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[err] rad was still acceptable and at a further increase of the phase error
its audibility was The invention relates to a phase-locked loop   found to
increase particularly strongly. When comprising a controllable oscillator
which is    used in a TV receiver, the acceptable phase error phase-coupled
through  a  phase  detection    5    is much smaller. arrangement and a
lowpass filter to an input       The amplitude of the phase error
significantly carrier applied to a signal input of the phase   increases
when the S/N (signal-to-noise) ratio of detection arrangement, and relates
also to a     the RF input carrier decreases, particularly due to directly
mixing synchronous AM-receiver pro-     a decrease in field strength. As a
result the vided with an RF input which is coupled to a 10   dynamic input
range, or the dynamic range of synchronous AM  detector to which a syn-
the known directly mixing synchronous AM- chronous RF carrier is applied
through a syn-    receiver is comparatively small. In the given chronous
in-phase carrier input for direct conver-  embodiment the ratio between the
field strength sion of an RF-AM receiver signal to the base     at which
the receiver was just not limiting and. band, comprising such a phase
locked loop for   to  the field strength at which the said permissible
generating the synchronous RF carrier.           phase error of  [err]/6
rad occurred was found to be A phase-locked loop of the type described,
approximately 30 dB. The range of applications used in a directly mixing
synchronous AM-        of the known directly mixing synchronous AM-
receiver-alternatively called Costas receiver-is  receiver is therefore
very limited and is much shown in,for example, German Patent Applica-   20
smaller than, for example, that of existing inte- on DE-A-3240565 laid open
to public inspec-      grated AM  synchronous receivers which are [err]
based on the superheterodyne principle and The said phase-locked loop is
generally used   which may have a dynamic range of 60 to 70 dB. for
generating .a carrier which is phase-syn-      A first object of the
invention is to provide a chronous with an input carrier applied to the
25   phase-locked  loop  whose  oscillator signal signal input and is used
in many types of        follows a carrier applied to the signal input in
arrangements.  An important field of application  phase more accurately
than with the known beside the afore-mentioned directly mixing syn-'
phase-locked loop.; chronous AM-receivers is formed by stereo          A
second object of the invention is to provide a decoders such as, for
example, the integrated FM    30   directly mixing synchronous AM-receiver
having stereo decoder TEA 5580 in which the phase-      a dynamic range
which is comparable to that of locked loop is used for generating one or
more   most existing conventional superheterodyne AM carriers which are
phase-synchronous with the    receivers and is at least greater than that
of the 19 kHz stereo pilot signal of a stereo multiplex  known  directly
mixing  synchronous  AM- signal.                                   35
receivers. The accuracy with which the phase of the         To realise the
first object, the phase-locked generated carrier follows the phase of an
input  loop according to the invention of the type carrier is limited in
the known phase-locked loop  described in. the opening paragraph, is
charac- by an undesired parasitic DC offset of the      terized in that the
phase detection arrangement oscillator control signal. This parasitic DC
offset   40   comprises first, second and third mixer stages is mainly
caused by switching and/or bias volt-  which are mutually coupled in
succession, an age asymmetries which cannot be entirely         auxiliary
mixing signal being applied to said first voided in practice. As a result
the generated  and third mixer stages from a signal generator, carrier
exhibits a fundamental phase error with    an input of one of the first and
second mixer respect to the input carrier, which error disturbs   45
stages being connected to the signal input of the the signal processing
performed with the genera-  phase detection arrangement and an input of the
ted carrier. For example, such a phase error,    other of the two
last-mentioned mixer stages when using the known phase-locked loop in a
being coupled to an output of the controllable stereo decoder, gives rise
to undesired cross-talk  oscillator, said low-pass filter having a cut-off
between the left and/or right-hand stereo   50   frequency which is lower
than the fundamental channels.
frequency of said auxiliary mixing signal, said When the known phase-locked
loop is used in    fundamental frequency being lower than the fre- a
directly   mixing   synchronous   AM-        quency of the input carrier.
receiver-such as the above mentioned Costas        The invention makes use
of the fact that the receiver-the said phase error causes a phase   55
total parasitic DC offset in the loop is mainly difference between the
modulated RF  input        determined by the DC offset in the phase detec-
carrier applied to the synchronous detector and  tion arrangement. The
invention is based on the said generated carrier and hence a distortion of
recognition that a reduction of the interference the picture  andor sound
signal at the output of  component as a result of the latter DC offset in
the synchronous detector.. Dependent on the   so  the oscillator control
signal can be obtained by field of application of the receiver, phase
errors  storing the phase information-that is to say, the are permissible
to a limited extent: for example,  phase difference between the generated
carrier in a well-tried construction of double sideband  and the input
carrier-in the amplitude of a AM radio receiver it was revealed that the
signal  carrier signal, by increasing this carrier signal or distortion at
a phase error of up to approximately   65   AC phase difference signal by
means of selection 2  



3              EP 0184873 B1                     4 and/or amplification
with respect to interference  order harmonics of the auxiliary mixing
signal. components caused by unwanted parasitic DC        The auxiliary
mixing signal applied to the third offsets and by subsequently converting
this AC    mixer stage can be delayed with the aid of the phase difference
signal into a DC phase difference  delay circuit over the same period as
the phase signal.                                      5    information
signal in the filter device so that both Reference is made to US-A--4314206
which        signals arrive at the third mixer stage in their mentions that
AC coupling of PLL stages might be  mutually correct phase relation.
