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Receiver. ‘

The invention relates to a receiver having an RF input for applying an RF
input carrier-modulated modulation signal thereto, which receiver is coupled to a
multiplier circuit and to a phase-locked loop (PLL) with a signal path incorporating a
phase detector, a loop filter, a first dc decoupling circuit and a controlled oscillator
having an in-phase and a quadrature output via which local in-phase and quadrature
carriers are applied to the multiplier circuit and the phase detector, respectively, and a
signal generator for generating a local auxiliary pilot and a pilot detector for detecting,
the local auxiliary pilot, an output of which is coupled to the controlled oscillator via .a
low-pass filter.

A receiver of this type is known per se, for example from European
Patent Specification no. 184873.

The known receiver is a directly mixing AM PLL synchronous receiver
whose multiplier circuit is used for synchronous detection of a modulation signal which
is amplitude-modulated on the RF input carrier, The local mixing carrier required for
the synchronous detection is obtained by means of the controlled oscillator incorporated
in the phase-locked loop and should be phase-synchronous with the RF input carrier for
a correct synchronous detection. The local mixing carrier is therefore also referred to as
local in-phase carrier.

As is known, the loop signal, i.e. the signal in the phase-locked loop,
undergoes an unwanted dc offset which is substantially caused by circuit and/or bias
voltage asymmetries and cannot be completely avoided in practice. To prevent this
unwanted dc offset from disturbing a correct phase control of the controlled oscillator,
particularly at comparatively small amplitudes of the RF input carrier, said RF input
catrier and the local quadrature carrier of the controlled oscillator modulated in
amplitude by means of the auxiliary pilot are applied to the phase detector of the known
directly mixing AM synchronous receiver. Conseguently, the phase detector supplies a
desired mixing product at a frequency which is equal to the auxiliary pilot frequency
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The invention relates to a receiver having an RF input for applying an RF
I nput carrier-nodul ated nodul ati on signal thereto, which receiver is
coupled to a nultipliercircuil and to a phase-locked loop (PLL) with a
signal path incorporaling a phase detector, a loop filter. a first dc

decoupling cirqHN 13(%87a control |l ed oscillat@r having an in-phase aglg2 1992
quadrature output via which |ocal in-phase and quadrature carriers are
applied to the multiplier circuit and the phase detector. respectively, and

a signal gener hwHi ' ; | 44 j : b
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coupl ed. t o t he Ribinpatédrrier anicthe logab quadrature daorierp G coémponents are removed feomer
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detection of a no ation signal" which is anplitude-no
i nput carrieb. varies wish ahe lastxnentioned phase differenceds obtained at thenmitputrof ke pilot

the. phase- T oo RERCPEoFHN 16 PERGfiffisnos,fiEl ICammi o b ol eqTEokRETsigaihe
Cher ef or e al so ¥ Hyaes SRAEEDRE R, (1 Ut suppiod fFhe ekt REGGEB cfehie
| oop signal, i thisosdildater epnsdol circuihandohence tHeophiaseiiock bptween dieer kpcalcarniers and the
.unwan-t ed dc of flﬁ'-eltnpt\ﬁ\pi Ber % comparatively insensitive to said unwanted dc offsets.

10 However, due to oscillator radiation and other effects of parasitic
crosstalk, the unmodulated oscillator signal occurs with a crosstalk-dependent amplitude
at the RF input of the receiver. This parasitic oscillator signal is multiplied in the phase
detector by the oscillator signal which is amplitude-modulated by means of the auxiliary
pilot, which results in an unwanted mixing product at a frequency which is the same as

15 that of the auxiliary pilot. This unwanted mixing product is inéeparably superimposed
on said desired mixing product and disturbs the phase difference information in the
desired mixing product. Both mixing products jointly pass the first dc decoupling
circuit, with the unwanted mixing product at the output of the pilot detector resulting in
a parasitic dc offset disturbing the desired dc phase difference signal. Since this

20 parasitic dc offset increases with the frequency of the oscillator signal, a phase error,
increasing with the frequency, between the local carrier and the RF input carrier occurs
in the known directly AM synchronous receiver.

The dc offset reduction mode used in the known AM PLL synchronous
receiver is therefore unsuitable for use in receivers for the reception of signals which
25 are modulated on a much higher carrier frequency than that of the conventional RF AM
radio signals which are of the order of at most 1 MHz. Examples are FM PLL
synchronous receivers for receiving the now conventional FM radio signals at an RF
carrier of the order of 100 MHz and FM receivers including a PLL FM demodulator
tuned to a comparatively high intermediate frequency such as, for example TV satellite
30 receivers.
Moreover, the 3 dB loop passbandwidth of the phase-locked loop of the
known AM PLL synchronous receiver is considerably smaller than that of EM receivers
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substantially caused by circuit and/or bias voltage asymmetri es and cannot
be,  conpletely avoided in practice. To prevent this unwanted dc offset from
disturbing a correct phase control of the controlled oscillator,
particul arly at atively smal|l anplitydes of the RF input cargier
said RF input m d the local quadraturecarrierof thecontroll e(;7-01-1992
oscillatornodul ated in anplitude by neans of the auxiliary pilot are
applied to the phase detector of the known directly m xi ng AM synchronous
recei ver. Consetd re prRsents feweer prellems as segprdsi notsebehardpyre stahility aed
product at a fr&i& which is equal to the auxiliary pilot frequency and
which varies in anplitude with the phase difference deviating from90[err]
between the RF input car rlt ésamoljedt lof theoinebntivnao redlise an effective), freBiency-

conponents are renoved fr m_thits1 desired m_ xing %rodyct in said first dc
decoupl i ng ci r cHIfi¢Pe téﬂﬁ'ﬁ%e pawanted parasitiq de pHsety)in e contrelcsignal pHthe
synchr onous ' ' Cy Sd . ; LE N it h
the 1 ast - nont) orobiolle Gucihdeity flany b oy IR RRF 7 TRReiP Ind kg 8 pied
detector. This ldckedHoop foti geherating and pigisa lodkingod lochlesirtiér Wwith @ FraquériyQhodulated

control "signal to the contraolled oscillator Due to the dc of fset
suppr essi on i n Ainmedulated RF doput Gafriehg circuit, this oscillator control

circuit and hence the ph on .. I,Eggi LLihers
i nput “carrier is conpar a??‘%g*y %@@%\éﬁ‘?ﬁ%&f‘o sa?%f %%&%@é@;
However, due t copesinglpardgraphris dhereforsclaaratterized tin efat & otpaf ofothe dinkl generator is
crosst al k, trbe unm)egul %Eed osci | | aftor si gnal occurs
10" coupled to the signal path of the phase-locked loop between an output of the phase
detector and a control input of the controlled oscillator, an output of the multiplier

circuit is coupled to a first input and the output of the signal generator is coupled to a,

second input of the pilot detector.
The invention is based on the recognition that a phase or frequency

15 modulation of the controlled oscillator by means of the auxiliary pilot provides the
possibility of obtaining the desired phase difference signal and processing it outside the
phase-locked loop, i.e. completely separated from the ac components of the signal in the
loop, which is the baseband modulation signal in the case of an FM receiver. On the
other hand, such an angle modulation of the controlled oscillator with the auxiliary pilot

20 prevents an unmodulated parasitic oscillator signal from occurring at the RF input due
to oscillator radiation and/or other parasitic crosstalk effects. Since the local in-phase
and quadrature carriers supplied by the controlled oscillator are angle-modulated with
the auxiliary pilot, the parasitic oscillator signals at the RF input are also angle-
modulated with the auxiliary pilot. These parasitic angle-modulated oscillator signals

25 give rise to a parasitic dc offset at the output of the phase detector. Since, as already
noted hereinbefore, the phase difference signal is generated and processed outside the
loop, it is possible to effectively eliminate this parasitic dc offset by means of said first
dc decoupling circuit while maintaining an adequate phase control operation of the
phase-locked loop.

30 When the measure according to the invention is used, the auxiliary pilot
is injected in the signal path of the phase-locked loop between an output of the phase
detector and the control input of the controlled oscillator. As a result, the controlled
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Wi th a crosstal k-dependent anplitude at the RF input of the receiver. This
parasific oscillator signal is nultiplied in the phase detector by the
ostillator signal which is anplitude-nodul ated by nmeans of the auxiliary
pilot, which results in an unwanted m xi ng product at a frequency which is
the sane as tha®PHN 18/787auxiliary pilot. This4unwanted ni xi ng produc$7.0s.1992
I nsepar ably superinposed on said desired m xi ng product and di sturbs the
phase difference information in the desired m xing product. Both m xing

products J of nt | ysailisor édlp sipylits 16tal RSHD kdGuadivirhié] arrieth Whict e WAV o0
m xi ng product at the output of the pilot detector resulting in a pParasitic
dc offset di st umoduigtednéeqfrequenay ot phasesrodulatedowish dhe anixifiaxy pilst. Byemultiplying
parasitic dc of ' | y f uen .the oscil,l at,qr si.gpal, _
a phase error, F%?&%%gﬁgg’%@m%%@ ﬁ'&gﬁﬁ%‘ﬁ’g&%%%éﬂ"‘&ﬁéﬂ%d&ﬁa‘gdﬁ“ﬁp&“and :
the RF input caeiréudt, aodesited niixin BOIs obineACt th CddRil{abyF BiIE"
The do of fset reduction, node gsg | in the known Al\ﬁ I@ﬁ@éﬁ%?ﬂ?‘gnous arﬁggiéﬁytver
i s therefore 3inyhosedmplitnde varies with the phasecdifferepce between-thegst tveonlast-merntipned s

whi ch. are nodul %ﬁg on a nmuch higher carrier frequency than that of the
conven- tional Frradio si gnals which are of the order of at nost 1 MHz.

