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reducing field strength-dependent amplitude vari- ations of the signal in
the phase-locked loop, a The invention relates to a directly mixing syn-
mixing device comprising in succession mutually chronous AM receiver
comprising a synchronous      coupled first and second mixer stages, to
which demodulator coupled to an antenna input for syn-   5   first mixer
stage a first mixing subcarrier is applied chronously demodulating an RF-AM
reception car-      from a signal generator, the antenna input being rier
and a phase-locked loop (PLL) incorporating a  connected to an input of one
of the first and phase detection arrangement, a loop filter, a con-  second
mixer stages and the in-phase output of the trollable oscillator which is
coupled to the synchro-  controllable oscillator being connected to an
input nous demodulator via an in-phase output and to the   10  of the other
mixer stage, said mixing device being phase detection arrangement via a
quadrature out-  coupled via an output of the second mixer stage to put.
selection means for selecting at least the frequency A directly mixing
synchronous AM receiver of   of the first mixing subcarrier, followed by an
am- this type is known from EP-A-0 184 873.            plitude detection
arrangement for detecting the am- The phase-locked loop of the directly
mixing   15  plitude of the first mixing subcarrier, said amplitude
synchronous AM receiver is used for regenerating   detection arrangement
being coupled to a control a local mixing carrier which is applied to the
syn-  input of the controllable amplification arrangement. chronous
demodulator via the in-phase output of       A synchronous AM demodulator
using an auto- the controllable oscillator and which should ac-   matic
gain control in the phase-locked loop is curately follow the phase of the
RF-AM reception   20  known per se from  United States Patent No. carrier
for the purpose of a correct synchronous   4,473,801. The gain control
signal is derived from demodulation of this carrier.
the DC component of the baseband modulation However, in practice a phase
error is produced  signal, which signal is obtained by a mixing conver-
between these two carriers due to different factors  sion of an RF-AM input
signal, or for example an such as, for example an unwanted parasitic DC
25   AM-IF reception signal with the local mixing carrier offset of the
phase control signal for which the  in a single mixer stage functioning as
a mixing above-mentioned prior art provides a solution. An-  device. other
important factor is the field strength-depen-   The invention is based on
the recognition that dent conversion gain in the phase detection ar-    the
control range of such a known automatic gain rangement so that the phase
control signal in the   30  control and hence the dynamic range of the re-
loop not only depends on the phase difference      ceiver is limited
because not only the desired DC between the two carriers applied to the
phase      component from which the gain control signal is detection
arrangement but also on the amplitude,   derived occurs at the output of
the known mixing i.e. field strength of the RF-AM reception signal.
device, but also an unwanted DC offset which may The field strength
dependence of the phase  35  be many times larger than the desired DC
compo- control signal can be reduced by means of an       nent,
particularly in RF-AM input signals having a automatic gain control
arrangement before or in the  comparatively small amplitude or field
strength. loop in such a way that a stable, accurate phase      When using
the measure according to the in- synchronicity between the said two
carriers is ob-  vention the field strength information is not laid tained
within a certain range of field strength vari-  40  down in the amplitude
of a DC component but in ation or dynamic range of the receiver. A field
the amplitude of an AC component, i.e. the am- strength indication is
derived from the amplitude  plitude of the first mixing subcarrier. The
influence level, which is average over a given period of time,  of the
unwanted DC offset on the gain control is of the demodulated RF-AM
reception carrier at the  reduced by a frequency-dependent selection of
this output of the synchronous demodulator and is ap-  45  first mixing
subcarrier. A reliable field strength in- plied as a DC gain control signal
to the gain control  dication is obtained by means of an amplitude
arrangement. However, it has been found that the   detection of the
subcarrier thus selected, also for a feasible dynamic range is
comparatively small with  relatively weak signal reception which is located
such known automatic gain controls.                beyond the control range
of the known automatic It is an object of the invention to increase the
so  gain control. By applying this field strength indica- dynamic range of
the known directly mixing syn-    tion as a gain control signal to the
controllable chronous AM receiver.
