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Detection device and receiver for receiving high-frequéncy signals and comprising such

PHN 14.179

a detection device.

The invention relates to a detection device for detecting a tuning state of a
high-frequency modulated signal within a frequency band, comprising an output for
supplying an in-channel signal indicating whether a desired tuning state has been
reached, which detection device comprises a window comparator having an input for
receiving a filtered, demodulated version of the high-frequency modulated signal, and
an input for receiving a level signal which is a measure for a level of the high-
frequency modulated signal, the in-channel signal being formed, by means of a
combination device, from output signals of the window comparator and from the level
signal. '

The invention also relates to a receiver for receiving high-frequency
signals and comprising such a detection device. Such a receiver may be a radio
receiver, a television receiver, a video recorder or a cordless or mobile telephone.

A detection device of this kind for the detection of a tuning state of a
high-frequency modt‘llated signal within a frequency band is known from Japanese
Patent .Application No. 5 8-115;119, Kokai 60-7222/85. The known detection device,

intended to reduce so-called muting in an FM receiver, comprises a window comparator

whereto there is applied a filtered, demodulated version of a high-frequency modulated

signal to be applied to the FM receiver, and also comprises an input for receiving a
level signal which is supplied by a level device which is included in the FM receiver
and which serves to determine a level signal which is a2 measure for the level of the
high-frequency modulated signal. The known detection device also comprises a
combination device which is formed by two gates whereby an in-channel signal is
formed from output signals’ of the window comparator and from the level signal. The
in-channel signal is applied to control means which are not shown in the cited Kokai. It
is known that the detector characteristic of a detector such as an FM detector is S-
shaped if the RF frequency sweeps around a frequency whereto the tugter is tuned. This
characteristic is referred to as the so-called S-curve. The wmdow cornparator consisting

of two comparator circuits with hysteresis, imposes two detection thresholds on the S-




w

10

15

20

25

30

i

curve, so that it can be determined whether the filtered demodulated version of the
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high-frequency modulated signal is around a signal zero level between the two detection
thresholds. In order to avoid that the detection device does not provide an in-channel
indication if no station is received, i.e. if there is no RF signal, level information of the
RF signal is also taken into account. AND-combination of the signals from the S-curve
detection and the level detection then produces an in-channel signal. In a search mode,
pulses from the detection device can be filtered, if desired, in order to obtain a suitably
defined in-channel signal. A problem encountered during use of the known detection
device in inter alia the search mode in an FM receiver consists in that incorrect in-
channel signals may be generated, which incorrect signals may cause tuning to a
"wrong" slope of the S-curve where no station is situated; this may occur notably in the
event of a frequency band comprising many stations where stations may be situated very
near to one another. This is because the level signal may then be situated between two
stations above the adjusted detection thresholds, because intermediate frequency filters
do not adequately suppress the adjacent channels. In ~practical cases the S-curve will also
be distorted in the event of a busy frequency band. Moreover, the requirements imposed
on the low-pass filter preceding the detection device will vary in the preset mode and
the search mode, and choosirig a compromise may give rise to an increased number of
mistunings. Measurements have shown that wrong slopes of the S-curve over the
frequency band tend to be steeper than correct slopes, so that incorrect in-channel pulses '
generally are shorter than correct ih—channel pulses. When use is made of a filter
connected to the output of the de'tecﬁon device, requirements which are more difficult to
combine are then also imposed on this filter. The compromise to be chosen in this
respect may also lead to an increased number of mistunings.

It is the object of the inventiori' to provide a detection device for the
detection of a tuning state of a high-frequency modulated signal within a frequency band
which is reliable and accurate anid which does not give rse to any mistuning or at least
minimizes the number of mistunings.

A detection device in accordance with the invention is characterized in
that the detection device comprises a differentiation device, including an input for
receiving the filtered demodulated high-frequency signal, and that the combination
device forms the in-channel signal also from a signal to be supplied by the

differentiation device. In the search mode, the described variation of the S-curve over
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the frequency band is utilized, i.e. a slope-sensitive detection is achieved by
differentiation, thus enabling discrimination between incorrect and correct in-channel
signals or pulses.