Exanpl es are FM PLL synchimihehasesiockedd66p b @ deSduplig Meftddfedifthe signal
conventional FM radi o signal slp;lt an RF gggri er of thge order of 10(s)lgrl\‘/l-|faéhnd

FM recei vers i n¢tWeemthe-phase detegtor-and the sortrolied rascillator,ssoctbatparasitio/dd offsetsytue
I nter rredi_ ate fr &qb@ﬂ&yo%ﬁ&?mf&v&&[rpl e TV satellite receiv-
- 10 Due to the dc decoupling only a negative feedback of the ac components
in the output signal of the phase detector takes place in the phase-locked loop within the
passband of the phase-locked loop and a slowly varying, or static dc phase control of ,
the controlled oscillator from the phase detector is prevented. In accordance with the -
afore-mentioned recognition on which the invention is based, use is made of said
I5 desired mixing product for this static phase control, which product is available at the
output of the multiplier circuit. By synchronous amplitude detection of this desired
mixing product with the auxiliary pilot or a synchronous mixing carrier derived
therefrom, a conversion of this desired mixing product in a dc phase difference signal is
obtained in accordance with the invention, which signal is applied as an oscillator
20 control signal to the controlled oscillator after a low-pass selection. Unwanted, parasitic
dc offsets of the desired mixing product at the output of the multiplier circuit are
modulated on the auxiliary pilot frequency in the pilot detector and subsequently
suppressed in the low-pass filter.
Such a receiver according to the invention is preferably characterized in
25 that a phase-shifting circuit is incorporated in one of the two signal paths between the
output of the multiplier circuit and the first input of the pilot detector and between the
output of the signal generator and the second input of the pilot detector.
When this measure is used, it is possible to further optimize the phase
control,
30 A further preferred embodiment is characterized in that the output of the
multiplier circuit is connected to the first input of the pilot detector via a second dc
decoupling circuit. B e
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ers. Moreover, the 3 dB | oop passbandw dth of the phase-| ocked | oop of
the knowmn AM PLL synchronous receiver is considerably smaller than that of
FM receivers and therefore presents fewer problens as regards noi se

behavi our, stabil [}y @m;g.#sel ectivity. It is an object of the invention
to realise an ef f BBN e/ % requency-i ndependent ¥ eduction of unwanted 27.01.1992

parasitic dc offsets in the control signal of the controlled oscillator by

means of a local auxiliary @iél ot .in a receiver including a phase- |ocked
| oop for generating and pha¥hen Bikmeasuze isoised, thedeioffsetmeduction according to the

f requency- nodul atﬁgeﬂon@ﬂ%g%ﬁﬁ&qggfo\{gﬁpm carrier. According to the
€ SC

I nvention, a recel VEr of ype bed in the opening paragraph is

therefore characterized in Alpréferred embediinent oft hFM &0&iverdfdSrdiigOl the invention is
coupled to the signal path of the phase-|qcked | ocop between an output of

the phase det ect ofhaEacterized Bl @rsiereq deqoding: cirouit for,decodingeibasehant|stareo multiplex
out put of the | £:1 00 ' I | I S{a 130Ut _and, t he, out put
of the signal g!ejngel% gﬁf@%@@p% Maa%%érgézja‘?{ﬁ %tﬂ i?f kﬁﬁétem Qﬂott a@‘f éé&eﬁ?o.
The invention is differedcosighdldn left aghtijhtotered aigndls AOGHIE sidebdndRiksdée-modulated on
nmodul ati on of the control|ed oscillat.orsal% .
a suppressed 38 kHz subcarrier, stereo decoding circuit comprising a further phase-
locked loop for phase locking with the 19 kHz stereo pilot, which further phase-locked
loop forms part of said signal generator.
10 In this preferred embodiment the controlled oscillator incorporated in the
further phase-locked loop is also used as a signal generator for the auxiliary pilot. _
The invention will be described in greater detail with reference to the sole
Figure shown in the drawing which only serves to illustrate the invention.

The Figure shows an FM and/or AM PLL synchronous receiver
15 according to the invention, comprising a radio frequency (RF) antenna input IRE for
coupling an antenna device ANT thereto, and an RF input section 1 coupled to the RF
antenna input Ipg, a phase-locked loop 2-16 and an oscillator operating as a signal
generator 18’ for generating a local auxiliary pilot. In the case of an FM mono and/or
an AM PLL synchronous receiver the signal generator 18' may be realised by means of
20 a (crystal) osciilator having a suitably chosen fixed frequency (not shown). In the case
of an AM PLL synchronous receiver the loop 2-16 has an AM baseband signal output
AM at which an AM baseband modulation signal becomes available for further
processing and reproduction in a baseband signal processing device (not shown).
In the case of an FM PLL synchronous receiver the phase-locked loop 2-
25 16 has an FM baseband signal output FM at which an FM baseband modulation signal
becomes available.
In the case of an FM PLL stereo synchronous receiver, as shown, the
FM baseband signal output FM is coupled to a stereo decoder 17. When an RF FM
stereo signal is received, the FM baseband modulation signal comprises a stereo
30 multiplex signal which has a stereo sum signal in a frequency range between O and 15
kHz, a 19 kHz stereo pilot and a stereo difference signal (L-R) double sideband
amplitude-modulated on a suppressed 38 kHz stereo subcarrier in a frequency range
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means of the auxiliary pilot provides the possibility of obtaining the
desired phase difference signal and processing it outside the phase-| ocked

| opp, i.e. conpletely separated fromthe ac conponents of the signal in the

| oop, which is the baseband nodul ation signal in the case of an FM

recei ver. On thePHMNB.78And, such an angl e nodll ati on of the control | ZH01.1992
oscillator with the auxiliary pilot prevents an unnodul ated parasitic
oscillator signal fromoccurring at the RF

REPLACEMENT SHEEgetween 23 and 53 kHz.

The stereo decoder 17 includes a phase-locked loop 18 which comprises a
controlled oscillator for regenerating said 38 kHz stereo subcarrier. By using this 38
kHz stereo subcarrier or a carrier derived therefrom as a local auxiliary pilot, this
5 controlled oscillator also functions as said signal generator 18°. The stereo decoder also
includes a synchronous stereo difference signal demodulator 19 and a dematrixing
circuit 20 with left and right stereo signal outputs 21 and 22. Such a stereo decoder is
known per se and may be of the type TEA 5581, The 38 kHz stereo subcarrier is
regenerated in known manner by phase synchronization of the controlled oscillator 18’
10 incorporated in the phase-locked loop 18. The regenerated 38 kHz stereo subcarrier and
said modulated stereo difference signal (L-R) are applied to first and second inputs of
the synchronous stereo difference signal demodulator 19. A synchronous amplitude
detection of the stereo difference signal (L-R) is effected in the stereo difference signal
. demodulator 19. Together with the stereo sum signal (L+R) of said stereo multiplex
15 signal, the baseband stereo difference signal (L-R) thus obtained is applied to the
dematrixing circuit 20. In the dematrixing circuit 20 the left and right stereo signals are
obtained in known manner by suitably chosen linear combinations of the stereo sum and
stereo difference signals (L+R) and (L-R). These signals become available at the left
and right stereo signal outputs 21 and 22, respectively, for further processing and
20 reproduction.
In contrast to conventional phase-locmd loops, the phase-locked loop 2-
16 of Fig. 1 has a separation between the dynamic and static phase control. The
dynamic phase control is understood to mean the frequency and/or phase control of the
controlled oscillator 9 due to comparatively rapid variations in frequency and/or phase
25 of the RF input carrier, for example, when the RF input carrier is frequency or phase-
modulated with a modulation signal. Static phase control is understood to mean the
frequency and/or phase control of the controlled oscillator 9 due to comparatively slow
variations in the frequency and/or phase difference between the RF input carrier on the
one hand and the in-phase local mixing carrier on the other hand, which takes place, for
30 example, after the controlled oscillator 9 is tuned to a frequency which differs from the
frequency of the RF carrier of a desired reception signal over at most a frequency range
which is equal to the capture range of the phase-locked loop.
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2 I nput due to oscillator radiation and/or other parasitic crosstalk
effects. Since the |ocal in-phase and quadrature carriers supplied by the
cantroll ed oscillator are angle-nodul ated with the auxiliary pilot, the
parasitic oscillator signals at the RF input are also angl e-nodulated with
the auxiliary pipdN.13T23Fse parasitic angl e-no@ul ated oscillator signa?t®1.1992
give rise to a parasitic dc offset at the output of the phase detector.
Since, as already noted hereinbefore. the phase difference signal is
generated and processed oulpSthitcenidtRe pRa3E-lodkid idop2>$6 hid & diysamicfcoftroMebyy 2-9
elimnate this parasitic dc offset by neans of said first dc decoupling
circuit while neindtacstaticrepntrel loep Julf. Therysamicoantrel lagp2- incorpasates & phase

PR | oEKe | o0 2. MR bl SEHBHA 5 QAR By Bl Y 8 P

an output of which is successively coupled to a first loop filter 3, a first subtracter stage

5 6 of a dc decoupling circuit 5-7, a first amplifier 4, an adder circuit 8 and a controlled
oscillator 9. The controlled oscillator supplies local in-phase and quadrature mixing
carriers which mutually differ 90° in phase. The local quadrature mixing carrier is
applied to a second input of the phase detector 2.

An effective dc decoupling of the output signal of the phase detector 2 is
10 obtained by means of the first dc decoupling circuit 5-7. To this end this first dc
decoupling circuit 5-7 comprises a selective dc negative feedback path incorporating a
first integrator 5. The inverted output signal of the first amplifier 4 is applied to an .
input of this first integrator 5. The signal inversion required for this purpose is effected
via a subtracter stage 7, an inverting input of which is coupled to the output of the first
15 amplifier 4 and an output is coupled to the input of the first ixitegmtor 5. The selective
dc negative feedback path selects the dc component from the inverted and amplified
loop signal and applies it to the output signal of the phase detector 2 so that a dc
suppression takes place therein. To this end, in the embodiment shown an output of the
first integrator 5 is connected to a non-inverting input of the subtracter stage 6. The
20 subtracter stage 6 also has an inverting input and an output which are coupled to the
output of the phase detector 2 and to an input of the loop filter 3, respectively. In this
embodiment the loop filter 3 and the amplifier 4 contribute to the dc suppression.
In general, a dc suppression can be realised by coupling out the dc
component in the output signal of the phase detector 2 and by negatively feeding it back
25 at a suitable amplitude to an arbitrary point in the signal path between this phase
detector 2 and the controlled oscillator 9. In principle, the exact location of the
coupling-out point of the dc component as well as that of the return point is irrelevant in
this part of the loop signal path.
It is alternatively possible (not shown) to apply the output signal of the
30 first amplifier 4 without signal inversion to the input of the first integrator 5 and to
connect the output of this first integrator to the inverting input of the subtracter stage 6.