amplification arrangement, the dynamic range of According to the invention
a directly mixing   the directly mixing synchronous AM receiver ac-
synchronous AM receiver of the type described in   cording to the invention
is considerably larger than the opening paragraph is characterized by a
con-  55  that of the known receiver. trollable amplification arrangement
in the phase-     In order to prevent noticeable perturbations in locked
loop to which a gain control signal is ap-  the production of the baseband
modulation signal, plied from a control signal generating circuit for  for
example whistling in the case of use as a radio 2   
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device is only used for gen-     The drawing comprises a sole Figure
showing erating the gain control signal and not simulta-   a concise block
schematic diagram of a directly neously  for synchronously  demodulating
the      mixing synchronous AM receiver according to the baseband
demodulation signal to be reproduced.    invention. A further increase of
the dynamic range of the   5  In the Figure an RF-AM reception signal from
directly mixing synchronous AM receiver according  an antenna device ANT is
applied to an RF input to the invention is possible by reducing also the
RFI of a signal splitter PS which is coupled to a influence of the unwanted
DC offset, which occurs  synchronous demodulator SD1, a phase detection in
the phase detection arrangement, on the phase   arrangement PD and a mixing
device MD and control signal in the loop in accordance with the   10  which
applies substantially 80%, 10% and 10%, measure known from the
first-mentioned prior art.  respectively, of the received RF signal energy
Such a directly mixing synchronous AM re-      thereto. ceiver according to
the invention is preferably char-  Together with a cascade arrangement of
cir- acterized in that the phase detection arrangement  cuits S, LP1, SS,
CA1, M3, a loop filter LF and a comprises means for modulating the phase
in-  15  controllable tuning oscillator TO, the phase detec- formation on a
second mixing subcarrier, in that the  tion arrangement PD constitutes a
phase-locked phase-locked loop incorporates, between the phase  loop. The
controllable tuning oscillator TO is con- detection arrangement and the
loop filter, succes-  nected to the synchronous demodulator SD1 via an
sively an adder circuit for adding the output signals  in-phase output
[err] and to the phase detection of the phase detection arrangement and the
mixing   20  arrangement PD via a quadrature output [err] and device, the
said selection means, the controllable  applies thereto a local in-phase
and a local quadra- amplification arrangement and a third mixer stage  ture
carrier, respectively, which are mutually in for demodulating the second
mixing subcarrier,     phase quadrature and whose frequency is tunable said
selection means also selecting the frequency  at the carrier frequency of a
desired RF-AM recep- of the second mixing subcarrier and an output of  25
tion signal. the controllable amplification arrangement being      When
tuning to a desired RF-AM  reception coupled to an input of the said
amplitude detection  carrier, the phase detection arrangement PD sup-
arrangement.                                       plies a phase control
signal which varies with This measure is based on the recognition that
phase differences deviating from 90  between this a common selection of the
field strength informa-  30   RF-AM reception carrier and the local
quadrature tion and the phase information after the mixing    carrier and
which is applied to the controllable operation in the mixing device and the
phase de-   tuning oscillator TO via a selection in the loop filter tection
arrangement is possible by modulating this  LF in such a way that these
phase differences are information on two mixing subcarriers which mutu-
reduced. In the phase-locked state of the loop the ally differ in frequency
and/or phase.        35  local in-phase carrier is therefore substantially
in When using the measure according to the in-     phase or in anti-phase
with the RF-AM reception vention the selection means in the loop are oper-
carrier in the case of a sufficiently large reception ative for selecting
both the field strength and the  field strength, so that this RF-AM
reception carrier phase information and the measure according to    is
correctly demodulated synchronously to the the invention is advantageously
combined with the   40  baseband in the synchronous demodulator SD1.
afore-mentioned known measure.                     The baseband
demodulation signal thus obtained is A further preferred embodiment is
character-   automatically stabilized in amplitude in a controlled ized in
that the amplitude detection arrangement   amplifier CA2 after a selection
in a low-pass filter has a sixth mixer stage to which the first mixing  LP2
and is subsequently further processed and subcarrier is applied which with
respect to the   45  reproduced in a processing and reproducing device
mixing subcarrier applied to the first mixer stage is  SP. delayed over a
delay period which substantially       The mixing device MD of the directly
mixing corresponds to the delay of the signal in the phase-  synchronous AM
receiver shown forms part of a locked loop between the phase detection
arrange-   control signal generating circuit for generating a ment and the
sixth mixer stage, said sixth mixer  50  gain control signal for an
automatic amplification stage being coupled to the control input of the
arrangement CA1, which is incorporated in the loop controllable
amplification arrangement via a low-  and which will be further described,
and comprises pass filter.                                      in
succession mutually coupled first and second This provides an accurate
synchronous AM        mixer stages M1 and M2. The local in-phase car-
detection of the field strength information.  55  rier is applied to the
first mixer stage M1 via the in- Embodiments of the invention will now be
de-   phase output of the controllable tuning oscillator scribed in greater
detail with reference to the ac-  TO and a first mixing subcarrier A is
applied from a companying drawing.                                signal
generator SG. The output signal of M1 is 3  
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second mixer stage M2, i.e. a prod-  ations is produced in the gain control
loop thus uct of the local in-phase carrier and the first mixing  formed.
