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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

5 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. '

10 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
l 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
15. Patent .Application No. 58—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
1 20 and which serves to determine a level signal which is a 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
25 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 wﬁg:eto the tuper is tuned. This

characteristic is referred to as the so-called S-curve. The Wiédow corni)arator, consisting

of two comparator circuits with hysteresis, imposes two detection thresholds on the S-
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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
5 REF 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-
10 channel signals may be generated, which incorrect signils 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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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 device comprises a slope detection device for slope detection of the filtered,
demodulated hiéh—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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one, non-critical time constant, being the time constant of the filter preceding the
detection device.
5 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
10 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
15 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
20 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
31gna1 or a telephone signal, and a tuning oscillator 6 which is coupled to the frequency
25 conversion device 3 and whose frequency can be adjusted by means 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
30 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 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
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simplicity. Other customary structures are also feasible for the receiving section 2, for
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as long as a suitable control signal can be applied to the tuning oscillator 6 for

& 10 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

E | 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
15 DC offsets and leakage currents in the AFC loop, the current source 10 should have a

| very high output impedance; this can. be ac}}ieved, for example by choosing a so-called

Wilson current mirror configuration in which an input current is applied 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

20 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

: 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

25 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

30 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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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-1 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

E 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 flaving

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

E 20 inex’pénsive 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 implemented 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

25 _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. |

* 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

: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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sl opeg so tf i ncorrect "in-channel pul ses general are shorter
R | gate 30, an input 31 of which receives the level signal le, again via 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

10

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 w_hich also receives a ref_erence 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
roduce 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
drawback 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
acoor;'dance with the invention. Therein, signals and devices corresponding to Fig. 2 are
dehoted by corresponding references. The comparators 20 and 21 supply signals A and
%Lwhxch are apphed to a phase comparator 50, commercially available as a circuit
ﬁC4044 an output 51 of which supplies a signal E. The combination device in
cordance with the invention for combining the output signals A and B of the window
Somparator, the level signal le and output signals of the phase comparator 50, is formed
y*AND-gates 52, 53 and 54 and by an OR-gate 55. An AND-gate 56, also forming
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de ; e for P;f? gf gh%tc%(::n iir%rt}or? fde\?icé,uc%innrgce%eaﬁ %oﬂol%iénal sea in order to enable
operation of the detection device 17 in the search mode, as described, with two sets of
: reference signals: refl ana ref2, and ref6, respectively. The control signal sea controls a

switch 57.

U ke

Fig. 4 shows the signals A, B, C, D, E and in-1in a detection dev-ice 17
as shown in Fig. 3 as a function of time t and also an S-curve S-cur over a frequency
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 signalle, 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 fref;uency
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,ratd; 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, ?s the

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

E 3 incorrect in-lock pulses. In order to ensure that the correct in-channel or in-lock signals

88 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.
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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,

.30 21canbe adjusted in the search mode. Above signals as function of time t, including

R

" 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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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
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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| conpaside, @utputs 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 exireme 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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t the conbination device forns the in-channel signal also froma {{’
to be supplied by the slope de- tection device. Thus, a very
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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
5 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)

10 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

15 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-

20 frequency modulated signal (RF), the in-channel signal (in-I) 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

25 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
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supplies a logic signal "1" sooner than a com parator having a
ef erence |l evel supplies a logic signal "0" for a correct slope,
for a wong slope the conparator of |ower reference | evel supplies

sig "18.4bef ore the conparator,9of higher reference | ey
S a Iri%i}ﬂé%g”@nal "0", i.e. the slo g detection is actuall %@s&%@on
se relati n etéxeen t he outgut sig)nz#l of the conparators. A simlar
beha 988 CCHERM evdiﬁﬁsr?gp}%i’_sﬁ WAPLREF &) be it inverted with respect
p-segrch. A TUAIHBHReHLIRN HafifedindehR D 13, 48Y biebof e AeehcHANCE
e invention is characterized 1 n that
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
5 (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

10 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

15 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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t he sl ‘be detection device is a phase cbrrpar ator. The phase conparator is
I dentifying said phase relation. A further enbodi nent of a

det ect} on device in accordance with the invention, for use of the detection
devicgdin a search node of a receiver, is characterized in that reference

10

s of tRRENdnd&w conparat or are adj udBabl e,
val ue of the in-channel signal the reference signals being -adjust-

ed to} V\Anmis narrower than after term nation of the search node
and f ﬁicgnd v ue of .the,in- channel sig
as i SRS

In a two- rgpt uni ng

evice and receiver for recetving high- Prequency signals an TiSing such

a detection device.

A detection device is known for the detec.tion of a tuning state of a high-
frequency modulated signal (RF) within a frequency band in a receiver (1) in which a
level signal (le), being a measure for a level of the high-frequency modulated signal
(RF), is combined with a signal from a window comparator (20, 21) whereto a filtered,
demodulated version of the high-frequency signal is applied. The known detection
device supplies an in-channel signal (in-I) which indicates whether a desired tuning state
has been reached. The known detection device has the drawback that, upon detection of
stations in a busy frequency band, incorrect in-channel signals (in-1) are liable to be
generated, i.e. signals indicating that the tuning process has been completed even
though tuning is between two stations instead of to one station. The detection device
(17) in ac'cordance with the invention mitigates this drawback by combining, in addition

to said combination, also output signals of the window comparator (20, 21), compared

_ bjr means of a phase comparator (50), with said signals.

Fig. 3.
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ceiver as described in the sinultaneously filed Eu- ropean Patent

in a
Appl i gation No. 92202520.0 better coop- eration between the |oop systensfrs
thus fgossible. This is because an excessively w de wi ndow in the search
node uld lead to overshoot to a station other than the desired station.
An adgi tional advantage of such an ad- justnent resides in the fact that
| ess #§nnoyance is ex- perienced fronlﬂyﬂzo nodul ation and that the
det ec§i on device is capabl e of generatli a correct in-channel sig- nal on
the bgsis of only one, non-critical tine constant, being the tinme constant
of th@ filter preceding the detec- tion device. :
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The iJEntion will be described in detail

her e-

drawi:jl; therein: Fig. 1 shows a bl ock diagramof a receiver in ac-
cordajge with the invention, Fig. 2 shows a first enbodi nent of a detection

de- viEe in accordance with the invention,
of a Petection device in accordance with the invention,

signalls in a detection device as sh@ﬂﬁ3
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"3 as a function of time, and Fig. 5 shows t he" 5%
ce signals in a detection device as shown in Fig. 3. Hows a
|agran1of a receiver 1 in accordance with the invention. The
r 1 conpris- es a receiving section 2 which includes a first,
frequgncy loop L1 with a frequency conversion device 3 for fre- quency
convefgsi on of a high-frequency nndulagqgsng nal RF, to be applied to the
recei @i ng section 2 via an aerial 4, into a nodul ated signal IF of |ower
frequ@gncy. The frequency loop L1 also conprises a detection de- vice 5 for
detec@ on of an information signal present in
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t he' modul ated si gnal of | over frequency |F, for exanple a radio or
tel evision brm%sﬂﬂaﬁﬁ golast o t el ephone sig- nal, and g