Because the solution to the above problem by slope differentiation does
not produce a reliable in-channe] signal in all R signal circumstances, a further,
preferred detection device in accordance with the invention is characterized in that the
detection devicq comprises a slope detection device for slope detection of the filtered,
demodulated high-frequency signal, which slope detection device is coupled to the
window comparator, and that the combination device forms the in-channel signal also
from a signal to be supplied by the slope détecﬁon device. Thus, a very reliable
detection device is obtained which is not critically dependent on time constants to be
chosen, i.e. the time constants to be chosen can be chosen so as to be optimum. The
invention is based on the idea that during an up-search, a comparator having a higher
reference level in the window comparator supplies a logic signal "1” sooner than a
comparator having a lower reference level supplies a logic signal "0" for a correct
slope, whereas for a wrong slope the comparator of lower réference level supplies a
logic signal "1" before the comparator of higher reference level supplies a logic signal
0", i.e. the slope detection is actually based on the phase relation between the output
signals of the comparators.’ A similar signal behaviour occurs during a down-search, be
it inverted with respect to an up-search.

A further embodiment of a detection device in accordance with the
invention is characterized in that the slope detection device is a phase comparator. The
phase comparator is capable of identifying said phase relation.

A further embodiment of a detection device in accordance with the
iﬁvention, for use of the detection device in a search mode of a receiver, is
characterized in that reference signals of the window comparator are adjustable, in the
search mode and for a first value of the in-channel signal the reference signals being
adjusted to a window which is narrower than after termination of the search mode and
for a second value of the in-channel signal. In a two-loop'tuning system as included in a
receiver as described in the simultaneously filed European Patent Application
No. 92202520.0 better cooperation between the loop systems is thus possible. This is
because an excessively wide window in the search mode would lead to overshoot to a

station other than the desired station. An additional advantage of such an adjustment
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resides in the fact that less annoyance is experienced from audio modulation and that the
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detection device is capable of generating a correct in-channel signal on the basis of only
one, non-critical time constant, being the time constant of the filter preceding the
detection device.

The invention will be described in detail hereinafter with reference to a
drawing; therein:

Fig. 1 shows a block diagram of a receiver in accordance with the
invention,

Fig. 2 shows a first embodiment of a detection device in accordance with
the invention,

Fig. 3 shows a second embodiment of a detection device in accordance
with the invention,

' Fig. 4 shows signals in a detection device as shown in Fig. 3 as a
function of time, and

Fig. 5 shows the switching of reference signals in a detection device as
shown in Fig. 3. _

Fig. 1 shows a block diagram of a receiver 1 in accordance with the
invention. The receiver 1 comprises a receiving section 2 which includes a first
frequency loop L1 with a frequency conversion device 3 for frequency conversion of a
high-frequency modulated signal RF, to be appﬁed to the receiving section 2 via an
aerial 4, into a modulated signal IF of lower frequency. The frequency loop L1 also
comprises a detection device 5 for detection of an information signal present in the
modulated signal of lower frequency IF, for example a radio or television broadcast
signal or a telephone signal, and a tuning oscillator 6 which is coupled to the frequency
coﬁversion device 3 and whose frequency can be adjusted by m.eans of a first tuning
control signal I, to be supplied by a first tuning control signal generator 7 coupled to
the detection device 5. The tuning control signal generator may comprise a controlled
current source 10 which applies a tuning control §ignal L. in the form of a current to a
loop filter 8, preferably an integrator, which is formed, for example by a capacitor for
integration of the current I, so that there is formed a control voltage § L,.dt for
supply to a control input 9 for controlling the tuning oscillator 6, being a VCO (Voltage