The output of the phase detector is then to be connected to the non-inverting input of )
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| ocked | oop between an output of the phase detector and the control input

of the controlled oscillator As a result, the controlled oscillator only
supplies local in -phase and quadrature carriers which are angl e- nodul at ed.

i .e. frequency or phase-nodul ated with the auxiliary pilot. By nultiplyin
the | ocal angl e- r@HMNI13{73d i n- phase carrier by 8he RF input carrier in2i9ﬂ3992
multiplier circuit, a desired m xing product is obtained at the frequency

of the auxiliary pilot whose am plitude varies with the phase difference

bet ween t hese twahé gubtractenstage6ditisakso deasible to reglisetahdc décauplingoby m¢ansoafia series

dc decoupling is effected.in the sigpal, path between the phase detector and

the con- trolled @BIANCE3L the ggp‘f%%?)ﬁ?%%i %wﬁge(ﬂ?tfsihgvgﬁdue to oscillator

radi ation are prevented.  AfiePdg sﬁgprédaﬁmqﬁ tﬂ@&mﬁ%&eﬂ?@ﬁbxbm@muwewupung
o

feedback of the ac conponents in the output sriﬁgnal _The phase detector
takes place in t hercpit 4<% -selectiondinl the firstilodp filternk andhamplification in the first amplifier 4,

phase-1 ocked | oop, and sl o varyin r stati ase .G rel. o
control | ed osci? | he g\ltpﬁlr%gﬂawﬂgﬂ&ﬂé@? g“é%‘g‘&%}s ﬁpgﬁ#gc(/gg?égﬂ ’ﬂ?ﬁhgg%%’%gabk
with the afore- TepLHIREY o5 AAIDMN fol thE FM bidabad il bitpRNFMRMAS & rdial of said @
I's made of said desired m xing product for this static phase control, which

product is avai | adeceupling tirecossillafortcontrol signalrapplied fram the phase detegtor 2 and the de
S oo e o0k B b BB o ok el B f b u
conver sion of thig,dgstdrgbnents. In the phase-locked state phase differences deviating from 90°

10 between the local quadrature mixing carrier and the RF input carrier are strongly fed
back negatively and thus suppressed in the dynamic control loop 2-9. As a result the
last-mentioned oscillator control signal varies accurately with the baseband frequency .
modulation signal of the RF input carrier and the local in-phase and quadrature mixing
carriers generated by the controlled oscillator 9 accurately follow the frequency

15 modulation of the RF reception carrier. In the phase-locked state, the dynamic control
loop therefore functions as a frequency demodulator. As already noted, this baseband
frequency modulation signal is applied to the FM baseband signal output FM. Muwasis
mutandis the same applies to a phase-modulated RF input carrier. The local quadrature
mixing carrier is applied to a second input of the phase detector 2.

20 The stereo subcarrier is injected as a local auxiliary pilot in the signal
path of the dynamic control loop 2-9 via the adder circuit 8 from the oscillator 18°,
operating as a signal generator, of the stereo decoder 17. Consequently, the local
mixing carriers are frequency or phase-modulated with this local auxiliary pilot. Due to
osciliator radiation and other crosstalk phenomena, parasitic oscillator signals may occur

25 at the RF input of the phase detector 2. However, these parasitic oscillator signals are
frequency or phase-modulated with the local auxiliary pilot in the same manner as said
original local mixing carriers. These parasitic oscillator signals give rise to an unwanted
dc product which is effecﬁvely eliminated as a result of the dc suppression in the first
dc suppression circuit 5-7.

30 The static control loop 3-16 comprises a multiplier circuit 10, a first input
of which is connected to the output of the RF input section 1 and an output of which is
coupled to a second loop filter 11, a second amplifier 12, a second dc decoupling circuit
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m xi ng product in a dc phase difference signal is obtained in accordance
with the invention, which signal is applied as an oscillator control signal
td the controlled oscillator after a | ow pass sel ection. Unwant ed,
parasitic dc offsets of the desired m xi ng product at the output of the
nul tiplier cirBBNt13a¥ nodul ated on the auxiary pilot frequency i2A.Qlh992
pil ot detector and subsequently suppressed in the | ow pass filter. Such
a receiver according to the invention is preferably characterized in that a
phase-shi fti ng13;ildandta pitotidetectopd$ aThellacal inrphasef miximg tasriersiscapplied fromsthe

bet ween the out put..of t iplier,circupt and.the first ipput of the

pi | ot detector Hﬂn%{e?ﬂﬁggm%é’ %m %ﬂ%ﬁé’%@@ﬁ&ﬂ%%&#&f’o & 5§he
second input o bﬁi}ﬂ el ; Wos auxtliaty FRRRY shm! i bapd
possible to fu’IFut ereﬂggtl hghgifﬁ%&glhsaygghrgomréfxmﬁy A ?Sﬁ’ﬁ?ﬁfgﬁeﬁ?’e r
embodi ment i s thfromche contenlled osciliator 18'; opexating anh signal genkeratori, iof thecsterenii t i s

connected to_the first .input of.the pil,: ector via,a s d ..
decoupl i ng c? r@%’f’%"f lsltw‘é\ﬁmwﬁﬁgﬁ?lg&ﬁ%%qc W&%ﬁc’g@ﬂ“r&ﬂﬁgﬂ%
according to t4e o Q& r 1 i0dp 2% ?%ﬁ ioti
enbodi nent of gtglill:W@ecei vgfa%c or di n%’htﬁg %ﬁﬁs@ﬁt?‘l&m?‘ C g‘reg‘%?@}ll g%eé by
a stereo decodéirayitciOris appliedoto the pidati detectoriasashweibiassthe rARM baseband signalsoutpui|
noor porating. g Paehaiachi & 58 ssaba Toop e 1, LhplbBectinth e Mool amplifer 12

and dc suppression in the second dc decoupling circuit 13, 14. The remarks made

0 hereinbefore with reference to the dc suppression modes in the dynamic control loop 2-9
also apply muwsatis mutandis for the dc suppression in this static control loop 3-16.
An RF FM frequency reception range received vig the antenna device .
ANT is applied to the first inputs of the phase detector 2 of the dynamic control loop 2-
9 as well as to the multiplier circuit 10 of the static control 3-16 after wideband
15 selection and amplification in the RF reception section 1. The control input of the
controlled oscillator 9 may receive, inter alia, a tuning control signal with which the
frequency of said local carriers can be tuned to the RF reception carrier of a desired
signal in said RF FM reception range.
Due to the dc decoupling in the signal path between the output of the
20 phase detector 2 and the control input of the controlled oscillator 9, only a dynamic
phase control of the controlled oscillator 9 takes place from the phase detector 2 and a
static phase control of the controlled oscillator 9 from the phase detector 2 is prevented.
For deriving the dc phase control signal, use is made, according to the
invention, of the local auxiliary pilot supplied by the signal generator 18’ or by the
25 controlled oscillator, operating as a signal generator, of the stereo decoder 17. This
local auxiliary pilot is applied to the control input of the controlled oscillator 9 vig the
adder circuit 8 and frequency-modulates the local mixing carriers of this controlled
oscillator 9. In the multiplier circuit 10 the local in-phase mixing carrier frequency-
modulated with the pilot signal (hereinafter also to be understood to be phase-
30 modulated) is multiplied by the RF reception carrier. The mixing product then obtained
has a dynamic component or a dynamic phase error which varies in dependence upon
the frequency modulation signal, and a static phase error which can be considered to be
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and a stereo difference signal in left and right stereo signals double

si deband anplitude-nodul ated on a suppressed 38 kHz subcarrier, said stereo
décoding circuit conprising a further phase-locked | oop for phase | ocking
with the 19 kHz stereo pl|0t whi ch further phase-|ocked | oop forns part of

sai d signal gerPéﬂ%tl%-r In this preferred@nbodi nent the control §291.1992
oscillator incorporated in the further phase-locked |oop is also used as a
signal generator for the auxiliary pilot. The invention will be
described in glae'at)ug detamponent and whicha/aties withitheaverag® phade! BiffepdiedBetwieh i
drawi ng whi ch erves to illustrate the invention. The Fi gure shows
an FM and/ or Al F%E"'PQ? m hase-mixing, earrier. I ean bes ehewrothat the

conprising a r
ot onna dovh ce el § eref"m%ﬁi*é%k AR pitas? blftertlk oRiNEn PR
ant enna |nput réceptidn mpﬂammemmﬂ-pime&nﬁﬁ dadien iof @ieCédntralled oRIBiGH 9 B
as a signal %Oﬂ!ﬂl lé{{]ng'weralng Iocgl .auxiliary pllotolnt eg
case of an FM 1 M the; mglplier, eigepit 10 tg ancac sipral ot theoutput of the
generator 18 Qr . havi
sui tably choscranrﬁi:ﬁ{l xed r%ﬁ@hﬁyﬁ@?ﬁfg‘mﬁéﬁwyﬂﬁﬁ%ﬁﬁ RME‘%W““
\sA%ncEr Onoxﬁ/l [)etbetween theHRF Ireveptich ddirieeat the fifdyland sedvad dnghitd 6fthe thlBpherYidcatt

'ch an a‘°18 5' (t}lerEDocﬂ in-phase mixing carrier of the controlled oscillator 9.

In a formula:

Ug = K * cos (] - ¢p + & - $p)
= K * cos (] - @,] * cos(d; - &) :
- K » sin(37 = ¢,T * sin(d; - 3,) .