advantageous. However, no details are given.        Afurther preferred
embodiment is characterized When using the measure according to the
in that an amplifier/limiter is arranged between the invention, the
unwanted DC offset components of   10  filter device and the third mixer
stage. the first and second mixer stages are to this end   When using this
step, an infinite loop gain is in converted to frequency values which are
located   principle possible to the phase-locked loop and outside the pass
region of the lowpass filter, so  hence a negligible phase error in the
entire locking that these components do not influence the DC     range
ofthe loop. In addition, by a correctchoice of phase difference signal
applied to the controllable   is  the limiting level of the limiter and of
the signal oscillator. In addition, a conversion gain is effected  gain
below this limiting level, the amplitude in practice, at least in the mixer
stage which is  variation range of the AC phase difference signal connected
to the signal input of the phase detec-  applied to the third mixer stage
is adequately tion. arrangement, so that the phase difference   adapted to
the input dynamic range of the third signal is amplified with respect to
the DC offset of   20   mixer stage. the third mixer stage. The influence
of the DC      Besides, for weak and very noisy input signals, offsets of
the circuits in the phase detection    the signal gain below the limiting
level results in arrangement and the level of the oscillator control  the
phase difference component in the oscillator signal is consequently
substantially eliminated,  control signal at the output of the phase
detection which results in phase synchronism between the   25   arrangement
being further increased with respect generated carrier and the input
carrier, which is  to the unwanted DC offset of the third mixer stage. more
satisfactory than in the known phase-locked    The location of the
amplifier/limiter between the loop.
filter device and the third mixer stage makes it A preferred embodiment of
a phase-locked loop   possible, when using a square-wave auxiliary
according to the invention is characterized in that   30   mixing signal,
to restore a possible loss of edge the signal input is coupled to the input
of the   steepness caused by the selective operation of the second mixer
stage and the controllable oscillator  filter device. is coupled to the
input of the first mixer stage.   The amplifier/limiter is preferably
provided with When using this step, the noise caused in the   a negative
feedbackpath to prevent a DC offset first mixer stage is prevented from
disturbing the   35   from occurring in the output signal. oscillator
control signal; In addition, only locally  To realize said second object of
the invention, a generated signals are mixed in the first mixer    directly
mixing synchronous AM-receiver of the stage, which  signals, independent of
the         type described in the opening paragraph is charac- amplitude of
the input carrier, may be sufficiently  terized by a phase-locked loop in
accordance with large to drive this first mixer stage in its switching   40
one of the aforementioned measures whose signal state. The ratio between
the magnitude of the     input is coupled to the input of the second mixer
unwanted DC offset and the amplitude of the       stage and to the RF input
of the receiver, the oscillatorsignal modulated bythe auxiliary mixing
controllable oscillator also functioning as a tuning signal present at the
output of the first mixer stage  oscillator and having one end coupled to
the can therefore be minimally low and thus also its   45   carrier input
of the synchronous AM detector and contribution to the total DC offset of
the phase  the other end to the input of the first mixer stage, detection
arrangement as a whole.                 the fundamental frequency of the
auxiliary mixing A further preferred embodiment of a phase-      signal
being lower than the highest modulation locked loop of the type described
is characterized  frequency in the RF-AM receiver signal. in that a filter
device is arranged between the   50  This measure is based on the
recognition that second and third mixer stages for selecting the   the
dynamic range of the known, directly mixing frequency component in the
output signal of the   synchronous AM-receiver can be considerably second
mixer stage, which component is located    increased by reducing the DC
offset of the phase at the fundamental frequency of the auxiliary,
detection arrangement., mixing signal and that a delay circuit is arranged.
55  When using the measure according to the between the signal generator
and the third mixer  invention, the noise contribution of the phase stage.
detection arrangement is at a minimum and the When using thisstep, the
amplitude ofthe signal  phase synchronism between the generated carrier
applied to the third mixer stage is determined by  and the RF input carrier
is sufficiently accurate to the phase difference between the generated   60
maintain an undistorted signal demodulation,
carrierandtheinputcarrierandisnotdisturbedby      even in the case of a
comparatively low field parasitic DC offsets in the circuits preceding this
strength and/or in the presence of strong neigh- mixer stage or by
interference components which   bouring transmitters. result in unwanted DC
interference components       A preferred embodiment of a directly mixing
by mixing in the third mixer stage with higher   65   synchronous
AM-receiver of the type described, is 



3    5              EP  0184873  BI                     6 - characterized
by  a phase-locked loop which in     tor SEL to a signal processing unit SP
in which the accordance with one of the afore-mentioned          selected
modulation signal is further processed in measures includes a filter device