ﬂ to the fre- quency conversid

oscillator 6 wh
whose frequencyj ed by nmeans of a first tuning
|[err] to be supplied by a first tuning, control signal gene

to the detection device 5. The tuning control signal generatclor
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a controlled current- squrce 10 whi ch. applies a tuning cont
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current at there is formed a

rator, V‘A}[&é?ecin d, for exanple by a capacitor for integration of the'
err] sot '

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 recelving a level signal which is a measure for a level of the high-

frequency modulated signal, the in~channe] 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;lated signal within a frequency band is known from Japanese
Patent Application No. 58-115419, Kokai 60-7222/85. The known detection device,

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

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 a 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.

is known that the detector characteristic of a detector such as an FM detector is S-

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

It

shaped if the RF frequency sweeps around a frequency whereto the tuner is tuned. This

characteristic is referred to as the so-called S-curve. The window comparator, consisting

of two comparator circuits with hysteresis, imposes two detection thresh_oldé on the §+
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| ow
devi ce
si gnal

e

vol t age I[err,] dt for supply to a control input 9 f T*~Qontro

the tuning oscill at eet Rale. (Vol tage Controll ed CB hﬂat ).
present enbodi nent. troI si gnal generator sd\{;Qfmrfr SeS. a
6 pass filte ters an out put signal ofi the, detec:’

5, for exanple an FM |scr|mnator and out- puts /t*‘asfﬁ ont

for the controlled current sourde 10. In a superhét e“rﬂdx\e °§,"»;.~./

recei verthe frequency

curve, so that it ¢an be determined whether the filtered demodulated verﬁ‘bn\of the ’\
high-frequency modulated signal is around a signal zero level between the two detec‘nen
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

l'1ing
|nthe

“td-of
rok -

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 i;l-channel pulses. When use is made of a filter
connected to the output of the deiection 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.

1t is the object of the invention to provide a detection device for the
detection of a tuning state of a high-frequency modulated signal within a frequency band
which is reliabie and accurate and which does not give rise 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 varation of the S-curve over
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conversi on devi ce 3 may be—a customary m xi ng stage for mxing the

:hi gh-frequency nodul aﬂ,g@hég}gggém la%«? as to formthe nodu] ;a,t,ﬁd.5443311%1{——"0’{"“"1
| ower frequency |IF, bej di ate frequency, for e>panple IO 7 MA '
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receiving section 2, are as- suned to e included in the !dei eétd b devi ce 5
for the sake o | he r | _so..f.easi-bte’ |
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first frequency Ioop

signals or pulses.
Because the solution to the above problem by slope differentiation does

not produce a reliable in-channel signal in all R signal circumstances, a further,
preferred detection device in accordance with the invention is characterized in that the
detection device comprises a slope detection device for slope detection of the filtered,
demodulated Méh-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 détection 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
n0*, 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
invention, 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'timing 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 ﬁajugg et T i
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L1. :The invention is not restricted to FM-stgnals;—other modul_atl-on-types-—I

5

such as AM and PM al so being fea- sible. il RePlacdd slg,-l_pefr:'h'ét,-"t-’il"--.‘”o)cﬁ)"rfé%
structure, for ex- anple a receiving sectionpgpEbeasdix so-cal | ed~direct?
conversion structure which is very well sui tmnl ﬂumuﬁ griatian.i.s Ta&;o
feasible. In ordertom nimze tuning errpors i ng: sect i-oh*2, iber H
se, caused by DC offsets and | eakage cdfrents in the AFC | oopi t he.curr.ent-:

source 10 shoul d, have a very hi gh out put i ance: .this, can be, achieved,
for ex arrpqeélg‘fﬁ/mcth% it ﬁlgaﬁe%@ne%)?an%mwn@wg@m ayfio r‘?i“?qugr“ﬂ&&ﬂﬂi B -on
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configuration
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 diagrazﬁ 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 fréquency 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
cor-iversion device 3 and whose frequency can be adjusted by means 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 signal 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 2 VCO (Voltage

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

also comprises a low-pass filter 11 which filters an output signal of the detection device

r----'--=-;,=~.-.u-~~""”""‘"w1 . .‘n 1y :‘; N . 2
1 .o T Rat A 5 LN 2 It
o 1 Tpiis SHEET BA !

}1 prEpr e §
s s
T csmsts suor i o 114

ot o AL I

¥
i

i
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control
be a custornary 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 which an input current is applied 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
‘yoltage/current converter (not shown) coupled to symmetrical outi)uts of the detector 5
. (not shown heréin). The receiver also comprises a tuning section 12 which includes a

‘second frequency loop L2 with a frequency measuring device 13 for'measuring the
'frequen@ of the tuning oscillator 6, and a second tuning control signal generator 14
which can be coupléd 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 receiving 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 L2, 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 measunng dev1ce N
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7 mgnal"[err] to be applled to the tuning oscillator 6. A neas- ured
trequeunﬁ&stba‘tﬂaslﬁequ?é oscillator 6 can be stored in a |ast-channel

set tun'l '

and the tuning section 12. In the pré&sét Aro e

pva——

e receiver 1, the control device 16 w Ilicﬁn’troT and

open or close the first and/or the secgnd frequency | oop 1.1? a@% EZR
this m)de boIh fr

ue
being used b’ Measure the frequency of the relevant station after a staugm has been......

found The control device 16 can close the frequency loop L1 at least xd _dependence on..
4 first control signal in-1 (in-lock signal) to be supplied by the recewmg section 2.
Depending on the mode of operation of the receiver 1, the control device 16 controls
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
low-pass filter 11, and from a level signal le which can be subph'ed by a level device
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
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
and on/off switching. The control device can also autonomously control the second
tuning control signal generator 14, which may be a controllable charge pump ﬁavi.ng
several control inputs, in the autosearch mo-de. The frequency measuring device 13 may

be a programmable 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

inexpensive 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 implemented 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

the simultaneously filed European Patent Application No. 9220252.0.