The transfer function is divided into an even and an odd part. In the case of a sinusoidal
dynamic phase error the odd part supplies the odd harmonics (including the fundamental
harmonic), and the even part supplies the even harmonics.
Injection in the phase-locked loop of a local auxiliary pilot at the
5 frequency #p causes an (additional) dynamic phase error &; - &, = sin upt. Dependent
on the coefficient of the odd part of the transfer function for dynamic phase errors, the

amplitude and polarity of the auxiliary pilot at the output of the multiplier circuit 10
are:

0 Ksin (§i- Qo).

The latter is equal to the dc phase difference signal at the output of the phase detector
2. By detecting amplitude and polarity of the auxiliary pilot in the output signal of the
multiplier circuit 10, the desired dc phase difference signal can thus be reconstructed.
This is effected by means of a synchronous amplitude detection in the pilot detector 15.
From the signal generator 18’ or the controlled oscillator functioning as a signal
generator in the stereo decoder 17 the local auxiliary pilot is therefore applied as a local
Mixing subcarrier to the pilot detector 15 after a suitably chosen phase shift in the
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ul ation signal beconmes available for further processing and reproduction in
a baseband signal processing device (not shown). In the case of an FM
PLM. synchronous receiver the phase-locked | oop 2-16 has an FM baseband
signal output FM at which an FM baseband nodul ation signal becomnes

avai | abl e. BHNBd3%ase of an FM PLL sterldo synchronous recei ver27.8s$.1992
shown, the FM baseband signal output FMis coupled to a stereo decoder 17.
When an RF FM stereo signal is received, the FM baseband nodul ati on si gnal

conprises a st ghsse-shifting cireuit 56.Jnahe embedimemtsshows ithe 86 phase) différedde dighal thus

frequency. range between O and 15 kHz, a 19 kHz stereo pilot and a Stereo
di f19erence si gHg?‘"ﬁé?hg'eo%mtgfgﬂm&&mﬁ%lmtlﬁm%l een-inverting ipgut of shed

oo e o SR 1S oI B o A o e
control | ed oscialdeatcircuit 8rafter gelectiontin nig: first thtélfFateHs aal ehe first IRPAiltdrey andBY
g L o 28 hpufaRon tn WAL aplificy 4. Combquenty, he stass contosl loop A1 reclises
a frequency and phase control which is substantially operative while the foop is
capturing.
It will be evident that the subtracting operation in the subtracter stage 7
should be reversed when reversing the subtracting operation in the subtracter stage 6 in
0 which the phase detector 2 is connected to the non-inverting input and the first
integrator 5 is connected to the inverting input of the subtracter stage 6. In that case, .
which is not shown, the output of the pilot detector 15 is thus to be coupled to the
inverting input and the first amplifier 4 is to be coupled to the non-inverting input of the
subtracter stage 7.
15 A further improvement of the dc compensation is obtained by realising a
dc decoupling between the multiplier circuit 10 and the synchronous pilot detector 15.
This can be realised in different manners in analogy with the methods described
hereinbefore with reference to dc decoupling in the dynamic control loop 2-9. The
embodiment shown is preferably employed, using the second dc decoupling circuit 13,
20 14. This second dc decoupling circuit 13, 14 has a subtracter stage 13 with inverting
and non-inverting inputs, whose non-inverting input is coupled to the output of the
multiplier circuit 10 and an output of which is coupled to an input of a low-pass filter
operating as a second loop filter 11, and a second selective dc negative feedback path
which is provided with a second integrator 14, an input of which is coupled to an output
35 of the second amplifier 12 and an output is coupled to the inverting input of the
subtracter stage 13.
' In the phase-locked state of the static control loop 3-16 the multiplier
circuit 10 also operates as a synchronous amplitude detector. When an RF AM signal is
received, the baseband AM modulation signal is obtained at the output of this multiplier
30 circuit 10. This signal is preferably coupled out after selection in the second loop filter
11 and amplification in the second amplifier 12 via the AM baseband modulation signal
output AM. e —
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It will be evident that altemétive embodiments are feasible. For example,
the phase-shifting circuit 16 as well as the amplifiers 5 and 13 may be dispensed with
and a different mode of dc suppression and combination of the control signals of the
dynamic and static control loops may be chosen. It is also possible to use the phase-
locked loop shown in an FM superheterodyne receiver whose RF input section 1 not
only realises a wideband selection and amplification of the RF FM reception range but
also an upconversion of this RF FM reception range to a frequency above the highest
frequency of said FM RF reception range.

T



pilot, this controlled oscillator also functions as said signal generator
18. The stereo decoder also includes a synchro- nous stereo difference
signal denodul ator 19 and a dematrixing circuit 20 with left and right
stereo signal outputs 21 and 22. Such a stereo decoder is known per se and
may be of the tyPBNWBAXT581. The 38 kHz sterebd subcarrieér is regener 76H.1992
known nmanner by phase synchroni zation of the controlled oscillator 18

i ncorporated in the phase-locked | oop 18. The regenerated 38 kHz stereo .-~
subcarrier and sgLAIMS:dul ated stereo difference signal (L-R) are applied to
first and second inputs of the synchronous stereo difference signal

demodul ator 19. A synchronous anplitude detection of the stereo diffetggpé
signal (L-R) is eff ected in the stereo difference signal denodul ator -19

Together with the stereo sum si gnal—&H—R)—e#—&eH—d—s{-er eo nultiplex signal.

t he baseband stereo difference si g Wt ained is applied to the
dematrixing circuit 2Q. In the de |l Iﬁ)l P00 the | eft and right
stereo signals are obtained in knowy manner

»Lably chosen Iinear
conmbi nations of the stereo sum and stereo di fference signals (L+R) and
(L-R). These signals becone available at the left and right stereo signal
out puts 21 and 2B, respectAvaetbtvmxjm RErmputcfoesmlynggancRE Bmut)mdaetlon

In contrast to co hase- | ked I t.he . has cke 0
of Fig. 1 has a @%ﬁ V‘Sﬁ“lﬂ % WhICh Teceiver i ©a multxp?xep cifout

and to a phase-locked loop (PLL) with a signal path incorporatmg a phase detector, a
loop filter, a first dc decoupling circuit and a controlled oscillator having an in-phase
} and a quadrature output via which local in-phase and quadrature carriers are applied to
the multiplier circuit and the phase detector, respectively, and a signal generator for :
generating a local auxiliary pilot and a pilot detector for detecting the local auxiliary
pilot, an output of which is coupled to the controlled oscillator via a low-pass filter,
characterized in that an output of the signal generator is coupléd to the signal path of
10 the phase-locked loop between an output of the phase detector and a control input of the
controlled oscillator, an output of the multiplier circuit is coupled to a first input and the
output of the signal generator is coupled to a second input of the pilot detector.
2. A receiver as claimed in Claim 1, characterized in that a phase-shifting
circuit is incorporated in one of the two signal paths between the output of the
15 multiplier circuit and the first input of the pilot detector and between the output of the
signal generator and the second input of the pilot detector.
3. A receiver as claimed in Claim 1 or 2, characterized in that the first dc
decoupling circuit comprises a first amplifier circuit arranged between the loop filter
and the control input of the controlled oscillator, an output of said amplifier circuit
2 being negatively fed back via a first selective dc negative feedback path to the signal
Path between the output of the phase detector and the input of the amplifier circuit.
4. A receiver as claimed in Claim 3, characterized in that the first selective
dc negative feedback ‘path comprises a first integrator and a differential stage is
incorporated between the first amplifier circuit and the first integrator, which stage has
an inverting and a non-inverting input to which outputs of the first amplifier circuit and
the pilot detector, respectively, are coupled, said output of the first amplifier circuit
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the dynami ¢ and:static phase control. The dynam CJMH" ]
understood to mean the frequency and/ or phase con ﬁmgnmmn)l | ed
oscillator 9 due to conparatively rapid variations®*in“frieqensy and/ or

phase of the RF input carrier, for exanple, when the RF input carrier is
frequency or phaspHNddW3dted with a nodul ationl4ignal. Static phase ca@dtGlel992
i s understood to nean the frequency and/ or phase control of the controlled

oscillator 9 due to conparatively slow variations in the frequency and/or
phase difference jiMzwnapledite titrcantnoliinputiof thercontmoligdeosoillaton and an rositpub of the-

phase |l ocal m xing_cartier on fhe other hand . which takes place, for
exanpl e, after t@f%méhgm&wlﬁ&&%gﬁtmﬁ'p a frequency which
differs fromthe §requency gtecki¥er R claified i'an§fond of ehd procedifE EREMON toidgnal
over at nost a frequency range which is equal to the capture range of the

phase- | ocked | oopcharacterizetbin thatsthe outpub of pheamultiplierncireuitds pormegted e, theafirst input of
dynam ¢ control IrgoB. Z%Qd g stati (%ontr I I.oot 3-16. The dynanic

control |oop 2-H BePHP %sw%amg SPORINE CFUIL, £ st input of which is
connected to an Ogt put of tAgecRivet AP ehini@Cinl Clim 52 6Rhriadleriiéd (i thad fthe\bdcoihd 46
successively coupled to a first loop filter 3, a firs.t subtracter stage 6

of a dc decoupl i ndecouplingicircait tomprisesrassecondramplifiar circuit arrangedrbetween a lovspassd
a controlled oscillator 9. _The controll. il at . W
phase and quadr at Wiﬁ%ﬂ"&&?ﬂ“ﬁf@“ﬁﬁgﬂ%aﬁ%@@ﬁﬁ g#‘hgaﬂérﬁ;fkﬁrﬁﬁt being
phase. The |ocal gusaclely fideoatk vid'd s&dhd isélective dNTeghtivé feedback path to the signal path
10 between the output of the multiplier circuit and the input of the second amplifier circuit.