interposed        known manner and converted into visible and/or between
the second and third mixer stages for       audible signals. selecting a
frequency component in the output    5    The phase-locked loop is formed
by a succes- signal of the second mixer stage, which com-       sive
coupling of a phase detection arrangement ponent is located at the
fundamental frequency of   PD, a lowpass filter LP and the tuning
oscillator the auxiliary mixing signal, and a delay circuit    TO referred
to above. The RF input I functions as a arranged between the signal
generator and the       signal input of the phase-locked loop PD, LP, TO, a
third mixer stage, the auxiliary mixing signal   10   received AM-modulated
RF input carrier being being frequency-modulated with a pseudo-ran-
applied thereto. A synchronous local quadrature dom signal and containing
no DC information.        RF carrier is applied from the tuning oscillator
TO When using this measure, transmitters which       through a synchronous
quadrature carrier output relative to the desired transmitter are located
at a  CO to the phase detection arrangement PD. This frequency distance
corresponding to a higher   15   local quadrature RF carrier differs 900 in
phase harmonic of the fundamental wave of the auxili-     with said local
in-phase RF carrier applied to the ary mixing signal can be prevented from
being       synchronous AM detector SD, and in the locked converted to the
passband of the said filter device  condition of the phase-locked loop,
also with the and thus effect an unwanted phase lock of the       received
RF input carrier. To this end, the phase phase-locked loop. Due to the
pseudo-random    20   detection arrangement PD supplies a DC phase haracter
of the modulation signal, the energy of    difference signal whose
amplitude and direction the received signals of such transmitters is spread
vary versus the phase differences deviating from in frequency over a large
range around the fre-     90[err] between the carriers applied to this
phase quency of the desired transmitter, which range is   detection
arrangement PD. This DC phase differ- for the greater part beyond the pass
range of the    25   ence signal is applied, after selection in the low-
filter device. Because of the absence of a DC       pass filter LP, as an
oscillator control signal to the component in the auxiliary mixing signal,
the       tuning oscillator TO through which a negative auxiliary mixing
signal is prevented from causing   feedback of these phase differences is
effected. In a DC offset of the AC phase difference signal at    case of a
sufficiently large loop gain and in the the output of the second mixer
stage.         30   absence or substantial absence of parasitic DC The
invention will be described in greater detail  offsets of the oscillator
control signal, the phase with reference to the Figures shown in the draw-
differences are negligibly small and the local in- ing.
phase and quadrature carriers are in phase syn- In this drawing:
chronism with the RF input carrier. The operation Fig. 1 shows a directly
mixing synchronous AM-   35   described so far of the directly mixing syn-
receiver including a phase-locked loop according    chronous AM-receiver
and the phase-locked loop to the invention;
therein is known per se, for example, from the Fig. 2 shows a number of
graphs a-i indicating    afore-mentioned German Patent Application. the
variation of the oscillator control signal in a   The phase detection
arrangement of the phase- receiver of Fig. 1 as a function of the input
carrier   40   locked loop according to the invention comprises frequency
in the case of a square-wave auxiliary    first, second and third mixer
stages [err] and [err] mixing signal having a constant fundamental
which are mutually coupled in succession, a frequency at different field
strengths;           signal generator SG which is coupled at one end Fig. 3
shows a number of graphs indicating a      to the first mixer stage [err]
and at the other end similar variation as shown by the graphs d-i of   45
through a delay circuit T to the third mixer stage the previous Fig. 2 in
which the auxiliary mixing    [err], as well as a bandpass filter BP
functioning as signal is frequency-modulated with a pseudo-        a filter
device and an amplifier/limiter LA random modulation signal;
arranged in succession between the second and Fig. 4 shows another
embodiment of a phase-       third mixer stages [err] and [err]. In the
embodiment locked loop according to the invention.       50   shown in Fig.
1 the tuning oscillator TO is coupled Fig. 1 shows a directly mixing
synchronous AM-    through the synchronous quadrature carrier out- receiver
according to the invention having an RF    put CO to the first mixer stage
[err], the RF input I input I to which a signal branch SD, SEL, SP and
functioning as a signal input is coupled to the also a phase-locked loop
PD, LP, TO are coupled.    second mixer stage M2 and the third mixer stage
This signal branch comprises a synchronous AM    55   [err] is coupled to
the lowpass filter LP of the loop. detector SD, to which a received RF-AM
input          The signal generator SG supplies an auxiliary signal is
applied from the RF-input I and to which  mixing signal in which only AC
information and a locally generated synchronous in-phase RF
preferably no DC information occurs. There is a carrier is applied from a
controllable oscillator TO,  wide class of signal or function generators
satisfy- functioning as a tuning oscillator, via a syn-   60   ing this
condition. In practice the auxiliary mixing chronous in-phase carrier
output Cl. In the syn-    signal is a square wave with a fundamental wave
chronous AM detector SD a direct conversion is      whose frequency is
constant or which is possibly effected of the receiver RF-AM input signal
to the  modulated with a binary pseudo-random signal. 



