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The invention relates to a receiver for receiving high-frequency signals,
comprising a receiving section which includes a first frequency loop with a frequency
conversion device for frequency conversion of a high-frequency modulated signal, to be
applied to the receiving section, into a modulated signal of lower fréquency, a detection

5 device for detecting an information signal present in the modulated signal of lower
frequency, and a tuning oscillator which is coupled to the frequency conversion device
and whose frequency can be adjusted by means of a first tuning control signal which
can be supplied by a first tuning control signal generator coupled to the detection
device. A receiver of this kind may be a radio receiver, a television receiver, a video

10 recorder, or a cordless or mobile telephone.

A receiver of this kind in the form of a radio receiver is known as an
integrated "AM/FM Radio Receiver Circuit”, TEAS592, described in the Philips Data
Handbook "Radio, audio and associated systems Bipolar, MOS", Book IC01, 1991, pp.
1047- 1060. An application of this IC is shown on page 1057 of said handbook, i.e. as

15 an AM/FM radio receiver from aerial signal to low-frequency or audio signal. Tuning
of the AM/FM radio receiver is performed manually by means of two ganged |
capacitors. For FM there is provided a tuning control signal generator FM-AFC, as
shown on pages 1049 and 1057, which is coupled to the FM demodulator. The FM-
AFC supplies a tuning control signal for the FM tuning oscillator which is coupled to a

20  frequency conversion device, in this case being an FM mixer whereto a high-frequency
modulated signal can also be applied. The tuning control signal serves to adjust the
oscillator frequency, within a given range, so that fine tuning is achieved after manual
tuning which could lead to imperfect tuning to a radio station. Therefore, there is
provided a first frequency loop which serves for fine tuning to a radio station to be

25 listened to. The AFC ("Automatic Frequency Control"), ensuring that, despite drift
phenomena due to temperature effects, voltage variations and the like, the freqﬁency of
the so-called oscillator retains, a value enabling optimum operation of further signal
processing means, such as an intermediate frequency stage at a fixed frequency in a
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a tuning oscillator which is coupled to the frequency T feviel and
whose frequency can be adjusted by nmeans of a first tfﬁ%%&iﬁéﬁﬁgﬁnal

whi ch can be supplied by a first tuning control signal-geretator—sed—pl ed
to the det ecPHN1447Bce. A receiver of thi2kind may be a radi o red402€993a
tel evision receiver, a video re- corder, or a cordless or nobile tel ephone.
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an AM FM r adby the-dizection of dhe frequency deviation. This DC component is separated from the
5  desired discriminator output signal by means of a low-pass filter, after which it is
applied to the local oscillator so that the frequency of the local oscillator is varied in a
direction tending to correct the error in the mean intermediate frequency. Tuning errors
due to inter alia drift phenomena can thus be eliminated to a high degree and accurate
tuning is achieved, any selective intermediate frequency amplifiers present in the radio
10  then operating optimally in respect of signal processing. It is a drawback of the known
AFC that hysteresis occurs in the tuning, i.e. notably in the case of a busy frequency
band it is difficult to tune to a desired station because, depending on the search
direction in the frequency band, the AFC often acts on a station in the immediate
vicinity of the desired station. A further drawback consists in that in the case of fading,
15  i.e. atemporary strong reduction of the signal received, notably of importance for
portable radio receivers such as portable broadcast receivers and radio receivers in
cordless telephones or car telephones, so-called "pulling” to a neighbouring station or

radio channel can occur under the influence of the AFC.
From United States Patent Specification No. 4,344,187 there is also

20 known an electronically tunable radio receiver in which the tuning function is provided
by a phase locked loop synthesizer which cooperates with an AFC in an intricate
manner, thus precluding suitable compromise between the respective loop parameters.
The AFC is switched on only when a signal of adequate strength is received; this is
detected vig a muting control function. Using the PLL tuning, radio stations in a

25 frequency band are step-wise searched, the frequency steps being adjusted by means of
a programmable divider in the PLL. Even though not shown, control signals for tuning
in such electronically tunable radio receivers are usually supplied by a microprocessor.
The operation of such PLL tuning is as follows. The phase of the signal of the voltage-
controlled tuning oscillator, divided by a dividend, is compared with the phase of a

30  reference clock signal which is generated by a crystal oscillator. The error signal of the
phase comparator, being a series of narrow pulses, is integrated in a loop filter which
supplies a control voltage for the local oscillator. A different tuning frequency can be
chosen by adjustment of a different dividend. A drawback which is of importance
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should be carefully desxgned in respect of noise behavxour in order to ensure that the
5  local oscillator signal-to-noise ratio is not restricted by the tuning system. Furthermore,
'due to the skipping of narrow pulses in the case of small phase errors, the charge pump
in the loop has a dead zone, so that the output signal of the local oscillator exhibits drift
phenomena. The PLL residual errors due to this dead zone have a comparatively large
bandwidth, so that the time constant of the filter should be comparatively large so as to
10 filter out resultant interference signals, thus leading to a slower tuning system.
Therefore, a compromise must be found between interference and speed. Integration of
the tuning system with the receiving section in one integrated circuit also poses major

problems because of the interference between the tuning system and a receiving section.
Because of the step-wise tuning, the tuning quality obtained is inferior to that obtained
I3 in radio receivers with manual tuning and AFC, like said TEAS5592. Furthermore, PLL
tuning is comparatively slow; this is a drawback notably for application in RDS car
radios and in cordless telephones or mobile radios. Moreover, PPL implementations in
integrated form still require a comparatively large number of external components.
It is an object of the invention to provide a receiver of the kind set forth
20 which comprises digital tuning means and in which the advantages of a manually
tunable analog receiver are combined with the possibilities offered by known
electronically tunable receivers, without incurring the drawbacks of both types of
receivers, i.e. to provide fast and accurate tuning which is also comparauvely simple
and inexpensive.

5 A receiver in accordance with the invention is characterized in that the
receiver comprises a tuning section which includes a second frequency loop with a
frequency measuring device for measuring the frequency of the tuning oscillator and a
Second tuning control signal generator which can be coupled to the frequency measuring

" device and which serves to generate a second tuning control signal to be applied to the

tuning oscillator, the receiver comprising a control device with which the first frequency
loop can be closed at least in dependence on a first control signal to be supplied by the
Teceiving section. A digital tuning structure is thus obtained which is capable of
Operating continuously instead of step-wise, information in respect of the tuning quality
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§  preset, Or automanc search, in combination with automatic storage of frequencies of
stations found (autostore) or not. Fine tuning is in principle provided by the first
frequency loop, coarse tuhing being provided by the second frequency loop, at least in
the preset mode, the control device providing the necessary interaction between the two
loops. In comparison with a programmable divider in a PLL, the frequency measuring

3

10  device can be simply integrated and also has a substantially lower power consumption.
The tuning system in accordance with the invention is based on the
behaviour of an operator of a manually tuned analog receiver. The tuning system first
adjusts the oscillator frequency coarsely to the desired channel and subsequently
achieves the best reception by fine tuning, the oscillator frequency preferably being
15 varied at a speed which is in conformity with the frequency distance yet to be bridged
until the desired station is reached.
It is also to be noted that a combined AFC with PLL is known from
United States Patent Specification No. 4,955,075, but, apart from the fact that it
concerns a PLL, therein switching over from AFC to PLL and vice versa takes place on
0 the basis of a control signal obtained from signal strength measurements of the high-
frequency modulated signal instead of on the basis of internal operation.

An embodiment of a receiver in accordance with the invention is
characterized in that in the preset mode, in which the frequency measuring device can
be preset to a desired channel, the frequency measuring device is coupled to the second
tuning control signal generator, that the second frequency loop can be closed by the
control device on the basis of a second control signal to be applied to the control device
by the frequency measuring device, that for coarse tuning the second tuning control
Signal is substantially active outside a frequency window around the desired channel in a
frequency band, that for fine tuning the first tuning control signal is substantially active
& least within the frequency window, and that the control device controls a change-over
from coarse tuning to fine tuning on the basis of the first and the second control signal.
As a result, first fast coarse tuning and subsequently slower fine tuning is achieved,
Without the risk of "pulling" to a neighbouring channel. The amplitude of the first
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polarity which is determ ned by the direction ofjt T - i ation.
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oscillator so ttiat the frequency of the local oscillator is varied in a

direction tendi &nfel §ighdl, tHeCARC si¥nal, varie§ livealy wi%m%w%ﬁw Y-
Tuning errors cf@gn 0 integﬁgha drift phenonena can thus be elimnafed To a

hi gh degree andpusideuthe:frequancy windaew olbrisecand, tuaing coptrelosignal peeferablyr hasai at e
reopoot ot o greatsanh FOERE dhd poede8 detiioie, {EReREN gl hed B alBacto iitnin e
hyste- resis o%eﬁcy' wirdowv.t uning, i.e. notably in the case of a busy
frequency band 1t is diffcult to tune to_a desired station because,
dependi ng on the sear ch Alfurther egbodiment of a receiver in accordance with the invention,
intended to increase the tuning speed of the coarse tuning, is characterized in that for
coarse tuning further frequency windows are provided around the desired channel, the
first tuning control signal being substantially active at least within the inner frequency
window, the second tuning control signal being more active during coarse tuning as the
10 frequency of the tuning oscillator is in tuning windows situated further from the desired
frequency. It is thus achieved that coarse tuning is faster as the frequency of the tuning
oscillator is further from the desired frequency.
A further embodiment of a receiver in accordance with the invention is
characterized in that relative to the inner frequency window the further frequency
IS windows constitute a geometrical distribution over the frequency band, the second
tuning control signal being a current whose ratio of values over the frequency windows
is the same as that of the weighting factors m respect of the geometrical distribution.
Maintaining the stability of the tuning system, optimum coarse tuning is thus obtained in
respect of speed. When two frequency windows are used, a very substantial increase of
20 the speed of coarse tuning is achieved already in comparison with the use of one
frequency window, the gain in speed being marginal as from the use of three frequency
windows. This multi-frequency concept again simulates a manual tuning procedure, i.e.
when the desired channel is still situated far from the current channel, the user will first
quickly turn the tuning nob and subsequently ever slower as the frequency distance from

5 the desired channel becomes smaller. In other words, the tuning system operates in
conformity with human perception. |
An embodiment of a receiver in accordance with the invention is
characterized in that frequency measuring periods of the frequency measuring device for
0 Measuring the frequency of the tuning oscillator are adapted in proportion to the

frequency windows. The speed of the tuning system is thus further increased. This

: adaptation is based on the idea that tuning time is unnecessarily wasted by performing
' the measurement constantly with the measuring time of the inner frequency window.
Calculations demonstrate that for a ratio w single-sided first
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5 A further embodiment of a receiver in accordance with the invention is
characterized in that the power to the tuning section is interrupted when the first and
second control signals inform the control device that the frequency of the tuning
oscillator is situated within the frequency window, or within the inner frequency
window in the event of a plurality of windows, as well as within the capture range of

10 the first tuning control signal generator. Because of the fact that the remaining current-

%S 1

carrying control circuits, which may be constructed as low-power circuits, carry
comparatively little current with respect to the receiving section, a tuning system is thus
obtained which requires substantially the same amount of energy as an analog manual
tuning system with AFC in the tuned condition. Furthermore, interference no longer

15 exists between the tuning section and the receiving section.

A further embodiment of a receiver in accordance with the invention is
characterized in that before the power to the tuning section is interrupted, the last
channel frequency measured is stored in a last-channel memory. Should undesirable
effects such as fading or pulling occur upon deactivation of the tuning section and

0 should the current to the tuning section be restored again because of disappearance of
the first control signal, the tuning section can directly respond to these undesirable
effects, utilizing the last channel frequency measured which is stored in the last-channel
Mmemory, so that very firm control is obtained.

A further embodiment of a receiver in accordance with the invention is
Characterized in that the first tuning control signal generator is decoupled from the
Wning oscillator when the frequency of the tuning oscillator is outside the frequency
Window, or, outside the inner frequency window in the event of a plurality of windows,
i the second frequency loop being subsequently activated. "Pulling” in the event of inter
; ¥ %l fading is thus prevented.
‘ An embodiment of a receiver in accordance with the invention is
“haracterized in that in the search mode, in which an arbitrary channel is searched
¥ithin o frequency band, the power to the frequency measuring device is interrupted
“d the frequency measuring device is decoupled from the second tuning control signal

&
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frgquency measuring device is activated so as to measure the frequency of the tuning

oscillator and to store the measured frequency in a last-channel memory, after which the

control device interrupts the power to the tuning section. Because the frequency

measuring device does not receive power and is decoupled during the search mode, no

, interference occurs with the receiving section, so that it is impossible to stop at

10 incorrect positions within the frequency band. When a station has been found, after
frequency measurement and storage the tuning system enters the standby mode, so that
the receiver as a whole has an as low as possible power consumption. Because of the
storage of the frequency of the tuned channel, quick response to fading and puiling is

_ again possible, so that a firm tuning system is realised also in the search mode. A

- 15 microprocessor, if any, in the receiver, therefore, in principle has no other tasks than to

: scan a control panel and to control a display panel such as an LCD screen. The
automatic search is fast because the smaller' amount of tuning software and hence the
substantially shorter communication procedure, like in known electronic tuning systems
between the microprocessor and the synthesizer.

9 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 control curreats in a receiver in accordance with the
inveation as a function of the frequency,
Fig. 3 shows a state diagram for control currents in a receiver in
ccordance with the invention, _
Fig. 4 shows a measuring cycle of a frequency measuring device in a
y iver in accordance with the invention,
Fig. 5 shows a geometrical distribution of frequency windows over a
fre‘lllency band,
Fig. 6 shows an embodiment of a tuning section in a receiver in
%cordance with the invention, and
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hxgh-frequency modulated signal RF, to be applied to the receiving section 2 vigan -
aerial 4, into a modulated signal IF of lower frequency. The frequency loop L1 also
comprises a detection device 5 for detection of an information signal present in the
modulated signal of lower frequency IF, for example a radio or television broadcast
signal or a telephone signal, and a tuning oscillator 6 which is coupled to the frequency
conversion device 3 and whose frequency can be adjusted by means of a first tuning
control signal L. 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 by a capacitor for integration of
the current L., so that there is formed a control voitage { 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 mg control signal generator 7 also
comprises a low-pass filter 11 which filters an output signal of the detection device 5,
for example an FM discriminator, and outputs it as a control signal for the controlled
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 broadcaét 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 modulated signals, other modulation types such as AM and PM also being
possible. 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

Der se, caused by DC offsets and leakage currents in the AFC loop, the current source
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s of the current source 10, supplied via the low-pass filter 11, can then be delivered by a
voltage/current converter (not shown) coupled to symmetrical outputs of the detector 5.

|

'

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
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, in a
manner in accordance with the invention yet to be described, control and/or open or

10,

15
close the first and/or the second frequency loop, 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 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 signal in-l (in-lock signal) to be supplied by the
receiving section 2. Depending on the mode of operation of the receiver, 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-1 is formed, by
an in-lock detection device 17, from the AFC signal from the detection device S which
is filtered by the low-pass filter 11. The in-lock detection device 17, being described in
detail in the simultaneously filed European Patent Application No. ...., 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 the current source 10 and the frequency measuring device 13 with
Control signals ctll and ctl2 for reépective control and on/off switching. The control
device can also autonomously control the second tuning control signal generator 14,

35

0

This Sheet Has Been Rep

L 13



4 obtaingd in radio receivers wth manual tuning
rril

TEAS5592. { Furternore, PLL tuning is conparatively C$I§ riawback

fotably for a 17PN in RDS car radios afg in ph .
nmobi | e radi oswworeover PLL i nplenenta- tions in int egrat ed form sti 93

require a conpar.at I WIOeE se§é}§p Y OF THE
| NVENTI ON |t ‘@Iﬂd‘ e%tca{l)?a‘%e mv%é)? ui th'rﬁ{,ﬂgr ovi de a rec |ver t he

ki nd set  f ort Gutodearch modepmmmqﬁeqpytmmmungrdgvnedﬁannt!e arprogmmlmd)teecounter
advant ages of a rranual ly. tun anal o cer ver are orrbr with the
possi bi l'i ti esh®ing #@ W“kfim{ dl?/ g‘ﬁ’i‘ﬂﬂ‘rled

by a microprocessor (not shown) or also, ina smple and mexpensxve 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 broadcast receivers. The presets can be adjusted
during the auto-search 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.