7. A receiver as claimed in any one of the preceding Claims 1 to 6,
characterized by a stereo decoding circuit for decoding a baseband stereo multiplex
signal incorporating a baseband stereo sum signal, a 19 kHz stereo pilot and a stereo -
difference signal in left and right stereo signals double sideband amplitude-modulated on
15 a suppressed 38 kHz subcarrier, said stereo decoding circuit comprising a further phase-
locked loop for phase locking with the 19 kHz stereo pilot, which further phase-locked
loop forms part of said signal generator,
8. A receiver as claimed in Claim 7, characterized in that the auxiliary pilot
has a frequency of 38 kHz and an amplitude which corresponds to a frequency sweep of
20 the order of 10 kHz. '
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to a second input of the phase detector 2.
of the out put si gnal

An effective dc decoupling

of the phase detector 2 is obtained by neans of the

fitst dcidecoupli ng circuit 5-7. To this and this first dc decoupling
circuit 5-7 conprises a selective dc negative feedback path incorporating a

first Int
applied t
required,

i nverting input mm
and an output is couple

egr at orPBN Ith®37 nvert ed out put signallsof the first arrpllfler27401 3992
o an input of this first integrator 5. The signal inversion
for this purpose is effected via a subtracter stage 7, an
is coupled to the output of the first amplifier/4
to the input of the first integrator 5. The -

&

sel ective dc neg%mﬁwerfeedback path selects the dc conponent fromthe v
invertediand anplified | oop signal and applies it to the output signal-

t he phase detector 2 so that a dc suppression takes place therein. To this
end, in tthe enbodi ment shown an output of the first integrator 5is
connected to a non-inverting input of the subtracter stage 6. The
subtractgr stage 6 al so has an inverting input and an out put which are
coupl ed tjo the output of t ha ete 0. an i f t.he I
filter 3} respectively. rﬁ?"ﬁf"g ﬁ‘ﬂgﬂ mPHte BBE}Y?‘F@Pﬁé"P#ﬁ odifted
anplifien 4 contﬁxbama@odﬁ dﬁ%&&oswnﬁlﬁ%&t@?mco(?ledﬁﬂﬁﬂﬁfpﬁbr&réiﬁtmdma
suppr essijon can be reallsed b coupllng out the dc conponent in the output
signal ofl the phphase Liawithya sigend pathcingorporsting g phasendetector; adoop filter,
sui tabl e

a”p' ' tufged %c%'&c&fp%h& ctie 2% 2'cohtolled%osSlidP haiii An HEDHEE hnb Y S

5 quadrature output vig which local in-phase and quadrature carriers are applied to the
multiplier circuit and the phase detector, respectively, and a signal generator for
generating a local auxiliary pilot and a pilot detector for detecting the local auxiliary :
pilot, an output of which is coupled to the controlled oscillator via a low-pass filter. In
order to reduce the influence of oscillator radiation and other parasitic crosstalk effects

10 on the dc reduction, an output of the signal generator is coupfed to the signal path of

the phase-locked loop between an output of the phase detector and a control input of the

controlled oscillator, an output of the multiplier circuit is coupled to a first input and the

output of the signal generator is coupled to a second input of the pilot detector.

Fig. 1.
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4
phase detector 2 and the controlled oscillator 9.-1n principle. the exact

| ocati on of the coupling-out point of the dc conponent as well as that of
tRe return point is irrelevant in this part of the |oop signal path.

It is altematively possible (not shown) to apply the output signal of the
first anplifier 4 wthout signal inversion to the input of the first —7)
integrator 5 and to connect the out put of1y$is first integrator to the
inverting input of the subtracter stage 6."" The out put of the phase depecfar”—
is then to be connected to the non-inverting input of the subtracter stage
6. It is also feasible to realise a dc decoupling by nmeans of a series !
capaci tance at the output of the phase detector 2 (not shown). Af ter
dc suppression in the subtracter stage 6 of the first dc decoupling circuit
5-7, selection in the first loop filter 3 and anplification in the first
anplifier 4, the output signal of the phase detector 2 is applied to a
control input of the controllable oscillator 9 as well as to the FM

baseband signal output FM As a result of said d wyoy | | at or
control signal applied fromthe phase detectpM 2 fan 1 dﬂﬁgg [ o2
circuit to the controlled oscillator 9 does qprise a dc but
only ac conponents. In the phase-locked staté& phgsg differe |qti ng
from90[err] between the | ocal quadrature m xj ng fcrr X t.
carrier are strongly fed back negatively and § hu u “PLL ‘19 20
M8
Y
e
VCO fo— + 38KHz
/5 8
-]
/
1 g o e [ paa W
RF \1 \2 5 \3 ' ’\4 \16
X =l )= = [?9 X f—
L Yo B M 7 "\ 5
-—-—lb—-g
T AM
1
T
 PHN 13737



pressed in the dynam c control loop 2-9. As a result the | ast-nentioned

ostillator control signal varies accurately with the baseb

nodul ati on signal of the RF input carrier and the local in ﬁacﬁwg%ﬂ
gquadrature m xing carriers generated by the controlled osc]l] ator
accurately follow the frequency nodul ation pf the RF recepji on‘l&aMARéWl n
t he phase-l ocked state, the dynam c control |oop therefore| functions as a
frequency denodul ator. As already noted, this baseband freguency nodulratrton
signal is ap &Eﬁre}o t he FM baseband si gnal output FM Mit&iis mutandis the
sane applies 10 a phase-nodul ated RF input carrier. The |ocal quadrature

m xing carrier is applied to a second i nput of the

The invention relates to a receiver having an RF input for applying an RF
input carrier-modulated modulation signal thereto, which receiver is coupled to a
multiplier circuit and to a phase-locked loop (PLL) with a signal path incorporating a
phase detector, a loop filter, a first dc decoupling circuit and a controlled oscillator
having an in-phase and a quadrature output vie which local in-phase and quadrature
carriers are applied to the multiplier circuit and the phase detector, respectively, and a
signal generator for generating a local auxiliary pilot and a pilot detector for detecting,
the local auxiliary pilot, an output of which is coupled to the controlled oscillator via 5
low-pass filter.

A receiver of this type is known per se, for example from European
Patent Specification no. 184873.

The known receiver is a directly mixing AM PLL synchronous receiver
whose multiplier circuit is used for synchronous detection of a modulation signal which
is amplitude-modulated on the RF input carrier. The local mixing carrier required for
the synchronaus detection is obtained by means of the controlled oscillator incorporated
in the phase-locked loop and should be phase-synchronous with the RF input carrier for
a correct synchronous detection. The local mixing carrier is therefore also referred to as
local in-phase carrier.

As is known, the loop signal, i.e. the signal m the phase-locked loop,
undergoes an unwanted dc offset which is substantially caused by circuit and/or bias
voltage asymmetries and cannot be completely avoided in practice. To prevent this
unwanted dc offset from disturbing a correct phase control of the controlled oscillator,
particularly at comparatively small amplitudes of the RF input carrier, said RF input
carrier and the local quadrature carrier of the controlled oscillator modulated in
amplitude by means of the auxiliary pilot are applied to the phase detector of the known
directly mixing AM synchronous receiver. Consequently, the phase detector supplies a
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4 phase detector 2 The stereo subcarrier is injected_as_a | ocal

L S

auxiliary pilot in the signal path of the dynamic control ljogz
adder circuit 8 fromthe oscillator, operating as a signal ig ﬁgg&@w“@é%

the stereo decoder 17. Consequently. the local mxing carriler{s are

frequency or phase-nodul ated with this local auxiliary pildt.] D& MAR 1997
.oscillator radiation and other crosstal k phenonena, parasitjfid oscill ator
signals may occur at the RF input of the phase detector 2. [However, THES

and which varies in amplitude with the phase difference deviating from 90° between the
RF input carrier and the local quadrature carrier. DC components are removed from
this desired mixing product in said first dc decoupling circuit and subsequently applied
to the pilot detector for synchronous amplitude detection. A dc signal whose amplitude
varies with the last-mentioned phase difference is obtained at the output of the pilot
detector. This dc phase difference signal is applied as an oscillator control signal to the
controlled oscillator. Due to the dc offset suppression in the first dc decoupling circuit,
this oscillator control circuit and hence the phase lock between the local carriers and the
RF input carrier is comparatively insensitive to said unwanted dc offsets.

~ However, due to oscillator radiation and other effects of parasitic
crosstalk, the unmodulated oscillator signal occurs with a crosstalk-dependent amplitude
at the RF input of the receiver. This parasitic oscillator signal is multiplied in the phase
detector by the oscillator signal which is amplitude-modulated by means of the auxiliary
pilot, which results in an unwanted mixing product at a frequency which is the same as
that of the auxiliary pilot. This unwanted mixing product is in;separably superimposed
on said desired mixing product and disturbs the phase difference information in the
desired mixing product. Both mixing products jointly pass the first dc decoupling
circuit, with the unwanted mixing product at the output of the pilot detector resulting in
a parasitic dc offset disturbing the desired dc phase difference signal. Since this
parasitic dc offset increases with the frequency of the oscillator signal, a phase error,
increasing with the frequency, between the local carrier and the RF input carrier occurs
in the known directly AM synchronous receiver.

The dc offset reduction mode used in the known AM PLL synchronous
receiver is therefore unsuitable for use in receivers for the reception of signals which
are modulated on a much higher carrier frequency than that of the conventional RF AM
radio signals which are of the order of at most 1 MHz. Examples are FM PLL
synchronous receivers for receiving the now conventional FM radio signals at an RF
carrier of the order of 100 MHz and FM seceivers including a PLL FM demodulator
tuned to a comparatively high intermediate frequency such as, for example TV satellite
receivers.

Moreover, the 3 dB loop passbandwidth of the phase-locked loop of the
known AM PLL synchronous receiver is considerably smaller than that of EM receivers.. .
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parasitic oscillator signals are frequency or phase-nodul ated with the
| ocal auxiltary pilot in the sane manner as said original |o§a].m

carriers. These parasitic oscillator signals give rise to an-,uhg\g @g%{: SHEET
product which is effectively elimnated as a result of the d¢ $uppression
in the first do suppression circuit 5-7. 3 The static contfolf [1pMAR $97
conprises a nultiplier circuit 10. a first input of which isicpnnected to
the output of the RF input section 1 and an output of which ijs COUpPTred—toa
second | oop fidl théreford prederité fWd [ROBIkME a8 reghtds MigYRRAED st 40d
circuit 13. 14 and a pilot detector 15. Thg(]g?q oca%qftﬂ- pﬁaée m xing carrier
i.s applied fseteativilecontrol |l ed oscillator 9 to a second input of the
multiplier circuit 10., The stereaq subcarrier isg, appligd.as a |ocal
synchronous auxiliary IH%@’Ji‘?té’gé!i‘e inyention tBi"F"aj’cs"&gt fiye, feeqencys ¢ he

controll ed ofgégehdin® redueiéH 8f if\Wari&d ParidiG)at offS&t€ it cofftol ﬁ%?ail%? tie €r o

decoder 17 via a phase-shifting circuit 16. The static contr | oop 3-16
has the ci r cepntrollal escillatardyrmeansiafta lobal auyiliary pilotdntarreteiverdpcidiag aTphase-

out put signal ,of, ,the.nmultiplier circuit 10 i li,ed 1o the pil ot tector
T5 be el | Aok OO A Beheraneg nd hiASe Lockith 2 AL Wi a Frapfnoymopigaied
second | oop dridnnfodulhied RFPAdut cérddet.ON I N the second anplifier 12 and dc
suppression in the second dc decoupling circuit 13,14. The remarks nade

herei nbefore with ref dasarding to thadnvention,sressivenof thodype desctibad igytheni ¢
Cont 1Ol b COPgfig FaRraR kol erd RN s o 6ol S BARERE Seubss' M S
coupled to the signal path of the phase-locked loop between an output of the phase

detector and a control input of the controlled oscillator, an output of the multiplier
circuit is coupled to a first input and the output of the signal generator is coupled to a,
second input of the pilot detector. .