baseband. The baseband modulation signal thus       A signal generator for
generating such an auxili- obtained is subsequently applied through a
selec-   65   ary mixing signal can easily be realized by thos 4    7  EP 0
184 873  B1                   8 skilled in the art. Since knowledge about
the exact    An amplifier/limiter of this type can in itself be
construction of the signal generator SG is not       realized easily, for
example, by means of a second required to understand the invention, a
descrip-     arrangement of an amplifier and a limiter circuit. tion
thereof is omitted.                             By appropriate choice of
the output limitation In the first mixer stage [err] the auxiliary mixing
5    level, the threshold value and the maximum signal from the signal
generator SG is modulated     amplification factor of the amplifier/limiter
LA. It on the local RF quadrature carrier of the tuning     compensates to
a certain extent the input oscillator TO. Both the amplitude of the
auxiliary   amplitude-dependent conversion gain in the mixing signal and
that of the local RF quadrature   second mixer stage M2 so that for a large
input carrier is preferably chosen to be sufficiently large    10   level
variation range or input dynamic range a to operate the first mixer stage
[err] in its switching  substantially constant loop gain is obtined. At a
mode, that is to say, to operate it as a switching  sufficiently large
amplification of the amplifier/ mixer stage. The parasitic DC offset and
noise      limiter LA this loop gain may in principle be produced in this
first mixer stage Ml are then      infinite, resulting in a negligible
phase error in the minimal relative to the output signal amplitude.    15
entire locking range of the loop. In addition, the The oscillator signal
thus obtained and being      sensitivity of the phase difference signal to
distur- modulated with the auxiliary mixing signal is        bances
occurring later such as, for example, the applied as a mixing signal to the
second mixer       DC offset occurring in the third mixer stage [err], is
stage M2 and mixed therein with the received RF      greatly reduced,
notably at low amplitude values. input carrier being supplied from the RF
input 1. In   20    Furthermore, the amplifier/limiter LA makes it addition
to unwanted higher order mixing pro-        possible to realize an
acceptable adaptation of the ducts and a frequency conversion of the
parasitic    input dynamic range of the third mixer stage [err] to DC
offset of the first mixer stage M1 and its own    the amplitude variation
range of the AC phase parasitic DC offset, also a modulation of the
difference signal. When losing edge steepness in auxiliary mixing signal
with the phase difference   25   the bandpass filter BP in case of a
square-wave deviating from 90[err] between the RF input carrier      phase
difference signal, the amplifier/limiter LA and the local RF quadrature
carrier, or with the    restores the edge steepness to a certain extent.
phase difference between the RF input carrier and     The modulated
auxiliary mixing signal function- the local RF in-phase carrier, is brought
about at   ing as an AC phase difference signal is demod- this mixing
operation.                         30   ulated in the third mixer stage
[err]. To this end the If the mixing signal is also large, for example
original auxiliary mixing signal is applied in phase sufficiently large to
operate the second mixer       or in anti-phase to the third mixer stage
[err], after stage M2 in its switching state as in said preferred  having
been delayed in the delay circuit T for a case, a conversion gain occurs in
thesecond mixer    period corresponding to the group delay time of stage M2
whereby the modulated auxiliary mixing    35   the bandpass filter BP. As a
result of the amplifica- signal is increased relative to said own parasitic
DC  tion and selection occurring in the path preceding offset of this
second mixer stage [err]. Since the     the third mixer stage [err], the DC
phase difference original auxiliary mixing signal only comprises AC
signal thus obtained significantly increased rela- information, the phase
difference information at    tive to the unwanted DC offset of the third
mixer the output of the second mixer stage [err] is stored    40   stage
[err]. Unwanted higher order mixing products in the AC component of the
modulated auxiliary       are suppressed in the low-pass filter LP so that
the mixing signal and is therefore referred to as AC     oscillator TO is
very accurately coupled in phase phase difference signal hereinafter. This
desired   synchronism with the RF carrier. The fundamental AC phase
difference signal is frequency-separated   frequency of the auxiliary
mixing signal should from the higher order mixing products and the    45
then be lower than the highest modulation fre- parasitic DC offset
components of the first and      quency in the RF-AM receiver signal so as
to second mixer stages [err] and [err] and is further         prevent
neighbouring channels from disturbing increased relative to these
interference com-       the operation of the phase-locked loop. ponents by
a selection in the bandpass filter BP.     It will be obvious that a
certain reduction of the The AC phase difference signal thus selected is
so   unwanted DC offset in case of a sufficient conver- subsequently
applied to the amplifier/limiter LA    sion gain in the second mixer stage
M2 may in which mainly determines the loop gain. The           principle
also be obtained without the bandpass amplifier/limiter LA exhibits a
maximum gain for    filter BP, the delay circuit T, the amplifier/limiter
input signal amplitudes below a certain threshold    LA, the DC negative
feedback of this amplifier/ value and such a decrease in gain for input
signal   55   limiter LA or a full suppression of the DC com- amplitudes
above this threshold value that the       ponent in the auxiliary mixing
signal. However, output signal amplitude is substantially main-      these
circuits BP, T, LA and the suppression of the tained at the output level
occurring at said        latter DC component increase this reduction to a
threshold value. The amplifier/limiter LA is also   considerable extent.
negativelyfed backfordirectcurrentthrough a DC    60  If the auxiliary
mixing signal is a square wave negative feedback path FP and a subtractor
stage    with a fixed fundamental frequency [err], additional 



SS as is shown in Fig. 1. This DC negativefeedback  unwanted harmonic
frequencies at +/-2n [err] results in a further reduction of the unwanted
DC   (n=l, 2,.. .) from the desired frequency occur, component in the
signal applied to the amplifier/    upon which the phase-locked loop can
capture. limiter LA.                                    65    Reference is
made to Fig. 2 for clarification. Fig. 2 5    9               EP 0184873 B1
10 shows in graphs a-i the variation of the DC           same reference
indications. In contrast to the control signal applied to the tuning
oscillator TO  phase-locked loop of Fig. 1, the input carrier is in open
loop condition for the receiver of Fig. 1 as  mixed in the first mixer
stage [err] with the auxili- a function of the input carrier frequency when
ary mixing signal from the signal generator SG. using a square wave
auxiliary mixing signal    5    By mixing with the local oscillator signal
in the having a constant fundamental frequency of 2 kHz    second mixer
stage M2 the AC phase difference and a loop width of 8 Hz for field
strength values  signal is subsequently formed, which is then of 300 mV, 30
mV, 3 mV, 300 [err] 30 [err] 3 [err]      selected in the manner described
hereinbefore in 1[err],0.3 [err] and 0.1 [err], respectively.