" Controlled Oscillator) in the present embodiment. The tuning control signal generator 7

also comprises a low-pass filter 11 which filters an output signal of the detection device
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5, for example an FM discriminator, and outfmts it as a control signal for the controlled
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current source 10. In a superheterodyne receiver the frequency conversion device 3 may
be 2 cuétomary mixing stage for mixing the high-frequency modulated signal RF so as
to form the modulated signal of lower frequency IF, being an intermediate frequency,
for example 10.7 MHz in the event of broadcast FM. Conventional selective
intermediate frequency amplifiers comprising fixed filter sections, then present in the
receiving section 2, are assumed to be included in the detection device 5 for the sake of
simplicity. Other customary structures are also feasible for the receiving section 2, for
as long as a suitable control signal can be applied to the tuning oscillator 6 for
frequency tuning thereof in the first frequency loop L1. The invention is not restricted
to FM signals, other modulation types such as AM and PM, also being feasible. In
addition to a superheterodyne structure, for example a receiving section 2 based on a
so-called direct-conversion structure which is very well suitable for integration is also
feasible. In order to minimize tuning errors in the receiving section 2, per se, caused by
DC offsets and leakage currents in the AFC loop, the current source 10 should have a
very high output impedance; this can be achieved, for example by choosing a so-called
Wilson current mirror configuration in whic;h an input current is appiied to a
conventional current mirror configuration but an output current is supplied via an output
transistor in cascode connection with a mirror transistor. The input current of the
current source 10, supplied via the low-pass filter 11, can then be delivered by a

voltage/current converter (not shown) coupled to symmetrical outbuts of the detector 5

. (not shown heréin). The receiver also comprises a tuning section 12 which includes a

30

second frequency loop L2 with a frequency measuring device 13 for measuring the
frequencjr of the tuning oscillator 6, and a second tuning control signal generator 14
which can be coupled to the frequency measuring device 13 and which serves to
generate a second tuning control signal I, to be applied to the tuning oscillator 6. A
measured frequency of the tuning oscillator 6 can be stored in a last-channel memory
15. The receiver also comprises a control device 16 for controlling the r;:ceiving section
2 and the tuning section 12. In the preset mode (preset tuning) of the receiver 1, the
control device 16 will control and/or open or close the first and/or the second frequency
loop L1 and 12, i.e. in this mode both frequency loops L1 and L2 are active. During
operation of the receiver 1 in the search mode (autosearch tuning), in given

circumstances only the first frequency loop L1 is active, the frequency measuring device
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- 13 being used to measure the frequency of the relevant' station after a station has been
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found. The control device 16 can close the frequency loop L1 at least in dependence on
a first control signal in-1 (in-lock signal) to be supplied by the receivirig section 2.
Depending on the mode of operation of the receiver 1, the control device 16 controls
5 the first and/or the second frequency loop L1 and L2 also on the basis of a second

control signal in-w (in-window signal) to be applied to the control device 16 by the
frequency measuring device 13. The in-lock signal in-l is formed, by an in-lock
detection device 17, from the AFC signal from the detection device 3, filtered by the
Jow-pass filter 11, and from a level signal le which can be sui)plied by a level device

10 18 and which is a measure for the level of the high-frequency modulated signal RF. The
in-lock detection device 17 supplies a reliable in-lock signal, indicating that the first
frequency loop has been adjusted with a given accuracy, by very accurate analysis of

2 the so-called S-curve. The control device 16 also supplies control signals ctll and ctl2
to the current source 10 and the frequency measuring device 13 for respective control

15 and on/off switching. The control device can also autonomously control the second

E " tuning control signal generator 14, which may be a controllable charge pump having

several control inputs, in the autosearch mo;ie. The frequency measuring device 13 may

be a ﬁrogrammable counter having a preset input 19 for receiving a digital preset signal

'pre which can be supplied by a microprocessor (not shown) or also, in a simple and

-2 20 inexbensive embodiment of the receiver 1 in accordance with the invention, by a

| hardware preset device consisting of a number of flipflop registers. Such a'simple

.. embodiment can be implem_ented in comparatively inexpensive portable radio receivers.

‘The presets can be adjusted during the autosearch mode or also via a frequency which

‘=%~ .can be entered via a keyboard and which is loaded into the preset registers after having
; . _been digitized. For a more elaborate description of the receiver 1, reference is made to
o the simultaneously filed European Patent Application No. 9220252.0. |
T * Fig. 2 shows a first embodiment of a detection device for detecting a