subcarrier A, and the RF-AM reception signal is       Due to the
suppression, notably of the unwan- applied from PS. In contrast to the
synchronous    ted DC offset in the DC negative feedback FP, SS
demodulation of the RF-AM reception carrier in   5   of CA1, the said
negative feedback of field SD1, a conversion to the frequency of the first
strength-dependent amplitude variations subsists, mixing subcarrier A is
obtained in MD instead of a  even at very small field strength values. Such
small conversion to the baseband. Therefore, the first  field strength
values result at the output of M2 in a mixing subcarrier A which is
amplitude-modulated   signal level which is considerably smaller than the
with the AM modulation and also with the field  10  level of the unwanted
DC offset occurring in M2. strength of the RF-AM reception carrier, and an
Consequently, the loop properties remain optimum unwanted DC offset caused
by bias and/or circuit   within a much larger dynamic range than in con-
asymmetries, notably in the second mixer stage     ventional directly
mixing synchronous AM receiv- M2 appear at the output of M2 which is also
the    ers. output of the mixing device MD.               15      The gain
control signal is also applied to a In the embodiment shown the output
signal of   control input of the controllable amplifier CA2 so M2 is
introduced into the phase-locked loop via an  that the reproduction
quality of the desired adder circuit S connected to the output of PD and
baseband modulation signal within a large dynamic is subsequently applied
to the selection means    range is not influenced by the field strength. It
is incorporated in the loop, comprising a low-pass  20  evident that the
above-mentioned derivation of the filter LP1 followed by the
above-mentioned control-  field strength indication from the output signal
of lable amplification arrangement CA1 with a DC      MD is also possible
by incorporating the part of the negative feedback FP, SS. This DC negative
feed-   control signal generating circuit constituted by the back is
obtained by applying the DC component in  said selection means LP1, CA1,
FP, SS and the the output signal of CA1 to a subtractor stage SS   25
amplitude detection arrangement AD together with via a DC feedback path FP,
said subtractor stage   MD in a separate control signal generating circuit
SS being arranged between LP1 and CA1, by          outside the phase-locked
loop and by controlling a subtracting the last-mentioned DC component in
controllable amplifier incorporated in the loop by the subtractor stage SS
from the output signal of  means of the gain control signal. LP1 and by
applying this difference to the input of  30  Incorporation of the said
part of the control CA1. In the low-pass filter LP1 higher order product
signal generating circuit in the loop, as shown in components are
suppressed, which components       the Figure, provides the possibility of
also reducing have been produced during the mixing operation in  the
unwanted DC offset occurring during the mixing the mixing device MD and
components which have     conversion in the phase detection arrangement PD
been produced in the phase detection arrangement  35   with respect to the
phase information while using a PD, while inter alia the above-mentioned
unwanted  minimum number of mixer stages in the loop. It is DC offset is
suppressed by means of the said DC    known from the first-mentioned prior
art that this is negative feedback. The selected amplitude-modu-
achieved by modulating this phase information on a lated first mixing
subcarrier at the output of the  mixing subcarrier hereinafter referred to
as second controllable amplification arrangement CA1 is sub-   40   mixing
subcarrier B, by subsequently selecting and sequently applied to an
amplitude detection ar-    simultaneously suppressing and demodulating the
rangement SD2, LP3 comprising a synchronous        unwanted DC offset so
that the phase information demodulator SD2, followed by a low-pass filter
in the form of a DC signal becomes available and LP3. The first mixing
subcarier delayed over [err]   is applied as a DC phase control signal to
the delay period a is applied to the synchronous de-  45  controllable
tuning oscillator TO. modulator SD2 from the signal generator SG via a
To this end the phase detection arrangement delay circuit TA. The delay
period [err] is chosen to  PD comprises in succession mutually coupled be
substantially equal to the signal delay which  fourth and fifth mixer
stages M4 and M5, the local occurs in the signal path between MD and SD2,
so   quadrature mixing carrier being applied to the said that the amplitude
of the RF-AM reception signal  50  fourth mixer stage M4 from the
quadrature output modulated on the first mixing subcarrier is correctly