the bandpass filter BP, amplified and limited in The capture phenomena at
said additional har-   10   the amplifierAimiter LA and converted into a DC
monic frequencies can be suppressed by fre-         phase difference signal
in the third mixer stage quency modulating the auxiliary mixing signal
M3. This DC phase difference signal is applied as with a pseudo-random
signal. As a result thereof    an oscillator control signal to the tuning
oscillator the signal energy of these harmonic frequencies     TO through
the lowpass filter LP. is spread over a wide frequency range which is   15
mainly beyond the passband of the loop while        Claims that of the
desired frequency is maintained. Ref- erence is made to Fig. 3 for
clarification. This Fig.  1. A phase-locked loop comprising a control- 3
shows in graphs d-i the effect of a fairly simple  lable oscillator which
is phase-coupled through a binary pseudo-random signal which is frequency-
20   phase detection arrangement (PD) and a low-pass modulated with a
modulation frequency of 300 Hz    filter (LP) to an input carrier applied
to a signal the same auxiliary mixing signal and at the      input of the
phase detection arrangement, charac- same loop widths as mentioned in the
description    terized in that the phase detection arrangement of Fig. 2,
on the variation of the oscillator control  comprises first (MI), second
(M2) and third (M3) signal at field strength values of 300 [err], 30 [err],
25    mixer stages which are mutually coupled in 3 [err], 1 pV, 0.3 [err]
and 0.1 [err], respectively. The    succession, an auxiliary mixing signal
being variation of the oscillator control signal at the field  applied to
said first and third mixer stages from a strength values above 300 [err]
hardly deviates       signal generator (SG), an input of one of the first
from that at 300 [err]. The bandpass filter BP is     and second mixer
stages being connected to the chosen dependent on the location and
bandwidth   30   signal input of the phase detection arrangement of the
frequency spectrum  of the frequency-        and an input of the other of
the two last-men- modulated auxiliary mixing signal. On the one
tioned mixer stages being coupled to an output of hand the bandpass filter
BP should be sufficiently  the controllable oscillator, said low-pass
filter wide to pass the entire signal energy of the AC     having a cut-off
frequency which is lower than the phase difference signal substantially
unaffected    35   fundamental frequency of said auxiliary mixing and on
the other hand it should be sufficiently     signal, said fundamental
frequency being lower narrow to suppress the said unwanted additional
than the frequency of the input carrier. harmonic frequency and the
parasitic DC com-          2. A phase-locked loop as claimed in Claim 1,
ponent in the output signal of the second mixer     characterized in that
the signal input is coupled to stage [err] It is found in practice that for
the said   40   the input of the second mixer stage and the modulation
frequency of the auxiliary mixing        controllable oscillator is coupled
to the input of signal a 3 dB passband of 2 kHz around a central    the
first mixer stage. [err] of 2 kHz for the bandpass filter BF renders   3. A
phase-locked loop as claimed in Claim 2, Satisfactory results. The delay
circuit T should      characterized in that a filter device is arranged
then be of the order of 120 [err]sec.            45   between the second
and third mixer stages for Measurements show that the dynamic range of
selecting the frequency component in the output the directly mixing
synchronous AM-receiver         signal of the second mixer stage, which
com- shown in Fig. 1 is then of the order of 100 dB.     ponent is located
at the fundamental frequency of It stands to reason that the phase-locked
loop    the auxiliary mixing signal, and that a delay circuit (PD, LP, TO)
used in the receiver of Fig. 1 may   50   is arranged between the signal
generator and the alternatively be used in a stereo decoder (not     third
mixer stage. shown) for generating a 38 kHz stereo sub-carrier,    4. A
phase-locked loop as claimed in Claim 3, which is in phase synchronism with
the 19 kHz       characterized  in that an amplifier/limiter is stereo
pilot signal for the purpose of dematrixing  arranged between the filter
device and the third the left channel and right channel stereo signals.
55    mixer stage. To this end the received 19 kHz stereo pilot signal   5.
A phase-locked loop as claimed in Claim 4, is to be applied to the signal
input I of the phase-  characterized in that the amplifier/limiter is pro-
locked loop (PD, LP, TO). The effect of the         vided with a DC
negative feedback path. measure according to the invention becomes
6. A directly mixing synchronous AM-receiver 



manifest in a reduction of the unwanted cross-talk   60   having an RF
input coupled to a synchronous AM between the left channel and right
channel stereo   detector to which a synchronous RF carrier is signals at
the output of the stereo decoder.        applied through a synchronous
in-phase carrier Fig. 4 shows a further embodiment of a phase-     for
direct conversion of an RF-AM receiver signal locked loop according to the
invention in which     to the baseband, characterized by a phase-locked
circuits corresponding to those in Fig. 1 have the    65   loop as claimed
in any of the preceding Claims 2    9               EP 0184 873  B1
10 hows in graphs a-i the variation of the DC          same reference
indications. In contrast to the control signal applied to the tuning
oscillator TO   phase-locked loop of Fig. 1, the input carrier is in open
loop condition for the receiver of Fig. 1 as  mixed in the first mixer
stage [err] with the auxili- a function of the input carrier frequency when
ary mixing signal from the signal generator SG. using a square wave
auxiliary mixing signal    5    By mixing with the local oscillator signal
in the having a constant fundamental frequency of 2 kHz    second mixer
stage M2 the AC phase difference and a loop width of 8 Hz for field
strength values   signal is subsequently formed, which is then of 300 mV,
30 mV, 3 mV, 300 [err], 30 [err], 3[err],       selected in the manner
described hereinbefore in 1 [err], 0.3 pV and 0.1 pV, respectively.
