as disadvantage
that through a reduction of the gain of the ainpliﬁer 4 not only the bandwidth of the tuning
control loop is reduced, but also the amplitude of the output signal of the FM demodulator
for modulation frequencies which fall within the bandwidth of the tuning control loop, as
well as the amplitude of the signal applied to the tuning control input 17 of the first phase
shifting means 2. This is caused by the fact that the cut-off frequency of the low-pass filter is
chosen too high. Thus a reduction of tuning control loop bandwidth leads to a reduced

(
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shifting means 2 will not be reduced for modulation frequencies which fall within the loop
bandwidth. This is especially advantageous when the loop bandwidf.h is low, as low
20 modulation frequencies are usually stronger than high modulation frequencies. Thus a
reduction of the loop bandwidth will result in further FM threshold extension. Furthermore,
due to the relatively high gain at low modulation frequencies, the tracking at these low
freque;ncies is improved. In the case of an ideal integrator, the very high DC gain of the
_ integrator will ensure an accurate tracking of the frequency of the FM input signal even
25 when no modulation is present.

The combined measures of a compensation filter 5 and a first-order low-
pass filter (or integrator) 3 according to the invention allow FM threshold extension bya
reduction of either the bandwidth of the phase shifting means or the bandwidth of the tuning

: control loop or even both bandwidths, independently of each other.
-30 o Figure 5 shows a third embodiment of an FM demodulator according to
the invention. The FM demodulator of Figure 1 is extended to a symmetrical FM
demodulator by the addition of a further phase comparator 6, a second phase shifting means
7 and a subtracting stage 8. A first input of said further phase comparator 6 is coupled to the
second input terminal 12 and an output of the phase comparator 1 is coupled to a second
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the inv anpl |er4|s acedlnserlesvmththeloo filter 3.

The | ocatariablecgain stage 4, thea;qmlot'lsud gain stagef beingcbn controlled hy\applying acan be
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20 external control of the bandwidth of the tuning control loop, and thus of the bandwidth of the
FM demodulator, possible. The means for providing a variable loop gain can be implemented
in many ‘ways: a variable gain stage 4 may also be placed before or after the first phase
shifting means 2 or even between the input terminal 11 and the first input of the phase
comparaﬁoi 1. Actually, the gain of any of the other blocks in Figure 4 may be made
25  variable to obtain a variable loop gain. Due to the presence of both the integrator 3 (or the
low-pass filter of Figure 4) and the compensation filter 5 in the tumng control loop, the
bandwxdmofthetumngeonn'olloopeannowbevanedoverawxderrangethanmthe
known FM demodulator, as the tuning control loop is made independent of the bandwidth of
the phase shifting means 2 by addition of the compensation filter 5 to the tuning control. loop.
30 ‘The first and second phase shifting means 2, 7 can be part of a polyphase
filter 9, said polyphase filter 9 having a symmetrical band-pass characteristic around its
: tumng frequency and comprising in-phase and quadrature inputs and outputs, further
comprising a tuning control input 17. This is shown with the block 9 drawn around the ﬁrst
and second phase shifting means 2, 7. By using a polyphase filter having a symmetrical
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and compensation filter further comprise an RC filter, comprising a capacitor 41 in series
with a resistor 42, coupled to the current source 43. Said RC filter is a first-order filter,
suited to compensate the roll-off of a first-order band-pass filter. For this purpose the cut-off
20 frequency of the RC filter, determined by the product of the values of the resistor 42 and the
capacitor 41, is chosen to be equal to half the bandwidth of the first-order band-pass filter.
An output signal of said RC filter is proportional to a voltage over the current source 43 and
 said output voltage can be applied to the tuning control input 17 of the resonance amplifier 9.
In Figure 7 the gain of the current source 43 is also controllable via gain control terminal 14.
25 In this way the means for providing a variable loop gain is combined with the integrator 3
and the compensation filter 5, thus reahsmg the blocks 3, 4 and 5 of anure 5 in a simple
and effective manner. C . .
Figure 7 shows a receiver for receiving FM signals according to the
invention. The receiver comprises an RF stage 10 for receiving a frequency moduiated input
' 30 signal, which signal is converted to an IF frequency and passed to an IF stage 20, where it is
filtered and processed and then passed to an FM demodulator 30 comprising a first control
terminal 14 as described previously. The receiver further comprises a demodulator bandwidth
control means 50 coupled to said first control terminal 14 for controlling the bandwidth of