[err] of TO and the second mixing subcarrier B demodulated synchronously in
SD2. This amplitude   being applied to said stage from the signal gener- or
field strength of the RF-AM reception signal is  ator SG. The mixing
product of the two last-men- subsequently applied as a gain control signal
to a  tioned carriers on the one hand and the RF-AM control input of the
controllable amplification ar-  55  reception carrier from PS on the other
hand are rangement CA1 after a selection in the low-pass    applied to the
fifth mixer stage M5. The output of filter LP3 coupled to SD2, so that a
negative feed-  M5 which is also an output of PD supplies the back of field
strength-dependent amplitude vari-    second mixing subcarrier B on which
the desired 4 



7                 EP 0 371 548 B1                    8 information about
the phase difference deviating  ing this mixing product in M2 with the
RF-AM from 90  between the local quadrature carrier and  reception carrier,
to form a mixing product in M1 of the RF-AM reception carrier is modulated,
as well  the RF-AM reception carrier with the first mixing as the unwanted
DC offset which is produced as a   subcarrier A followed by mixing this
last-mentioned result of bias voltage and/or circuit asymmetries,   5
mixing product in M2 with the local in-phase [err] notably in the fifth
mixer stage M5 and unwanted   mixing carrier of TO. It is therefore obvious
that the higher order mixing products. The unwanted signal  Claims should
not be limited to the special embodi- components are suppressed with
respect to the      ment shown. desired second mixing subcarrier B by means
of LP1 and the DC negative feedback of CA1. The   10  Claims phase
information modulated on the second mixing subcarrier B is synchronously
demodulated in the   1. A directly mixing synchronous AM receiver mixer
stage M3, followed by a low-pass selection      comprising a synchronous
demodulator (SDl) in the loop filter LF. For a further explanation of the
coupled to an antenna (ANT) input for synchro- reduction of DC offset in
the phase control signal  15  nously demodulating an RF-AM reception car-
reference is made to the first-mentioned prior art.   rier and a
phase-locked loop (PLL) incorporat- The mixing carrier required for the
synchro-       ing a phase detection arrangement (PD), a nous demodulation
in M3 is derived from B by a        loop filter (LP1), a controllable
oscillator (TO) given delay [err] in a delay circuit TB arranged
which is coupled to the synchronous de- between SG and M3. The delay  [err]
is chosen to be   20  modulator via an in-phase output and to the equal to
the signal delay which occurs in the cir-    phase detection arrangement
via a quadrature cuits between PD and M3. Since the last-men-
output, characterized by a controllable amplifi- tioned circuits are also
operative for the reduction  cation arrangement (CA1) in the phase-locked
of unwanted DC and higher order product compo-        loop to which a gain
control signal is applied nents in the gain control signal, [err] should be
equal  25  from a control signal generating circuit (AD) for to the delay
[err] in TA. In the case of suitably        reducing field
strength-dependent amplitude chosen subcarriers A and B the delay circuits
TA      variations of the signal in the phase-locked and TB may also be
replaced by a single common        loop, a mixing device (MD) comprising in
suc- delay circuit T. However, to prevent the phase        cession mutually
coupled first and second mix- information in the combination shown from
being   30  er stages (M1, M2), to which first mixer stage inseparably
combined with the field strength in-      (M1) a first mixing subcarrier is
applied from a formation, the mixing subcarriers should at least     signal
generator (SG), the antenna input being comprise a component without any
correlation and      connected to an input of one (M2) of the first should
be, for example, mutually different in fre-    and second mixer stages and
the in-phase quency or in phase.                           35      output
of the controllable oscillator being con- Those skilled in the art will
recognize that dif-  nected to an input of the other mixer stage ferent
modifications are possible for the above-      (M1), said mixing device
being coupled via an described embodiment without passing beyond the
output of the second mixer stage to selection scope of the invention, for
example for satisfying    means for selecting at least the frequency of
special applications. For example, the unwanted   40  the first mixing
subcarrier, followed by an am- DC offset component in the gain control
signal        plitude detection arrangement (AD) for detect- according to
the invention can be reduced indepen-    ing the amplitude of the first