- .tuning state of a high-frequency modulated signal, i.e. an in-lock detection device 17 in
jaccordance with the invention. The detection device 17 comprises a window comparator
;which is formed by two comparators 20 and 21 with hysteresis and with reference
:signals on inputs 22 and 23, said comparator being connected at its input side to an
output 24_of a Jow-pass filter 25 which applies a filtered, demodulated version of the
igh-frequency modulated signal RF to inputs 26 and 27 of the comparators 20 and 21.
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The comparators 20 and 21 with hysteresis may be so-called Schmitt'u'iggers. At their
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output side the comparators 20 and 21 are connected to inputs 28 and 29 of an AND-
gate 30, an input 31 of which receives the level signal le, again vig a comparator 32
with hysteresis, said level signal being a measure for a level of the high-frequency
modulated signal RF. The sensitivity of the detection device can be adjusted vie a
reference signél ref3 to be applied to an input 33 of the comparator 32. An input 34 of
the low-pass filter 25 receives a demodulated version of the high-frequency modulated
signal RF, being a signal AF from the detector 5. The filter 25 of the detection device
17 corresponds to the filter 11 of Fig. 1. The AND-gate 30 is connected at its output
side to an input 35 of an AND gate 36 whereto there is also coupled a differentiation
device which is formed by a high-pass filter 37 and two Schmitt triggers 38 and 39 for
detection of a version of the input signal of the window comparator which has been
differentiated by the high-pass filter 37. The in-channel or in-lock signal in-1 is available
at an output 40 of the AND-gate 36 or, via a low-pass filter 41 which is coupled to the
output 40 and a Schmitt trigger 42 ;vhich is coupled thereto, at an output 43 of the

- Schmitt trigger 42 which also receives a reference signal ref4. Thus, the in-channel

signal in-1 is formed, by a combination device consisting of the AND-gates 30 and 36,

- from output' signals of the window comparator, from the level signal le, and from a

differentiated version of the filtered, demodulated high-frequency signal. In this respect

use is made of the fact that wrong slopes in the S-curve over a frequenc& band, i.e.

- slopes between stations in the frequency band on which the detection device would

produce an incorrect in-channel signal, generally tend to be steeper than correct slopes
_in the S-curve, i.e. slopes on which a signal is situated. This embodiment has the
£ rawback that, as has already been described, a reliable in-lock signal is not obtained in
:'all signal circumstances of the signal RF.
Fig. 3 shows a second, preferred embodiment of a detection device 17 in
“aceordance with the invention. Therein, signals and devices corresponding to Fig. 2 are
'défioted by corresponding references. The comparators 20 and 21 supply signals A and
B rhich are apphed to a phase comparator 50, commercially available as a circuit
MC4044 an output 51 of which supplies a signal E. The combination device in
beordance with the invention for combining the output signals A and B of the window
mparator, the level signal le and output signais of the phase comparator 50, is formed
“AND-gates 52, 53 and 54 and by an OR-gate 55. An AND-gate 56, also forming
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part of the combination device, can receive a control signal sea in order to enable

n [ HESIEY

E operation of the detection device 17 in the search mode, as described, with two sets of

reference signals: refl and ref2, and ref6, respectively. The control signal sea controls a

switch 57.

Fig. 4 shows the signals A, B, C, D, E and in-1in a detection device 17
as shown in Fig. 3 as a function of time t and also an S-curve S-cur over a frequency
2 pand which is so busy that S-curves of individual stations influence one another. The
reference signals refl and ref2 of the window comparator 20, 21 are represented in the
- yariation S-cur of the S-curve. The signal C, being a digital representation of the level
10 signal le, always has the logic value "1 in the present embodiment because the level
signal le does not decrease sufficiently between stations in the case of a busy frequency
pand. The operation of the detection device shown in Fig. 3 will be described with
referehce to the signal behaviour in Fig. 4, which also shows a correct slope cs and a

- wrong slope fs. During an up-search in the frequency band towards a station, the output

15 signal A of the comparator 20 becomes logic "1, in the event of a correct slope cs,
= pefore the output signal B of the cbmpa,ratdr 21 becomes logic "0", whereas in the

3 event of 2 wrong slope fs the output signal B of the comparator 21 becomes logic "1" ‘
pefore the output signal A of the comparator 20 becomes logic "0". During a down-
search, these signals exhibit a similar behaviour, be it in the reverse sense. Thus, the