the FM demodulator 30 in response to reception conditions. At good reception conditions the
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adjusting the bandwidth of the FM demodulator 30 accordmgly, a continuous demodulator
bandwidth control may be achieved for reducing the interference; if the interference increases
in strength, the demodulator bandwidth should be reduced and vice versa. A similar .

20 evaluation of the fieldstrength dependent signal for controlling the demodulator bandwidth is

also possible.
The FM demodulator can also be applied to eliminate pulse shaped noise.
To this effect the FM demodulator bandwidth can be reduced to substantially zero, as soon
as pulse shape noise is detected. The bandwidth reduction is sustained for the duration of
25 said pulse shaped noise. An instantaneous reduction of the bandwidth to zero results in
"hold" function at the output of the FM demodulator 30; due to the reduction of the
bandwidth to zero the output signal of the FM demodulator 30 is kept at a constant value. In
this way an interference absorption circuit may be realised in combination with the FM
' demddulator, without a separate mute circuit as in conventional receivers. For this use the
30 demodulator bandwidth control means 50 may be optimised for detection of said pulse shaped
noiée, for example by using a 'high-pass filter and detection circuitry as known from the
Philips TDA 1001 or TDA 1591/1592 integrated circuits.
' In Figure 7 a further control means 60 is coupled to a second control
terminal 15 of the FM demodulator 30, said second oontrol terminal 15 being coupled to a
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further conprising a tuning control .input 17. This is shown with the

bl ock 29 dconmolameansfQ.he fir st and second phase shifting neans 2, 7.
By using a polyphase fijfef, AANANR bt SHHERA t6 Ble embodiments given above.

Figures 2 and 3 are shown as an example to clarify the invention. The product of the two

curves in Figure 3 does not need to result in a horizontal line at unity gain such as shown,
" but can be at an arbitrary value as long as the line is horizontal.

25 The phase shifting means can be a filter of arbitrary order and type,
providing the compensation filter 5 used is matched according to the invention to this filter
order and type. '

The sequential order of the functional blocks in the feedback loop can be
chosen at will. Furthermore, it is possible to combine several blocks into one block, an

30 example of which is shown in Figure 6.

The amplitude of the output signal of the FM demodulator can be made
independent of variations in amplitude of the FM input signal by preceding the second input
or both inputs of the phase comparator 1 with a limiter (not shown).

An additional low-pass filter (not shown) may be added in the tuning
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band- pass characteristic around its tuni frequency, distortion caused by
asynmetry is obvi at ed. Pol yphase filters are known from US 4, 914, 408.
An attractive solution for a - 0I¥§?ase filter is a resonance anplrfler
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synnetrlbéaﬂwmegm?eﬂ‘f“‘% FQLP“’P zﬁe’g mé’ﬁ‘ﬂl ed for exanple to the FM
dempdyl ators of Fi gurﬁgée@é}daéordm to the invention mayalso combkisé'ag FMShovs a
conb%ed integrator and conpensat i ogn filter for usy in 100 an FM

denpdul atemodalatorragcongdingotat the invention; but, without comrolefthe | demedulatorhandwidsh gr
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controllable current” source 43, the current_ of said current source 43 being

cont r ol Ibaodywidsh centrel-means$0-and the Surthergantro, means 60 ae shown in Figure 7 as they
i nt egt at or er of Figure 5 are combined in the
mann MW@?.W{’ élltgnal of said RC filter is the
out put signal of the Tﬁeb&ﬂﬁdcmwlmnﬂsomamdnhthmlmwofme

and conpensation filter further conprise an RC filter, n&gﬂiﬁsi n
capaci t geceiver accauiing:tp the mvmnpn gy also bave amppu&swl@btq 8
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t he cut -seténd2PM Hemodulatoy. of the RC filter, determ ned by the product of
the val ues of the resistor 42 and the capacitor 41, is chosen to be
equal to half the bandwi dth of the first-order band-pass filter. An
out put signal of said RCfilter is proportional to a voltage over the
current source 43 and sai d out put voltage can be applied to the tuning
control input 17 of the resonance anplifier 9. : In Figure 7- the gain
of the current source 43 is also controllable via gain control termnal 14.