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

-accordance 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 low-pass filter 25 which applies a filtered, demodulated version of the

high-frequency modulated signal RF to inputs 26 and 27 of the comparator§~20~_andv~
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cy I’oops L1 and L2 are active. During operatiomof—theTecterver 1 in the
search node (autosearch tuning), in given C%Q%M%Regﬁéex ,Lbef,ust”w«

frequency loop L1 is active, the frequency T | 13 fuei EMFSIEASHEET
to neasure the frequency of the rel evant stgqmnﬁum%l ]Hlﬂ{au OR ~has—been----1
r i

found. The control device 16 can close fhe f 1 @t 1 east _iNum
dependence on a first control signal in-1 (in-lock signal) to be sapplited”’
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gate 30, an input 31 of which receives the level signal le, again via 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 vic 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

L output 40 and 2 Schmitt trigger 42 .which is coupled thereto, at an output 43 of the
Schmitt trigger 42 which also receives a reference signal refd. 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-c'ur‘ve over a frequencj' band, i.e.
slopes between stﬁtions 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
'dr;wback that, as has already been described, a reliable in-lock signal is not obtained in
all signai circumstances of the signal RF. '

Fig. 3 shows a second, preferred embodiment of a detection device 17 in

'?,ocordance with the invention. Therein, signals and devices corresponding to Fig. 2 are
denoted by corresponding references. The comparators 20 and 21 supply signals A and
B '\}-v-hich are applied to a phase comparator 50, commercially available as a circuit
MC4044, an 6utput 51 of which supplies a signal E. The combination device in
'l_@prdance with the invention for combining the output signals A and B of the window

Qﬁt}ipamtor, the level signal le and output signals of the phase comparator 50, is formed
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signal) to be apptTedto the controt device 16 by the fre- quency measuring
device 13. The in- Iﬂgghéﬂfgpg.gmkgﬂaledl s formed, by a in-lock detecti.on- demf:“’l\

17, fromthe AFC sig etection deV| ce 5. fil teteﬂ hy"ﬂﬁ“ NI )
pass filter 11, and M‘Hﬂﬂmﬁ IEI gnal |e which can be suppu»eek by d” Ieve~| i
device 18 and whi ch or the level of the high- frquggnc%y@ ®EF L
modul at ed signal RF. The in-lock detection device 17 suppl il es alrel Fabl e ! ¢
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i o ool BecoBiaaehRst Tab b5 b el P eipl 908 Boggen 2ch et el |
The cont p olidavdfane ﬂ&eﬁtﬁcﬁpde:‘vmépi’ﬁ 1@sthe eadrelo hoﬁbgwﬂ&cﬁﬂieﬂl vAlthitves. Sebs 60t TiE

current
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-1 in 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
band 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
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
band. 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
signal A of the comparator 20 becomes logic “1%, in the event of a correct slope cs,
before the output signal B of the cbmpa;atbr 21 becomes logic "0", whereas in the
event of a wrong slope fs the output signal B of the comparator 21 becomes logic "1 '
before 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
‘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,
whereas the in-lock signal in-1 in accordance with the invention does not contain
incorrect in-lock pulses. In order to ensure that the correct in-channel or in-lock signals
are generated during an up-search and a down-search, the combination device in the
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, +W?2 of the window
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sour.ce 10 _and the frequency neasuring device 13 for respective control._and

#8mitching. The control de- vice can al so aut ononousl ¥ conichahytHIEET |
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fing (Meveral control inputs, in the auto- search node, JThe ! |
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I nput 19 for receiving a digital “preset signal pre y\,hj ch can_be_sup- i
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comparator, situated around a desired tuning frequency f,, is 40 kHz and that a i
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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 7; 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
delay 7,, for example 50 ms, subsequent to the beginning of the in-lock signal in-l,
frequency measurement by the frequency measuring devic;e 13 commences as indicated
by a start pulse sp. It may then occur that the AFC loop L1 has not yet pulled 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 activatea 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 f,, but
because the frequency deviation amounts to-more than 20 kHz, no in-window signal in-
w will be generated; thp 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 AI;‘ in the receiver 1 remains "mute”. When a narrower windower window

-W1, +W1 is chosen, for exar;lple 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-1 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 concerns the phase comparator SO 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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plied by a mcroprocessor (not shown) or also, in a sim ple and

i nexpensi ve enbodi nent of the receiver 1 in ac- cordance with the invention
by a hardware preset de- vice consisting of a number of fI ipflop registers,
Such a sinple enbodi nent can be inplenmented in conpara- tlwﬁllyﬂp%@@x.ﬁeﬂwﬂe;
portable radio receivers. The presets can be adjusted dUI"I ng fhe autoseat ch
node or also via a frequency which can be entered via a keyboard andfﬂgﬁwl ch,
is loaded into the preset registers aft®r havi ng been digitj z&d. FEbriva rmre
el aborate description of the receiver 1,reference is madeito the S

si mul t an&igedl (apdfits|cerkaapeid sacapeps dhe sigradi A c RS Bninpet ofgtbeéhﬂtf 0

receives a logic "1" signal and its clock input cl receives the signal B. At‘tﬁe‘()utput

]

‘'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
‘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
phiase 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
is thus achjeved that, in contrast with the non-modified phase aetector 50, the operation
of the flipflops 60 and 61 is fully independent. Such independent oper;m'on is necessary
when the S—curve is distorted to such an exéreme 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
does not have this drawback. One flipflop in the modified phase comparator 65 then
detects the S-curve entering the window forr;lcd 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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Fi g 2 shows a first enbodinent of a detection device for eetect i“"‘l”lg’_"ﬁ“jj';’:;’j;j“'“f‘
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20 and 21. The conparators 20 and 21 with hysteresis nmay be so-called

Schm tt

trig-
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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) corripdses 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) being 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 c:bmbination 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-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) being formed, by means of
a combination device (52, 53, 54, 55) from output signals of tl;e 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
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gers At their output side the conparators 20 and 21 are connected to
Lnputs 28 and 29 of an AND-gate 30, an input 31 of which ré'ce,lfveﬁafgfp@s @}{

signal le, again via a conparator 32 with hysteresis, saidj ev,ei. L2
being a neasure for a level of the high-frequency rmdul at ed signal RF. %;r_,he’g
sensitivity of the detection device can be adjusted via a refere&ce”‘éfg?val ;
ref3 to be applied to an input 33 of the conmparator 32. An |riput 34 of the;
| ow- pass filter 25 receives a denpdul® ed version of the m gh~frequency
nmodul at ed S|3nal RF, being a signal AF fromthe detector 5.1_The filter .25.....

of the dsopedstentionalevice isz phese eppsmier (¥)the filter 11 of Fig. 1. The
AND- gat e4, A detection device as claimed in Claim 2 or 3, for use of the detection

3
a8 o 5 1 ot s e e

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 (refS, 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, whic;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 osci]l;ator (6) coupled

to the frequency conversion device (3).
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9 30 is connected at its out put side to an input 35 of an AND gate 36
whereto there is also coupled a differenti- ation device which is forned by
a high-pass filter 37 and two Schmitt triggers 38 and 39 f'iorptde’cectl N of gy
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version of the input signal of the w ndow conparator whi ch a&beenv_m
differentiated by the high-pass filter 37. The in- channel or in- Iock
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signal in-I is available at an output 40 of the AND-gate ?36 OI’/*~\II a5y f

| ow-pass filter 41 which is 13 | L.Mw___w_ |
ABSTRACT: *--~m~.m-_.,m_%__

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

a detection device.