10 Fig. 2 shows the control currents L and L, in a receiver 1 in accordance
with the invention as a function of the frequency f. The control current I, varies non-
linearly as a function of the frequency f relative to the desired frequency f;, and has a
positive value +I, or a negative value -I, outside a frequency window or tuning window
for coarse tuning W1 which should be narrower than half the channel spacing. Also

15  shown is an AFC capture range AFC-C within which L, varies linearly and beyond
which L, has a value zero, and also an. AFC operating range AFC-O within the AFC
capture range AFC-C. The actual polarity depends on signal inversions, if any, present
in the loops L1 and L2, i.e. taking into account the correct control effect, polariﬁes
may be reversed. Referring to Fig. 1, in the preset mode the loops L1 and L2 for

X0 coarse tuning and fine tuning, respectively, cooperate as follows. The receiving section

2 compares and correlates the output signal of the tuning oscillator 6 with the high-

frequency modulated signal RF and generates the control current L, on the basis

thereof. If the error is comparatively small, the in-lock signal in-1 is generated in the in-
lock detection device 17. The tuning section 12 also executes a frequency comparison,
be it in respect of the desired preset signal pre. The tuning section 12 acknowledges that
coarse tuning has been achieved by way of the in-window signal in-w which indicates
that the oscillator frequency of the tuning oscillator 6 is within the frequency window

W1. In the preset mode it is desirable to have an in-lock window which is wider than

the tuning window W1, whereas in the autosearch mode a narrow in-lock window is

desirable to avoid the missing of channels. When a different station is desired in the

Preset mode, the tuning section 12 applies a constant current in order to adjust the

tuning oscillator coarsely to the correct frequency, fine tuning being subsequently

Provided by the AFC loop. The operating ranges of the loops L1 and L2 in PﬁHQiple

-2
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Structurep . e power to the tuning section can be interrupted, resulting in a substantial saving of
power. The latter is important notably for portable receivers. Because annoying
interference between the receiving section 2 and the tuning section 12 is no longer
experienced, the receiving section 2 can be more readily integrated with the tuning
section 12 on a single IC, together with the control section 16, and the number of
0 external components can also be reduced. When the receiver 1 is used as a portable
receiver, the field strength of the high-frequency signal RF received will continuously
vary in practical situations, its strength being dependent notably on the relevant
frequency band. This may give rise to undesirable effects, such as fading and pulling to
an adjacent channel. In order to solve this problem, the frequency of the signal received
I is written into the last-channel memory 15 after correct tuning and before the power to

the tuning section 12 is interrupted. Such a memory 15 may be SRAM having a very

low power consumption. In the event of fading or pulling, the in-lock signal 'temporarily

disappears. The control device immediately responds thereto by restoring the power to

the tuning section 12. The tuning section 12 then measures the frequency of the tuning
¥ oscillator 6 again, utilizing the information stored in the last-channel memory 15, and

makes the necessary corrections in the described manner.

Fig. 3 shows a state diagram STD for control currents I, and I, in 2
receiver 1 in accordance with the invention for operation of the receiver in the preset
mode. A description on the basis of the state diagram STD substantially simplifies the

3 design of the two-loop structure in respect of stability and tuning speed. The Figure
shows a pre-acquisition state S1, in which the control current source L, supplies current
and I, does not supply current, an acquisition or fading state S2 in which the current I,
is not "in-window" W1 and the current L, is “in-window” W1, a no-signal state S3 in

Y which the current source I, does not supply a current and the current source L, supplies

4 current, and the post-acquisition state or state of desired tuning S4 in which the
Current source I, does not _supply a current and the current source L, supplies a current.
Other changes of state can be represented in a similar manner. Changes of state are
denoted by arrows, the control signals in-w and in-1, and 0 and 1, respectively, adjacent
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frequency measuring device 13, for example being a programmable counter, is plotted
as a function of time t. The count represents a frequency and P is a binary |
representation of the preset value of the preset signal pre. The counter 13 measures the
frequency f; of the tuning oscillator 6 relative to the desired frequency f,. First the
preset signal pre is loaded into the counter 13 and subsequently the counter counts down
for a predetermined reference period 7, (down counting). At the end of the measuring
period 7., the counter residue Cr is compared with the defined tuning frequency
window +W1 to -W1, Depending on the sign of the residue Cr, the current source 14
generates a correction current +I, or -I,, which current is integrated by the loop filter 8
so as to form a voltage whereby the tuning oscillator 6 is controlled. The gain of the
tuning oscillator then amounts to K,. A practical embodiment will be described with
reference to the Figs. 6 and 7. Because of the non-linear nature of the charge puxrip 14,
the frequency of the tuning oscillator will cohtinuously vary during the tuning cycle.
The frequency counter 13, however, should continuously measure the frequency of the
tuning oscillator 6 in order to decide whether or not the frequency is "in-window". If
the time in which the frequency sweep of the tuning oscillator 6 across one tuning
window exceeds the measuring period 7., the tuning system becomes unstable. For a
stable system, the measuﬂng_time delay 7, should be smaller than or equal to the loop
delay ;. It can be deduced that for a stable system: '

, < 2:WIC
i o

where C is the capacitance of the loop filter 8. If the frequency f, of the tuning
oscillator 6 equals the desired frequency f,, the counter 13 will count down exactly to 0
during the meashring period 7,. The gradient of the down-count is thus a measure for
the actual frequency f,. The counter 13 is controlled by a clock signal. The estimation
of the frequency of the tuning oscillator 6 is an integral over the clock pulses,
Containing this gradient, over the measuring period 7, or:

In reality, instead of a linear relationship a discrete relationship exists, but if the word
length of the counter 13 is sufficiently long, the linear approximation is quite
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anal og rdcei vel.(pil;hmy.dj uning system first adjusts the oscillator frequency

coarselyfto thg desired channel and subsequently achi eves the best
receptiof by fine tuning, the oscillator frequency preferably being varied
at a spe¢d which is in conformty with the frequency di stance yet to be
bri dged, junt i katisfastorysWhed the funingroscillator 6 is adjusted exactly correctly, the value of the

integral will be equal to P at the end of the measuring period 7, but in the event of
incorrect adjustment relative to the desired frequency f,, the estimate will be P.r,/7,,
. for example when the counter reaches a zero position after a period 7,. The frequency f,
5  of the tuning oscillator 6 is "in-window" if the absolute value of (P.((7x/70)-1) is
smaller than or equal to W1. In a dynamic situation, in which the tuning frequency
varies contiruously, the situation is more complex but it can be simply demonstrated

that in the event of a linear frequency sweep of the frequency of the tuning oscillator 6

during the measuring period 7, the same stability criterion holds as in a static situation
10 as described. The stability criterion of the tuning loop L2 limits the maximum tﬁning

speed at which tuning from one preset value to the other preset value can take place. In

the case of a tuning system comprising one tuning window W1, in given circumstances

the tuning speed may become too slow, for example, in the event of a frequency band

comprising many channels, but the tuning speed can be very substantially increased by
I3 using more than one frequency window.

Fig. 5 shows a geometrical distribution of frequency windows over a
frequency band, as a function of the frequency f, where B is a receiving bandwidth with
band edges Bl and B2, f, is a desired frequency, and W1, W2 and W3 are frequency
windows in a tuning system in accordance with the invention which comprises more

20 than one frequency window. A maximum frequency distance to be bridged is assumed,
i.e. the current frequency f; is at one band edge Bl and the desired frequency f, is at
the other band edge B2. It can be simply demonstrated that the maximum permissible
tuning current is linérly proportional to the tuning window in view of stability
requirements. The_:refore, when a second, wider frequency window is used, a larger
tuning current can be permitted for a part of the frequency distance to be bridged,
stability still being maintained. An optimum situation of the second frequency window is
obtained if B.W1 = W2.W2, i.e. a situation in which equal tuning times are obtained
for tuning from B1 to W2 and for tuning from W2 to W1, When the frequency window
is further increased, similar considerations apply, i.e. a mutually optimum situation of
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| oop is fl osedPhy=tWe. ((W-t)r"ol unit on the basis of a second control signal
suppliedjto the 1 :

where n is an integer positive number greater than one.
For an optimum tuning system for the tuning currents in the respective frequency
5  windows the same weighting factors hold as for the situation of the tuning windows. In
the embodiment shown, comprising three frequency windows W1, W2 and W3 with a
B/W1 ratio of 1000, a gain in the speed of tuning by a factor 33 is achieved relative to
a tuning system comprising one frequency window in the event of an optimum choice of
frequency windows and tuning currents. It has been assumed that the window detection
10  mechanism is independent of the measuring time required by the frequency measuring
device or the counter 13 for measurement of the frequency of the tuning oscillator 6.
For a stable tuning system, the tuning current within a given frequency window may not
be so large that the counter 13 no longer has a measuring point within the relevant
frequency window, i.e. it would be a waste of measuring time if the counter were to
15 have an inadequate resolution within a frequency window, because the effective width
of the frequency window would then be reduced and hence also the total system
response. An excessively high counter resolution, however, would result in an excessive

measuring time. It can be simply demonstrated that the optimum resolution of the
counter 13 is W,/2. Even though the tuning currents to be adjusted on the basis thereof
20 are lower than the maximum currents permissible in view of stability, the tuning speed
does not decrease in proportion but to a lesser extent, depending on the number of
frequency windows used and on the receiving bandwidth. A further acceleration of the
tuning process is achieved by abstaining from keeping the measuring period of the
counter 13 in the windows constant, but varying it across the windows in a tuning
1 I system in accordance with the invention which comprises several tuning windows. For a
' tuning system comprising two windows, the measuring period is chosen to be 7,; =
1/W1 for the inner window and Tx2 for the outer window, the choice for a larger
i number of windows being similar. It can be simply demonstrated that, utilizing also a
variable measuring period, the tuning time of the tuning system comprising three
windows amounts to only 1/200 of the tuning time of a tuning system comprising one
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first tunirgg chetpredet mode, but also in the so-called autosearch mode. During a first phase of the
tuning process in the autosearch mode, the frequency counter 13 does not form part of
§ - the loop L2, the tuning current being adjusted directly by the control device 16 which
applies a frequency sweep to the tuning oscillator 6. If a station is found during the.
frequency sweep in the next channel, the in-lock detection device 17 generatés an in-
lock signal in-1. The control device 16 confirms the in-lock signal in-1 by immediately
interrupting the tuning current, the loop L1 ensuring that the relevant station is tuned to
0 as well as possible. Subsequently, the frequency measuring device 13 measures the
frequency of the tuning oscillator 6 and writes the measured frequency into the last-
channel memory 15. The tuning process is then completed and the control device 16
interrupts the power to the tuning section 12 and monitors the loops L1 and L2 in the
‘manner described with reference to the presét mode. In the (auto)search mode a number
I3 of stations can also be acquired which are stored as preset stations. The analog
autosearch mode is much faster than a search process in a customary digital receiver
comprising a microprocessor, because of the absence of the long communication
procedure between the microprocessor and the synthesizer which is required in the latter
; case, In the autosearch mode in accordance with the invention, the speed of the tuning
0 process is determined mainly by the in-lock delay which is determined by audiofiltering
in the receiving section 2 which is situated ahead of the in-lock detection device 17. In
FM receivers such filtering is required for audio signal suppression and in AM
receivers for amplitude stabilization. The in-lock delay causes overshoot in the response
of the tuning system, the overshoot being dependent on the in-lock delay and the
5 frequency sweep speed in a manner substantially similar to the braking distance of a
vehicle. The overshoot may not be greater than the width of the tuning window W1,
because the tuning current is otherwise interrupted too late so that the station is missed.
The tuning section 12 can be fully integrated with the receiving section 2,
together with the control device 16, the loop filter 8 for the loop L2, also used as the
AFC filter for the loop L1, being reduced to simply a capacitor. -
Fig. 6 shows an embodiment of a tuning section 12 in a receiver 1 in
accordance with the invention. The tuning section 12 comprises an input shift register
20 for receiving the preset signal pre, the control device 16 applying a clock signal cl
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bits require less power as they are more significant. The counter 21 is programmable,
on the one hand by the preset facility and on the other hand by an enable input ena.
Counter outputs of the counter 21 are applied, vig a gate circuit gc, to a charge pump
circuit 22. The gate circuit gc serves to supply frequency window signals W1, W2, -
Wn, n being an integer positive number. The charge pump circuit supplies the control
current I, of the second frequency loop L2. Also shown is the tuning oscillator 6, an
output signal of which, having the frequency f;, can be applied, to the programmable
counter 21, if desired via a pre-scaler 23 having a scale factor N. For the operation of
the counter 21, reference is made to Fig. 4. If the frequency of the tuning oscillator 6 is
too low, the counter residue Cr is positive and if the frequency of the tuning oscillator 6
is exactly equal to the desired frequency f,, the counter residue Cr is zero. The window
detection is simple in these two cases. The tuning oscillator 6 is "in-window" only if all
counter bits lower than the window bit W1, W2, ...,
measuring period 7,,. However, if the frequency of the tuning oscillator 6 is too high,
the counter residue Cr is negative. Window detection can then be performed in the
above manner, after the counter outputs have been inverted. The clock frequency of the
counter 21, controlling the least-significant bit LSB of the counter 21, is either a signal
of frequency f, of the tuning oscillator 6 or a version f/N thereof which has been
divided by the pre-scaler 23. A sign bit SB, preceding the most-significant bit MSB, of
the counter 21 detects whether the counter 21 crosses zero or not. The counting period
7., Of the counter 21 is determined by the enable signal ena supplied by the control
device 16. Inversion of the counter bits, in dependence on the sign bit SB, is performed
by a first row of gates gcl of the gate circuit gc, and window detection is performed by
a second row of gates gc2. In the autosearch mode, in which the frequéncy loop L2 is
not closed and no window detection takes place, the gate circuit gc is decoupled from
the charge pump circuit 22 and the counter 21 serves to measure the frequency of the
tuning oscillator 6. After measurement of the frequency f, of the tuning oscillator 6, the
binary representation thereof is applied, via the shift register 20 which then acts as an
output shift register and the inverter 24, to the last-channel memory 15. In the event of

Whn are zero at the end of the
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gainin 5  end of the count-down cycle, the counter 21 contains the binary representation of the
frequency f, of the tuning oscillator 6 in a one’s-complement representation, the sign bit
SB being insignificant. The correct frequency is obtained by inversion of the counter
outputs, in this case represented as a serial inversion by means of the inverter 24. For
storage of the measured frequency in the last-channel memory 15, parallel inversion is
10 to be preferred. In order to avoid a latch-up situation at band edges, the charge pump
circuit 22 comprises a band edge detector which applies a band edge signal be to the
control device 16. For scanning of the frequency band B in the one or the other
direction, the charge pump circuit comprises a control input 25 for supply of an
up/down signal ud.

15 Fig. 7 shows a charge pump circuit 22 for use in the tuning section 12,
comprising an output 30 for coupling to the loop filter 8. The charge pump circuit
comprises control inputs up and dn for appiying a current to the output 30 which has a
first and a second current direction, respectively, and window inputs not- (W1) and not-
(W2), i.e. a charge pump circuit 22 is shown for a two-window tuning system. The

20 charge pump circuit 22 also comprises an output 31 for supplying the band edge signal
be. The charge pump circuit 22 does not supply an output signal if both "in-window"
signals W1 and W2 have a logic value "1". The resistors R1 and R2 determine the
current intensity of the charge pump circuit 22 in the respective frequency windows W1
and W2. In the preset mode, the signals up and dn are actually the sign bit SB and the

3 inverted sign bit, whereas in the autosearch mode the signals up and dn are generated
directly by the keyboatd (not shown). For band edge detection, the charge pump circuit
22 comprises a trigger device 32 in combination with the transistors T1 and T2, only
the detection of the lower band edge B1 being shown. For detection of the upper band

’ edge B2, the charge pumj) circuit 22 comprises a similar sub-circuit. It concerns a

130 coarse detection of band edges. For finer detection use can be made of a microprocessor
(not shown) included in the receiver 1. '
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1. A receiver (1) for receiving high-frequency signals, comprising a
receiving section (2) which includes a first frequency loop (I.1) with a frequency
conversion device (3) for frequency conversion of a high-frequency modulated signal
(RF), to be applied to the receiving section (2), into a modulated signal (IF) of lower
frequency, a detection device (5) for detecting an information signal present in the
modulated signal (IF) of lower frequency, and a tuning oscillator (6) which is coupled .
to the frequency conversion device (3) and whose frequency can be adjusted by means
of a first tuning control signal (I,) which can be supplied by a first tuning control
signal generator (7) coupled to the detection device (5), characterized in that the
receiver (1) comprises a tuning section (12) which includes a second frequency loop
(L2) with a frequency measuring device (13) for measuring the frequency (f,) of the
tuning oscillator (6) and a second tuning control signal generator (14) which can be
coupled to the frequency measuring device (13) and which serves to generate a second
tuning control signal (I,) to be applied to the tuning oscillator (6), the receiver (1)
comprising a control device (16) with which the first frequency loop (L1) can be closed
at least in dependence on a first control signal (in-1) to be supplied by the receiving
section (2).