2



25 In this way the means for providing a variable |oop gain is conbi ned
with the i nVOH6a0sH4 3 and the conpensation filter 5, _t hPRCTIBIN0I6Eg
t.he blocks 3, 4 and 5 of Figure 5in a sg}lﬂ e and effective manner.

Figure 7 shows a receiver for receiving signal s accordi {Hlmuﬂmamuummll
I nvention. The receiver conprises an RF stage 10 for recei v _
nodul at cSLAIME: 30 signal, which signal is converted to an LF %réqu&ncy *
and passed to an |IF stage 20, where it is filtered and processed and

t hen passed to an FM denodul ator 30 conprising a first control '
termnal 14 as described previously. The receiver further conprises a
denodul at or bandw dt h control neans 50 coupled to said first control
termnal 14 for controlling the bandw dth of t he FM denodul ator .30 in
response to reception conditions. At good reception conditions the
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i nterker r, | h el y: | 161t .

nput o1 upfed 1 (e S0 BBUCEREAP ) B glid’ P deniSauddeit &7 WHRS, duofle i WGied,
good r ectpthe@utpn neintinalnd 3)rofisaid FM demodulatdrhat t he ~ FMinput signal is
"cl ean" and, undergoes litt]le or noK'bnter erence. For an automatic contral
of the FM@ able phase; trpeang %W&&Mﬁ?ﬂ thersecpnd Ipublerminal (2 ef 50

T e SRR ERgRRE s OSSN eSS bomif 1B R
fi el dst r shifiing meansr(@} comprigingla taning|doattobinpat (17 fokstontrolling a tuning fleguéncy
term_nal of the IF st .20 or ij can be the output signal of the FM
denoddli a?g?a:‘é %6?‘ phaseglg _ ans@b out put signal of the FM denodul ator-
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(17), comprising a loop filter (3), characterised in that said feedback path further comprises a
compensation filter (5) having a transfer characteristic substantially corresponding to an
inverse transfer characteristic of said first phase shifting means (2) transposed to baseband.
15 2. The FM demodulator of claim 1, characterised in that the FM
demodulator further comprises: ' |
- a further phase comparator (6) having a first and a second input and an output, said first
input being coupled to the second input terminal (12) of said FM demodulator,
- a second tunable phase shifting means (7) substantially corresponding to said first phase
20 shifting means (2), coupled between said first input terminal (11) of said FM demodulator
and the second input of said further phase comparator (6),
- in said feedback path a subtracting stage (8) having a first and a second input and an
output, said first input being connected to the output of said phase comparator (1), said
second input being connected to the output of said further phase comparator (6), said output
25 being fed back to the tuning control inputs (17, 18) of both first and second phase shifting
- means (2, 7), said first and second phase shifting means (2, 7) being part of a resonance
amplifier (9), said resonance amplifier (9) being a polyphase filter (9) having a symmetrical
transfer characteristic around its tuning frequency, said polyphase filter (9) having in-phase
and quadrature inputs and outputs, said in-phase and quadrature inputs being coupled to the
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TDA 159 l{olaPihph ﬂhgoﬂadfadn‘bRCcﬁiners In Figure 7 a

further control 60 .is £I ed t second control term nal 15 of
the FM d'eﬂm%% G“%HF% E‘B'n(f‘ term nal 15 being coupled to a

por/ L B3 i ut of said RC filter for
PCT/ | B9 Sﬁigé%tgge across the current source (43) bemg applied to an output of sai e for

bandwisdt tunimp said resonanverzmplifier (9) yiaghe saning controldnputdd. (not shown) . Said

further gontrol n thus, contral s th dwi : '
shifti ng®means of the M‘%gﬂmb’%&aﬂ MWWM%?M
demodulator further comprises:

- means for providing a variable loop gain (4),
- a first control terminal (14), said terminal (14) being coﬁpled to a variable gain control

20 input of said means for providing a variable loop gain (4).
7. The FM demodulator of claim 1, 2, 3, 4, 5 or 6, characterised in that said
FM demodulator further comprises a second control terminal (15) coupled to a bandwidth
control input of said phase shifting means (2, 7) for controlling the bandwidth of said phase
shifting means (2, 7) and coupled to a control input of said compensation filter (5) for

25 matching the transfer characteristic of said compensation filter (5) in accordance with the -
bandwidth of said phase shifting means (2, 7). '

8. ArecelverforreeemngFMs:gnals compnmganRFstage(lO),aan
stage(20),theFMdemodulator(30)ofcla1m1 2,3,4,5,60r7, and an LF stage (40).
9. A receiver for receiving FM signals, comprising an RF stage (10), an IF

30 stage (20), the FM demodulator (30) of claim 6, and an LF stage (40), further comprising
" demodulator bandwidth control means (50) coupled to the first control terminal (14) of the
FM demodulator (30) for controlling the bandwidth of said FM demodulator (30).
| 10. A receiver for receiving FM signals, comprising an RF stage (10), an IF
stage (20), the FM demodulator (30) of claim 7, and an LF stage (40), further comprising



"As descri bed previoui "" Ij j“ Ef the bandwi dth of the phase shifting
means r esuWe 96/1864 | -to-noise ratio at tHRCEHBIH76H t he

FM denodul at or 30. Furt herm)re 1fdeduce t he .i nfl uence of a strong
adj acent channel as this channel mnll ttenuated in t he sl ope of

bandui ot RBES GRRMRLB0L meer M@%%ﬁ'@é‘@%&‘i@%ﬁ%gﬁ@@ M "¢

di st or t i @i hdhideBie (30) for ﬂg?%g 2 fbahdRide/ Lo digral & sm@%&%ﬁﬂ%h&oﬁﬁerﬁhﬁh

nndulatlon reque C|es conpensation filter 5 only conpensates
the infl(@8hce of the phase shifting means on 10 nodul ation frequencies in
a first approximation. Despite the possible increase in distortion a
reduced bandwi dth may still increase the audio quality in the perception of
a listener as this distortion is in exchange.-for interference, which
woul d be present if the bandw dth of the phase shifting neans were not
reduced. Thus it may be desirable to reduce the bandw dt h of t he phase
shi fting means under those reception conditions, that woul d ot herw se
result in 15 serious interference. For this purpose the further control
means 60 may conprise an input coupled to the output of the FM

denodul ator or to a fieldstrength output termnal of the IF st age 20,
for receiving a signal, representative of reception conditions. The further
control means 60 may be in the formof an interference detector for
detecting adj acent channel interference, nultipath interference or

ot her kinds of interference, not unlike the bandwi dth 20 control neans 50.
The invention is not restricted to the enbodi nents gi ven above. .

Figures 2 and 3 are shown as an exanple to clarify the invention. The
product of the two curves in Figure 3 does not need to result in a
hori zontal line at unity gain such as shown, but can be at an
arbitrary value as long as the line is horizontal. 25

The phase shifting neans can be a filter of arbitrary order and type,

provi ding the conpensation filter 5 used is matched according to the

invention to this filter order and type. The
sequential order of the functional blocks in the feedback | oop can be
chosen at will. Furthernore, it is possible to conbine several blocks into

one bl ock, an 30 exanmple of which is shown in Figure 6.

The anplitude of the output signal of the FM denodul ator can be nade

i ndependent of variations in anplitude of the FMinput signal by preceding
t he second i nput or both inputs of the phase conparator 1 with a
limter (not shown).