A detection device is known for the detec.tion of a tuning state of a high-
frequency modulated signal (RF) within a frequency band in a receiver (1) in which a
level signal (le), being a measure for a level of the high-frequency modulated signal
(RF), is combined with a signal from a window comparator (20, 21) whereto a filtered,
demodulated veision of the high-frequency signal is applied. The known detection
device supplies an in-channel signal (in-1) which indicates whether a desired tuning state
has been reached. The known detection device has the drawback that, upon detection of
stations in a busy frequency band, incorrect in-channel signals (in-1) are liable to be
generated, i.e. signals indicating that the tuning process has been completed even
though tuning is between two stations instead of to one station. The detection device
(17) in ac.cordance with the invention mitigates this drawback by com.bining', in addition
to said combination, also output signals of the window comparator (20, 21), compared

by means of a phase comparator (50), with said signals.

Fig. 3.
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coubled to the output 40 and a Schmtt trigger 42 which i's coupled thereto,
at an output 43 of the Schmtt trigger 42 which also receives a reference

the in-channel signal in-1 is formed, by~ a,@ggftngﬁgf
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t_o'hbe st eeper Lha,n_LQLr—e-GJ:—sJ—epes—l n the S-curve, ie. slopes on which a
signal is situate a]ﬁﬁ ] eenq{e 1ace<£t has t he drawback t;h@,bngmj sf@gl Eeapy
; :

been descri bed, signal is not obt ai; ned” incalkl..skghal i
cir- cunstances o mlm Flg 3 shows a secondr pref erred""‘"""”‘ ;
17 in accordance wi t% hek § rivieh 39 on. E

| a

enbodi nent of a de
Therein, signals and devices corresporliig to Fig. 2 greé denoted b {A
5

correspondl ng references. The com parators 20 and 21 {supply S|gnal
B whi ch ﬁ/CS @ppl ied to a phase conparator 50. comerc ava,l L a,bLew--
circuit 6 a output 51 of which supplies s - e
7 refS5~_ __—qj— :
ref1 ! 20
ref 6 /
N A

) refl T 5[3 5 g| 53 55

. in-1
3 ‘ ~ 27 T FW
e il > g—l

3,,
/
J

W2 |- W1 =]—Wl =] w2

—~h_
'tvdet] l N
m-(: l g

- - -

T T




a §ignal E. The conbination device in accordance with the inventi.op-for—
conbi ni ng the output signals A and B of the mﬁndom/conpa@agogﬁﬂgméﬁfeﬂgﬁs &
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Scri bed, with two sets of reference si’[gmf’alc,ﬁ") rail and ref2, and ref6,
respectively. The control signal sea contrals,a_gwtch 57..Fig~—4-shows -
signals A, B, G. D Eandin-l ina o%ﬁé"fc@i"b u”deji ce 17 a ﬁﬁ@m&i“ﬁﬁﬁ@i&@?ﬂ?

“as a function of time-t and.al so an S-curve S-cur over a fr gguency band |
which is so busy that S-curves of indivldual sta- tions infllue GeABRG559
anot her. The reference signals refl and ref2 o; %agg\{méngo e nga’fa‘t'or %0,
21 are represent- TECTION \DEVIDE ANDSREGE IT¥ERt é/ Lo Lhe..si-grat—€~
being a digital regﬁ%awm(jmwf StmelAlLévéNDsngBRI%{“&'a Bays has the

|l ogic value "1" in the present FemEIECTION DEVITE S -

Description::

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 de-
sired tuning state has been reached, which detection
device comprises a window comparator having an input
for receiving a fittered, 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 sig-
nal. -

The invention also relates to a receiver for re-
ceiving high-frequency signals and comprising such a
detection device. Such a receiver may be a radio receiv-
er, a television receiver, a video recorder or a cordiess

__or mobile telephone.

A detection device of this kind for the dstection
of a tuning state of a high-frequency modulated signal
within a frequency band is known from Japanese Patent
Application No. 58-115419, Kokai 60-7222/85. The
known detection device, intended to reduce so-called
muting in an FM receiver, comprises a window compa-
rator whereto there is applied a filtered, demodulated
version of a high-frequency modulated signal to be ap-
plied tothe FM receiver, and also comprises an input for
receiving a level signal which is supplied by a level de-
vice which is included in the FM receiver and which
serves to determine a level signal which is a2 measure
forthe 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 win-
dow comparator and from the level signal. The in-chan-

- nel signal is applied to control means which are not
shown in the cited Kokai. It is known that the detector
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signal B of the conparator 21 becones logic "1" before the output signal

of the com

characteristic of a detector such as an FM detector is S-
shaped if the RF frequency sweeps around a frequency
whereto the tuner is tuned. This characteristic is referred
to as the so-called S-curve. The window comparator,
consisting of two comparator circuits with hysteresis, im-
poses two detection thresholds on the S-curve, so that
it can be determined whether the filtered demodulated
version of the 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 thers is no RF signal, level information
of the RF signal is also taken into account. AND-combi-
nation of the signals from the S-curve detection and the
level detection then produces an in-channel signal. ina
search mode, pulses from the detection device can be
fitered, if desired, in order to obtain a suitably defined
in-channel signal. A problem encountered during use of
the known detection device in inter aliathe search mode
in an FM receiver consists in that incorrect in-channel
signais 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 becauss the level signal may then be situated be-
twesn two stations above the adjusted detection thresh-
olds, because intermediate frequency filters do not ad-
equately suppress the adjacent channels. In practical

cases the S-curve will also be distorted in the event of
~ abusy frequency band. Moreover, the requirements im-

posed on the low-pass filter preceding the detection de-
vice will vary in the preset mode and the search mode,
and choosing a compromise may give rise to an in-
creased number of mistunings. Measurements have
shown that wrong slopes of the S-curve over the fre-
quency band tend to be steeper than correct slopes, so
that incorrect in-channel pulses generally are shorter
than correct in-channel pulses. When use is made of a