The invention is based on the recognition that a phase or frequency
modulation of the controlled oscillator by means of the auxiliary pilot provides the
possibility of obtaining the desired phase difference signal and processing it outside the
phase-locked loop, i.e. completely separated from the ac components of the signal in the
loop, which is the baseband modulation signal in the case of an FM receiver. On the
other hand, such an angle modulation of the controlled oscillator with the auxiliary pilot
prevents an unmodulated parasitic oscillator signal from occurring at the RF input due
to oscillator radiation and/or other parasitic crosstalk effects. Since the local in-phase
and quadrature carriers supplied by the controlled oscillator are angle-modulated with
the auxiliary pilot, the parasitic oscillator signals at the RF input are also angle-
modulated with the auxiliary pilot. These parasitic angle-modulated oscillator signals
give rise to a parasitic dc offset at the output of the phase detector. Since, as already
noted hereinbefore, the phase difference signal is generated and processed outside the
loop, it is possible to effectively eliminate this parasitic dc offset by means of said first
dc decoupling circuit while maintaining ap adequate phase control operation of the
phase-locked loop.

When the measure according to the invention is used, the auxiliary pilot
is injected in the signal path of the phase-locked loop between an output of the phase

dgtector and the control input of the controlled oscillator. As a result, the controtled
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An RF FM frequencyreception range received via the antenn v
appliedto the first inputs of the phase detector 2 of the L@@ n?gﬁ)‘?

| oop 2-9 as well as to the multiplier circuit 10 of the stajic control 3-16
after wideband sel ection and anplification in the RF recept|on EHARI B7 1.
The control input of the controlled oscillgtor 9 may recefve. inter alia,| 4
tuning control signal wth which the frequéncy of said | o¢gal—TcarrTters can
be tuned to the RF reception carrier of a desired signal i{n said RF_FM
reception range, Due to the dc decoupling in the signal path_ between

t he out put ofoseiletonArlysuppliesdoeal inphasg anﬂaue«gwreofamﬁrﬁw gh arenglent rol | ed

oscillator 9, .dy ) . L Ol 1. | het At 9
t akes pl ace f’?cgir%%%dg t%hgg%gh %‘g? Q?g?&%ﬂ% $'hgl‘i)];s”t“?;l"rtlﬁ %gp as %@gt%ﬁ%ﬁ}ﬁxﬂé
control | ed Oghé iocslt agleSmbdutated e phiza carribe tbyahe RF2inpet dandeteintsaid multipliéor
deriving the do phase, control signal, use is nade, according to the

i nvention, ofcitcwd 3 desified AMXIng; m&tcpﬂq ohtaigedhat the dregyency of dhe;auniliank Pilokt or

18" or by th : ' | ' [ : of
the stereo d}é@%@%ﬁ%ﬁﬁ%ﬁ?@% %@W&&@?WI 0 #gﬁ%gﬁk’% Fg{e?hgﬂegontrol
I nput of the cgafers.ol |l ed oscillator 9 via the adder circuit 8 and frequency-
nodul ates the local mxing carriers, of this controlled oscillator 9. In the

mul tiplier circuit 10 dh&e Ragt-lockedlogpa dn decaupling:is etipcted iy therfignakeathi at ed
with the pil %gfée?gﬁ’é nﬂ\({?s? I%i?ileg%; Gid e contrbfed’Gsctifathiz! $6 B phrdsiBi€ de offsets due

phase- nodul ate
to oscillator radiation are prevented.

Due to the dc decoupling only a negative feedback of the ac components
in the output signal of the phase detector takes place in the phase-locked loop within the
passband of the phase-locked loop and a slowly varying, or static dc phase control of .
the controlled osciltator from the phase detector is prevented. In accordance with the -
afore-mentioned recognition on which the invention is based, use is made of said
desired mixing product for this static phase control, which prdduct is available at the
output of the multiplier circuit. By synchronous amplitude detection of this desired
mixing product with the auxiliary pilot or a synchronous mixing carrier derived
therefrom, a conversion of this desired mixing product in a dc phase difference signal is
obtained in accordance with the invention, which signal is applied as an oscillator
control signal to the controlled oscillator after a low-pass selection. Unwanted, parasitic
dc offsets of the desired mixing product at the output of the multiplier circuit are
modulated on the auxiliary pilot frequency in the pilot detector and subsequently
suppressed in the low-pass filter.

Such a receiver according to the invention is preferably characterized in
that a phase-shifting circuit is incorporated in one of the two signal paths between the
output of the multiplier circuit and the first input of the pilot detector and between the
output of the signal generator and the second input of the pilot detector.

When this measure is used,-it is possible to further optimize the phase
control.

A further preferred embodiment is'characterized in that the output of the
multiplier circuit is connected to the first input of the pilot detector vig a second dc
decoupling circuit. T T
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by the RF reception carrier. The m xing product then obtaigres-has._a.dynamn c

conponent or a dynam c phase error which varies in dependg nBEPuﬁm}Gmmhegygty
frequency nodul ation signal, and a static phase error whi¢hfTamrbe

considered to be a varying dc conponent and which varies W { a1I[£] Vﬁrﬁig
phase difference between the RF reception garrier and thejl ¢c Wp e

m xing carrier. It can be shown that the transfer of a dypak rrqr
or a dynam c phase difference between the RF reception cafrier and the f

ocal in-phase mixing Gaenitfis masiieds G :ﬁ&!i@&iff&i%ddcaww -

and second inputs of the multiplier circtit 10 to an ac si
out put of thenmh@nq:ﬂmhnﬁmﬁhcbunprom i s dependent on the static phase error

i rst and second i nput & BFIARE STHIHA! of 28 M feeteD aEFItinG & fscdventionnase
m xing carri @harfdteriZed HONseRL! &éo&iﬁg eirbidit Rir ddcodifly 2 bhbIH Stereoldifittiptex
signal incorporating a baseband stereo sum signal, a 19 kHz stereo pilot and a stereo
difference signal in left and right stereo signals double sideband amplitude-modulated on
a suppressed 38 kHz subcarrier, said stereo decoding circuit comprising a further phase-
locked loop for phase locking with the 19 kHz stereo pilot, which further phase-locked
loop forms part of said signal generator.
In this preferred embodiment the controlled oscillator incorporated in the
further phase-locked loop is also used as a signal generator for the auxiliary pilot. _
The invention will be described in greater detail with reference to the sole

Figure shown in the drawing which only serves to illustrate the invention.

The Figure shows an FM and/or AM PLL synchronous receiver
according to the invention, comprising a radio frequency (RF) antenna input Ipg for
coupling an antenna device ANT thereto, and an RF input section 1 coupled to the RF
antenna input I, a phase-locked loop 2-16 and an oscillator operating as a signal

_generator 18’ for generating a local auxiliary pilot. In the case of an FM mono and/or
an AM PLL synchronous receiver the signal generator 18' may be realised by means of
a (crystal) oscillator having a suitably chosen fixed frequency (not shown). In the case
of an AM PLL synchronous receiver the loop 2-16 has an AM baseband signal output
AM at which an AM baseband modulation signal becomes available for further
processing and reproduction in a baseband signal processing device (not shown).

In the case of an FM PLL synchronous receiver the phase-locked loop 2-
16 has an FM baseband signal output FM at which an FM baseband modulation signal

- becomes available.

In the case of an FM PLL stereo synchronous receiver, as shown, the
FM baseband signal output FM is coupled_to a stereo decoder 17. When an RF FM
stereo signal is received, the FM baseband modulation signal comprises a stereo
multiplex signal which has a stereo sum signal in a frequency range between 0 and 15
kHz, a 19 kHz stereo pilot and a stereo difference signal (L-R) double sideband
amplitude-inodulated on a suppressed 38 kHz stereo subcarrier in a frequency range = __
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The transfer function is divided into an even and an odd part. In the case
of a sinusoidal dynam c phase error the odd part suppli es~t-he—ede—harnmonits
(i ncludi ng the fundanental harnonic), and the even part uBEﬂﬂégMEMES%WEB
har noni cs. Injection in the phase-locked | oop of a lfo auxirrary
pilotat the frequency [err] causes an (add%tional) dynamijc ip hﬁﬁggg(

[err] - [err] = sin [err]. Dependent on the coefficient qgf part pf
the transfer function for dynam c phase errors, the anplitLﬂﬂ are-pet-arit y
of the aUXI|Iag%;F}BOtd%5IdE§ out put of the nultlpller cijrcuit 10 are:

K sin ([err]

The stereo decoder 17 includes a phase-locked loop 18 which comprises a
controlled oscillator for regenerating said 38 kHz stereo subcarrier. By using this 38
kHz stereo subcarrier or a carrier derived therefrom as a local auxiliary pilot, this
controlled oscillator also functions as said signal generator 18'. The stereo decoder also
includes a synchronous stereo difference signal demodulator 19 and a dematrixing
circuit 20 with left and right stereo signal outputs 21 and 22. Such a stereo decoder is
known per se and may be of the type TEA 5581. The 38 kHz stereo subcarrier is
regenerated in known manner by phase synchronization of the controlled oscillator 18’
incorporated in the phase-locked loop 18. The regenerated 38 kHz stereo subcarrier and
said modulated stereo difference signal (L-R) are applied to first and second inputs of .
the synchronous stereo difference signal demodulator 19. A synchronous amplitude .
detection of the stereo difference signal (L-R) is effected in the stereo difference signal
demodulator 19. Together with the stereo sum signal (L+R) of said stereo multiplex
signal, the baseband stereo difference signal (L-R) thus obtained is applied to the
dematrixing circuit 20. In the dematrixing circuit 20 the left and right stereo signals are
obtained in known manner by suitably chosen linear combinations of the stereo sum and
stereo difference signals (L-+R) and (L-R). These signals become available at the left
and right stereo signal outputs 21 and 22, respectively, for further processing and
reproduction.