mixing subcarrier, dently of the above-mentioned known measure of
said amplitude detection arrangement being reducing the unwanted DC offset
component of the      coupled to a control input of the controllable phase
control signal. Instead of a synchronous de-  45  amplification
arrangement. tection in SD2 it is also possible to detect the amplitude of
the first mixing subcarrier A by means  2. A directly mixing synchronous AM
receiver as of a quadratic detection (not shown), in which the    claimed
in Claim 1, characterized in that the first mixing subcarrier A to be
detected is multi-    phase  detection  arrangement  comprises plied by
itself in a multiplier circuit, or by means of  50  means for modulating
the phase information on peak detection (not shown) so that the necessity
of   a second mixing subcarrier, in that the phase- a carrier A delayed
over [err] can be dispensed with     locked loop incorporates, between the
phase in each of these cases, and it is possible to use a   detection
arrangement and the loop filter, suc- bandpass filter instead of a low-pass
filter LP1 and  cessively an adder circuit for adding the output a DC
negative feedback across CA1 via FP and   55     signals of the phase
detection arrangement SS, and/or instead of forming a mixing product in
and the mixing device, the said selection Ml of the local in-phase [err]
mixing carrier of TO    means, the controllable amplification arrange- with
the first mixing subcarrier A followed by mix-   ment and a third mixer
stage for demodulating 
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difference deviating    ing this mixing product in M2 with the RF-AM from
90  between the local quadrature carrier and   reception carrier, to form a
mixing product in M1 of the RF-AM reception carrier is modulated, as well
the RF-AM reception carrier with the first mixing as the unwanted DC offset
which is produced as a    subcarrier A followed by mixing this
last-mentioned result of bias voltage and/or circuit asymmetries,   5
mixing product in M2 with the local in-phase [err] notably in the fifth
mixer stage M5 and unwanted    mixing carrier of TO. It is therefore
obvious that the higher order mixing products. The unwanted signal   Claims
should not be limited to the special embodi- components are suppressed with
respect to the       ment shown. desired second mixing subcarrier B by
means of LP1 and the DC negative feedback of CA1. The   10   Claims phase
information modulated on the second mixing subcarrier B is synchronously
demodulated in the    1. A directly mixing synchronous AM  receiver mixer
stage M3, followed by a low-pass selection       comprising a synchronous
demodulator (SD1) in the loop filter LF. For a further explanation of the
coupled to an antenna (ANT) input for synchro- reduction of DC offset in
the phase control signal  15  nously demodulating an RF-AM reception car-
reference is made to the first-mentioned prior art.    rier and a
phase-locked loop (PLL) incorporat- The mixing carrier required for the
synchro-        ing a phase detection arrangement (PD), a nous demodulation
in M3 is derived from B by a          loop filter (LP1), a controllable
oscillator (TO) given delay [err] in a delay circuit TB arranged
which is coupled to the synchronous de- between SG and M3. The delay [err]
is chosen to be   20   modulator via an in-phase output and to the equal to
the signal delay which occurs in the cir-     phase detection arrangement
via a quadrature cuits between PD and M3. Since the last-men-
output, characterized by a controllable amplifi- tioned circuits are also
operative for the reduction   cation arrangement (CA1) in the phase-locked
of unwanted DC and higher order product compo-          loop to which a
gain control signal is applied nents in the gain control signal, [err]
should be equal  25  from a control signal generating circuit (AD) for to
the delay [err] in TA. In the case of suitably         reducing field
strength-dependent amplitude chosen subcarriers A and B the delay circuits
TA       variations of the signal in the phase-locked and TB may also be
replaced by a single common         loop, a mixing device (MD) comprising
in suc- delay circuit T. However, to prevent the phase         cession
mutually coupled first and second mix- information in the combination shown
from being   30   er stages (M1, M2), to which first mixer stage
inseparably combined with the field strength in-        (M1) a first mixing
subcarrier is applied from a formation, the mixing subcarriers should at
least       signal generator (SG), the antenna input being comprise a
component without any correlation and        connected to an input of one
(M2) of the first should be, for example, mutually different in fre-
and second mixer stages and the in-phase quency or in phase.