A



parator 20 beconmes logic "0". During a down-search, these signals.exhibhit a .
simlar behaviour, be it in the re- verse sense. Thus, the phaseprekation, .. 7 .
between the sig- nals A and B, detected by the phase conpar atiors~58;~t-s—t-Re~ < |
key to slope détection. It is to be noted that the signal D Varie || ke LA, % i
t he detection device known from Kokai 60:7222/85, that is to sel)a/& Gy’ B9 1
incorrect "in-lock" pulses, whereas the 8n-lock signal in-1 ijnlaccordance....i |
with the invention does not contain incorrect in-lock pulses.} In order to ‘
ensure that the correct in-channel or_in-lock sig- nals are gererated-— «—J
during an up-search aﬂ@ﬁfxmtecstahefoutpmmwﬂérmibnIdedibe',w— in the

detection device quirements which are more difficult to combine are then
also imposed on this filter. The compromise to be cho-
sen in this respect may also lead to an increased
number of mistunings.
it is the object of the invention to provide a de-
"tection device for the detection of a tuning state of a
high-frequency modulated signal within a frequency
band which is reliable and accurate and which does not
give rise to any mistuning or at least minimizes the
number of mistunings.
X . A detection device in accordance with the in-
vention is characterized in that the detection device
comprises a differentiation device, including an input for
receiving the filtered demodulated high-frequency sig-
nal, and that the combination device forms the in-chan-
nei signal by combining the output signals of the window
comparator, the level signal and a signal to be supplied
by the differentiation device. in the search mode, the de- -
scribed variation of the S-curve over the frequency band
is utilized, i.e. a slope-sensitive detection is achieved by
differentiation, thus enabling discrimination between in-
correct and correct in-channel signals or pulses.
Because the solution to the above problem by
slope differentiation does not produce a reliable in-chan-
nel signal in all R signal circumstances, a further, pre-
ferred detection device in accordance with the invention
is characterized in that the detsction device comprises
a slope detection device for siope detection of the fil-
tered, demodulated high-frequency signal, which slope
detaction 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 de-
toection device. Thus, a very reliable detaction device is
obtained which is not critically dependent on time con-
stants to be chosen, i.e. the time constants to be chosen
can be chosen so as to ba optimum. The invention is
based on the idea that during an up-search, a compa-




17 conprises inputs 58 and 59 for receiving enable sig- nal s up and dn,
respectively, to enable up-search and down-search. 11 Fig. 5 shp\/\“/smi_vg_g‘__,__ﬁ
switching of reference signals in a detection device as showr-+n PG %%byl
“means of the control signal sea whereby the wi ndow conpar a‘{ dt:FR ot cAnThe
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rator having a higher refersnca lavel in the window com-

parator supplies a iogic signal "1* sooner than a com-
parator having a lower reference level supplies a logic
signal 0" for a corract slope, whereas for a wrong slope
the comparator of lower refersnce level supplies a logic
signal "1 " before the comparator of higher reference lev-
el supplies a logic signal "0, i.e. the slope detaection 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 invention, 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 adjust-
ed 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 Eu-
ropean Patent Application No. 92202520.0 better coop-
eration between the loop systems is thus possibie. This
is because an excessively wide window in the search
mode would lead to overshoot to a station other than the
desired slation. An additional advantage of such an ad-
justment resides in the fact that less annoyance is ex-
perienced from audio modulation and that the detection
device is capable of generating a correct in-channel sig-
nal on the basis of only one, non-critical time constant,
being the time constant of the filter preceding the detec-
tion device. | -

Ve



1, frequency w ndows are shown as a function of fre- quency f. The search . ..
node will be described hereinafter with reference to a recei A Sl

i-n Fig. 1.
conpar at or,

pears in the receiver 1 in the search node, which signal is del&ayed by an
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situated around a desired tuning fre- quency f.0,
that a frequency wi ndow of the frequency loop L2 in Fig. 2 i
be the case in the event of FM As soo® as the in-lock signal
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Fig. 1 shows a block diagram of a receiver in ac-
cordance with the invention,

Fig. 2 shows a first embodiment of a detection de-
vice 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 devicé as shown
in Fig. 8 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 compris-
es a receiving section 2 which includes a first frequency
loop L1 with a frequency convarsion device 3 for fre-
quency conversion of a high-frequency medulated sig-
nal RF, to ba applied 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 de-
vice 5 for detection of an information signal present in
the modulated signal of lower frequency IF, for example

1o7HEe 1S a°Ur3WASG. ABFeike AFC 1 oop +1Shoul d

a radio or television broadcast signal or a telephone sig- .

nal, and a tuning oscillator 6 which is coupled to the fre-
quency conversion device 3 and whose frequency can
be adjusted by means 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 1C which applies a tuning control signal I in
the form of a current to a ioop filter B;-preferably an in-
tegrator, which is formed, for example by a capacitor for
integration of the current I, so that there is fonmed a
control voitage [ I,4.dt for supply to a control input 9 for
controliing the tuning oscillator 6, being a VCO (Voltage
Controlied Oscillator) in the present embodimen!. The
tuning control signal generator 7 also comprises a iow-
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tuning oscillator 6 to the desired tuning frequency t0. Af- ter a brief ..
delay [err] for exanple 50 ns, subsequent to the beginning of %he"“lgﬁ”l,\l é
signal in-1, frequency .neas- urement by the frequency measur “gf}@ )
com nences as.indicated by a start pulse sp. It may then oc& {:urthat the '!
AFC | oop L1 has not yet pulled the freguency. of the tuning Ofcm lsa; Qi % 09 ‘l
within the frequency w ndow of the preset m)de so that the fir quency 1
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measuring de- vice 13 mgﬁ\sures a f enc L5 @g‘ tl Okt
removed from the dePABEHREUAT Whigh & "FtBU‘ ?’HP? PR AeIBFdbl emati ¢ for o
as long as no fadi nfjonsieviceds, \iedexamplean FMdisctiminator, and oyt 'te 1T ock
signal in-1 tenporapuld/ it as a control signal for the controiled current

source 10. In a superheterodyne receiver the frequency

conversion device 3 may be a customary 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 in-

termediate frequency amplifiers comprising fixed filter

sections, then present in the receiving section 2, are as-

sumed 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 suit-

able control signal can be applied to the tuning oscillator

8 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, aiso being fea-

sible. In addition to a superheterodyne structure, for ex-

ample a receiving section 2 based on a so-called direct-

conversion structure which is very well suitablg for inte-

_ gration is alsofeasible. In order tominimize tuning errors
in the receiving section 2, per se, caused by DC cffsets

and leakage currents inthe AFC loop, the current source
10 should have a very high output impedance; this can
be achieved, for example by choosing a so-called Wil-
'son current mirror configuration'in which an input current
is applisd 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/currant
converter (not shown) coupled to symmetrical outputs
of the detactor 5 (not shown herain). The receiver also
comprises a tuning section 12 which includes a second
frequency loop L2 with a frequency measuring device
13 for measuring the frequency 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



di sappears, the preset node loop 1.2 is activated and the frequency of the

tuning oscillator 6 is adjusted, by the |ast-channel

menmory 15,

to th

e

frequ_ency measured in the search node. The AFC | oop L1 will then temj I s I
"tune to the frequency fo, but' because the frequency de- viaty

nore than 20 kHz.