the bandpass filter BP, amplified and limited in The capture phenomena at
said additional har-   10   the amplifier/limiter LA and converted into a
DC monic frequencies can be suppressed by fre-          phase difference
signal in the third mixer stage quency modulating the auxiliary mixing
signal        [err]. This DC phase difference signal is applied as with a
pseudo-random signal. As a result thereof     an oscillator control signal
to the tuning oscillator the signal energy of these harmonic frequencies
TO through the lowpass filter LP. is spread over a wide frequency range
which is.  15 mainly beyond the passband of the loop while         Claims
that of the desired frequency is maintained. Ref- erence is made to Fig. 3
for clarification. This Fig.  1.. A phase-locked loop comprising a control-
3 shows in graphs d-i the effect of a fairly simple  lable oscillator which
is phase-coupled through a binary pseudo-random signal which is frequency-
20    phase detection arrangement (PD) and a low-pass *  dulated with a
modulation frequency of 300 Hz     filter (LP) to an input carrier applied
to a signal .  the same auxiliary mixing signal and at the    input of the
phase detection arrangement, charac- same loop widths as mentioned in the
description    terized in that the phase detection arrangement of Fig. 2,
on the variation of the oscillator control  comprises first [err] second
[err] and third [err] signal at field strength values of 300 [err], 30
[err]   25    mixer stages which are mutually coupled in 3 [err] 1 [err],
0.3 [err] and 0.1 pV, respectively. The   succession, an auxiliary mixing
signal being variation of the oscillator control signal at the field
applied to said first and third mixer stages from a strength values above
300 [err] hardly deviates         signal generator (SG), an input of one of
the first from that at 300 [err]. The bandpass filter BP is       and
second mixer stages being connected to the chosen dependent on the location
and bandwidth   30   signal input of the phase detection arrangement of the
frequency spectrum  of the frequency-         and an input of the other of
the two last-men- modulated auxiliary mixing signal. On the one
tioned mixer stages being coupled to an output of hand the bandpass filter
BP should be sufficiently  the controllable oscillator, said low-pass
filter wide to pass the entire signal energy of the AC      having a
cut-off frequency which is lowerthan the phase difference signal
substantially unaffected    35   fundamental frequency of said auxiliary
mixing and on the other hand it should be sufficiently     signal, said
fundamental frequency being lower narrow to suppress the said unwanted
additional     than the frequency of the input carrier. harmonic frequency
and the parasitic DC com-          2. A phase-locked loop as claimed in
Claim 1, ponent in the output signal of the second mixer     characterized
in that the signal input is coupled to stage [err] It is found in practice
that for the said   40   the input of the second mixer stage and the
modulation frequency of the auxiliary mixing         controllable
oscillator is coupled to the input of -'inal a 3 dB passband of 2 kHz
around a central    the first mixer stage. ue of 2 kHz for the bandpass
filter BF renders         3. A phase-locked loop as claimed in Claim 2,
satisfactory results. The delay circuit T should    characterized in that a
filter device is arranged then be of the order of 120 [err]sec.
45   between the second and third mixer stages for Measurements show that
the dynamic range of        selecting the frequency component in the output
the directly mixing synchronous AM-receiver         signal of the second
mixer stage, which com- shown in Fig. 1 is then of the order of 100 dB.
ponent is located at the fundamental frequency of It stands to reason that
the phase-locked loop    the auxiliary mixing signal, and that a delay
circuit (PD, LP, TO) used in the receiver of Fig. 1 may   so   is arranged
between the signal generator and the alternatively be used in a stereo
decoder (not      third mixer stage. shown) for generating a 38 kHz stereo
sub-carrier,    4. A phase-locked loop as claimed in Claim 3, which is in
phase synchronism with the 19 kHz       characterized  in that an
amplifier/limiter is stereo pilot signal for the purpose of dematrixing
arranged between the filter device and the third the left channel and right
channel stereo signals.   55    mixer stage. To this end the received 19
kHz stereo pilot signal   5. A phase-locked loop as claimed in Claim 4, is
to be applied to the signal input I of the phase-  characterized in that
the amplifier/limiter is pro- locked loop (PD, LP, TO). The effect of the
vided with a DC negative feedback path. 



measure according to the invention becomes            6. A directly mixing
synchronous AM-receiver manifest in a reduction of the unwanted cross-talk
60   having an RF input coupled to a synchronous AM between the left
channel and right channel stereo   detector to which a synchronous RF
carrier is signals at-the output of the stereo decoder.         applied
through a synchronous in-phase carrier Fig. 4 shows a further embodiment of
a phase-      for direct conversion of an RF-AM receiver signal locked loop
according to the invention in which     to the baseband, characterized by a
phase-locked circuits corresponding to those in Fig. 1 have the    65
loop as claimed in any of the preceding Claims 2 6    11            EP
0184873 B1                     12 to 5, the signal input of said loop being
coupled to  nung vorgesehen ist zur Selektion des Frequenz- the said RF
input, the controllable oscillator also  anteils in dem Ausgangssignal der
zweiten Misch- functioning as a tuning oscillator and being      stufe,
wobei dieser Anteil auf der Grundfrequenz coupled to said carrier input of
the synchronous  des Hilfsmischsignals liegt und zwischen dem AM detector,
the fundamental frequency of the    5    Signalgenerator und der dritten
Mischstufe eine auxiliary mixing signal being lower than the
Verzogerungsschaltung vorgesehen ist. highest modulation frequency in the
RF-AM           4. Phasenriegelschleife nach Anspruch 3, receiver signal.