In contrast to conventional phase-locked loops, the phase-locked loop 2-
16 of Fig. 1 has a separation between the dynamic and static phase control. The
dynamic phase contyol is understood to mean the frequency and/or phase control of the
controlled oscillator 9 due to comparatively rapid variations in frequency and/or phase
of the RF input carrier, for example, when the RF input carrier is frequency or phase-
modulated with a modulation signal. Static phase control is understood to mean the
frequency and/or phase control of the controlled oscillator 9 due to comparatively slow
variations in the frequency and/or phase difference between the RF input carrier on the
one hand and the in-phase local mixing carrier on the other hand, which takes place, for
example, after the controlled oscillator 9 is tuned to a frequency which differs from ‘the
frequency of the RF carrier of a desired reception signal over at most a frequency range

which is equal to the capture range of the phase-locked loop. -7
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phase detector 2. By detecting anplitude
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is equal to the dc phase difference signal at fhgrmukpistupisecPe
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To this end the phase-locked loop 2-16 has a dynamic control loop 2-9
and a static control loop 3-16. The dynamic control loop 2-9 incorporates a phase
detector 2, a first input of which is connected to an output of the RF input section 1 and
an output of which is successively coupled to a first loop filter 3, a first subtracter stage
6 of a dc decoupling circuit 5-7, a first amplifier 4, an adder circuit 8 and a controlied
oscillator 9. The controlled oscillator supplies local in-phase and quadrature mixing
carriers which mutually differ 90° in phase. The local quadrature mixing carrier is
applied to a second input of the phase detector 2.

An effective dc decoupling of the output signal of the phase detector 2 is
obtained by means of the first dc decoupling circuit 5-7. To this end this first dc
decoupling circuit 5-7 comprises a selective dc negative feedback path incorporating a
first integrator 5. The inverted output signal of the first amplifier 4 is applied to an
input of this first integrator 5. The signal inversion required for this purpose is effected
via a subtracter stage 7, an inverting input of which is coupled to the output of the first
amplifier 4 and an output is coupled to the input of the first integrator 5. The selective
dc negative feedback path selects the dc component from the inverted and amplified
loop signal and applies it to the output signal of the phase detector 2 so that a dc
suppression takes place therein. To this end, in the embodiment shown an output of the
first integrator 5 is connected to a non-inverting input of the subtracter stage 6. The
subtracter stage 6 also has an inverting input and an output which are coupled to the
output of the phase detector 2 and to an input of the loop filter 3, respectively. In this
embodiment the loop filter 3 and the amplifier 4 contribute to the dc suppression.

In general, a dc suppression can be realised by coupling out the dc
component in the output signal of the phase detector 2 and by negatively feeding it back
at a suitable amplitude to an arbitrary point in the signal path between this phase
detector 2 and the controlled oscillator 9. In principle, the exact location of the
coupling-out point of the dc component as well as that of the return point is irrelevant in
this part of the loop signal path. -

It is alternatively possible (not shown) to apply the output signal of the
first amplifier 4 without signal inversion to the input of the first integrator 5 and to
Connect the output of this first integrator to the inverting input of the subtracter stage 6.
The output of the phase detector is then to be connected to the non-_i_qver_t_i_:_x_g_ input of
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5 and polanty of the auxiliary pilot in the output sign
multiplier circuit 10, the desired dc phase difference si
reconstructed. This is effected by neans of a synchronous
detection in the pilot detector 15. Fromthe signal gener
controlled oscillator functioning as a signal generator

docoder 17 the local auxiliary pilot is therefore applied
subcarrier the pilot detector is after a suitably chosen
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capacitance at the output of the phase detector 2 (not shown).

After dc suppression in the subtracter stage 6 of the first dc decoupling
circuit 5-7, selection in the first loop filter 3 and amplification in the first amplifier 4,
the output signal of the phase detector 2 is applied to a control input of the controllable
oscillator 9 as well as to the FM baseband signal output FM. As a result of said dc
decoupling the oscillator contro! signal applied from the phase detector 2 and the dc
decoupling circuit to the controlled oscillator 9 does not comprise a dc component but
only ac components. In the phase-locked state phase differences deviating from 90°
between the local quadrature mixing carrier and the RF input carrier are strongly fed
back negatively and thus suppressed in the dynamic control loop 2-9. As a result the
last-mentioned oscillator control signal varies accurately with the baseband frequency .
modulation signal of the RF input carrier and the local in-phase and quadrature mixing
carriers generated by the controlled oscillator 9 accurately follow the frequency
modulation of the RF reception carrier. In the phase-locked state, the dynamic control
loop therefore functions as a frequency demodulator. As already noted, this baseband
frequency modulation signal is applied to the FM baseband signal output FM. Mitatis
mutandis the same applies to a phase-modulated RF input carrier. The local quadrature
mixing carrier is applied to a second input of the phase detector 2.

The stereo subcarrier is injected as a local auxiliary pilot in the signal
path of the dynamic control loop 2-9 via the adder circuit 8 from the oscillator 18,
Operating as a signal generator, of the stereo decoder 17. Consequently, the local
mixing carriers are frequency or phase-modulated with this local auxiliary pilot. Due to
oscillator radiation and other crosstalk phenomena, parasitic osciflator signals may occur
at the RF input of the phase detector 2. However, these parasitic oscillator signals are
frequency or phase-modulated with the local auxiliary pilot in the same manner as said
original local mixing carriers. These parasitic oscillator signals give rise to an unwanted
de product which is effectively eliminated as a result of the dc suppression in the first
dc suppression circuit 5-7.

The static control loop 3-16 comprises a multiplier circuit 10, a first input
of which is connected to the output of the RF input section 1 and an output of which is
Coupled to a second loop filter 11, a second amplifier 12, a second dc decoupling circuit
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output ot the pilot detector 15 is applied to the non-invert PRG-AGKMENT BHEET
the subtracter stage 7 and is applied to the control input joff the }
controlled oscillator 9 via the adder circuit a after sel e(tioméw@?w
first-integrator 6 and the first loop filfer 3 and anplifigafion in e
first anplifier 4. Consequently, the statfc control |oop 341 '
frrequency and phase control which is substantially operative while the
| oop i s captun It will be evident that the subtracting operatrom

t he subtractldr {]‘g%%pﬂom e The\esal intphase mixing casyies s applied fom ke i ng

operation i : fon St ] | . t-act IS
connect ed t S8 SRElHAGE Sito 3 B8 bl o th el CRG 15 B! ke
connect ed t quicarrier i applied @s iarlped] spdchrdius abkiliagt mixig sigieal Go tHepildd detecras e,
whi ch 1 s not _shown, theﬁut ut. of the pilot detector 15 is thus to be
coupl ed to tifidromiheqon %&ﬁmaﬂd&m%t”aﬁiﬁﬂigﬁi‘c’!torss"ft'beﬁ@f@oupl ed

to the non-ig Ex{]i‘f‘ giai d“@ﬁ%e-% ik 162 The rsng %gﬁtnﬁ'lf)o% 3-18 ﬂaﬂéﬁé@?cuits .
i nprovenent of the dc cobnpensaticon Is obtalned by reallising a dc decoupling
bet ween t he 3rfuintdopimar with the.dynairc eortral Heops3-9¢ The potpat sighaltof died multiplied 5.

This can be realjsed i I fferent manners in anal ogy_w th the nethods
descri bed h%‘hﬁ¥mﬂ9ﬂd%ﬂ‘ﬁ"é¥]§¥m% lﬁsas:wel%@wpﬂ basebandcsigrah Sutput
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14 has a and dc suppression in the second dc decoupling circuit 13, 14. The remarks made

hereinbefore with reference to the dc suppression modes in the dynamic control loop 2-9
also apply muzatis mutandis for the dc suppression in this static control loop 3-16.

An RF FM frequency reception range received via the antenna device .
ANT is applied to the first inputs of the phase detector 2 of the dynamic control loop 2-
9 as well as to the multiplier circuit 10 of the static control 3-16 after wideband
selection and amplification in the RF reception section 1. The control input of the
controlled oscillator 9 may receive, inter alia, a tuning control signal with which the
frequency of said local carriers can be tuned to the RF reception carrier of a desired
signal in said RF FM reception range.

Due to the dc decoupling in the signal path between the output of the
phase detector 2 and the control input of the controlled oscillator 9, only a dynamic
phase control of the controlled oscillator 9 takes place from the phase detector 2 and a
static phase control of the controlled oscillator 9 from the phase detector 2 is prevented.

For deriving the dc phase control signal, use is made, according to the
invention, of the local auxiliary pilot supplied by the signal generator 18’ or by the
controlled oscillator, operating as a signal generator, of the stereo decoder 17. This
local auxiliary pilot is applied to the control input of the controlled oscillator 9 via the
adder circuit 8 and frequency-modulates the local mixing carriers of this controlled
oscillator 9. In the multiplier circuit 10 the local in-phase mixing carrier frequency-
modulated with the pilot signal (hereinafter.also to be understood to be phase-
modulated) is multiplied by the RF reception carrier. The mixing product then obtained
has a dynamic component or a dynamic phase error which varies in dependence upon

the frequency modulation signal, and 2 static phase error which can be considered to be

.ed:

li
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subtracter stage 13 with inverting and non-inverting inpltgp WOOSNT SHEET
non-inverting input is coupled to the output of the mult}p LonCA b Gt tmd O
and an out put of which is coupled to an input of a | ow ppsg filter
operating as a second loop filter 11. and a second sel ecti e 1®&MABGE?T v4
f eedback path which is provided with a segpnd integratori 1§, an _input of
which is coupled to an output of the second anplifier 12{and an output 1Is
coupled to the inverting input of the subtracter stage 13. ln_the

phase-| ocke ﬁéﬁ f b G hé : < .ol | | t
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this multiplier,cifc nal ref er ahl

sel ection i rransfer Q{eégﬁm’ﬁdﬁaﬁ Wr‘%'lﬁémng%ﬂg BRc; betwesn t&R\@l"'second
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di spensed Wltq nd a di fherant ar&cfie of dc . suppression and conbi nation of
the control '%‘%E;ﬂéﬂr%?“tl ds ofthe stal¢ phase SFOF OF theowalic phase gifferensgen.
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wi deband sell8anddhe kncal inrghiase mixing carrier of the controlled oscillator 9.