20 phase relation between the signals A and B, detected by the phase comparator 50, is the

key to slope detection. It is to be noted that the signal D varies like in the detection
 device known from Kokai 60-7222/85, that is to say with incorrect "in-lock” pulses,
k- whereas the in-lock signal in-1 in accordance with the invention does not contain

g ;;__ incorrect in-lock pulses. In order to ensure that the correct in-channel or in-lock signals

48 25 are generated during an up-search and a down-search, the combination device in the

S

detection device 17 comprises inputs 58 and 59 for receiving enable signals up and dn,

| respectively, to enable up-search and down-search.
Fig. 5 shows the switching of reference signals in a detection device as
~ shown in Fig. 3 by means of the control signal sea whereby the window comparator 20,

" 21 can be adjusted in the search mode. Above signals as function of time t, including

" the in-channel signal in-1, frequency windows are shown as a function of frequency f.
The search mode will be described hereinafter with reference to a receiver 1 as shown

" in Fig. 1. It is assumed that a frequency window -W2, +W2 of the window
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comparator, situated around a desired tuning frequency. fo, is 40 kHz and that a
frequency window of the frequency loop L2 in Fig. 2 is 20 kHz as may be the case in
the event of FM. As soon as the in-lock signal in-1 appears in the receiver 1 in the
search mode, which signal is delayed by an amount of r; relative to the "real” window
detection signal wdet due to the filter 25, the search mode is stopped and the AFC loop
L1 should adjust the tuning oscillator 6 to the desired tuning frequency f,. After a brief

PHN 14.179

delay 74, for example 50 ms, subsequent to the beginning of the in-lock signal in-1,
frequency measurement by the frequency measuring devic;: 13 commences as indicated
by a start pulse sp. It may then occur that the AFC loop L1 has not yet pulied the |
frequency of the tuning oscillator 6 within the frequency window of the preset mode, so
that the frequency measuring device 13 measures a frequency which is more than 20
kHz removed from the desired tuning frequency f,. This is not problematic for as long
as no fading is involved, but in the case of fading the in-lock signal in-1 temporarily |
disappears, the preset mode loop L2 is activate& and the frequency of the tuning
oscillator 6 is adjusted, by the last-channel memory 15, to the frequency measured in
the search mode. The AFC loop L1 will then tend to tune to the frequency £, but
because the frequency deviation amounts to. more than 20 kHz, no in-window signal in-
w will be generated; the latter signal should be present in the receiver 1 shown in Fig. 1
in order to stop the tuning process, so that the loop L2 remains active and the detector
signal Af‘ in the receiver 1 ien}ains "mute”. When a narrower windower window

-W1, +W1 is chosen, for example 8.8 kHz, during the search mode, the above
problem can be avoided and, moreover, the S-curve can be filtered more and
interference due to audio modulation in the detector 5 is also reduced. The cut-off
frequency of the filter 25 is, for example 80 Hz or less and the in-lock signal in-1 can
be generated in the presence of only one non-critical time constant. In the search mode,
the reference signals refS and ref6 are switched on, corresponding to a narrower
frequency window, and as soon as the in-lock signal in-I is present, the reference
signals refl and ref2 are activated, corresponding to a wider frequency window.

Fig. 6A shows a further elaboration of a part of the second embodiment
of a detection device 17 in accordance with the invention as shown in Fig. 3. The
further elaboration concems the phase comparator 50 which comprises a first D-flipflop
60, a second D-flipflop 61, and an AND-gate 62. The flipflops 60 and 61 comprise
inputs D, cl and R and an output Q. The D-input of the flipflop 60 receives a logic "'1"
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signal and its clock input cl receives the signal A. The b-Mput of the’ flipflop 61
receives a logic "1" signal and its clock input cl receives the signal B. At the output
side, outputs of the phase comparator are connected to respective outputs Q of the
flipflops 60 and 61, which outputs also apply, via the AND-gate 62, reset signals to the
5 respective reset inputs of the flipflops 60 and 61. Also shown are a multiplexer 63 and
an AND-gate 64, replacing the gates 53, 54 and 55 of Fig. 3. The operation of the
circuit shown in Fig. 6A corresponds to that of the corresponding part of Fig. 3.
Fig. 6B shows a modification of the part of the circuit of Fig. 3 which is
shown in Fig. 6A. Shown is a modified phase comparator 65 which comprises, like the
10 phase comparator 50, the flipflops 60 and 61 but not the AND-gate 62. In Fig. 6B the
D-input of the flipflop 60 receives the signal B and its R-input or reset input receives
the inverse of the signal B, derived from the signal by means of an inverter 66. The D-
input of the flipflop 61 receives the signal A and its R-input receives the inverse of the
signal A which is obtained by inversion of the signal A By means of an inverter 67. It
15 is thus achieved that, in contrast with the non-modified phase aetector 50, the operation
" of the flipflops 60 and 61 is fully independent. Such independent operation is necessary