2. A receiver (1) as claimed in Claim 1, characterized in that in the preset
mode, in which the frequency measuring device (13) can be preset to a desired channel
(f), the frequency measuring device (13) is coupled to the second tuning control signal
generator (14), that the second frequency loop (L2) can be closed by the control device
(16) on the basis of a second control signal (in-w) to be applied to the control device
(16) by the frequency measuring device (13), that for coarse tuning the second tuning
control signal (I is substantially active outside a frequency window (W1) around the
desired channel (f) in a frequency band (B), that for fine tuning the first tuning control
signal (L) is substantially active at least within the frequency window (W1), and that
the control device (16) controls a change-over from coarse tuning to fine tuning on the
basis of the first (in-I) and the second (in-w) control signal.
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j during coarse tuning as the frequency of the tuning oscillator (6) is in tuning windows
(W3, W2) situated further from the desired frequency (f,).
4, A receiver (1) as claimed in Claim 3, characterized in that relative to the
inner frequency window (W1) the further frequency windows (W2, W3) constitute a
geometrical distribution over the frequency band (B), the second tuning control signal
0 (I) being a current whose ratio of values over the frequency windows (W1, W2, W3) is
the same as that of the weighting factors in respect of the geometrical distribution.
5. A receiver (1) as claimed in Claim 3 or 4, characterized in that frequency
measuring periods (7.1, 7a) Of the frequency measuring device (13) for measuring the
frequency (fy) of the tuning oscillator (6) are adapted in proportion to the frequency
5  windows (W1, W2).
6. A receiver (1) as claimed in Claim 2, 3, 4 or §, characterized in that the
power to the tuning secﬁon (12) is interrupted when the first (in-1) and second (in-w)
control signals inform the control device (16) that the frequency (fy) of the tuning
oscillator (6) is within the frequency window (W1), or within the inner frequency

0 window (W1) in the event of a plurality of windows (W1, W2, W3), as well as within
the capture range of the first tuning control signal generator (7).

7. A receiver (1) as claimed in Claim 6, characterized in that before the
power to the tuning section (12) is interrupted, the last channel frequency measured (f))
is stored in a last-channel memory (15).

5 8. A receiver (1) as claimed in any one of the Claims 2 to 7, characterized
in that the first tuning control signal generator (7) is decoupled from the tuning
oscillator (6). when the frequency (fy) of the tuning oscillator (6) is outside the frequency
window (W1), or outside the inner frequency window (W1)in the event of a plurality of
windows (W1, W2, W3), the second frequency loop (L2) being subsequently activated.

LU} A receiver (1) as claimed in any one of the Claims 2 to 8, characterized

in that the frequency window (W1), or the inner frequency window (W1) in the event of
a plurality of frequency windows (W1, W2, W3), is narrower than half the channel
g spacing within the frequency band (B).
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5  the second tuning control signal generator (14) directly controls the tuning oscillator (6)
50 as to scan the frequency band (B), that the control device (16) interrupts the search
mode, on the basis of a control signal (in-1) to be supplied by the first tuning control
- signal generator (7), when a channel containing a signal is tuned to, and that
subsequently the frequency measuring device (13) is activated so as to measure the
10  frequency (fo) of the tuning oscillator (6) and to store the measured frequency (f) in a
last-channel memory (15), after which the control device (16) interrupts the power to

the tuning section.
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A further enbodinent of a receiver in accordance|wHH SHRET HAYGIEL;
characterized in that before the power to the tu séﬁiAcapls
Enterrupted, the |last chan- nel frequency asured is stor

| ast - channel PHRNni4 b?%/. Shoul d undesi rabl egff ects such as fading &ﬁ%ﬁ%ng
occur upon deactivation of the tuning section and should the current to the
t-uni ng sect | ABSEBALIS! or ed agai n because of di sappearance of the first

control sig- &.e“%!ﬁ ' grectly respond to these
undesi rabl e %%?ievgfrsf u |I0i|n§ éﬁﬁ%‘?‘?‘@t annel frequency neasured which is

stored in the | ast-channel nenory, so that very firmcontrol is obtained.

Manually tunable analog receivers comprising automatic frequency control
zuekndwn,asanadbmnnﬁaﬂhrmwﬂﬂenaxmnnshwakmlhetmﬁngﬁmuﬁnnis
provided mainly by a phase-locked loop synthesizer. Manually tunable analog receivers
have the drawback that the AFC exhibits hysteresis and that in the event of fading

5 pulling to an adjacent station may occur, whereas the receiver with electronic tuning has
the drawbacks that tuning is comparatively slow and also inaccurate because of the
tuning in discrete steps by a microprocessor. In accordance with the invention there is
provided a receiver (1) which combines the advantages of analog manual tuning with the
advantages and possibilities of a receiver with electronic tuning. To this end, the

10 receiver (1) in accordance with the invention comprises two cooperating frequency loops
(L1, L2), one loop (L1) being an AFC loop whereas the other loop (1.2) comprises a
frequency counter (13) for measuring the frequency (fy) of a tuning oscillator (6) which
can be controlled by both loops. The cooperation between the loops (L1, L2) is
provided by a simple control circuit (16) which acts on control signals to be supplied by

5 both loops (L1, L2): an in-lock signal (in-I) and an in-window signal (in-w). Preferably,
when the desired tuning is achieved, the power to a tuning section (12) of the receiver
(1), forming part of the frequency loop (L.2), is interrupted.
Fig. 1.
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8 A further enbodi nent of a receiver in accordance with the invention is
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9 BRI EF DESCRI Rt GhMe{Qlas BEds R NGS The_invention will be described i r?g | Z
getail hereinaft nce to theTHISaNERTGSIAStIEENSliN FIG 1 shows a

Bl ock di agram of H‘llBﬂIH ﬂﬂl accor- dance WetlaGEde invention, FIG 2

shows contr ol cu ce| ver in accor- dance w nvention as

a function of the frequency, FIG 3 shows 12 state di agyfaREf@mERENET
currents in a receiver in accordance withthe inventiof, [FG—

measuri ng cycl e of a freque mea-_ suki device in arc
accor dance gﬁ% Vﬂ‘ high-frequiency signats. %Iy%EC 199
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The invention relates to a receiver for receiving high-frequency signals,
comprising a receiving section which includes a first frequency loop with a frequency
conversion device for frequency conversion of a high-frequency modulated signal, to be
applied to the receiving section, into a modulated signal of lower frequency, a detection
device for detecting an information signal present in the modulated signal of lower
frequency, and a tuning oscillator which is coupled to the frequency conversion device
and whose frequency can be adjusted by means of a first tuning control signal which
can be supplied by a first tuning control signal generator coupled to the detection
device. A receiver of this kind may be a radio receiver, a television receiver, a video
recorder, or a cordless or mobile telephone.

A receiver of this kind in the form of a radio receiver is known as an
integrated "AM/FM Radio Receiver Circuit®, TEA5592, described in the Philips Data
Handbook "Radio, audio and associated systems Bipolar, MOS"; Book ICO1, 1991, pp.
1047-1060. An application of this IC is shown on page 1057 of said handbook, i.e. as
an AM/FM radio receiver from aerial signal to low-frequency or audio signal. Tuning
of the AM/FM radio receiver is performed manually by means of two ganged
capacitors. For FM there is provided a tuning control signal generator FM-AFC, as
shown on pages 1049 and 1057, which is coupled to the FM demodulator. The FM-
AFC supplies a tuning control signal for the FM tuning oscillator which is coupled to a
frequency conversion device, in this case being an FM mixer whereto a high-frequency
modulated signal can also be applied. The tuning control signal serves to adjust the
oscillator frequency, within a given range, so that fine tuning is achieved after manual
tuning which could lead to imperfect tuning to a radio station. Therefore, there is
provided a first frequency loop which serves for fine tuning to a radio station to be
listened to. The AFC ("Automatic Frequency Control"), ensuring that, despite drift
phenomena due to temperature effects, voltage variations and the like, the frequency of
the so-called oscillator retains, a value enabling optimum operation of further signal
processing means, such as an intermediate frequency stage at a fixed frequency in a
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frequency. voltage variations at the output of the discriminator with a polarity wh1ch is determined
by the direction of the frequency deviation. This DC component is separated from the
desired discriminator output signal by means of a low-pass filter, after which it is
applied to the local oscillator so that the frequency of the local oscillator is varied in a
direction tending to correct the error in the mean intermediate frequency. Tuning errors
due to inter alia drift phenomena can thus be eliminated to a high degree and accurate
tuhing is achieved, any selective intermediate frequency amplifiers present in the radio
then operating optimally in respect of signal processing. It is a drawback of the known
AFC that hysteresis occurs in the tuning, i.e. notably in the case of a busy frequency
band it is difficult to tune to a desired station because, depending on the search
direction in the frequency band, the AFC often acts on a station in the immediate
vicinity of the desired station. A further drawback consists in that in the case of fading,
i.e. a temporary strong reduction of the signal received, notably of importance for
portable radio receivers such as portable broadcast receivers and radio receivers in
cordless telephones or car telephones, so-called "pulling” to a neighbouring station or
radio channel can occur under the influence of the AFC.

From United States Patent Specification No. 4,344,187 there is also
known an electronically tunable radio receiver in which the tuning function is provided
by a phase locked loop synthesizer which cooperates with an AFC in an intricate
manner, thus precluding suitable compromise between the respective loop parameters.
The AFC is switched on only when a signal of adequate strength is received; this is
detected vig a muting control function. Using the PLL tuning, radio stations in a
frequency band are step-wise searched, the frequency steps being adjusted by means of
a programmable divider in the PLL. Even though not shown, control signals for tuning
in such electronicaily tunable radio receivers are usually supplied by a microprocessor.
The operation of such PLL tuning is as follows. The phase of the signal of the voltage-
controlled tuning oscillator, divided by a dividend, is compared with the phase of a
reference clock signal which is generated by a crystal oscillator. The error signal of the

vent ion, FIG 5 sShows @ g geonetrical distribution of fr ' er
requ&)jﬁ BeeER&lach shows an_enbodi nent _of a tuni ngfgmﬁw&mi SHEET
rji

phase comparator, being a series of narrow pulses, is integrated in a loop filter which
supplies a control voltage for the local oscillator. A different tuning frequency can be
chosen by adjustment of a different dividend. A drawback which is of importance
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should be carefully designed in respect of noise behaviour in order to ensure that the
local oscillator signal-to-noise ratio is not restricted by the tuning system. Furthermore,
due to the skipping of narrow pulses in the case of small phase errors, the charge pump
in the loop has a dead zone, so that the output signal of the local oscillator exhibits drift
phenomena. The PLL residual errors due to this dead zone have a comparatively large
bandwidth, so that the time constant of the filter should be comparatively large so as to
filter out resultant interference signals, thus leading to a slower tuning system.
Therefore, a compromise must be found between interference and speed. Integration of
the tuning system with the receiving section in one integrated circuit also poses major
problems because of the interference between the tuning system and a receiving section.
Because of the step-wise tuning, the tuning quality obtained is inferior to that obtained
in radio receivers with manual tuning and AFC, like said TEAS592. Furthermore, PLL
tunir:3 is comparatively slow; this is a drawback notably for application in RDS car .
radios and in cordless telephones or mobile radios. Moreover, PPL implementations in
integrated form still require a comparatively large number of external components.

It is an object of the invention to provide a receiver of the kind set forth
which comprises digital tuning means and in which the advantages of a manually
tunable analog receiver are combined with the possibilities offered by known
electronically tunable receivers, without incurring the drawbacks of both types of
receivers, i.e. to provide fast and accurate tuning which is also comparatively simple
and inexpensive. |

A receiver in accordance with the invention is characterized in that the
receiver comprises a tuning section which includes a second frequency loop with a
frequency measuring device for measuring the frequency of the tuning oscillator and a
second tuning control signal generator which can be coupled to the frequency measuring
device and which serves to generate a second tuning control signal to be applied to the
tuning oscillator, the receiver comprising a control device with which the first frequency
loop can be closed at least in dependence on a first control signal to be supplied by the
Ieceiving section. A digital tuning structure is thus obtained which is capable of
Operating continuously instead of step-wise, information in respect of the tuning quality

orned by.a ca a,CIté) for |nt<€h gfftlon
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obtained which has the accuracy of manual tuning with AFC. Furthermore, the tuning
system can operate in different modes by simple adaptation, for example manual tuning,
preset, or automatic search, in combination with automatic storage of frequencies of
stations found (autostore) or not. Fine tuning is in principle provided by the first
frequency loop, coarse tuning being provided by the second frequency loop, at least in
the preset mode, the éontrol device providing the necessary interaction between the two
loops. In comparison with a programmable divider in a PLL, the frequency measuring
device can be simply integrated and also has a substantially lower power consumption.

The tuning system in accordance with the invention is based on the
behaviour of an operator of a manually tuned analog receiver. The tuning system first
adjusts the oscillator frequency coarsely to the desired channel and subsequently
achieves the best reception by fine tuning, the oscillator frequency preferably being
varied at a speed which is in conformity with the frequency distance yet to be bridged
until the desired station is reached.

It is also to be noted that a combined AFC with PLL is known from
United States Patent Specification No. 4,955,075, but, apart from the fact that it
concerns a PLL, therein switching over from AFC to PLL and vice versa takes place on
the basis of a control signal obtained from signal strength measurements of the high-
frequency modulated signal instead of on the basis of internal operation.

An embodiment of a receiver in accordance with the invention is
characterized in that in the preset mode, in which the frequency measuring device can
be preset to a desired channel, the frequency measuring device is coupled to the second
tuning control signal generator, that the second frequency loop can be closed by the
control device on the basis of a second control signal to be applied to the control device
by the frequency measuring device, that for coarse tuning the second tuning control
Signal is substantially active outside a frequency window around the desired channel in a
frequency band, that for fine tuning the first tuning control signal is substantially active
a least within the frequency window, and that the control device controls a change-over
ffom coarse tuning to fine tuning on the basis of the first and the second control signal.
Asa result, first fast coarse tuning and subsequently slower fine tuning is achieved,

© Without the risk of "pulling” to a neighbouring channel. The amplitude of the first
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A further embodiment of a receiver in accordance with the invention,
intended to increase the tuning speed of the coarse tuning, is characterized in that for
coarse tuning further frequency windows are provided around the desired channel, the
first tuning control signal being substantially active at least within the inner frequency
window, the second tuning control signal being more active during coarse tuning as the
frequency of the tuning oscillator is in tuning windows situated further from the desired
frequency. It is thus achieved that coarse tuning is faster as the frequency of the tuning
oscillator is further from the desired frequency.

A further embodiment of a receiver in accordance with the invention is
characterized in that relative to the inner frequency window the further frequency

- windows constitute a geometrical distribution over the frequency band, the second
tuning control signal being a current whose ratio of values over the frequency windows
is the same as that of the weighting factors in respect of the geometrical distribution.
Maintaining the stability of the tuning system, optimum coarse tuning is thus obtained in
respect of speed. When two frequency windows are used, a very substantial increase of
the speed of coarse tuning is achieved already in comparison with the use of one
frequency window, the gain in speed being marginal as from the use of three frequency
windows. This multi-frequency concept again simulates a manual tuning procedure, i.e.
when the desired channel is still situated far from the current channel, the user will first
quickly turn the tuning nob and subsequently ever slower as the frequency distance from
the desired channel becomes smaller. In other words, the tuning system operates in
conformity with human perception.