35      output of the controllable oscillator being con- Those skilled in
the art will recognize that dif-   nected to an input of the other mixer
stage ferent modifications are possible for the above-        (M1), said
mixing device being coupled via an described embodiment without passing
beyond the         output of the second mixer stage to selection scope of
the invention, for example for satisfying     means for selecting at least
the frequency of special applications. For example, the unwanted   40   the
first mixing subcarrier, followed by an am- DC offset component in the gain
control signal         plitude detection arrangement (AD) for detect-
according to the invention can be reduced indepen-      ing the amplitude
of the first mixing subcarrier, dently of the above-mentioned known measure
of          said amplitude detection arrangement being reducing the
unwanted DC offset component of the       coupled to a control input of the
controllable phase control signal. Instead of a synchronous de-  45
amplification arrangement. tection in SD2 it is also possible to detect the
amplitude of the first mixing subcarrier A by means  2. A directly mixing
synchronous AM receiver as of a quadratic detection (not shown), in which
the     claimed in Claim 1, characterized in that the first mixing
subcarrier A to be detected is multi-      phase  detection  arrangement
comprises plied by itself in a multiplier circuit, or by means of  50
means for modulating the phase information on peak detection (not shown) so
that the necessity of    a second mixing subcarrier, in that the phase- a
carrier A delayed over [err] can be dispensed with      locked loop
incorporates, between the phase in each of these cases, and it is possible
to use a    detection arrangement and the loop filter, suc- bandpass filter
instead of a low-pass filter LP1 and    cessively an adder circuit for
adding the output a DC negative feedback across CA1 via FP and   55
signals of the phase detection arrangement SS, and/or instead of forming a
mixing product in       and the mixing device, the said selection Ml of the
local in-phase [err] mixing carrier of TO     means, the controllable
amplification arrange- 



with the first mixing subcarrier A followed by mix-     ment and a third
mixer stage for demodulating 5    9                 EP 0 371 548 B1
10 the second mixing subcarrier, said selection       Synchrondemodulation
eines  HF-AM-Emp- means also selecting the frequency of the sec-
fangstragers und mit einer Phasenschleife ond mixing subcarrier and an
output of the         (PLL), in die dine Phasendetektionsanordnung
controllable amplification arrangement being       (PD), ein
Schleifenfilter (LP1) und ein regelba- coupled to an input of the said
amplitude de-   5  rer Oszillator (TO) aufgenommen ist, der Ober tection
arrangement.                                   einen phasenrichtigen
Ausgang mit dem Syn- chrondemodulator und Uber einen Quadratur- 3. A
directly mixing synchronous AM receiver as       ausgang mit der
Phasendetektionsanordnung claimed in Claim 2, characterized in that the
gekoppelt ist, gekennzeichnet durch die Tatsa- phase detection arrangement
comprises in  10       che, daB in der phasengekoppelten Schleife
succession mutually coupled fourth and fifth       eine regelbare
Verstarkungsanordnung (CAl) mixer stages, the second mixing subcarrier
vorgesehen ist, der aus einer Regelsignaler- being applied to said fourth
mixer stage, the      zeugungsschaltung (AD) ein Verstarkungsre- antenna
input being connected to one of the        gelsignal zugefUhrt wird zur
Verringerung feld- two fourth and fifth mixer stages and the   15
starke-abhangiger  Amplitudenschwankungen quadrature output of the
controllable oscillator   des Signals in der phasengekoppelten Schlei-
being connected to the other mixer stage, the      fe, daB weiterhin eine
Mischanordnung (MD)- second mixing subcarrier being applied to said
vorgesehen ist mit hintereinander und mitein- third mixer stage, said
carrier being delayed      ander gekoppelten ersten und zweiten Misch- with
respect to the second subcarrier applied   20  stufen (Ml, M2), wobei der
ersten Mischstufe to the fourth mixer stage over a delay period      (Ml)
aus einem Signalgenerator (SG) ein er- which substantially corresponds to
the delay of    ster Hilfsmischtrager zugefUhrt wird, wobei der the signal
in the phase-locked loop between        Antenneneingang an einem Eingang
einer (M2) the phase detection arrangement and the third      der ersten
und zweiten Mischstufen liegt und mixer stage.
25       wobei der phasenrichtige Ausgang des regel- baren Oszillators an
einem Eingang der ande- 4. A directly mixing synchronous AM receiver as
ren Mischstufe (Ml) liegt, wobei diese Misch- claimed in Claim 2 or 3,
characterized in that     anordnung Ober einen Ausgang der zweiten the
first and second mixing subcarriers mutu-      Mischstufe mit
Selektionsmitteln zur Selektion ally correspond in frequency and differ in
30     wenigstens der Frequenz des ersten Hilfs- phase.