when the S-curve is distorted to such an extreme that the S-curve signal exceeds the

reference signal refl but not the reference signal ref2, as shown in Fig. 4, and vice
versa. In the event of such strong distortion of the S-curve, the phase comparator 65

20 does not have this drawback. One flipflop in the modified phase comparator 65 then
detects the S-curve entering the window forﬁled by the references refl and ref2 in a
given direction, and the Q-output thereof femains high until the S-curve leaves the
window in the same direction; the other flipflop performs the same function, be it in the

opposite direction.
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1. A detection device (17) for detecting a tuning state of a high-frequency
modulated signal (RF) within a frequency band, comprising an output (40; 43) for
supplying an'in-channel signal (in-1) indicating whether a desired tuning state has been
reached, which detection device (17) corﬁprises a window comparator (20, 21) having
an input for receiving a filtered, demodulated version of the high-frequency modulated
signal, and an input for receiving a level signal (le) which is a measure for a level of
the high-frequency modulated signal (RF), the in-channel signal (in-1) béing formed, by
means of a combination device (30, 36), from output signals of the window comparator
(20, 21) and from the level signal (le), characterized in that the detection device (17)
comprises a differentiation device (37, 38, 39), including an input for receiving the
filtered demodulated high frequency signal, and that the éombi,nation device (30, 36)
forms the in-channel signal (in-1) also from a signal to be supplied by the differentiation
device (37, 38, 39).

2. A detection device (17) for detecting a tuning state of a high-frequency
modulated signal (RF) within a frequency band, comprising an output (40) for supplying
an in-channel signal (in-1) indicating whether a desired tuning state has been reached,
which detection device (17) comprises a window comparator (20, 21) having an input
for receiving a filtered, demodulated version of the high-freqﬁency modulated signal,
and an input for receiving a level signal (le) which is a measure for a level of the high-
frequency modulated signal (RF), the in-channel signal (in-) bging formed, by means of
a combination device (52, 53, 54, 55) from output signals of the window comparator
(20, 21) and from the level signal (le), characterized in that the detection device (17)
comprises a slope detection device (50) for slope detection of the filtered, demodulated
high-frequency signal, which slope detection device is coupled to the window
comparator (20, 21), and that the combination device (52, 53, 54, 55) forms the in-
channel signal (in-1) also from a signal to be supplied by the slope detection device (50).

3. A detection device (17) as claimed in Claim 2, characterized in that the

AT,
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slope detection device is a phase comparator (50).

4, A detection device as claimed in Claim 2 or 3, for use of the detection
device (17) in a search mode of a receiver (1) for receiving high-frequency signals,
characterized in that reference signals (refl, ref2; ref5, ref6) of the window comparator
(20, 21) are adjustable, in the search mode and for a first value of the in-channel signal
("0™), the reference signals being adjusted, to a window (ref5, ref6) which is narrower
than after termination of the search mode and for a second value ("1") of the in-channel
signal.

5. A receiver (1) for receiving high-frequency signals, comprising a
frequency conversion device (3) for frequency conversion of a high-frequency
modulated signal (RF), a detector (5) for detecting a baseband signal from a frequency-
converted version (IF) of the high-frequency modulated signal (RF), a level device (18)
for determining a level signal (le) which is a measure for the level of the high-frequency
modulated signal (RF), and a detection device as claimed in any one of the preceding
Claims, whit;.h receiver (1) also comprises a control device (16) having an input for
receiving the in-channel signal (in-1) in .order to control a tuning oscillator (6) coupled

to the frequency conversion device (3).
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