An embodiment of a receiver in accordance with the invention is
characterized in that frequency measuring periods of the frequency measuring device for
Measuring the frequency of the tuning oscillator are adapted in proportion to the
frequency windows. The speed of the tuning system is thus further increased. This
adaptation is based on the idea that tuning time is unnecessarily wasted by performing
the measurement constantly with the measuring time of the inner frequency window.
Calculations demonstrate that for a ratio of receiving bandwidth to single-sided first



cei vi-ng section 2 per_ se, caused by DC offsets and | eak-_age currents in

t he AFCTHi t soulf IS Bughoulad higyg€l a very hi g@p%@jﬁ!y SHEET
’rrrpedancil“ MI achi eved, forErexanpl e by|choosi ng g-se—e son
a

current tion in which amfmpot=Cturrent iis agfbi ed to a
conventional current mrror configura- tgon but an outpdt jcuf /eAECi1896
supplied via an output transistor in cascode connectionjwith a mrror

144

transis- tof;%g;p,emw axﬁﬂiex{ntﬁgtto 9000 8d %%g%m&aﬁ:y 'dauapmhegqmvini e}:_f_l_e
AH--e R conver.

| ow pass fi 11, can th e delivered By a voltagé/c¢ .
(not  shown)gpee iptamiparisos with thetuse ofbne frequency s¥indow ameuststtora Bctordd in

frequency  ligasad BPTREY IRy Ao e b dainlh $ER TnSGHFRR ¢ e
factor 200 when the frequency measuring times are further adapted.

A further embodiment of a receiver in accordance with the invention is
characterized in that the power to the tuning section is interrupted when the first and
second control signals inform the control device that the frequency of the tuning -
oscillator is situated within the frequency window, or within the inner frequency
window in the event of a plurality of windows, as well as within the capture range of
the first tuning control signal generator. Because of the fact that the remaining current-
carrying control circuits, which may be constructed as low-power circuits, carry
comparatively little current with respect to the receiving section, a tuning system is thus
obtained which requires substantially the same amount of energy as an analog manual
tuning system with AFC in the tuned condition. Furthermore, interference no longer
exists between the tuning section and the receiving secuon

A further embodiment of a receiver in accordance with the invention is
characterized in that before the power to the tuning section is interrupted, the last
channel frequency measured is stored in a last-channel memory. Should undesirable
effects such as fading or pulling occur upon deactivation of the tuning section and
should the current to the tuning section be restored again because of disappearance of
the first control signal, the tuning section can directly respond to these undesirable
effects, utilizing the last channel frequency measured which is stored in the last-channel
Mmemory, so that very firm control is obtained.

A further embodiment of a receiver in accordance with the invention is
characterized in that the first tuning control signal generator is decoupled from the
Wning oscillator when the frequency of the tuning oscillator is outside the frequency
Window, or, outside the inner frequency window in the event of a plurality of windows,
the secong freqﬁency loop being subsequently activated. "Pulling” in the event of inter
Wlia fading is thus prevented. |

An embodiment of a receiver in accordance with the invention is
Characterized in that in the search mode, in which an arbitrary channel is searched
¥ithin frequency band, the power to the frequency measuring device is interrflpted
d the frequency measuring device is decoupled from the second tuning control signal
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yet to be deggiiiafofso as to scan the frequency band, that the control device interrupts the search,

on the basis of a control signal to be supplied by the first tuning control signal
generator, when a channel containing a signal is tuned to, and that subsequently the
frequency measuring device is activated so as to measure the frequency of the tuning
oscillator and to store the measured frequency in a last-channel memory, after which the
control device interrupts the power to the tuning section. Because the frequency
measuring device does not receive power and is decoupled during the search mode, no
interference occurs with the receiving section, so that it is impossible to stop at
incorrect positions within the frequency band. When a station has been found, after
frequency measurement and storage the tuning system enters the standby mode, so that
the receiver as a whole has an as low as possible power consumption. Because of the
storage of the frequency of the tuned channel, quick response to fading and pulling is
again possible, so that a firm tuning system is realised also in the search mode. A
microprocessor, if any, in the receiver, therefore, in principle has no other tasks than to
Scan a control panel and to control 2 display panel such as an LCD screen. The
automatic search is fast because the smaller amount of tuning software and hence the
substantially shorter communication procedure, like in known electronic tuning systems
between the microprocessor and the synthesizer.

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
nvention,

Fig. 2 shows control currents in a receiver in accordance with the
invention as a function of the frequency,

Fig. 3 shows a state diagram for control currents in a receiver in
dcordance with the invention,

Fig. 4 shows a measuring cycle of a frequency measuring device in a
"eceiver in accordance with the invention,

Fig. 5§ shows a geometrical distribution of frequency windows over a
Tequency band,

Fig. 6 shows an embodiment of a tuning section in a receiver in
“Ccordance with the invention, and
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frequency loop L1 with a frequency conversion device 3 for frequency conversion of a
high-frequency modulated signal RF, to be applied to the receiving section 2 vig 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 signai 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
conversion device 3 and whose frequency can be adjusted by means of a first tuning
control signal L, 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 by a capacitor for integration of
the current L., so that there is formed a control voltage | I,..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 ﬁming control signal generator 7 also
comprises a low-pass filter 11 which filters an output signal of the detection device §,
for example an FM discriminator, and outputs it as a control signal for the controlled
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
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 modulated signals, other modulation types such as AM and PM also being
Possible. In addition to a superheterodyne sfructure, 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
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of the current source 10, supplied via the low-pass filter 11, can then be delivered by a
voltage/current converter (not shown) coupled to symmetrical outputs of the detector 5.
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
signal 1, 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, in a
manner in accordance with the invention yet to be described, control and/or open or
close the first and/or the second frequency loop, 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 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 signal in-1 (in-lock signal) to be supplied by the
receiving section 2. Depending on the mode of operation of the receiver, 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 5 which
is filtered by the low-pass filter 11. The in-lock detection device 17, being described in
detail in the simultaneously filed European Patent Application No. ...., 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 the current source 10 and the frequency measuring device 13 with
control signals ctll and ctl2 for respective control and on/off switching. The control
device can also autonomously control the second tuning control signal generator 14,
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autosearch mode. The frequency measuring device 13 may be a programmable counter

having a preset input 18 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 broadcast receivers. The presets can be adjusted |
during the auto-search 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.

Fig. 2 shows the control currents L and L, in a receiver 1 in accordance
with the invention as a function of the frequency f. The control current I, varies non-
linearly as a function of the frequency f relative to the desired frequency £, and has a
positive value +1I, or a negative value -I, outside a frequency window or tuning window
for coarse tuning W1 which should be narrower than half the channel spacing. Also
shown is an AFC capture range AFC-C within which I, varies linearly and beyond
which L, has a value zero, and also an. AFC operating range AFC-O within the AFC
capture range AFC-C. The actual polarity depends on signal inversions, if any, present
in the loops L1 and L2, i.e. taking into account the correct control effect, polarities
may be reversed. Referring to Fig. 1, in the preset mode the loops L1 and L2 for
coarse tuning and fine tuning, respectively, cooperate as follows. The receiving section
2 compares and correlates the output signal of the tuning oscillator 6 with the high-
frequency modulated signal RF and generates the control current I, on the basis
thereof. If the error is comparatively small, the in-lock signal in-1 is generated in the in-
lock detection device 17. The tuning section 12 also executes a frequency comparison,
be it in respect of the desired preset signal pre. The tuning section 12 acknowledges that
coarse tuning has been achieved by way of the in-window signal in-w which indicates
that the oscillator frequency of the tuning oscillator 6 is within the frequency window
WL, In the preset mode it is desirable to have an in-lock window which is wider than
the tuning window W1, whereas in the autosearch mode a narrow in-lock window is
desirable to avoid the missing of channels. When a different station is desired in the
Preset mode, the tuning section 12 applies a constant current in order to adjust the
funing oscillator coarsely to the correct frequency, fine tuning being subsequently

 Provided by the AFC loop. The operating ranges of the loops L1 and L2 in principle
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the power to the tuning section can be interrupted, resulting in a substantial saving of
power. The latter is important notably for portable receivers. Because annoying
interference between the receiving section 2 and the tuning section 12 is no longer
experienced, the receiving section 2 can be more readily integrated with the tuning
section 12 on a single IC, together with the control section 16, and the number of
external components can also be reduced. When the receiver 1 is used as a portable
receiver, the field strength of the high-frequency signal RF received will continuously
vary in practical situations, its strength being dependent notably on the relevant
frequency band. This may give rise to undesirable effects, such as fading and pulling to
an adjacent channel. In order to solve this problem, the frequency of the signal received
is written into the last-channe! memory 15 after correct tuning and before the power to
the tuning section 12 is interrupted. Such a memory 15 may be SRAM having a very
low power consumption. In the event of fading or pulling, the in-lock signal temporarily
disappears. The control device immediately responds thereto by restoring the power to
the tuning section 12. The tuning section 12 then measures the frequency of the tuning
oscillator 6 again, utilizing the information stored in the last-channel memory 15, and
makes the necessary corrections in the described manner.

Fig. 3 shows a state diagram STD for control currents I, and I, in a
receiver 1 in accordance with the invention for operation of the receiver in the preset
mode. A description on the basis of the state diagram STD substantially simplifies the
design of the two-loop structure in respect of stability and tuning speed. The Figure
shows a pre-acquisition state S1, in which the control current source I, supplies current
and L, does not supply current, an acquisition or fading state S2 in which the current I,
is not "in-window” W1 and the current L, is "in-window" W1, a no-signal state S3 in
Which the current source I, does not supply a current and the current source I, supplies
2 Current, and the post-acquisition state or state of desired tuning S4 in which the
Current source I, does not supply a current and the current source L, supplies a current.
Other changes of state can be represented in a similar manner. Changes of state are
denoted by arrows, the control signals in-w and in-1, and O and 1, respectively, adjacent
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frequency measuring device 13, for example being a programmable counter, is plotted

as a function of time t. The count represents a frequency and P is a binary
representation of the preset value of the preset signal pre. The counter 13 measures the
frequency f, of the tuning oscillator 6 relativé to the desired frequency f;. First the
preset signal pre is loaded into the counter 13 and subsequently the counter counts down
for a predetermined reference period 7, (down counting). At the end of the measuring
period 7, the counter residue Cr is compared with the defined tuning frequency
window +W1 to -W1. Depending on the sign of the residue Cr, the current source 14
generates a correction current +1I, or -I,, which current is integrated by the loop filter 8
so as to form a voltage whereby the tuning oscillator 6 is controlled. The gain of the
tuning oscillator then amounts to K,. A practical embodiment will be described with
reference to the Figs. 6 and 7. Because of the non-linear nature of the charge pump 14,
the frequency of the tuning oscillator will cohﬁnuously vary during the tuning cycle.
The frequency counter 13, however, should continuously measure the frequency of the
tuning oscillator 6 in order to decide whether or not the frequency is "in-window". If
the time in which the frequency sweep of the tuning oscillator 6 across one tuning
window exceeds the measuring period 7., the tuning system becomes unstable. For a
stable system, the measuring time delay 7, should be smaller than or equal to the loop
delay 7,. It can be deduced tl.aat for a stable system:

< 2.W1.C
KO'I:

where C is the capacitance of the loop filter 8. If the frequency f; of the tuning
oscillator 6 equals the desired frequency f;, the counter 13 will count down exactly to 0
during the measuring period 7,. The gradient of the down-count is thus a measure for
the actual frequency f,. The counter 13 is controlled by a clock signal. The estimation
of the frequency of the tuning oscillator 6 is an integral over the clock pulses,
Containing this gradient, over the measuring period 7, or:

In reality, instead of a linear relationship a discrete relationship exists, but if the word

length of the counter 13 is sufficiently long, the linear approximation is quite
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satisfactory. When the tuning oscillator 6 is adjusted exactly correctly, the value of the
integral will be equal to P at the end of the measuring period 7., but in the event of
incorrect adjustment relative to the desired frequency f,, the estimate will be P.7./7,,
for example when the counter reaches a zero position after a period 7,. The frequency f,
of the tuning oscillator 6 is "in-window" if the absolute value of (P.((r./7.)-1) is
smaller than or equal to W1. In a dynamic situation, in which the tuning frequency
varies continuously, the situation is more complex but it can be simply demonstrated
that in the event of a linear frequency sweep of the frequency of the tuning oscillator 6
during the measuring period 7, the same stability criterion holds as in a static situation
as described. The stability criterion of the tuning loop L2 limits the maximum tuning
speed at which tuning from one preset value to the other preset value can take place. In
the case of a tuning system comprising one tuning window W1, in given circumstances
the tuning speed may become too slow, for example, in the event of a frequency band
comprising many channels, but the tuning speed can be very substantially increased by
using more than one frequency window.

Fig. 5 shows a geometrical distribution of frequency windows over a
frequency band, as a function of the frequency f, where B is a receiving bandwidth with
band edges Bl and B2, f, is a desired frequency, and W1, W2 and W3 are frequency
windows in a tuning system in accordance with the invention which comprises more
than one frequency window. A maximum frequency distance to be bridged is assumed,
L.e. the current frequency f, is at one band edge B1 and the desired frequency f, is at
the other band edge B2. It can be simply demonstrated that the maximum permissible
tuning current is linearly proportional to the tuning window in view of stability
requirements. Therefore, when a second, wider frequency window is used, a larger
tuning current can be permitted for a part of the frequency distance to be bridged,
stability still being maintained. An optimum situation of the second frequency window is
obtained if B.W1 = W2.W2, i.e. a situation in which equal tuning times are obtained
for tuning from B1 to W2 and for tuning from W2 to W1. When the frequency window
is further increased, similar considerations apply, i.e. a mutually optimum situation of
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where n is an integer positive number greater than one.

For an optimum tuning system for the tuning currents in the respective frequency
windows the same weighting factors hold as for the situation of the tuning windows. In
the embodiment shown, comprising three frequency windows W1, W2 and W3 with a
B/W1 ratio of 1000, a gain in the speed of tuning by a factor 33 is achieved relative to
a tuning system comprising one frequency window in the event of an optimum choice of
frequency windows and tuning currents. It has been assumed that the window detection
mechanism is independent of the measuring time required by the frequency measuring
device or the counter 13 for measurement of the frequency of the tuning oscillator 6.
For a stable tuning system, the tuning current within a given frequency window may not
be so large that the counter 13 no longer has a measuring point within the relevant
frequency window, i.e. it would be a waste of measuring time if the counter were to
have an inadequate resolution within a frequency window, because the effective width
of the frequency window would then be reduced and hence also the total system
response. An excessively high counter resolution, however, would result in an excessive
measuring time. It can be simply demonstrated that the optimum resolution of the
counter 13 is W,/2. Even though the tuning currents to be adjusted on the basis thereof
are lower than the maximum currents permissible in view of stability, the tuning speed
does not decrease in proportion but to a lesser extent, depending on the number of
frequency windows used and on the receiving bandwidth. A further acceleration of the
tuning process is achieved by abstaining from keeping the measuring period of the
counter 13 in the windows constant, but varying it across the windows in a tuning
system in accordance with the invention which comprises several tuning windows. For a
tuning system comprising two windows, the measuring period is chosen to be 7, =
1/W1 for the inner window and 7., for the outer window, the choice for a larger
number of windows being similar. It can be simply demonstrated that, utilizing also a
variable measuring period, the tuning time of the tuning system comprising three
windows amounts to only 1/200 of the tuning time of a tuning system comprising one
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tuning process in the autosearch mode, the frequency counter 13 does not form part of
the loop L2, the tuning current being adjusted directly by the control device 16 which
applies a frequency sweep to the tuning oscillator 6. If a station is found during the
frequency sweep in the next channel, the in-lock detection device 17 generates an in-
lock signal in-1. The control device 16 confirms the in-lock signal in-1 by immediately
interrupting the tuning current, the loop L1 ensuring that the relevant station is tuned to
as well as possible. Subsequently, the frequency measuring device 13 measures the
frequency of the tuning oscillator 6 and writes the measured frequency into the last-
channel memory 15. The tuning process is then completed and the control device 16
interrupts the power to the tuning section 12 and monitors the loops L1 and L2 in the
‘manner described with reference to the preset mode. In the (auto)search mode a number
of stations can also be acquired which are stored as preset stations. The analog
autosearch mode is much faster than a search process in a customary digital receiver
comprising a microprocessor, because of the absence of the long communication
procedure between the microprocessor and the synthesizer which is required in the latter
case. In the autosearch mode in accordance with the invention, the speed of the tuning
process is determined mainly by the in-lock delay which is determined by audiofiltering
in the receiving section 2 which is situated ahead of the in-lock detection device 17. In
FM receivers such filtering is required for audio signal suppression and in AM
receivers for amplitude stabilization. The in-lock delay causes overshoot in the response
of the tuning system, the overshoot being dependent on the in-lock delay and the
frequency sweep speed in a manner substantially similar to the braking distance of a
vehicle. The overshoot may not be greater than the width of the tuning window W1,
because the tuning current is otherwise interrupted too late so that the station is missed.