An addi ti onal | ow- pass filter (not shown) may be added in the tunin

VWO 96/ 1086WO0 96710864 PCT/IB95/00768
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control loop to renove the harnonics of the carrier frequency, although
this is not necessary in the symeta ifgal realisation of the FM
denodul ator. Wien using an additional | ass filter, the cut-off
frequency of this |ow pass filter -should preferably be chosen higher than
t he bandw dt h of the tuning control loop to avoid instability. 5

A receiver according to the,inventign nayalqp conprise an FM
denodul at or addording to thge invention, but W thout control of 43 he
T#ET

denodul at or bapdw dt h or he phase shifting nmeans in

t he FM denodul@gtet—6r @ I §eet+vef—ace ' to the

i nvention may al so cqnpri sesdne ol h oflitheldenodul at of bandw dt h
control means 50 and4 he fufther control neans 60 as showh in Figure 7, as
they 10 can oﬁzrate indepengently of each other. . The

bandwi dt h contfol rfeans|50 §nd/or further control nmeans 6p of the
recei ver accordiing|to the Tnvention may al so have an inpuf coupled to other

sources, which 4 g ontain information about receptipn ithons,
such as the output of alédecond tuner or a . second FM de433 gtpr.
WO 96/ 10864

-PCT/ 1 B95/ 00768
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&
1. An FM denodul ator having a first (11) and a second (12)
i nput termpynderiosss for receiving FM nodul ated i'nput si gnal sedramosgn7es 90
degree phase relation and an out put termnal (13) for supplying a
denodul ated FM signal, said FM denodul ator conpri sing: -. a phase
conparator (1) having a first and secogi :zmut and an out put, which first
input is 5 coupled to the first inpu mnal (11) of said FM
denodul at or and whi ch output is coupled to the output termnal (13) of
sai d FM denodul at or, - a first tunable phase shifting neans (2)
coupl ed between the second inputsgroynal (12) of sai d FM denodul at or
and t he secondgi-Apert—of—sai-d @- (1), said first phase
shifting means( (2} conprising a fing dqontrol input (17) for controlling a
tuni ng frequeddy 10 off—sara—7st phasd shifting neans (2), - a
f eedback path frogpthe 3 5ai d pHlase conparator (1) to said tuning
control input (17 s i pihg a I gqop filter (3), characterised in
that said feedbac pal Jurt hE I:rrpnse conpeqpsationer filter (5)
having a transfer|cHarqcferi sfi'E substaggti Ily4corres ondi n&to an
inverse transfer ¢hgragte Y f‘eg sai g=J{r SNy lase At i o
transposed to basgbgnd] 15 L2~—gr ﬁ B—*' M Heno ht or
characterised in thdt §he Fm f dejrosylAt o urther cdnpfi ses
further phase conparat ¢r -(8) haling p ftjrst afd a second i nput and an
output, said firs Q be@ng fougdl ed tp the second input tlerm nal
or, -

7N

NS

(12) of said FM demTmot¥a ¢ n sqcond funabl e phase shiftijng neans
(7) substantially cqrresp o tjo spid|first| phase 20 shifting |reans (2),

coupl ed between saiq first i nifi @i ngdl (11) of said FM denoduljat or
and t he seconqzi Nput] ol—saHetul ther|] phdse cojprparator (6), -fin said
f eedback path subtiracting stage~}8) having p first and a second i nput and
an out put i i @ ng—-gonnecfed to the out put off said
phase conparator (1), said
—
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second |nput bei ng connected to the output Qﬁ% L @l@

(6), said out ig being fed back to the tunin contro
of both first econd phgg%nwmk RN T,
?S)Cond ATONAL"SppTSE &?Ptg{ﬂlgﬁﬁb%ﬂﬁi P pATENF EOBRE

sy mmp{5p); lntgmational Pateng GissiBationriar act er | st i dllamdmltl’sblumn N-gnbferequenwo 96410864 /

pol yphad#03D 3/06HEG 5M6vi ng i n- phaspAl and quadrature |nputs and
out plts, said in-phase and quadratuf e i|iffuintery g‘i“ﬂ Prte:t o t eApril 1996 (11.04.96)

WO 96/ 10864 / PCT/ I B95/ 00
14 | @D Tpteruationa) AppfleationNusbersn ( REYBPYASTSL 180y Staye: PR K5y Emenenss
respﬂg‘zg)llywww iqgs@mbepllaggs(gﬂapﬁ /quadra ure out puts: peing
to the second inputs of the second and rst phase . shifting neans (7,

2), espect i vely. TReblighpd dermdul at or of cI ai m1l or 2,

char pEOCTRSRID Lhal &%gmmp Dbl e8| () oo T o Bl i B g e
| oW Pass 4] Eomick B) wiid Ve Wioridd & 1" frequency QWb of the Acewpt of
| owest frequamgnouamppzhewmmzat i on wfetah¢ FM mdwmtsed I nput SI gnal S.