dadurch gekennzeichnet, dass zwischen der Fil- 7. A directly mixing
synchronous AM-receiver    teranordnung und der dritten Mischstufe ein Ver-
as claimed in Claim 6, wherein the auxiliary   10   starker/Begrenzer
vorgesehen ist. mixing signal is frequency-modulated with a         5.
Phasenriegelschleife nach Anspruch 4, pseudo-random signal and at least
substantially   dadurch gekennzeichnet, dass der Verstarker/ does not
contain any DC information.              Begrenzer mit einer
Gleichstromgegenkopp- 8. A directly mixing synchronous AM-receiver
lungsstrecke versehen ist. as claimed in Claim 7, characterized in that the
15    6. Direkt mischender AM-Synchronempfanger filter device includes a
band-pass filter having a  mit einem HF-Eingang, der mit einem synchronen
resonant frequency at the central frequency of the  AM-Detektor gekoppelt
ist, dem uber einen syn- auxiliary mixing signal, and a passband which on
chronen phasengleichen Tragereingang ein syn- the one hand is sufficiently
narrow to suppress   chroner HF-Trager zugef0hrt wird und zwar zur the DC
component in the output signal of the   20   direkten Umwandlung eines
HF-AM Empfangssi- second mixer stage and on the other hand is       gnals
zu dem Basisband, gekennzeichnet durch sufficiently wide to at least
predominantly com-  eine Phasenriegelschleife nach einem der vorste- prise
the frequency spectrum of the modulated     henden Anspruche 2 bis 5, wobei
der Signalein- auxiliary mixing signal.                          gang der
genannten Schleife mit dem genannten 9. A directly mixing synchronous AM
receiver   25   HF-Eingang gekoppelt ist, der regelbare Oszillator as
claimed in Claim 8, characterized in that the  zugleich als
Abstimmoszillator wirksam und mit auxiliary mixing signal is a frequency
modulated  dem genannten Tragereingang des synchronen square wave signal
having a frequency which       AM-Detektors gekoppelt ist, wobei die
Grundfre- varies in a range of the order of 300 Hz around a  quenz des
Hilfsmischsignals niedriger ist als die central value of the order of 2
kHz, said bandpass   30   hochste Modulationsfrequenz in dem  HF-AM filter
having a 3 dB bandwidth of not more than   Empfangssignal. 2 kHz around the
said central value, the delay in   7. Direkt mischender AM-Synchronempfager
the delay circuit being of the order of 120 [err]sec.  nach Anspruch 6,
wobei das Hilfsmischsignal mit einem  pseudozufilligen Signal frequenzmodu-
Patentanspruche                             3S   liert ist und wenigstens
im wesentlichen keine Gleichstrominformation aufweist. 1.
Phasenriegelschleife mit einem regelbaren      8. Direkt mischender
AM-Synchronempfanger Oszillator, der uber eine Phasendetektionsanord-  nach
Anspruch 7, dadurch gekennzeichnet, dass nung (PD) und ein Tiefpassfilter
(LP) mit einem   die Filteranordnung ein Bandpassfilter aufweist einem
Signaleingang der Phasendetektionsan-   40   mit einer Resonanzfrequenz an
der Stelle der ordnung zugefuhrten Eingangstrager phasenge-
Zentralfrequenz des Hilfsmischsignals und mit koppelt ist, dadurch
gekennzeichnet, dass die     einem  Durchlassband, das einerseits schmal
Phasendetektionsanordnung   hintereinander        genung ist fOr eine
Unterdruckung des Gleichstro- gekoppelt eine erste (MI), eine zweite (M2)
und   manteils in dem Ausgangssignal der zweiten eine dritte (M3)
Mischstufe aufweist, wobei der   45   Mischstufe und andererseits breit
genung ist um ersten und der dritten Mischstufe aus einem       das
Frequenzspektrum  des modulierten Hilfs- Signalgenerator (SG) ein
Hilfsmischsignal zuge-   mischsignals wenigstens im  wesentlichen zu fuhrt
wird, wobei ein Eingang einer der ersten    umfassen. und zweiten
Mischstufen an dem Signaleingang        9. Direkt mischender
AM-Synchronempfanger der Phasendetektionsanordnung liegt und ein   50
nach Anspruch 8, dadurch gekennzeichnet, dass Eingang der anderen der
beiden letztgenannten     das Hilfsmischsignal ein frequenzmoduliertes
Mischstufen mit einem Ausgang des regelbaren      Rechtecksignal ist mit
einer Frequenz, die in Oszillators gekoppelt ist, wobei das Tiefpassfilter
einem Bereich in der Grossenordnung von 300 Hz eine Grenzfrequenz aufweist,
die niedriger ist als  um einen zentralen Wert in der Grdssenordnung die
Grundfrequenz des genannten Hilfsmischsi-  55   von 2 kHz variiert, wobei
das genannte Bandpass- gnals, wobei die Grundfrequenz niedriger ist als
filter eine 3 dB-Bandbreite aufweist von hoch- 



die Frequenz des Eingangstragers.                 stens 2 kHz um  den
genannten Zentralwert 2. Phasenriegelschleife nach Anspruch  1,
herum, wobei die Verzogerung in der Verzoge- dadurch gekennzeichnet, dass
der Signaleingang    rungsanordnung in der Grossenordnung von mit dem
Eingang der zweiten Mischstufe und der   60   120 ps liegt. regelbare
Oszillator mit dem Eingang der ersten Mischstufe gekoppelt ist.