The tuning section 12.can be fully integrated with the receiving section 2,
together with the control device 16, the loop filter 8 for the loop L2, also used as the
AFC filter for the loop L1, being reduced to simply a capacitor.

Fig. 6 shows an embodiment of a tuning section 12 in a receiver 1 in
accordance with the invention. The tuning section 12 comprises an input shift register
20 for receiving the preset signal pre, the control device 16 applying a clock signal cl
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sides to inputs of an asynchronous counter 21 having a low power consumption. The

preset signal pre can be presented in binary form, in which case the asynchronous
counter 21 is a so-called binary ripple down-counter. Furthermore, in such a counter the
bits require less power as they are more significant. The counter 21 is programmable,
on the one hand by the preset facility and on the other hand by an enable input ena.
Counter outputs of the counter 21 are applied, vig a gate circuit gc, to a charge pump
circuit 22. The gate circuit gc serves to supply frequency window signals Wi, W2, ...
Wn, n being an integer positive number. The charge pump circuit supplies the control
current 1, of the second frequency loop L2. Also shown is the tuning oscillator 6, an
output signal of which, having the frequency f;, can be applied, to the programmable
counter 21, if desired vig a pre-scaler 23 having a scale factor N. For the operation of
the counter 21, reference is made to Fig. 4. If the frequency of the tuning oscillator 6 is
too low, the counter residue Cr is positive and if the frequency of the tuning oscillator 6
is exactly equal to the desired frequency f;, the counter residue Cr is zero. The window
detection is simple in these two cases. The tuning oscillator 6 is "in-window” only if all
counter bits lower than the window bit W1, W2, ..., Wn are zero at the end of the
measuring period 7. However, if the frequency of the tuning oscillator 6 is too high,
the counter residue Cr is negative. Window detection can then be performed in the
above manner, after the counter outputs have been inverted. The clock frequency of the
counter 21, controlling the least-significant bit LSB of the counter 21, is either a signal
of frequency f, of the tuning oscillator 6 or a version f/N thereof which has been
divided by the pre-scaler 23. A sign bit SB, preceding the most-significant bit MSB, of
the counter 21 detects whether the counter 21 crosses zero or not. The counting period
7, of the counter 21 is determined by the enable signal ena supplied by the control
device 16. Inversion of the counter bits, in dependence on the sjgn bit SB, is performed
by a first row of gates gcl of the gate circuit gc, and window detection is performed by
a second row of gates gc2. In the autosearch mode, in which the frequency loop L2is
not closed and no window detection takes place, the gate circuit gc is decoupled from
the charge pump circuit 22 and the counter 21 serves to measure the frequency of the
tuning oscillator 6. After measurement of the frequency f, of the tuning oscillator 6, the
binary representation thereof is applied, via the shift register 20 which then acts as an

' output shift register and the inverter 24, to the last-channel memory 15. In the event of
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entirely with logic values "1" and subsequently a count-down cycle is performed. At the
end of the count-down cycle, the counter 21 contains the binary representation of the
frequency f, of the tuning oscillator 6 in a one’s-complement répresentation, the sign bit
SB being insignificant. The correct frequency is obtained by inversion of the counter
outputs, in this case represented as a serial inversion by means of the inverter 24. For
storage of the measured frequency in the last-channel memory 15, parallel inversion is
to be preferred. In order to avoid a latch-up situation at band edges, the charge pump
circuit 22 comprises a band edge detector which applies a band edge signal be to the
control dévice 16. For scanning of the frequency band B in the one or the other
direction, the charge pump circuit comprises a control input 25 for supply of an
up/down signal ud.

Fig. 7 shows a charge pump circuit 22 for use in the tuning section 12,
comprising an output 30 for coupling to the loop filter 8. The charge pump circuit
comprises control inputs up and dn for applying a current to the output 30 which has a
first and a second current direction, respectively, and window inputs not- (W1) and not-
(W2), i.e. a charge pump circuit 22 is shown for a two-window tuning system. The
charge pump circuit 22 also comprises an output 31 for supplying the band edge signal
be. The charge pump circuit 22 does not supply an output signal if both "in-window"
signals W1 and W2 have a logic value "1". The resistors R1 and R2 determine the
current intensity of the charge pump circuit 22 in the respective frequency windows W1
and W2. In the preset mode, the signals up and dn are actually the sign bit SB and the
inverted sign bit, whereas in the autosearch mode the signals up and dn are generated
directly by the keyboard (not shown). For band edge detection, the charge pump circuit
22 comprises a trigger device 32 in combination with the transistors T1 and T2, only
the detection of the lower band edge Bl being shown. For detection of the upper band
edge B2, the charge pump circuit 22 comprises a similar sub-circuit. It concerns a
coarse detection of band edges. For finer detection use can be made of a microprocessor

(not shown) included in the receiver 1.
This Sheet Has Been Replaced
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1. A receiver (1) for receiving high-frequency signals, comprising 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 applied to the receiving section (2), into a modulated signal (IF) of lower
frequency, a detection device (S) for detecting an information signal present in the
modulated signal (IF) of lower frequency, and a tuning oscillator (6) which is coupled
to the frequency conversion device (3) and whose frequency can be adjusted by means
of a first tuning control signal (I,.) which can be supplied by a first tuning control
signal generator (7) coupled to the detection device (5), characterized in that the
receiver (1) comprises a tuning section (12) which includes a second frequency loop
(L2) with a frequency measuring device (13) for measuring the frequency (f,) of the
tuning oscillator (6) and a second tuning control signal generator (14) which can be
coupled to the frequency measuring device (13) and which serves to generate a second
tuning control signal (I,) to be applied to the tuning oscillator (6), the receiver (1)
comprising a control device (16) with which the first frequency loop (L1) can be closed
at least in dependence on a first control signal (in-I) to be supplied by the receiving
section (2).

o2 - A receiver (1) as claimed in Claim 1, characterized in that in the preset
mode, in which the frequency measuring device (13) can be preset to a desired channel
(f), the frequency measuring device (13) is coupled to the second tuning control signal
generator (14), that the second frequency loop (L2) can be closed by the control device
(16) on the basis of a second control signal (in-w) to be applied to the control device
(16) by the frequency measuring device (13), that for coarse tuning the second tuning
control signal (1)) is substantially active outside a frequency window (W1) around the
desired channel (f,) in a frequency band (B), that for fine tuning the first tuning control
signal (I,) is substantially active at least within the frequency window (W1), and that
the control device (16) controls a change-over from coarse tuning to fine tuning on the

basis of the first (in-]) and the second (in-w) control signal. .. oo o Replaced
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vol tage whereby the tuning oscil - Iator 6 is
ded_%a-ound the desired channel
(), the first tuning control signal (I,.) being substantially acﬁve at least within the
inner frequency window (W1), the second tuning control signa! (I) being more active
during coarse tuning as the frequency of the tuning oscillator (6) is in tuning windows
(W3, W2) situated further from the desired frequency (£f).
4, A receiver (1) as claimed in Claim 3, characterized in that relative to the
inner frequency window (W1) the further frequency windows (W2, W3) constitute a
geometrical distribution over the frequency band (B), the second tuning control signal
(1) being a current whose ratio of values over the frequency windows (W1, W2, W3) is
the same as that of the weighting factors in respect of the geometrical distribution.
5. A receiver (1) as claimed in Claim 3 or 4, characterized in that frequency
measuring periods (7.1, Tm2) Of the frequency measuring device (13) for measuring the
frequency (fy) of the tuning oscillator (6) are adapted in proportion to the frequency
windows (W1, W2).
6. A receiver (1) as claimed in Claim 2, 3, 4 or 5, characterized in that the
power to the tuning section (12) is interrupted when the first (in-I) and second (in-w)
control signals inform the control device (16) that the frequency (fp of the tuning
oscillator (6) is within the frequency window (W1), or within the inner frequency

~ window (W1) in the event of a plurality of windows (W1, W2, W3), as well as within

the capture range of the first tuning control signal generator (7).

7. A receiver (1) as claimed in Claim 6, characterized in that before the
power to the tuning section (12) is interrupted, the last channel frequency measured (®)
is stored in a last-channel memory (15).

8. A receiver (1) as claimed in any one of the Claims 2 to 7, characterized

in that the first tuning control signal generator (7) is decoupled from the tuning
oscillator (6) when the frequency (fy) of the tuning oscillator (6) is outside the frequency
window (W1), or outside the inner frequency window (W1)in the event of a plurality of
windows (W1, W2, W3), the second frequency loop (L2) being subsequently activated.
9. A receiver (1) as claimed in any one of the Claims 2 to 8, characterized

in that the frequency window (W1), or the inner frequency window (W1) in the event of
a plurality of frequency windows (W1, W2, W3), is narrower than half the channel
spacing within the frequency band (B).
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measuring device is

power to the frequency measuring device (13) is interrupted and the frequency

decoupled from the second tuning control signal generator (14), that

the second tuning control signal generator (14) directly controls the tuning oscillator (6)
s0 as to scan the frequency band (B), that the control device (16) interrupts the search
mode, on the basis of a control signal (in-I) to be supplied by the first tuning control
signal generator (7), when a channel containing a signal is tuned to, and that
subsequently the frequency measuring device (13) is activated so as to measure the
frequency (fy) of the tuning oscillator (6) and to store the measured frequency (f) in a
last-channel memory (15), after which the control device (16) interrupts the power to

the tuning section.

-—_
This Sheet Has Been R

L 13



V\/nere Ci

.the tuning oscillator 6 equals
Wl count down exactly to O

gr adi ent

s the capacitance of the loop filter 8. If the fr

j—[—Ea’--t—]—-@‘g

Bayeucy f[ery ]REngmrquhsetm

g period | eFed—The

of the down-count is

the actupl]fr c
flerr]. The counter 13 is controlled by ﬁ cl ock signal. e &Eﬂm mf’of
S

the frequency of the tuning oscilator 6

an integral ovprithe clock

pul ses, cg&ﬁmthls gradi - ent, over the neasuring peftiod [err], or:

mat herrati

tuning oscillator 6 is adjusted

Manually tunable analog receivers comprising automatic frequency control
are known, as are electronically tunable receivers in which the tuning function is
provided mainly by a phase-locked loop synthesizer. Manually tunable analog receivers
have the drawback that the AFC exhibits hysteresis and that in the event of fading
pulling to an adjacent station may occur, whereas the receiver with electronic tuning has
the drawbacks that tuning is comparatively slow and also inaccurate because of the
tuning in discrete steps by a microprocessor. In accordance with the invention there is
provided a receiver (1) which combines the advantages of analog manual tuning with the
advantages and possibilities of a receiver with electronic tuning. To this end, the
receiver (1) in accordance with the invention comprises two cooperating frequency loops
(L1, L2), one loop (L1) being an AFC loop whereas the other loop (L2) comprises a
frequency counter (13) for measuring the frequency (fo) of a tuning oscillator (6) which
can be controlled by both loops. The cooperation between the loops (L1, L2) is
provided by a simple control circuit (16) which acts on control signals to be supplied by
both loops (L1, L2): an in-lock signal (in-1) and an in-window signal (in-w). Preferably,
when the desired tuning is achieved, the power to a tuning section (12) of the receiver
(1), forming part of the frequency loop (L2), is interrupted.

Fig. 1.
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situation in which equal tuning tines are obt ai ned for tuning fromBl to W2
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frequency windows tgo HIPRECEIVER WITH DIGITAL CONTROL
| LOOP FOR COARSE FREQUENCY ACQUISITIOK*
AND ANALOG CONTROL LOOP FOR
FREQUENCY LOCK-IN

BACKGROUND OF THE INVENTION

1. Field of the Invention
The invention relates to a receiver for receiving high-
frequency signals, comprising a receiving section which
includes a first frequency loop with a frequency conver-
sion device for frequency conversion of a high-fre-
quency. modulated signal, to be applied to the receiving
section, into a modulated signal of lower frequency, a
detection device for detecting an information signal
present in the modulated signal of lower frequency, and
a tuning oscillator which is coupled to the frequency
conversion device and whose frequency can be adjusted
by means of a first tuning control signal which can be
supplied by a first tuning control signal generator cou-
pled to the detection device. A receiver of this kind may
be a radio receiver, a television receiver, a video re-
corder, or a cordless or mobile telephone.
2. Description of the Related Art
A receiver of this kind in the form of a radio receiver
is known as an integrated “AM/FM Radioc Receiver
Circuit”, TEAS592, described in the Philips Data
Handbook “Radio, audio and associated systems Bipo-
lar, MOS”, Book IC01, 1991, pp. 1047-1060. An appli-
cation of this IC is shown on page 1057 of said hand-
book, i.e. as an AM/FM radio receiver from aerial
signal to low-frequency or audio signal. Tuning of the
AM/FM radio receiver is performed manuaily by
means of two ganged capacitors. For FM there is pro-
vided a tuning control signal generator FM-AFC, as
shown on pages 1049 and 1057, which is coupled to the
FM discriminator which serves as demoduiator. The
FM-AFC supplies a tuning control signal for the FM
tuning oscillator which is coupled to a frequency con-
version device, in this case being an FM mixer whereto
a high-frequency modulated signal can also be applied.
The tuning control signal serves to adjust the oscillator
frequency, within a given range, so that fine tuning is
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drift phenomena due to temperature effects, voltage
variations and the like, the &equency of the tuning
oscillator retains a value enabling optimum operation of
further signal procssmg means, such as an intermediate
stage in a superheterodyne receiver. The
AFC utilizes the so-called S-curve FM discriminator
characteristic. Any variation from the central fre-
quency of the' FM discriminator gives rise to DC volt-
age variations at the output of the discriminator, with a
polarity which is determined by the direction of the
frequency deviation. This DC component is separated
from the desired discriminator output signal by means
of a low-pass filter, after which it is applied to the local
oscillator so that the frequency of the local oscillator is
varied in a direction tending to correct the error in the
mean intermediate frequency. Tuning errors due to
inter alia drift phenomena can thus be eliminated to a
high degree and accurate tuning is achieved, any selec-
tive intermediate frequency amplifiers present in the
radio then operating optimafly in respect of signal pro-
cessing. It is 2 drawback of the known AFC that hyste-
resis occurs in the tuning, i.e. notably in the case of a
busy frequency band it is difficult to tune to a desired
station because, depending on the search direction in
the frequency band, the AFC often acts on a station in
the immediate vicinity of the desired station. A further
drawback consists in that in the case of fading, ie. a
temporary strong reduction of the signal received, nota-
bly of importance for portable radic receivers such as
portable broadcast receivers and radio receivers in
‘cordless telephones or car telephones, so-called “pull-
ing” to a neighbouring station or radio channel can
occur under the influence of the AFC.