In a formula:

Ug =K * cos(F7 - @5 + & - &)
= K * cos(@; - $,] * cos(d; - &,)
- K * sin(; - 9,7 * sin(¢; - ¢,)

The transfer function is divided into an even and an odd part. In the case of a sinusoidal
dynamic phase error the odd part supplies the odd harmonics (including the fundamental
harmonic), and the even part supplies the even harmonics.

Injection in the phase-locked loop of a local auxiliary pilot at the
frequency pp causes an (additionat) dynamic phase error §; - &, = sin p.pt. Dependent
on the coefficient of the odd part of the transfer function for dynamic phase errors, the

amplitude and polarity of the auxiliary pilot at the output of the multiplier circuit 10
are:

K sin (@i - @o).

The latter is equal to the dc phase difference signal at the output of the phase detector
2. By detecting amplitude and polarity of the auxiliary pilot in the output signal of the
multiplier circuit 10, the desired dc phase difference signal can thus be reconstructed.
This is effected by means of a synchronous amplitude detection in the pilot detector 15.
From the signal generator 18’ or the controlled oscillator functioning as a signal

8€nerator in the stereo decoder 17 the local auxiliary pilot is therefore applied as a local
mixing subcarrier to the pilot detector 15 after a suitably chosen phase shift in the
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phase-shifting circuit 16. In the embodiment shown the dc phase difference signal thus
obtained at the output of the pilot detector 15 is applied to the non-inverting input of the
subtracter stage 7 and is applied to the control input of the controlled oscillator 9 via the
adder circuit 8 after selection in the first integrator 6 and the first loop filter 3 and
amplification in the first amplifier 4. Consequently, the static control loop 3-16 realises

a frequency and phase control which is substantially operative while the loop is
capturing,

It will be evident that the subtracting operation in the subtracter stage 7
should be reversed when reversing the subtracting operation in the subtracter stage 6 in
which the phése detector 2 is connected to the non-inverting input and the first
integrator 5 is connected to the inverting input of the subtracter stage 6. In that case, .
which is not shown, the output of the pilot detector 15 is thus to be coupled to the
inverting input and the first amplifier 4 is to be coupled to the non-inverting input of the
subtracter stage 7.

A further improvement of the dc compensation is obtained by realising a
dc decoupling between the multiplier circuit 10 and the synchronous pilot detector 15.
This can be realised in different manners in analogy with the methods described
hereinbefore with reference to dc decoupling in the dynamic control loop 2-9. The
embodiment shown is preferably employed, using the second dc decoupling circuit 13,
14. This second dc decoupling circuit 13, 14 has a subtracter stage 13 with inverting
and non-inverting inputs, whose non-inverting input is coupled to the output of the
multiplier circuit 10 and an output of which is coupled to an input of a low-pass filter
operating as a second loop filter 11, and a second selective dc negative feedback path
which is provided with a second integrator 14, an input of which is coupled to an output
of the second amplifier 12 and an output is coupled to the inverting input of the
subtracter stage 13.

In the phase-locked state of the static control loop 3-16 the multiplier
circuit 10 also operates as a synchronous amplitude detector, When an RF AM signal is
receiired, the baseband AM modulation signal is obtained at the output of this multiplier
circuit 10. This signal is preferably coupled out after selection in the second loop fiiter
11 and amplification in the second amplifier 12 via the AM baseband modulation signal

output AM.
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recei ver having an RF input for applying an RF input carr
nodul ati on signal thereto, which receiver i s coupl ed
circuit (10) and to a phase-ocked |loop (PLL) with a sign
I ncor porating a phase detector (2), a {pop filter (3)
decoupling circuit (5-7) and a controlled oscillator (9)
and a quadrature output via which |ocal in-phase and quadrature carriers

are applied to the nmul i ' ' e&é¥'.
respectively, and a si gna 1%{%@?%& &?%)ererﬁ%g@q’é‘ﬂ?ﬁ% ry
pilot and a the phasd-sitiftingtoirchivr 6(ad Syelf 4 the Qniifiescs AP 13 AR betdiipenbed With
pilot, an outqgt %f said pilot detector (15) is coupled to the con-
troll ed osci AR _?6‘% forent ,0?& affcsuppesssion and combinatiomef the controlesignals ofithe an
output of t hgyinflE3hd SGRE CAPI 1608 mby* b€ SHBRER It is also possible to use the phase-
locked loop shown in an FM superheterodyne receiver whose RF input section 1 not
only realises a wideband selection and amplification of the RF FM reception range but
also an upconversion of this RF FM reception range to a frequency above the highest
frequency of said FM RF reception range.
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to the signal path of the phase-|ocked | oop between an output of the phase

detector (2) and a control input of the controlled oscillator (9), an
output of the nultiplier circuit (10) is coupled to a first in 2
out put of the signal generator is coupled to a second inpuﬁga‘f@ éh?eSHEET

pilot detector (15). 2. A receiver as clgi med in Caim1l, cHajacterized in
that a phase-shifting circuit (16) is i nd rporated in one of |t he 12 MARV9S7
signal paths between the output of the multiplier circuit (1Q) fand the
first inputm pil ot detector (15) and bet ween the ogt put of (he

si gnal gene 18) and the second |nput of the pilot detedtor.(15) 3 s

A receiver as claimed in daim1 or 2. characterized in that the first dc
decoupling circuit (5-7) conpri ses—'u" rst anplifier circuit (4)
arranged between the loop filter (3 trol | 1 nput of the
controlled oscillator (9), an Hﬂ"{ﬁ[mm lifier circuit (4)

bei ng negatively led back via a fi rs egatlve f eedback path

to the signal path between the output of t he phase detector (2) and the
i nput of the anplifier circuit (4).

1, A receiver having an RF input for applying an RF input carrier-
modulated modulation signal thereto, which receiver is coupled to a multiplier circuit
and to a phase-locked loop (PLL) with a signal path incorporating a phase detector, a
loop filter, a first dc decoupling circuit and a controlled oscillator having an in-phase
and a quadrature output vig which local in-phase and quadrature carriers are applied to
the multiplier circuit and the phase detector, respectively, and a signal generator for
generating a local auxiliary pilot and a pilot detector for detecting the local auxiliary
pilot, an output of which is coupled to the controlled oscillator via a low-pass filter,
characterized in that an output of the signal generator is coupiéd to the signal path of
the phase-locked loop between an output of the phase detector and a control input of the
controlled oscillator, an output of the multiplier circuit is coupled to a first input and the
output of the signal generator is coupled to a second input of the pilot detector.

2. A receiver as claimed in Claim 1, characterized in that a phase-shifting
circuit is incorporated in one of the two signal paths between the output of the
multiplier circuit and the first input of the pilot detector and between the output of the
signal generator and the second input of the pilot detector. '

3. A receiver as claimed in Claim 1 or 2, characterized in that the first dc
decoupling circuit comprises a first amplifier circuit arranged between the loop filter
and the control input of the controlled oscillator, an output of said amplifier circuit
being negatively fed back via a first selective dc negative feedback path to the signal
Path between the output of the phase detector and the input of the amplifier circuit.

4. A receiver as claimed in Claim 3, characterized in that the first selective
dc negative feedback path comprises a first integrator and a differential stage is
incorporated between the first amplifier circuit and. the first integrator, which stage has
an inverting and a non-inverting input to which outputs of the first amplifier circuit and
the pilot detector, respectively, are coupled, said output of the first ampli_ﬁgx_' circuit
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amplifier clbrecuit (12A meewg aaecémmaden Claimds, tehatacterized: ins thab the seeandodd ve dc
negative fe%dback goat h.to

reuit compnses a second amplifier circuit arranged between a low-pass
filter and the first input of the pilot detector, an output of said amplifier circuit being
negatively fed back vig a second selective dc negative feedback path to the signal path
between the output of the multiplier circuit and the input of the second amplifier circuit.
7. A receiver as claimed in any one of the preceding Claims 1 to 6,
characterized by a stereo decoding circuit for decoding a baseband stereo multiplex
signal incorporating a baseband stereo sum signal, a 19 kHz stereo pilot and a stereo
difference signal in left and right stereo signals double sideband amplitude-modulated on
a suppressed 38 kHz subcarrier, said stereo decoding circuit comprising a further phase-

. locked loop for phase locking with the 19 kHz stereo pilot, which further phase-locked

loop forms part of said signal generator.

8. A receiver as claimed in Claim 7, characterized in that the auxiliary pilot
has a frequency of 38 kHz and an amplitude' which corresponds to a frequency sweep of
the order of 10 kHz.
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si gnal path between the output of the multi plier circuit (10) and the input
of the second anplifier circuit (12). 7. A receiver as clained in any one
of the preceding Clains 1 to 6, characterized by a stereo decoding circuit

(17) for decoding a baseband stereo multiplex signal i %FQMWE‘NWS}EET
baseband stereo sumsignal, a 19 kHz stere% pi | ot and g gteres
difference signal in left and right st er edJsi gnal s doubl e sijdeband
anpl i t ude- nodul at ed on a suppressed - 38 kHz subcarri er, i 4 2HMAR 397
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decodi ng circuit 2173 conprising a further phase-locked | dgog (18) for pha
| ocki ng 219 kHz stereo pilot, which further pHase-Iocked | oop

(18) forns pg& &; said signal generator. 8. A receiver ds~

Claim 7, chatacterized in that the auxiliary pilot has a frequency of 38
kHz andan anplitude whi ch corresponds to-a frequency sweep of the order
of 10 kHz. -

Receiver having an RF input for applying an RF input carrier-modulated
modulation signal thereto, which receiver is coupled to a multiplier circuit and to a
phase-locked loop (PLL) with a signal path incorporating a phase detector, a loop fiiter,
a first dc decoupling circuit and a controlled oscillator having an in-phase and a
quadrature dutput via which local in-phase and quadrature carriers are applied to the
multiplier circuit and the phase detector, respectively, and a signal generator for
generating a local auxiliary pilot and a pilot detector for detecting the local auxiliary :
pilot, an output of which is coupled to the controlled oscillator via a low-pass filter. In
order to reduce the influence of oscillator radiation and other parasitic crosstalk effects
on the dc reduction, an output of the signal generator is coupfed to the signal path of
the phase-locked loop between an output of the phase detector and a control input of the
controlled oscillator, an output of the multiplier circuit is coupled to a first input and the
output of the signal generator is coupled to a second input of the pilot detector.
Fig. 1.
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