Revendications 3. Phasenriegelschleife nach Anspruch 2, dadurch
gekennzeichnet, dass zwischen der zwei-     1. Boucle a phase asservie
comprenant un ten und der dritten Mischstufe eine Filteranord-   65
oscillateur controlable qui est couple en phase, *  C   L  M   S  *    13
EP 0184873 B1                       14 f l'intermediaire d'un dispositif de
detection de   6. Recepteur AM synchrone a m6lange direct p ase (PD) et
d'un filtre passe-bas (LP), A une     comportant une entree RF couplee a un
detecteur porteuso d'entr6e appliqu6e A une entree de         AM
synchrone, auquel une porteuse RF syn- signal du dispositif de d6tection de
phase,         chrone est appliquee par l'intermediaire d'une caract6risee
en ce que le dispositif de detection de    s    porteuse en phase
synchrone, en vue d'une phase comprend un premier (M,), un deuxieme
conversion directe d'un signal de recepteur AM- (M2) et un troisieme 6tage
melangeur (M3) qui       RF vers la bande de base, caracterise par une sont
mutuellement couples en succession, un         boucle A phase asservie
suivant l'une quelconque signal de melange auxiliaire etant appliqu6 au
des revendications 2 A 5, dont l'entr6e de signal premier et au troisieme
etage m6langeur A partir   10   est couplee A ladite entree RF,
l'oscillateur contr6- d'un generateur de signaux (SG), une entree d'un
lable fonctionnant egalement comme oscillateur des premier et deuxieme
etages melangeurs           d'accord et etant couple a ladite entr6e de
por- 6tant connect6e a l'entree de signal du dispositif  teuse du d6tecteur
AM synchrone, la fr6quence de detection de phase et une entree de l'autre
des  fondamentale du signal de melange auxiliaire deux etages melangeurs
mentionnes en dernier   w5   etant inf6rieure a la frequence de modulation
lieu etant coupl6e a une sortie de l'oscillateur    maximum dans le signal
du recepteur AM-RF. contr6lable, le filtre passe-bas ayant une fr6-
7. Recepteur AM synchrone A m6lange direct quence de coupure qui est
inferieure a la fr6-      suivant la revendication 6, dans lequel le signal
de quence fondamentale du signal de m6lange auxi-      m6lange auxillaire
est module en frequence avec liaire, cette frequence fondamentale 6tant
infe-   20   un signal pseudoal6atoire et no contient au moins 're a la
fr6quence de la porteuse d'entree.      en substance pas d'information en
continu. Boucle a phase asservie suivant la revendica-     8. R6cepteur AM
synchrone a m6lange direct tion 1, caracteris6e en ce que l'entree de
signal est  suivant la revendication 7, caracterise en ce que le couplee a
l'entr6e du deuxieme etage m6langeur      dispositif de filtrage comprend
un filtre passe-- et l'oscillateur controlable est couple a l'entr6e du
25    bande pr6sentant une fr6quence de resonance a premier etage
m6langeur.                            Ia frequence centrale du signal de
melange auxi- 3. Boucle a phase asservie suivant la revendica-  liaire, et
une bande passante qui, d'une part, est tion 2, caracterisee en ce qu'un
dispositif de      suffisamment 6troite pour supprimer la compo- filtrage
est dispose entre le deuxieme et le troi-  sante continue dans le signal de
sortie du sieme 6tage melangeur pour selectionner la com-   30   deuxieme
6tage melangeur et, d'autre part, est posante de frequence dans le signal
de sortie du    suffisamment large pour comprendre, au moins deuxieme 6tage
m6langeur, cette composante          dans sa majeure partie, le spectre de
frequence etant situee A la frequence fondamentale du         du signal de
m6lange auxiliaire modul6. signal de m6lange auxiliaire, et qu'un circuit a
9. Recepteur AM synchrone a melange direct retard est dispos6 entre le
g6n6rateur de signaux    36   suivant la revendication 8, caracterise en ce
quo le et le troisieme 6tage melangeur.                    signal de
melange auxiliaire est un signal a onde 4. Boucle A phase asservie suivant
la revendica-  carree modul6 en frequence, dont la frequence tion 3,
caracterisee en ce qu'un amplificateur/     varie dans une gamme de l'ordre
de 300 Hz limiteur est dispose entre le dispositif de filtrage  autour
d'une valeur centrale de l'ordre de 2 kHz, le at le troisieme etage
melangeur.              40   filtre passe-bande ayant une largeur de bande
A 5. Boucle A phase asservie suivant la revendica-  3 dB qui ne d6passe pas
2 kHz autour de la valeur .!in 4, caracterisee en co que l'amplificateur/
centrale, le retard dans le circuit a retard etant de iteur est pourvu d'un
trajet de contre-reaction     l'ordre de 120 ps. Er continu. 45 50 55 60 65
8    