From U.S. Pat. No. 4,344,187 there is also known an
electronically tunable radio receiver in which the tun-
ing function is provided by a phase locked loop synthe-
sizer which cooperates with an AFC in an intricate
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wise searched, the frequency steps bemg adjusted by
means of a programmable divider in the PLL. Even
though not shown, control s:gnals for tuning in such
electronically tunable radio receivers are usually sup-
plied by a microprocessor. The operation of such PLL
tuning is as follows. The phase of the signal of the voit-
age-controlled tuning oscillator, divided by a dividend,
is compared with the phase of a reference clock signal
which is generated by a crystal oscillatar. The error
signal of the phase comparator, being a series of narrow
pulses, is integrated in a loop filter which supplies a
control voltage for the local oscillator. A different tun-
ing frequency can be chosen by adjustment of a differ-
_ent dividend. A drawback which is of importance nota-
bly in portable receivers consists in that the program-
mable divider has 2 comparatively high power con-
sumption, inter alia because of the feedbacks in the
divider which are required for implementing arbitrary
dividends. Moreover, the PLL should be carefully de-
signed in respect of noise behaviour in order to ensure
that the local oscillator signal-to-noise ratio is not re-
stricted by the tuning system. Furthermore, due to the
skipping of narrow pulses in the case of small phase
errors, the charge pump in the loop has a dead zone, so
 that the output signal of the local oscillator exhibits drift

sed and on the
cess is
he counter 13

phenomena. The PLL residual errors due to this dead

zone have a comparatively large bandwidth, so that the
time constant of the filter should be comparatively large
so as to filter out resultant mterference signals, thus
leading to a slower tuning system. Therefore, 2 compro-
mise must be found between interference and speed.
Integration of the tuning system with the receiving
section in one integrated circuit also poses major prob-

lems because of the interference between the tuning

system and a receiving section. Because of the step-wise
tuning, the tuiting quality obtained is inferior to-that
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AFC, like said TEASS92. Furthermore, PLL tuning 1s
comparatively slow; this is 2 drawback notably teflor
application in RDS car radios and in cgrdlss e-
phones or mobile radios. Moreover, PLL implementa-
tions in integrated form still require a comparatively
large number of external components.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a receiver of
the kind set forth which comprises digital tuning means
and in which the advantages of a mannually tunable
analog receiver are combined with the possibilities of-
fered by known electronically tunable receivers, with-
out incurring the drawbacks of both types of receivers,
i.e. to provide fast and accurate tuning which is also
comparatively simple and inexpensive.

A receiver in accordance with the invention is cbar-
acterized in that the receiver comprises a tuning section
which includes a second frequency loop with a fre-
quency measuring device for measuring the frequency
of the tuning oscillator and a second tuning control
signal generator which can be coupled to the frequency
measuring device and which serves to generate a sec-
ond tuning control signal to be applied to the tuning

. oscillator, the receiver comprising a control device
with which the first frequency loop can be closed at
least in dependence on a first control signal to be sup-
plied by the receiving section. A digital tuning structure
is thus obtained which is capable of operating continu-
ously instead of step-wise, information in respect of the
tuning quality being dynamically applied, via the AFC,
to the tuning section. By using the second, digital fre-
quency loop and suitably chosen control signals, a fast
tuning system is obtained which has the accuracy of
manual tuning with AFC. Furthermore, the tuning
system can operate in different modes by simple adapta-
tion, for example manual tuning, preset, or automatic
search, in combination with automatic storage of fre-
quencies of stations found (autostore) or not. Fine tun-
ing is in principle provided by the first frequency loop,
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. is based on the behaviour of an operator of a manually

tuned analog receiver. The tuning system first adjusts
the oscillator frequency coarsely to the desired channel

and subsequently achieves the best reception by fine

tuning, the oscillator frequency preferably being varied
at a speed which is in conformity with the frequency
distance yet to be bridged, until the desired station is
reached.

It is also to be noted that a combined AFC with PLL
is known from U.S. Pat. No. 4,955,075, but, apart from
the fact that it concerns a PLL, therein switching over
from AFC to PLL and vice versa takes place on the

basis of a control signal obtained from signal strength

measurements of the highfrequency modulated signal
instead of on the basis of internal operation.
An embodiment of a receiver in accordance with the

 invention is characterized in that in the preset mode, in

which the frequency measuring device is preset to a
desired channel, the frequency measuring device is
coupled to the second tuning control signal generator.
The second frequency loop is closed by the control unit
on the basis of a second control signal supplied to the
control device by the frequency measuring device, for
coarse tuning, the second tuning control signal is sub-
stantially active outside a frequency window around the
desired channel for fine tuning the first tuning control
signal is substantially active at least within the fre-
quency window control unit controls a change-over
from coarse tuning to fine tuning on the basis of the first
and the second control signal. As a result, first fast
coarse .tuning and subsequently slower fine tuning is
achieved, without the risk of “pulling” to a neighbour-
ing chamnel. The amplitude of the first tuning control
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coarse tuning further frequency windows are provided

around the desired chanmel, the first tuning control
signal being substantially active at least within the inner
frequency window, the second tuning control signal
being more active during coarse tuning as the frequency
of the tuning oscillator is in tuning windows situated
further from the desired frequency. It is thus achieved
that coarse tuning is faster as the frequency of the tun-
ing oscillator is further from the desired frequency.

A further embodiment of a receiver in accordance
with the invention is characterized in that relative to the
inner frequency window the further frequency win-
dows constitute a geometrical distribution over the
frequency band, the second tuning control signal being

- a current whose ratio of values over the frequency
windows is the same as that of the weighting factors in
respect of the geometrical distribution. Maintaining the
stability of the tuning system, optimum coarse tuning is
thnsobtmnedmrspectofspeed.Whentwoﬁ'equency
windows are used, a very substantial increase of the
speed of coarse tuning is achieved in comparison with
the use of one frequency window. The further gain in
speed from the use of three frequency windows is mar-
ginal. This multi-frequency concept again simulates a
manual tuning procedure, i.e. when the desired channel
is still situated far from the current channel, the user
will first quickly turn the tuning nob and subsequently
everslowaastheftequencydxstancefromthedmed
channe] becomes smaller. In other words, the tuning
system operates in conformity with human perception.

An embodiment of a receiver in accordance with the
mvenuontschmctcnzedmthatﬁequmymmunng
periods of the frequency measuring device for messur-
mgthefrequencyoftheumngascillatorareadaptedm
proportion to the frequency windows. The speed of the




2 which is situated ahead of the in-lock detection device 17
receivers such filtering is required for audi o signal supprég
.recei'vers for .anplitude stabilization. The in-lock delay caysgs overshoot
in the response of the tuning system the overshoot bei ng dg
I n-1ock delay and the frequency sweep speed in a manner subst
simlar to the braking distance of :a vghicle. The overshoot
greater than th
current is otherw
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wasted by performing the measursment constantly with
the measuring time of the inner frequency window.
Calculations demonstrate, that for a ratio of receiving
bandwidth to single-sided first frequency window
amounting to 1000 and using three frequeacy windows,
the gain in speed in comparison With the use of one
freauency window amounts to a factor 33 in the case of
geometrical frequency windows, whereas the gain in
speed amounts to a factor 200 when the frequency mea-
suring times are forther .

A further émbodiment of a receiver in accordance

BM%%%W@M : yn IS m SSéda.

with the invention is characterized in that the powerto

the tuning section is interrupted when the first and

second control signals inform the control device that
the frequency of the tuning oscillator is situated within
the frequency window, or within the inner frequency
window in the event of a plurality of windows, as well
as within the capture range of the first tuning control
signal generator. Because of the fact that the remaining
currentcarrying control circuits, which may be con-
structed as low-power circuits, carry comparatively
little current with respect to the receiving section, a
tuning system is thus obtained which requires substan-
tially the same amount of energy as an analog manual
tuning system with AFC in the tuned condition. Fur-
thermore, interference no longer exists between the
tuning section and the receiving section.

A further embodiment of a receiver in accordance
with the invention is characterized in that before the
power to the tuning section is interrupted, the last chan-
nel frequency measured is stored in a last-channel mem-
ory. Should undesirable effects such as fading or pulling
occur upon deactivation of the tuning section and
should the current to the tuning section be restored
again because of disappearance of the first control sig-
nal, the tuning section can directly respond to these
undesirable effects, utilizing the last channel frequency
measured which is stored in the last-channe! memory,
so that very firm control is obtained.




The tuning section 12 can be fully integrated with the recei vinBERACEMBNT SHEET

together with the control device 16, the loop filter 8 for th oop rCZ;
.also used as the AFC filter for the loop L1, being reduced to}s ”@#ﬁm 199
capaci- tor. FIG 6 shows an enbodi ment of@a timng section 1p 9
receiver 1 in accordance with the |nvent|on The tuni ng sectijpnt-42

conpri ses an input ShlAt et iR iggnal pre

11%

the control device iﬁfloaﬁ/ L. Ner L OCKTTTg—te
sig- nal pre. The in *‘1%’3&% (- put sides
to inputs of an asy Signal generaiQr s unpt i on.
The preset signal priagascilistqrwhen the frequenzyof the-tuning\@scillacase t he
asyn- chronous countgr Bloutside athec fedquéncynsvindow,0be, dutside the

inner frequency window in the event of a plurality of

windows, the second frequency loop being subse-

quently activated. “Pulling” in the event of inter alia

fading is thus prevented.

An embodiment of a receiver in accordance with the
mvennonmchmenzedmthnmthesu:chmode,m
which an arbitrary channel is searched within a fre-
quencyband,thepowertothefreqnencymasxmg
device is interrupted and the frequency measuring de-
vice is decoupled from the second tuning control signal
generator, that the second tuning control signal genera-
tor directly controls the tuning oscillator so as to scan
the frequency band, that the control device interrupts.

* the search, on the basis of a control signal to be supplied
by the first tuning control signal generator, when a
channel containing a signal is tuned to, and that subse-
quently the frequency measuring device is activated so -

~ as to measure the frequency of the tuning oscillator and
to store the measured frequency in a last-channel mem-
ory, after which the control device interrupts the power
to the tuning section. Because the frequency measuring
device does not receive power and is decoupled during
the search mode, no interference occurs with the re-
ceiving section, so that it is impossible to stop at incor-
rect positions within the frequency band. When a sta-
tion has been found, after frequency measurement and
storage the tuning system enters the standby mode, so
thzttherecaverasawholehasanaslowaspossible .
power consumption. Because of the storage of the fre-
quency of the tuned channel, quick response to fading
and pulling is again possible, so that a firm tuning sys-
tem is realised also in the search mode. A microproces-
sor, if any, in the receiver, therefore, in principle has no
other tasks than to scan a control panel and to control a
display panel such as an LCD screen. The automatic
search is fast because the smaller amount of tuning soft-
ware and hence the substantially shorter communica-
tion procedure, like in known electronic tuning systems
between the microprocessor and the synthesizer.



counter. Furthernore, in such a counter the bits require |egs ] WEP"@JR&%@ET
are nore significant. The counter 21 is programmuable, on thg gne hand by
the preset facility and on the other hand by an enabl e input ¢nad9CHURtE09
outputs of the counter 21 are applied, via a current sourcelof so-called
gate circuit go, to a charge punp ci rcui922. The gate circygit gcserves—t
supply fre- quency wi ndow signals W, W, . . . Wh, n beinglan_integer

ositive nunber. T, r u circuit supplies_the caontrol current
P[err] of the secoﬁiﬁﬁcﬁ%ﬁﬁ&i@ﬂ Wéﬁgﬁw&ms uni ng oscill ator
6, an output sign fi ' W@% .bregg@eé 'fl{l&[ser'éﬁ n be applied,
to the programmabl, oﬁ"n:tabﬁb?], %&Q 4 R %&23 havi na a
scal e fgctgr N. Tl‘;gfﬁ?rméf’l@? drawmngs § ﬁf@fﬁ] reference is madg to
FIG 4. If the freFIG.1showsa block diagram of a receiver in accor-
dance with the invention,
FIG. 2 shows control currents in a receiver in accor-
dance with the invention as a function of the frequency,
FIG. 3 shows a state diagram for control currents in -
a receiver in accordance with the invention,
FIG. 4 shows a measuring cycle of a frequency mea-
suring device in a receiver in accordance with the in-
vention,
FIG. 5 shows a geometrical distribution of frequency
windows over 2 frequency band,
FIG. 6 shows an embodiment of a tuning section in 2
receiver in accordance with the invention, and
FIG. 7 shows a charge pump circuit for use in the
tuning section.
DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a receiver 1in ac-
cordance 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 fre-
quency coaversion of a high-frequency modulated sig-
nal RF, to be 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 exam-
ple a radio or television broadcast signal or a telephone
signal, and a tuning oscillator 6 which is coupled to the
frequency conversion device 3 and whose frequency
.can be adjusted by means of a first tuning control signal
1af:to be supplied by a first tuning control signal genera-
tor 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
Iac in the form of a current to 2 loop filter 8, preferably
an integrator, which is formed by a capacitor for inte-
gration of the current 1.z, so that there is formed a




guency of the tuning oscillator 6 is too |ow, the counter resi dBEPL@(CENENT SHEET
positive and if the frequency of the tuning oscillator 6 is ejagtty—equat
to the desired frequency f, the counter residue C is zero. The QQO\W)

detectlon is sinple |nthesetvvo es. The tuning oscillatof 6 i N 1999
"in-window' only if all counter bi I ower than the Wi ndow bi

, Wh are zero at chiifrd] Vo

: err er, |f t he
frequency of the @@Mw M‘) rest+ate—E—s
negative. W ndow %ﬁ% 6; being =, GQ)ve manner ,
after the counter thecpresent einbogdiency of t he
counter 21, con- tlmmgcontrol agnal generator 7 also com-
pnses a low-pass filter 11 which filters an output signal
of the detection device 5, for example an FM discrimi-
nator, andontputsntasaeonh'olsxgnalforthecon-
trolled current source 10. In a superheterodyne receiver
theﬁ'eqnencyconvemondev:cesmybeacustomarv
mixing stage for mixing the high-frequency modulatad
signal RF so0 as to form the modulated signal of lower
frequency IF, being an intermediate frequency, for ex-
ample 10.7 MHz in the event of broadcast FM. Conven-
tional selective intermediate frequency amplifiers com-
pnsmgﬁxedﬁltcrsecuons,thenprsentmthemavmg
section 2, are assumed to be included in the detection
device § for the sake of simplicity. Other customary
structures are also feasible for the receiving section 2, as
Iongasasnmblecontrolsgnalmbeapphed to the
tunmgoscxllatorSforﬁ'eqnencymnmgthereofmthe
first frequency loop L1. The invention is not restricted
to FM modulated signals, other modulation types such
.as AM and PMalsobmngpossible.Inaddmontoa
:;snperheterodyne structure, for example a receiving
" section 2 based on a so-called direct-conversion struc-
- ture which is very well suitable for integration is also
feasible. In order to minimize tuning errors in the re-
- ceiving section 2 per se, caused by DC offsets and leak-
age 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 configura-
tion but an output current is supplied via an output
transistor in cascode connection with a mirror transis-
tor. The input current of the current source 10, supplied
via the low-pass filter 11, can then be delivered by a
voltage/current converter (not shown) coupled to sym-
metrical outputs of the detector §.