no in-w ndow sig- nal in-wwll be generae‘f

si gnal shoul d be present in the receiver 1 shown in Fig. 1

the tuni ng process,

signal AF in the receiver 1 remains 7

signal I, to be applied to the tuning oscillator 6. A meas-
ured frequency of the tuning oscillator 6 can be stored
in a last-channel memory 15. The receiver also compris-
es a control device 16 for controlling the receiving sec-
tion 2 and the tuning section 12. In the preset mode (pre-
set tuning) of the receiver 1, the control device 16 will
control and/or open or close the first and/or the second
fraquency loop L1 and L2, i.s. in this mode both frequen-
cy 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 13 being used
to measure the frequency of the relevant station after a
station has been found. The control device 16 can close
the frequency loop L1 at least in dependence on a first
control signa! in-! {in-lock signal) to be supplied by the
recsiving section 2. Depending on the mode of opera-

tion of the receiver 1, the control device 16 controls the -

first and/or the second frequency loop L1 and L2 also
on the basis of a second control signal in-w (in-window

__slgnal) to be applied to the controi device 16 by the fre-

quency measuring device 13. The in-lock signal in-1 is

 formed, by a in-lock detection device 17, from the AFC

signal from the detection device 5, filtered by the low-

.pass fitter 11, and from a level signal le which can be

supplied by a level device 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. srgnal indicating that the first frequency loop has
been adjusted with a given accuracy, by very accurate
analysis of the so-called S-curve. The control device 16
also supplies control signals ct11 and ct12 to the current
source 10 and the frequency measuring device 13 for
respective control and on/off switching. The control de-
vice can aiso autonomously control the second tuning
control signal generator 14, which may be a controllable
charge pump having several control inputs, in the auto-
search mode. The frequency measuring device 13 may
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8.8 kHz, during the search node, the above probl em can be avc
nmor eover, the S-curve can be filtered nore and interference d
nmodul ation in the detector 5 is al so reduced. The cut-off fre
filter 25 is, for exanple 80 Hz or ?s and the in-lock signa
generated in the presence of only one’?non-critical tinme const

search node, the reference signals ref5 and ref6 are switched
corresponding to a ke prYEanmaslétinter having a preset-input 19 for
receiving a digital preset signal pre which can be sup-
plied by a microprocessor (not shown) or also, in a sim-
ple and inexpensive embodiment of the receiver 1 in ac-
cordance with the invention. by a hardware preset de-
vice consisting of a number of flipflop registers. Such a
simple embodiment can be implemented in compara-
tively inexpensive portable radio receivers. The presets
can be adjusted during the autossarch mode or also via
a frequency which can be entered via a keyboard and.
which is loaded into the preset registers after having
been dlgmzed For a more elaborate descnptm of the
receiver 1, éference is made to the simultaneously filed
European Patent Application No. 8220252.0.
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
accordance with the invention. The detection device 17
comprises a window comparator which is formed by two
comparators 20 and 21 with hysteresis and with refer-
ence signals on inputs 22 and 23, said comparator being
connected at its input side to an output 24 of a low-pass
filtar 25 which applaes a filtered, democdulated versjon of
the high-frequency modulated signal RF to inputs 26
and 27 of the comparators 20 and 21. The comparators
20 and 21 with hysteresis may be so-calied Schmitt trig-
gers. At their 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 via
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 via a reference signal ref3 to ba 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
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shown in Fig. 3. The fur- ther elaboration concerns the phase C rrparator

whi ch conprises a f
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ation 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 availabie 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 which
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-l is formed, by a combination
device consisting of the AND-gates 30 and 38, from out-
put signals of the window comparator, from the level sig-
nal le, and.from a differentiated version of the filtered,
de_rhodulated high-frequency signal. In this respect use
is made of the fact that wrong slopes in the S-curve over
a frequency band, ie. slopes between stations in the

_frequency band on which the detection device. would

produce an incorrect in-channel signal, generally tend

1o be steeper than correct slopes in the S-curve, i.e.
* _slopes on which 4 signal is situated. This embodiment
- has the drawback that, as has already been descfibed,

a reliable in-lock signal is not obtained in all signal cir-

“cumstances of the signal RF. |
Fig. 8 shows a second, preferred embediment

of a detection device 17 in accordance with the inven-
tion. Thersin, signals and devices corresponding to Fig.
2 are denoted by corresponding references. The com-
parators 20 and 21 supply signals A and B which are
applied to a phase comparator 50, commercially avail-
able as a circuit MC4044, a output 51 of which supplies
a signal E. The combination device in accordance with
the invention for combining the output signals A and B
of the window comparator, the level signal le and output
signals of the phase comparator 50, is formed by AND-
gates 52, 58 and 54 and by an OR-gate 55. An AND-
gate 56, also forming part of the combination device, can

" receive a control signal sea in order to enable operation

of the detaction device 17 in the search mode, as de-

and R and an

and

j
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. via“the AND-gate 62, reset signals‘to the respective re- set

61 receives a logic "1" signal and its clock input cl re- ceives the signal
B. At the output side, outputs of the phase conparator are corrit cgz qq; ot
Fespective outputs 0 of the flipflops 60 and 61, which out put% gi Sévap Wf’“ﬁ”
iinputs of the
flipfilops 60 ‘and 61. Al so shown-ar soa mul ti pl exer 63 andai aN @at:@g(}ﬁk w9
repl aci ng the gates 53, 54 and 55 of“Fig. 3. The operation of e circuit

S sy v

shown in Fig. 6A. andweibi gespectively. The control signal sea controls a
switch 57.