4. The FM denodul ator of [claim 3, characterised in that
sai d{ iy ashiicid Pl 1p® ¥ ECTRONICE RSV f is an integrator. 5.

The {\/I)A%L D utsevedr, mmsﬁ%&&&e@mﬁ “and 4, characterised in that 10
sai d mtearator ) and co ensatlon filter (5) are conbined in an RC

i i) PHILIPS S i
filte eprrr i o% 15ESBlir ce (43), the current of said
current sour ei'ng con "ed proporti onal to an input signal

of s?mimtérsl u(asrBRKovrrz, W&fdﬁﬂ@a@e&@rﬂr()eéll.) in series with a resistor (42),

the yolta m NL{3621 @A rBindhpye @K%Els) bei ng applied to an output of
sai d RCf f’ ﬂ’,}:ﬁ:g?‘*fﬂ“‘"‘t “"§%‘1’F%I‘ MedBhance anplifier (9) via the tuning
contf | nput The FM denodul ator of claim3, 4

or 5 (Wham&ciWMrﬁabhaimtmamEﬁﬁom Oc- flenpdul at or further conprises:
trooibureau B.V., P.O, Box 220, NL-5600 AE Eindhoven

(NL).

(54) Title: %RDEMODULATOR WITH THRESHOLD EXTENSION AND RECEIVER COMPRISING SUCH AN FM DEMODULA-

(ST) Abstract

1 1 d 3

The FM demodulator A L

having two input terminals é
(11, 12), to which FM input

signals having 90° phase

relation are applied, said FM

demodulator comprising a 1 2

"| phase comparator (1) and

tunable phase shifting means !

(2), said phase shifting means

(2) being tuned by the FM

demodulator output signal via _&17
a feedback path comprising

a loop fiter. By edding a

compensation filter (5) to the

tuning control loop, the phase shifting means is effectively cancelled from the tuning control loop, thereby making the tuning control loop

independent of the bandwith of the phase shifting means (2). Thus, the bandwith of the phase shifting means (2) can be reduced for
threshold extension.

L~




- nmeans for providing a variable |oop gain (4), - a first control
termnal (14), said termnal (14) being coupled to a variable gain contro
20 input of said means for providing a variable |oop gain (4). 7..

The FM denodul ator of claim1, 2, 3, 4, 5 or 6,.characterised in that said
FM denmodul at or further conprises a second-control terminal (15) coupled to
a bandw dth control input of said phase shifting nmeans (2, 7) for
controlling the bandw dth of said phase shifting neans (2, 7) and
coupled to a control input of said conpensation filter (5) for 25 matching
the transfer characteristic of said conpensation filter (5) in accordance
with the - bandw dth of said phase shifting neans (2, 7). 8.

A receiver for receiving FMsignals, conprising an RF stage (10), an IF
stage (20), the FM denodul at or (30) of claiml1, 2,,3, 4, 5, 6 or 7, and an

LF stage (40). 9. A receiver for recei ving FM 5|gnals
conprising an RF stage (10), an IF 30 stage (20), the FM denodul ator (30)
of claim®6, and an LF stage (40), further conprising denodul at or
bandwi dt h control means (50) coupled to the first control. termnal (14) of
t he FM denmodul ator (30) for controlling the bandwi dth of said FM
denodul ator (30). 10. A receiver for receiving FM
signals, conprising an RF stage (10), an IF stage (20), the FM
denodul ator (30) of claim7, and an LF stage - (40), further conprising

WD 96/ 10864 PCT/ | B95/ 00768 15

further bandwi dth control means (60) coupled to the second control terninal

(15) of the FM denodul ator (30) for supplying a bandwi dth control signal t‘
sai d second control term nal (15).
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