‘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



trolling the least-significant bit LSB of the counter 21, i REPLARERIER

S
signal of frequency f[err] of the tuning oscillator 6 or ajvetsloQd

t hereof which has been divided by the pre-scaler 23. A signp Bhit SB,

preceding the nost-signifi- cant bit MSB, of the counter 2] det@8tsUMiiBEhe
t he counter 21 crosses zero or not. The counting period [efr]} of the
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counter 21 is determ ned by the enab!a signal ena suppliedjby the control

devi ce 16. Inversion of the counter

is per- formed by a feoupledsto the frequengy messuringdevdceildand oc,
wi ndow det ection is pwiichsetvés/to generate acsecond tumingycantrob t he

'ts, in depgendence onlthe sign bit SB.

and

aut osearch node, in vﬁ@mm&megmwmmd and no

wi ndow det ection tak o bhidle dssilfifer @ ksn fromthe
Al o A Ao 1 i et i

ceiver also comprises a control unit 16 for control-
ling the receiving section 2 and the tuning sectiop
12. In the preset mode (preset tuning) of the re-
ceiver 1, the control unit 16 will, in a manner in
accordance with the invention yet to be described,
control and/or open or close the first and/or the
second frequency loop, i.e. in this mode both fre-
- quency loops L1 and L2 are active. During opera-
tion of the receiver 1 in the search mode (auto-
search 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 unit 16 can close the fre-
quency loop L1 at least in dependence on a first
control signal in-1 (in-lock signal) to be supplied by
the receiving section 2. Depending on the mode of
operation of the receiver, the control unit 16 con-
trols 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 con-
trol unit 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 5 which is filtered by the low-pass-
filter 11. The in-lock detection device 17, being
described in detail in the published European Pa-
tent Application No. 92202519.2 filed Ang. 18,
1992, which corresponds to co-pending U.S. appli-
cation Ser. No. 08/108,018, filed concurrently
herewith, assigned to the same assignee. It supplies
2 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 which is integrated by loop filter 8 to ob-
tain a voltage for adjusting. The control unit 16 -




nmeasure the frequency of the tuning oscillator 6. After nea of _the _

frequency fo of the tuning oscillator 6, the binary representREPLACEMENT SREET |
is applied, via the shift register 20 which then acts. as an Ot—Shi-ftormey
regis- ter and the inverter 24, to the |ast-channel nenory |15. gg}, t{]@ ,@}ﬁﬁnt
of a change-over to the preset node, bi nary represent atfi gn ro\; de n
"in-wi ndow' signal for all frequency Wwndows. The frequenc surenent in

the auto-search nodealsy ligs ke urreht $¥urc t?,bi id 'the
one' s- conpl enment rretstﬂ;ggé W@g i%f:gﬁl rt-h—+egi-e
val ues "1" and subse n a -do cl S ' Al the end of
the count-down cycl et g‘;g_ 0 FESPRUY RS i mmﬁﬁesent ation of
the frequency f[err] t |¢@Q§§Qli uni canxlsg autono Y conpl enent
representation the segntrol the second tuning control signal generator

14, which may be a controllable charge pump hav-

ing several control inputs, in the autosearch mode.

The frequency measuring device 13 may be a pro-

grammable counter having a preset input 18 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

bardware preset device consisting of 2 number of

flipflop registers. Such a simple embodiment can be

implemented in comparatively inexpensive porta-

ble broadcast receivers. The presets can be ad-

justed during the auto-search mode or aiso viaa

frequency which can be entered via 2 keyboard and

which is lcaded into the preset registers after hav-

ing been digitized.

FIG. 2 shows the control currents I;r and Isin a
receiver 1 in accordance with the invention as a func-
tion of the frequency f. The control current 1, varies
non-linearly as a function of the frequency f relative to
the desired frequency fx, and has a positive value +I;or
a negative value —I; outside a frequency window or
tuning window W1 for coarse tuning which should be
narrower than half the channel spacing. Also shown is
an AFC capture range AFC-C within which I,z varies
linearly and beyond which I;zhas a value zero, and also
an AFC operating range AFC-O within the AFC cap-
ture range AFC-C. The actual polarity depends on !
signal inversions, if any, present in the loops L1and L2,

i.e. taking into account the correct control effect, polar-
ities may be reversed.

Referring to FIG. 1, in the preset mode the loops L1
and L2 for coarse tuning and fine tuning, respectively,
cooperate as follows. The receiving section 2 compares :
and correlates the output signal of the tuning oscillator
6 with the high-frequency modulated signal RF and !
generates the control current lag on the basis thereof. If -
the error is comparatively small, the in-lock signal in-lis
generated in the in-lock detection device 17. The tuning



SB being insignificant. The correct frequency'is ob- tained b
the counter oututs, in this case represented as a serial invgr bﬁgchEﬁfﬁﬂ%ET

of the in- verter 24. For storage of the nmeasur ed *f requency ifn
| ast - channel nenory 15, parallel inversionis to be pre- férje I n order
to avoid a latch-up situation at band g@es, the charge punp C|rqy9nﬂﬁ@1999
conpri ses a band edge detector which applies a band edge S|g al be to

y inversion of

control device 18ection kralsoiexgcutestdfreuencycomparisols beitti
respecthaf othed detired' prédet csighal e, aTReNhurEhg Nput 25 for

ot her direction,
supply of an

e onme-or—the—

Séction 12 acknowledges that coarse tuning has been
achieved by way of the in-window signal in-w which

indicates that the oscillator frequency of the tuning

oscilla:orﬁiswithinthefmqnencywindole.Inthe
preset mode it is desirable to have an in-lock wmdow
the autosearch mode a narrow in-lock window is desir-

able to avoid the missing of channels. When a different
station is desired in the preset mode, the tuning section
12 supplies a constant current which is integrated by

loop filter 8 to obtain a voltage for adjusting the tuning
oscillator 6 coarsely to the correct frequency, free tun-

mgbemgsubsequendypmvxdedbytheAFCbop_Iq. :

The operating ranges of the loops L1 and L2 in princi-
ple exclude one another, as shown in FIG. 2, the in-lock
and in-window signzais being used to coordinate the
transition from one loop to the other loop and vice
versa. Correct reception of the desired signal is
achieved when the tuning section 12 is “in-window”
and the receiving section is “in-lock”. The tuning pro-
cess has then been completed and the power to the
tuning section can be interrupted, resulting in a substan-
tial saving of power. The latter is important notably for
portable receivers. Because annoying interfarence be-
tween the receiving section 2 and the tuning section 12
is no longer experienced, the receiving section 2 can be
more readily integrated with the tuning section 1Zon a
single IC, together with the control section 16, and the
number of external components can also be reduced.
When the receiver 1 is used as a portable receiver, the
field strength of the high-frequency sienal RF received
will continuously vary in practical situations, its
strength being dependent notably on the relevant fre-
quency band. This may give rise to undesirable effects,
such as fading and pulling to an adjacent channel. In
order to solve this problem, the frequency of the signal
received is written into the last-channel memory 1S
after correct tuning and before the power to the tuning
section 12 is interrupted. Such a2 memory 15 may be

SRAM having a very low power consumption. In the

event of fading or pulling, the in-lock signal temporarily

disappears. The control device immediately responds




up/ down signal ud. FIG 7 shows a charge punp circuit 22 for

use in the

tuning section 12, conprising an output 30 for coupling to
8. The charge punp circuit conprises control inputs up and
a current to the output 30 which has a first and a second cuyr

tion, respectively, and mnndOM/lnputslﬂ, (W) and not- (W2
punp circuit 22 is shown for a two-w ndow tuning system Th

circuit 22 also Mménsmmmhepomtmhmgmoh
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ent direc-

Char ge punp
edge srgrmat
IL_if both

be. The charge plihe tuning sectionl A2stines W&s%ﬂe '
"in-window' signghe ﬂﬂx@%s&ﬁwai‘% i
R2determnethe j
respective f requwgﬁr@mm in the described manner.

"FIG. 3showsastatedngramSTDforcontmlcur-
rents 1,5 and L, in a receiver 1 in accordance with the
invention for operation of the receiver in the preset
mode. A description on the basis of the state di

istors Rl and
22 in the

STD substantially simplifies the design of the two-loop -

structure in respect of stability and tuning speed. The

Figure shows a pre-acquisition state S1, in which the-

control current source I; supplies current and I,z does
not supply current, an acquisition or fading state S2 in
which the current Is is not “in-window” W1 and the
current Iz is “in-window” W1, a no-signal state S3 in
which the curreat source I; does not supply a current
and the current source Ig4 supplies a current, and the
post-acquisition state or state of desired tuning S4 in
which the current source I; does not supply a current
and the current source l,z supplies a current. Other
changes of state can be represented in a similar manner.
Changes of state are denoted by arrows, the control
signals in-w and in-l, and 0 and 1, respectively, adjacent
each arrow indicating whether the desired frequency is
“in-Jock” and/or “in-window”.

FIG. 4 shows a measuring cycle of a frequency mea-
suring device 13 in a receiver 1 in accordance with the
invention, in which an initial value count of the fre-
quency measuring. device 13, for example being a pro-
grammable counter, is plotted as a function of time t.

Thecountreprsentsa&equencyandl’xsahmarv.

of the preset value of the preset signal
pre. The counter 13 measnres the frequency fp of the
tuning oscillator 6 relative to the desired frequency f.
First the preset signal pre is loaded into the counter 13
and subsequeritly the counter counts down for a prede-
termined reference period 7, (down counting). At the
cad of the measuring period Tm, the counter residue Cr
is compared with the defined tuning frequency window
+W1 to —W1. Depending on the sign of the residue
Cr, the current source 14 generates a correction current
+1s or —I, which current is integrated by the loop
filter 8 so as to form a voltage whereby the tuning oscil-
lator 6 is controlled. The gain of the tuning oscillator




W2. In the preset node, the signals up and dn are actu- ally the sign bit

SB and the inverted sign bit, whereas in the autosearch node
and dn ar.e gener- ated directly by the keyboard (not shown).

detection, the charge punp circuit 22 qg}pri ses a t.rigger devjc
conbination with the transistors T1 and J2 i

STERLAREMERT, SHEET
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of OhgdUhoen
B2, the

. On

band edge Bl beithensamountsa3o Ka@tpm#igm&%w e
charge punp ci rcwmmmwthar - O 1 . co
coarse detecti ongpf nateref of thedeharge pump cl4athaele

ncerns—a
made of a

M cr opr ocessor (%%ﬁ?l%%%' vifihg dsciliatofC wille cohtinuously
vary during the tuning cvcle. The frequency counter
13, however, should eontinuously. measure the fre-
qmcyofthemningosdlhm{'ﬁpo?dert?’demde
whether or not the frequency is “in-window™. If_the
time in which the frequency sweep of the tuming oscx!la-
tor 6 across one tuning window exceeds the measunng
period 7 the tuning system becomes unstable. For a
stable system, the measuring time delay 7m should be

smaller than or equal to the loop delay 7). It can be
deduced that for a stable system:

2.9 .C
Ko-Is

'1',,.5

where C is the capacitance of the loop filter 8. If the
frequency fo of the tuning oscillator 6 equals the desired

. frequency f, the counter 13 will count down exactly to
0 during the measuring period m. The gradient of the
down-count is thus a measure for the actual frequency
fx. The counter 13 is controlled by a clock signal. The
estimation of the frequency of the tuning oscillator 6 is
an integral over the clock pulses, containing this gradi-
eat, over the measuring period Tm, Or: mathematical
expression:

. J':'"wf..)-d:

In reality, instead of a linear relationship a discrete
relationship exists, but if the word length of the counter
13 is sufficiently long, the linear approximation is quite
satisfactory. When the, tuning oscillator 6 is adjusted
exactly correctly, the valae of the integral will be equal
to P at the end of the measuring period 7, but in the
event of incorrect adjustment relative to the desired
frequency fx, the estimate will be P. 7,/71, for example
when the counter reaches 2 zero position after 2 period
71. The frequency foof the tuning oscillator 6 is “in-win-
dow" if the absolute value of (P.((7s/Tm)— 1) is smaller
than or equal to W1. In a dynamic situation, in which
the tuning frequency varies continuously, the situation
is more complex but it can be simply demonstrated that




22 CLAIM5 1. A radio receiver having a receiving section whifC Tutdes—e
first frequency control loop, said first fre- quency control I?’@gal\CEMtNT SHEET
conprising: a frequency converter for converting a received jngdul ated hign
frequency signal into a nodulated | ower frequency signal; a detegt)o‘g?ﬁ;oggg
deriving fromthe nodul ated | ower fregency signal a detectifo S|gna

I ndi cative of deviation between the frié]ency of the receivgdstgnat—and—a
tuni ng frequency .of .the recelver tunlng oscillator fqr pfjoducing a

tuni ng si gnal . whilBhthe ﬂ!%m WhI ChSeTs

t he tuning frequegsnay of rtanmgmcilhtorlidurmgthcmeasunng

period 7, the same stability criterion holds as in a static
sitnation as described. The stability criterion of the
tuning loop L2 limits the maximum tuning speed .at
which tuning from one preset value to the other preset
value can take place. In the case of a tuning system
comprising one tuning window W1, in given circum-
stances the tuning speed may become too slow, for
example, in the event of a frequency band comprising
many channels, but the tuning speed can be very sub-
stantially increased by using more than one frequency
window. '

FIG. § shows a geometrical distribution of frequency
windows over a frequency band, as a function of the
frequency f, where B is a receiving bandwidth with
band edges Bl and B2, f; is a desired frequency, and
W1, W2 and W3 are frequency windows in a tuning
system in accordance with the invention which com-
prises more than one frequency window. A maximum
frequency distance to be bridged is assumed, i.e. the
current frequency f, is at one band edge B1 and the
desired frequency fxis at the other band edge B2. It can
be simply demonstrated that the maximum permissible

. tuning current is linearly proportional to the tuning

window in view of stability requirements. Therefore,
when a second, wider frequency window is used, a
larger tuning current can be permitted for a part of the
frequency distance to be bridged, stability still being
maintained. An optimum situation of the second fre-
quency window is obtained if BW1=W2W2, ie. a
situation in which equal tuning times are obtained for
tuning from Bl t0 W2 and for tuning from W2 to W1.

When the frequency window is further incrased, simi-
lar considerations apply, i.e. a mutually opumum situa-
tion of frequency windows is achieved in respect of
tuning speed if the frequency windows are geometri-
cally distributed over the receiving band, i.e. if:

ren (#)




and a first tuning control signal generator for deriving fromthe detection

signal produced by said detec- tor a first tuning control sfo=E—fo
controlling the tuning oscillator so that the frequency of PL&@EM@IT SHEET
signal will correspond to the frequency of the re- ceived frequency Stgrrat
characterized in that said receiver further has a tun- ing|sqcth mq Psg

I ncl udes a second frequency control 1I700p sai d second freq egcy contro

| oop conprising: a fequency neasuring circuit coupled to sai

oscillator for nsubere nds antinteg oduci ng a

erpositivennm
wi ndow si gnal i nFor mtop&nﬁnumﬁgrsystmtﬁnlthgmlcmmsency s
-in the respective frequency windows the same
weighting factors hold as for the situation of the tuning
windows. In the embodiment shown, comprising three
frequency windows W1, W2 and W3 with a B/W1 ratio
of 1000, agmnmthemedofﬁmmgbyafactor&rs
achieved relative to a tuning system comprising one
frequency window in the event of an optimum choice of
frequency windows and tuning currents. It has been
assumed that the window detection mechanism is inde-
pendent of the measuring time required by the fre- .
quency measuring device or the counter 13 for measure-
ment of the frequency of the tuning oscillator 6. For a
stable tuning system, the tuning current within a given
frequency window may not be so large that the counter
13 no'longer has 2 measuring point within the relevant
- frequency window, i.e. it would be a waste of measur-
ing time if the counter were to have an inadequate reso-
lation within a frequency window, because the effective
width of the frequency window would then be reduced
and hence aim the total system response. An excessively
high counter resolution, however, would result in an
excessive measuring time. It can be simply demon-
strated that the optimum resolution of the counter 13 is
W1/2. Even though the tuning currents to be adjusted
on the basis thereof are lower than the maximum cur-
rents permissible in view of stability, the tuning speed
does not decrease in proportion but to a lesser extent,
depending on the number of frequency windows used
and on the receiving bandwidth. A further acceleration
of the tuning process is achieved by abstaining from
keeping the measuring period of the counter 13 in the'
windows constant, but varying it across the windows in
a tuning system in accordance with the invention which
comprises several tuning windows. For a tuning system
comprising two windows, the measuring period is
chosen to be 7,1 =1/W1 for the inner window and 72
for the outer window, the choice for a larger number of
windows being similar. It can be simply demonstrated
that,uﬁﬁnngalsoavmablemeasnrmgpenod,thenm-
ing time of the tuning system comprising three windows
amounts to only l/200°fthetumngtxmeofatunmg
svstem comprising one window.