mischtragers gekoppelt ist, und wobei eine Amplitudendetektionsanordnung
(AD) zur De- 5. A directly mixing synchronous AM receiver as       tektion
der Amplitude des ersten Hilfsmischtra- claimed in any one of Claim 2, 3 or
4, char-       gers darauf folgt, wobei diese Amplitudende- acterized in
that the amplitude detection ar-  35  tektionsanordnung mit einem
Regeleingang der rangement has a sixth mixer stage to which
regelbaren Verstarkungsanordnung gekoppelt the first mixing subcarrier is
applied which with  ist. respect to the mixing subcarrier applied to the
first mixer stage is delayed over a delay period  2. AM-Synchronempfanger
mit Direktmischung which substantially corresponds to the delay of  40
nach Anspruch 1, dadurch gekennzeichnet, the signal in the phase-locked
loop between        daB die Phasendetektionsanordnung mit Mit- the phase
detection arrangement and the sixth     teln zum Modulieren der
Phaseninformation in mixer stage, said sixth mixer stage being
einem zweiten Hilfmischstrager versehen ist, coupled to the control input
of the controllable   dal in der phasengekoppelten Schleife zwi-
amplification arrangement via a low-pass filter.   45  schen die
Phasendetektionsanordnung und das Schleifenfilter nacheinander eine
Addierschal- 6. A directly mixing synchronous AM receiver as       tung zum
Addieren der Ausgangssignale der claimed in any one of Claims 2 to 5,
character-    Phasendetektionsanordnung und der Mischan- ized in that the
selection means comprise a        ordnung, die genannten Selektionsmittel,
die low-pass filter and in that the controllable am-   50  regelbare
Verstarkungsanordnung und die drit- plification arrangement is provided
with a DC      te Mischstufe zur Demodulation des zweiten negative
feedback.                                 Hilfsmischtrigers aufgenommen
ist, wobei die genannten Selektionsmittel zugleich die Fre- PatentansprUche
quenz des zweiten Hilfsmischtragers selektie- 55      ren und wobei ein
Ausgang der regelbaren 1. AM-Synchronempfanger mit Direktmischung,
Verstarkungsanordnung mit einem Eingang der 



mit einem an einen Antenneneingang (ANT)           genannten
Amplitudendetektionsanordnung ge- gekoppelten Synchrondemodulator (SD1) zur
koppelt ist. 6    11           ~~~~~EP 0371 548 B1                     *
EESIl~  I!1II~ IIl AM-Synchronempfanger mit Direktmischung             (TO)
qui est coupl6 au demodulateur synchro- nach Anspruch 2, dadurch
gekennzeichnet,           ne via une sortie en phase et au dispositif de
daB die Phasendetektionsanordnung mit einer        d6tection de phase via
une sortie en quadratu- mit- und nacheinander gekoppelten vierten und
re, caracterise par un dispositif d'amplification fUnften Mischstufe
versehen ist, wobei der   5     pouvant etre commande (CAI) qui est present
vierten Mischstufe der zweite Hilfsmischtrager     dans la boucle a phase
asservie et auquel un zugef(hrt wird, wobei der Antenneneingang an
signal de commande de gain est appliqu6 a einer der beiden vierten und
flnften Mischstu-     partir d'un circuit gdn6rateur de signal de corn- fen
und der Quadraturausgang des regelbaren        mande (AD) pour reduire les
variations d'am- Oszillators an der anderen Mischstufe liegt,  10   plitude
dependant de l'intensite de champ du wobei der dritten Mischstufe der
zweite Hilfs-     signal dans la boucle & phase asservie, un mischtrager
zugefihrt wird, der gegeniber          dispositif melangeur (MD)
comprenant, en suc- dem der vierten Mischstufe zugef~hrten zwei-
cession, un premier et un deuxieme etage ten Hilfstrager urn eine
Verzogerungszeit ver-     m6langeur coupl6s l'un a l'autre (MI, M2), le
z6gert ist, die im wesentlichen der Verzoge-  i5   premier 6tage m6langeur
(Ml) recevant une rung des Signals in der phasengekoppelten
premibre sous-porteuse de m6lange a partir Schleife von der
Phasendetektionsanordnung         d'un g6n6rateur de signaux (SG), I'entr6e
d'an- bis zur dritten Mischstufe entspricht.            tenne etant
connect6e a une entr6e de l'un (M2) des premier et deuxieme stages mrlan-
4. AM-Synchronempfanger mit Direktmischung   20       geurs et la sortie en
phase de l'oscillateur nach Anspruch 2 oder 3, dadurch gekenn-
pouvant Otre commande etant connect6e a une zeichnet, daB der erste und
zweite Hilfsmisch-     entree de l'autre 6tage melangeur (Ml), le trager
einander frequenzmdBig entsprechen          dispositif m6langeur 6tant
coupl6 via une sortie und phasenmaBig voneinander abweichen.             du
second etage m6langeur & un moyen de 25      selection pour selectionner au
moins la fr4- 5. AM-Synchronempfanger mit Direktmischung            quence
de la premiere sous-porteuse de m6- nach einem der AnsprUche 2, 3 oder 4,
da-          lange, suivi par un dispositif de d6tection durch
gekennzeichnet, daB die Amplitudende-        d'amplitude pour d6tecter
l'amplitude de la tektionsanordnung  eine sechste Mischstufe
premiere sous-porteuse de melange, le dispo- aufweist, der der erste
Hilfsmischtrager zuge-  30  sitif de detection d'amplitude etant couple a
flihrt wird, der gegenOber dem  der ersten         une entr6e de commande
du dispositif d'ampli- Mischstufe zugefUhrten Hilfsmischtrager urn
fication pouvant etre command6. eine Verzogerungszeit verz6gert ist, die im
wesentlichen der Verz6gerung des Signals in    2. R6cepteur AM synchrone a
m6lange direct der phasengekoppelten Schleife von der Pha-  35    suivant
la revendication 1, caracteris6 en ce sendetektionsanordnung  bis  zur
sechsten          que le dispositif de detection de phase corn- Mischstufe
entspricht, wobei diese sechste         prend un moyen pour moduler
l'information de Mischstufe Ober ein TiefpaBfilter mit dern Re-     phase
sur une seconde sous-porteuse de m6- geleingang der regelbaren
Verst,rkungsanord-      lange, en ce que la boucle a phase asservie nung
gekoppelt ist.                       40       comprend, entre le dispositif
de d6tection de phase et le filtre de boucle, successivement, 6.