Fig. 4 shows the sngnaIsA B,C,D, Eandin-
in 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
band which is so busy that S-curves of individual sta-
tions influence one another. The reference signals ref1
and ref2 of the window comparator 20, 21 are represent-
ed in the variation S-cur of the S-curve. The signal C,
being a digital representation of the level signal ie, al-
ways has the logic value "1" in the present embodiment
because the lavel signal le does not decrease sufficient-
ly between stations in the case of a busy frequency
band. The operation of the detection device shown in
Fig. 3 will be described with reference to the signal be-
haviour in Fig. 4zmhich also shows a correct slope cs
and a wrong slope Fs. During an up-search in the fre-
quency band towards a station, the output signal A of
the comparator 20 becomes logic *1*, in the event of a
correct slope cs, before the output signal B of the com-

- parator 21 becomes logic "0", whereas in the event of a
wrong slope fs the output signal B of the comparator 21
becomes logic "1* before the output signal A of the com-
parator 20 becomes logic "0". During a down-search,
these signals exhibil a similar behaviour, be it in the re-
verse sense. Thus, the phase relation between the sig-
nals 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,
whereas the in-lock signal in-1 in accordance with the

invention does not contain incorrect in-lock pulses. In
order to ensure that the correct in-channel or in-lock sig-

nals are generated during an up-search and a down-
search, the combination device in the detection device
17 comprises inputs 58 and 59 for receiving enable sig-
nals up and dn, respectively, to enable up-search and
down-search.



nodi fi ed phase conparator 65 which conprises, |ikethe phase conparator 50,
the flipflops 60 and 61 but not the AND-gate 62. In Fig. 6B tHe ~_,D~| nput ef\-%~ ET.
the flipflop 60 receives the signal B and its R-input or reset} |£Y‘ibm,m£ -W,_,.L.’
13 ceives the inverse of the signal B, derived fromthe sig- r{al' by neans {
of an inverter 66. The D-input of the flipflop 61 receives th SI gh @l APR &80
Its R-input receives the in- verse of the signal Awhichis o tah ned by

i nver si on of 11 I

_ Fig. 5 shows the switching of reference signals
in a detection device as shown in Fig. 3 by means of the
control signal sea wheraby 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-
|, frequency windows are shown as a function of fre-
quency f. The search mods will be described hereinafter
with reference to a raceiver 1 as shown in Fig. 1. It is
assumed that a frequency window ‘W2, +W2 of the win-
dow comparator, situated around a desirad tuning fre-
quency fg, is 40 kHz and that a frequency window of the
frequency loop L2 in Fig. 2 is 20 kHz as may béthe case
in the avent of FM. As soon as the in-lock signal in-l ap-
pears in the receiver 1 in the search mode, which signal
is delayed by an amount of ; relative to the "real® win-
dow detection signal wdet dus to the filter 25, the search
mode is stopped and the AFC loop L1 should adjust the
tuning oscillator & to the desired tuning fraquency f,. Alf-
ter a brief delav ., for example 50 ms, subsequent to
the beginning of the in-lock signal in~1, frequency meas-

. urement by the frequency measuring device 13 com-
mences as indicated by a start pulse sp. It may then oc-
curthat the AFC loop L1 has notyet pulled the frequency
of the tuning oscillator 6 within the frequency window of
the preset mode, so that the frequency measuring de-
vice 13 measures a fraquency 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-l temporarily
disappears, the preset mode loop L2 is activated 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 f;, but because the frequency de-
viation amounts to more than 20 kHz. no in-window sig-
nal 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 remains



the signal A By neans of an inverter 67. It is thus achieved tfﬁa‘,t,:, 0
contrast with the non-nodified phase detector 50, the operatidn 6f: ff%éﬂ‘“g‘ el
fiipflops 60 and 61 is fully independent. Such independent op ration is m;i
nec: essary when the S-curve is distorted to such an extrene tihat t ey ARk 999 .
S-curve signal ‘exceeds the reference signal retl but not the rieflerence

signal ref2, as shown in Fig. 4, and vice versa. In the event jofsuch

strong distortion of the S-curve, the phase conparatir 65 doegq not have

this drawback One flipflop in the nodified phase conpara- tor 65 then

detects the S-curve ﬁ%@"%eb@n%%\ymmgr W/n&éW-Walf' ghgices refl and

f2 d -
retetn a ghven dires chosen, forexample 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 au-
dio modulation in the detector 5 is also reduced. The
cut-off frequency of the fitter 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 ref5 and ref6 are
switched on, corresponding to a narrower frequency
window, and as soon as the in-lock signal in-1 is present,
the reference signals ref1 and ref2 are activated, corre-
sponding to a wider frequency window.

Fig. 6A shows a further elaboration of a part of
the second embodiment of a detection device 17 in ac-
cordance with the invention as shown in Fig. 3. The fur-
ther elaboration concems the phase comparator 50
which comprises a first D-flipflop 60, a second D-flipflop
61, and an AND-gate 62. The fiipflops 60 and 61 com-
prise inputs D, cland R and an output Q. The f)—input of
‘the flipflop 60 receives a logic *1* signal and its clock
input c1 receives the slgnal A. The D-input of the flipflop
61 receives a logic *1:8i gl_na!;and its clock input cl re-
ceives the signal B.-Atthe 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, resset signals to the respective re-
set inputs of the flipflops 60 and 61. Also shown ars a
multiplexer 63 and-aftAND-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 correspond-
ing part of Fig. 8.

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
phase comparator 50, the flipflops 60 and 61 but not the
AND-gate 62. In Fig. 6B the D-input of the fiipflop 60
receives the signal B and its R-input or reset input re-




tion, and the Qoutput thereof remains high until the S curve greanes
MﬁndOMIIn the sane direction; the other- flipflop performs t He rsanx
in the opposite direction.
devi ce (17)'for.detecting a tuning state of a high- frequency

functlon

be it

signal (RF) within a frequency band, corrI%r|S| ng an out put (40;

431~i£f

ceives the inverse of the signal B, derived from the sig-
nal by means of an inverter 66. The D-input of the flipflop
61 receives the signal A and its R-input receives the in-
verse of the signal A which is obtained by inversion of
the signal A By means of an inverter 67. It is thus
achieved that, in contrast with the non-modified phase

detector 50, the operation of the flipflops 60 and 61 is"

fully independent. Such independent operation is nec-
essary when the S-curve is distorted to such an extreme
that the S-curve signal exceeds the reference signal ref1