AM-Synchronempflnger mit Direktrnischung           un circuit additionneur
pour additionner les si- nach einem der AnsprUche 2 bis 5, dadurch
gnaux de sortie du dispositif de d6tection de gekennzeichnet, daB die
Selektionsmittel mit       phase et du dispositif melangeur, ledit moyen
einem TiefpaBfilter versehen sind und daB die  45  de s6lection, le
dispositif d'amplification pou- regelbare Verstarkungsanordnung mit einer
vant etre command6 et un troisibme etage Gleichstromgegenkopplung versehen
ist.             melangeur pour demoduler la seconde sous- porteuse de
m6lange, ledit moyen de s6lection Revendicatlons
s6lectionnant dgalement la fr6quence de la se- 50      conde sous-porteuse
et une sortie du dispositif 1. R6cepteur AM synchrone a m6lange direct
d'amplification pouvant etre commande 6tant comprenant un d6modulateur
synchrone (SD1)         coupl6e a une entr6e du dispositif de d6tection
couple & une entree d'antenne (ANT) pour           d'amplitude. d6moduler
de manibre synchrone une porteu- se de r6ception RE-AM et une boucle &
phase   65  3. Recepteur AM synchrone a m6lange direct 



asservie (PLL) comprenant un dispositif de d6-     suivant la revendication
2, caracteris6 en ce tection de phase (PD), un filtre de boucle         que
le dispositif de d6tection de phase com- (LP1), un oscillateur pouvant etre
commande        prend, en succession, un quatrieme et un cin- 7    13.
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quieme etage m6langeur couples l'un a l'autre, la seconde sous-porteuse de
m6lange 6tant appliquee au quatrieme 6tage melangeur, I'en- tr6e d'antenne
6tant connectee au quatrieme ou au cinquibme 6tage m6langeur et la sortie
5 en quadrature de l'oscillateur pouvant 8tre commande etant connect6e a
l'autre 6tage m6langeur, la seconde sous-porteuse de m6- lange etant
appliquee au troisieme 6tage m6- langeur, la porteuse 6tant retard6e par
rapport  10 A la seconde sous-porteuse appliqu6e au qua- trieme 6tage
m6langeur d'un retard qui corres- pond en substance au retard du signal
dans la boucle a phase asservie entre le dispositif de d6tection de phase
et le troisieme etage m6-  15 langeur. 4. Recepteur AM synchrone a melange
direct suivant la revendication 2 ou 3, caract6ris6 en ce que la premibre
et la seconde sous-porteu-  20 se de melange correspondent mutuellement en
fr6quence et different en phase. 5. R6cepteur AM synchrone a m6lange direct
suivant l'une quelconque des revendications 2,  25 3 ou 4, caract6rise en
ce que le dispositif de detection d'amplitude comporte un sixieme 6tage
m6langeur auquel est appliqu6e la pre- miere sous-porteuse de m6lange qui,
par rap- port a la sous-porteuse de melange appliqu6e   30 au premier 6tage
melangeur, est retard6e d'une p6riode de retard qui correspond en substance
au retard du signal dans la boucle a phase asservie entre le dispositif de
d6tection de phase et le sixibme etage m6langeur, le  35 sixieme etage
melangeur 6tant coupl6 a I'en- tree de commande du dispositif
d'amplification pouvant etre commande via un filtre passe- bas. 40 6.
Recepteur AM synchrone & m6lange direct suivant l'une quelconque des
revendications 2 A 5, caracteris6 en ce que le moyen de s6lec- tion
comprend un filtre passe-bas et en ce que le dispositif d'amplification
pouvant etre corn-  45 mande est pourvu d'une retroaction n6gative en
courant continu. 50 55 8    