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 compaxa‘taﬁes doesm t pave this
drawback. One flipfiop in the modified phase ‘compara-

tor 65 then detects the S-curve entering the window
formed by the references ref1 and ref2 in a given direc-

tion, and the Q-output thereof remains 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,




supplying an in-channel signal (in-1) indicating whether a desired tuning
state has been reached, which detection device (17) conpri g€ iﬁé‘ “g g P
eonparator (20, 21) having an input for receiving a filtered, elely fﬁ'e‘dL
version of the high-frequency nodul ated signal, an input fgr freceiving a
| evel sig- nal” (1 e} which is a nmeasure for a level of thejhi tﬁ’ﬁﬁé@ﬁ%ﬁcw
nodul ated signal (RF). and a differenti- ation device (37, 38, 39),

i ncluding an input for re- ceiving thet§iltered denodul ated hirgh™ fréquencﬁ
sig- nal, the in-channel signal (in-1) being forned by neags_of a conbi ning
device (30, 36) fromthe out-

n-nnw o A

Claims

1. A detection device (17) for detecting a tuning stale
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) comprises a window
comparator (20, 21) having an input for receiving a
filtered, demodulated version of the high-frequency
modulated signal, an input for receiving a level sig-
nal (1e} which is a measure for a level of the high-
frequency modulated signal (RF), and a differenti-
ation device (37, 38, 39), including an input for re-
ceiving the filtered demodulated high frequency sig-
nal, the in-channel signal (in-1) being formed by
means of a combining device (30, 36) from the out-
put signals of the window comparator (20, 21), asig-
nal representative of the level signal (1e), and a sig-
nal to be supplied by the differentiation device (37,
38, 39).

2. A detection device for detecting a tuning state of a
high frequency modulated signal (RF) within a fre-
quency band, comprising an output (40) for supply-
ing an in-channel signal (in-1) indicating whether a
desired tuning state has been reached, which de-
tection device (17) comprises a window comparator
(20, 21) havmg an input for raceiving a filtered, de-
modulated version of the high-frequency modulated
signal, an input for receiving a level signal (1e)
which is a measure for a level of the high-frequency
modulated signal (RF), and a slope detection de-
vice (50) for siope detection of the filtered, demod-
ulated high-fraquency signal, which slope dstection
device (50) is coupled to the window comparator

‘RN R A



put signal s of the wi ndow conparator (20,21), asig- nal representative-—of .
the level signal (1 e), and a sig- nal to be supplied by the REPLAGEMENT SHEET
differentiation device (37, 38, 39). 2. A detection device for [defecting a1
tuning state of .a high frequency nodul ated signal (RF) within g fire (ANBACY s
band, conprising an output (40) for supply- ing an in-channel sign ? =1y

I ndi cating whether a desired tuning state has been reached, whijc
tection device (17) conprises a w ndow conparator (20, 21) haviing an I nput
for receiving a filtered, de- nodul atedl%ersion of the high-freguency
nmodul at ed

—h

T o e srtoiess v

(20, 21), the in-channel signal (in-1) being formed
by means of a combining device (52, 53, 54, 55)
from the output signals of the window comparator
(20, 21), a signal representativa of the level signal
(1e), and a signal to be supplied by the slope de-
tection device (50).

3. Adetection device (17) as claimed in Claim 2, char-
acterized in that the 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 sig-
nals, characterized in that reference signals (ref1,
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, rel6)
which is narrower than after termination of the
search mode and for a second value (*1") of the in-
channel signal.

5. Areceiver (1) for receiving high-frequency signais,
comprising a frequency conversion device (3) for
frequency conversion of a high-frequency modulat-
ed signal (RF), a detector (5) for detecting a base-
band signal from a frequency-converted version
(IF) of the high-frequency modulated signal (RF). a
level device (18) for determining a level signal (1e)
which is a measure for the level of the high-frequen-
cy modulated signal (RF), and a detection device
as claimed in any one of the preceding Claims,
which receiver (1) also comprises a control device
(16) having an input for receiving the in-channel sig-
nal (in-1) in order to control a tuning oscillator (6)
coupled to the frequency conversion device (3).

* c L M § *
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signal, an input for receiving a level signal (le) which is a measure for a

| evel of the high-frequency nodul ated signal (‘RF), and a sl opef dgtpecll on’.

dé- vice (50) for slope detection of the filtered, denod- ul atpd~ e
hi gh-frequency signal, which slope detection device (50) is coupled to the
w ndow conpar at or 15 (20, 21), tRe in-channel signal (in-1){ bei AP Lor ety

by nmeans of a conbining device (52, 53, 54, 55)

DETECTION DEVICE AND RECEIVER FOR RECEIVING

IV Lo a v e = 1
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HIGH-FREQUENCY SIGNALS AND COMPRISING SUCH
~ A DETECTION DEVICE

ABSTRACT: :
Detection device and receiver for receiving high-frequency signals and comprising such

a detection device.

A detection device is known for the detecition of a tuning state of a high-
frequency modulated signal (RF) within a frequency band in a receiver (1) in which a
level signal (le), being a measure for a level of the high-frequency modulated signal
(RF), is combined with a signal from a window comparator (20, 21) whereto a filtered,
demodulated version of the high-frequency signal is applied. The known detection
device supplies an in-channel signal (in-1) which indicates whether a desired tuning state
has been reached. The known detection device has the drawback that, upon detection of
stations in a busy frequency band, incorrect in~channel signals (in-1) are liable to be
generated, i.e. signals indicating that the tuning process has been completed even
though tuning is between two stations instead of to one station. The detection device
(17) in ac'cordance with the invention mitigates this drawback by combining, in addition
to said combination, also output signals of the window comparator (20, 21), compared
bj means of a phase comparator (50), with said signals.
Fig. 3.



fromthe output signals of the w ndow conparator (20, 21), a?;gn“’?gwh_

representative of the level signal (le), and a signal to be suppli&d by the
sl ope de- tection device (50). 3. A detection device (17) asjclainmed in !
Caim?2, char- acterized in that the slope detection device |s}aZhas® 999 |
o]
1

conparator (50). 4. A detection device as clained in Claim?2jof 3, for use |
of the 'detection device (17) in a search node of a receiver - for e
recei ving high-frequency sig- nals, characterized in that reference signals
(refl, ref2; ref5, ref6) of the w ndow-conparator (20, 21)
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are adjustable,-in the search node and for a first value o
signal ("0"), the reference signals being adjusted, to a n (F-efbry—
ref6) which is narrower than after termnation of the sear¢h|mde and,fa

N

fhe abpoiaaRel’

rlal
second value ("1") of the in- channel signal. 5. A receivef ({ 4 ‘ |
recei ving high-frequency signals, conprising a frequency cényersjon.device :
(3) for frequency conversion of a high-frequency nodul at- ed signal (RF), a;
detector (5) for detecting a base- band signal froma freq e

version (I F) of the high-frequency nodul ated signal (RF). a
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| evel

for the |evel

recei ving the in-channel

oscill ator

device (18) for determining a |l evel signal (1le) which is—a-neasure
of the high-f requen- cy nodul ated signal (RF),!afPLas: . P
-detection device as clainmed in any one of the preceding O aing, jwhich- - -~~~y |
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