Tt




within a preselected frequency window in rela- tion to a desired tuning
signal frequency; a second tuning control signal generator fo - '

a second tuning control signal which is supplied to the tunin ACEMENT SHEET
to control the tuning signal frequency; and a control unit cqupl ed to Sard
frequency neasuring circuit and to sai d&econd tuning control| §i gga ]JUN. 9
generator for determ ning, based on said wi ndow signal, when/tqg supply tﬁg

second tuning cont r oThel fikeiverCl fiflaticbrdidte With theiftvehfion '
tuning signal fredgggrite not only in the preset mode, but also in
so-called autosearch mode. During a first phase of the
tuning process in the autosearch mode, the frequency
counter 13 does not form part of the loop L2, the tuning
current being adjusted directly by the control device 16
which applies a frequency sweep to the tuning oscillator
6. If a station is found during the frequency sweep in the
next channel, the in-lock detection device 17
_ an in-fock signal in-l. The control device 16 confirms
the in-lock signal in-1 by immediately interrupting the
tuning current, the loop L1 ensuring that the relevant
station is tuned to as well as possible. Subsequently, the
frequency measuring device 13 measures the frequency
of the mming oscillator 6 and writes the measured fre-
quency into the lastchannel memory 1S. The tuning
process is then completed and the control device 16
interrupts the power to the tuning section 12 and moni-
tors the loops L1 and L2 in the manner described with
reference to the preset mode. In the (auto)search mode
a number of stations can also be acquired which are
stored as preset stations. The analog autosearch mode is
much faster than a search process in a customary digital
receiver comprising a microprocessor, becanse of the
absence of the long communication procedure between
the microprocessor and the synthesizer which is re-
quired in the latter case. In the autosearch mode in
accordance with the invention, the speed of the tuning
process is determined mainly by the in-lock delay which
is determined by audiofiltering in the receiving section
2 which is situated ahead of the in-lock detection device
17. In FM receivers such filtering is required for andio
_ signal suppression and in AM receivers for amplitude
stabilization. The in-lock delay causes overshoot in the
response of the tuning system, the overshoot being
dependent on the in-lock delay and the frequency
sweep speed in a manner substantially similar to the
braking distance of a vehicle. The overshoot may not be
greater than the width of the tuming window W1, be-
cause the tuning current is otherwise interrupted too
Iate so that the station is missed. :




23 further characterized in that: said receiving section conprises an
I n-1ock detec- tor coupled to said first tuning control sigret-—generat Qr

.for deriving fromsaid detection signal an-in-lock signal (i RER)AGEMENGaLMS
of when the frequency of the tuning signal produced by the jtymnmg
oscillator has been brought within a cap- ture range relatijve Bﬂ tiﬁh
desired tuning fre- quency; and said cof9rol unit is furtheric BI 11899
said in-lock detector and to said first tuning control sighat—generator,
and based on said in-lock signal (in-1) determ nes when tofsupply said

~ first tuning con- 1rpPhe thiity séction®12 chil Ve fllFintegAited Wit
receiving section 2, together with the control device 16,
the loop filter 8 for the loop 1.2, also used as the AFC
filter for the loop L1, being reduced to simply a capaci-
tor. .

FIG. 6 shows an embodiment of a tuning section 12in
a receiver 1 in accordance with the invention. The
tuning section 12 comprises an input shift register 20 for
“receiving the preset signal pre, the control device 16
applying a clock signal c1 thereto for clocking the sig-
. nal pre. The input shift register 20 is coupled at its out-
put sides to inputs of an asynchronous counter 21 hav-
ing a low power consumption. The preset signal pre can
be presented in binary form, in which case the asyn-
chronous counter 21 is a so-called binary ripple down-
counter. Furthermore, in such a counter the bits require
less power as they are more significant. The counter 21
is programmable, on the one hand by the preset facility
and on the other hand by an enable input ena. Counter
outputs of the counter 21 are applied, via a current
source or so-called gate circuit go, to a charge pump
circuit 22. The gate circuit gc serves to supply fre-
quency window signals W1, W2, . . . Wn, n being an
integer positive number. The charge pump circuit
supplies the control current I; of the second frequency
loop L2. Also shown is the tuning oscillator 6, an output
signal of which, having the frequency fo, can be applied,
to the programmable counter 21, if desired via a pre-
scaler 23 having a scale factor N. For the operation of
the counter 21, reference is made to FIG. 4. If the fre-
.quency of the tuning oscillator 6 is too low, the counter
residue Cr is positive and if the frequency of the tuning
oscillator 6 is exactly equal to the desired frequency fy,
the counter residue Cr is zero. The window detection is
simple in these two cases. The tuning oscillator 6 is
“im-window” only if all counter bits lower than the
window bit W1, W2, ..., Wn are zero at the end of the
measuring period 7,,. However, if the frequency of the
tuning oscillator 6 is too high, the counter residue Cr is
negative. Window detection can then be performed in




tuning signal frequency. 2. Aradio receiver as clained in cla

when the receiver .set to operate in a preset node, the preset

. characterized in that: the frequency nmeasuring circuit is pres
desired tuning signal frequency (f[err])an he control unit cou

frequency nmeasuring circuit to the secong control signal gener

cl ose said second control |oop, the second con- trol signal geg
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atppr so
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ner-ator

to -cause the

produci ng a second, control signal i ch coarsely changes sp ag
tining oscillator 6 30O¥e jﬁé@fﬁﬂew\éwm- Bm

ng St gnat

toward the desiredavertedy e clock frequencycof the sounter 28 comequency

nmeasuring circuit trollihgthe least-significant bit LSB of the counter 21, is
either a signal of frequency fo of the tuning oscillator 6

or a version fo/N thereof which has been divided by the

pre-scaler 23. A sign bit SB, preceding the most-signifi-

cant bit MSB, of the counter 21 detects whether the

counter 21 crosses zero or not. The counting period 7,

of the counter 21 is determined by the enable signal ena

supplied by the control device 16. Inversion of the

" counter bits, in dependence on the sign bit SB, is per-
formed by a first row of gates gcl of the gate circuit gc,

and window detection is performed by a second row of

gates gc2. In the autosearch mode, in which the fre-
quency loop L2 is not closed and no window detection
takes place, the gate circuit gc is decoupled from the
charge pump circuit 22 and the counter 21 serves to
measure the frequency of the tuning oscillator 6. After
measurement of the frequency fo of the tuning oscillator
6, the binary representation thereof is applied, via the
shift register 20 which then acts 2s an output shift regis-
ter and the inverter 24, to the last-channel memory 15.
In the event of a change-over to the preset mode, the
binary representation provides an “in-window” signal
for all frequency windows. The frequency measurement
in the autosearch mode is performed as follows, utiliz-
ing a one’s-complement method. First the counter is
- filed entirely with logic values “1” and subsequently a
count-down cycle is performed. At the end of the
count-down cycle, the counter 21 contains the binary

representation of the frequency fo of the tuning oscilla- .
tor 6 in a one’s-complement representation, the sign bit |
SB being insignificant. The correct frequency is ob-

tained by inversion of the counter outputs, in this case
represented as a serial inversion by means- of the in-
verter 24. For storage of the measured frequency in the
last-channel memory 15, parallel inversion is to be pre-
ferred. In order to avaid a latch-up situation at band
edges, the charge pump circuit 22 comprises a band
edge detector which applies 2 band edge signal be to the
control device 16. For scanning of the frequency band
B in the one or the other direction, the charge pump
circuit comprises a control input 25 for supply of an



dow signal (in-w)

when the tuning signal frequency cones wijt HRERLAC
predeterm ned frequency win- dow (Werr]) around the desirgd

fre- gquency and within a frequency band (B) of the receiver;

i n.re

; nse t
sai d i n-wi ndow signal (in-w), the con- trol unit actuates thd fprgsjﬁﬁu'iswﬂg?

control signal generator to supply sai&lfirst tuni ng contrd !
']fst frequency wi ndew (Werr]) fine

tuning oscillator,
tuni ng of the tuni
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ignal_.to the

so that within the

ng oscillator is effected primarily by t re—fitst—i-tiai-ng

up/down signal ud. ]
FIG. 7 shows a charge pump circuit 22 forusemghc

tuning section 12, comprising an output 30 for coupling

to the loop filter 8. The charge pump circuit comprises

‘control inputs up and dn for applying a current to the

output 30 which has a first and a second current direc-
tion, respectively, and window inputs not- (W1) and
not-(W2), i.e. a charge pump circuit 22 is shown for a
two-window tuning system. The charge pump circuit
22 also comprises an output 31 for supplying the band
edge signal be. The charge pump circuit 22 does not

supply an output signal if both “in-window™ signals W1 .

and W2 have a logic value “1”, The resistors R1 and R2
determine the current intensity of the charge pump
circuit 22 in the respective frequency windows W1 and
W2. In the preset mode, the signals up and dn are actu-
ally the sign bit SB and the inverted sign bit, whereas in
the autosearch mode the signals up and dn are gener-
ated directly by the keyboard (not shown). For band
edge detection, the charge pump circuit 22 comprises a

trigger device 32 in combination with the transistors T1

and T2, only the detection of the lower band edge Bl
being shown. For detection of the upper band edge B2,
the charge pump circuit 22 comprises 2 similar sub-cir-
cuit. It concerns a coarse detection of band edges. For
finer detection use can be made of a microprocessor
(not shown) included in the receiver 1.
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ntrol unit changing over from coarse tuning to fine.

coarse+t umi ng thesfrequency neasuring circuit provides furfhgr

wi der frequency wi ndows (W2, WB) around the first frequency k\ll
the first tuning control signal bein@Zubstantially active] al

said first frequency w ndow (W), Qfﬂm{)ond tuni ng contyol signal

becom ng increasingly nore active arse tuning as,k thRe—t-th-Rg—

osci | lator causes 1hA fadibrecel earbavingaTeceivingSecHonWhIFR ng
r

(WB, W2) which e

tuni m“mm' the in-window (in-w) signal and the|imEkogk (im-chieT
- 'sig- rlmﬂm 1 rleiddikler as clainmed in claim2, characterizedytn-t-hat—i-ok
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than the first fre Lencli\;ﬁ?gi .-
qugucy %nn-onfjf%p comprising:

a frequency converter for converting 2 received
modulated high fre;;::]’ncy signal into 2 modulated
iower frequency signal;

a detector for deriving from the moduhted .lower
frequency signal a detection signal indicative of
deviation between the frequency of the ‘recewed
signal and a tuning frequency of the recetver;

a tuning oscillator for producing 2 tunmg signal
which is supplied to said frequency converter and
which sets the tuning frequency of the receiver;
and

4 first tuning control signal generator for deriving
from the detection signal produced by said detec-
tor a first tuning control signal for controlling the
tuning oscillator so that the frequency of the tuning
signal will correspond to the frequency of the re-
ceived frequency signal;

characterized in that said receiver further has a tun-
ing section which includes a second frequency
control loop, said second frequency control loop
comprising:

a frequency measuring circuit coupled to said tun-
ing oscillator for measuring the tuning signal
frequency and producing a window signal indic-

-ative of whether the tuning signal frequency is
within 2 preselected frequency window in rela-
tion to 2 desired tuning signal frequency;

a second tuning control signal generator for pro-
ducing a second tuning control signal which is
supplied to the tuning oscillator to control the
tuning signal frequency; and .

2 control unit coupled to said frequency measuring
circuit and to said second tuning control signal
generator for determining, based on said window
signal, when to supply the second tuning control

" signal to said toning oscillator to control the
tuning signal frequency; :
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(\/\1) 4. A rece| ver as claimed in claim3, characterized in that relative
‘vm ndow (W) the widths of the further frequency

frequ he receiver, and the second tuning do

(I1[err]) i% a current t he val ues of whi ch during the dlfferej: uen

w ndows (WL, W2, WB) are in the sane ratios as the ratios df thB Ub’hﬁéﬂgs
of said geometrlcal distribution. 5. P3receiver as clainedfinclaima3,
characterized in that the frequency neasuring circuit neasures the fre-

quency of the tuning oscillator during successive mea- suritig—perods—t-he—
durations of whi ciforthes ohmtermdrmtthﬂ:he wi dt hs of the applicable

frequency windows said receiving section comprises an in-lock detec-
tor coupled to said first tuning comtrol signal
generator for deriving from said detection signal
an in-lock signal (in-I) indicative of when the
frequency of the tuning signal produced by the
tuning oscillator has been brought within a cap-
ture range relative to the desired tnmng fre-
quency; and
said control unit is further coupled to said in-lock.
detector and to said first tuning control signal
generator, and based on said in-lock signal (in-1)
determines when to supply said first tuning con-
trol signal to said tuning oscillator to control the
- tuning signal frequency.

2. A radio receiver as claimed in claim 1, wherein
when the receiver set to operate in a preset mode, the
preset mode being characterized in that:

the frequency measuring circuit is preset to a desired

tuning signal frequency (fx);
the control umit couples the frequency measuring
circuit to the second control signal generator so as
to close said second control loop, the second con-
trol signal generator producing a second coatrol
signal which coarsely changes so as to cause the
tuning oscillator to coarsely adjust the frequency
of the tuning signal toward the desired tuning sig-
nal frequency (f);

the frequency measuring circuit produces an in-win-
dow signal (in-w) when the tuning signal frequency
comes within a first predetermined frequency win-
dow (W)) around the desired tuning signal fre-
quency and within a frequency band (B) of the
receiver; -

in response to said in-window signal (in-w), the con-

trol unit actuates the first tuning control signal
generator to supply said first tuning control signal
to the tuning oscillator, so that within the first
frequency window (W) fine tuning of the tuning
oscillator is effected’ gnmarilybytheﬁrstmmng

uen
WI ndommﬁm ll‘ tute a weighted geonetrical distrib tIHEIpLR(YLEHE“(['h ET




during saj Suring Lods. 6. A receiver as clained in claim3,

character ’ pr to the tuning section is int

first and ntrol signals signify to the cpnRERVACBMENT tIMRET
the tuning signal f'refuency is within any of said frequepcywndows—as-wel
as within a cap- ture range of the firﬁ4tuni ng control gnzir ggnerator

7. Areceiver as clainmed in claim®6, characterized in that]b %I‘JZHS& r o
the tuning section is interrupted the |ast frequency neasuted by fhe

frequency neasur- i n%ﬁé&uﬁwtﬁé%‘e‘%ﬂnﬁtl ﬂSt -ch?% PSP Y- 25
coarse tuning to fine tuning on the basis of the
in-window (in-w) signal and the in-lock (in-I) sig-
nal‘ .

3. A receiver as claimed in claim 2, characterized in
that for coarse tuning the frequency measuring circuit
provides farther successively wider frequency windows
(W2, W3) around the first frequency window (W1); the
first tuning control signal being substantially active at
least within said first frequency window (W1), the sec-
ond tuning control signal becoming increasingly more
active during coarse tuning as the tuning oscillator
causes the tuning signal frequency to fall in tuning win-
dows (W3, W2) which extend further from the desired
n(;n‘lx;-g frequency (fx) than the first frequency window

4. A receiver as claimed in claim 3, characterized in
that relative to the first frequency window (W1) the
widths of the further frequency windows (W2, W3)
constitute a weighted geometrical distribution over the
frequency band (B) of the receiver, and the second
tuning control signal (I,) is a current the values of which
during the different frequency windows (W1, W2, W3)
are in the same ratios as the ratios of the weightings of
said geometrical distribution.

§. A receiver as claimed in claim 3, characterized in
that the frequency measuring circuit measures the fre-
quency of the tuning oscillator during successive mea-
suring periods the durations of which are in proportion
to the widths of the applicable frequency windows
during said measuring periods.

6. A receiver as claimed in claim 3, characterized in
that power to the tuning section is interrupted when the
first and second tuning control signals signify to the
control unit that the tuning signal frequency is within
any of said frequency windows as well as within a cap-
ture range of the first tuning control signal generator.

7..A receiver as claimed in claim 6, characterized in
that before power to the tuning section is interrupted
the last frequency measured by the frequency measur-
ing circuit is stored in a last-channel memory.




8. Areceiver as clained in claim 2, charact er i zed I n that V\/nen t he tuning

si gnal fr si.de the f| rst frequency w ndow (

uni t- deco ﬂlﬁgmnm MEH MUnl ng control signal ‘generator, fro F%{ ?\Fgﬁﬁﬁ]%"‘”
osci'l | at or« second frequency |loop to the tunihg}oscillator.

9. Areceiver as claimed ih claim3, characterized in that epch @9 shiiNi1999
frequency w ndows is narrovver t han ®5f t he spaci ng between pufcessive

frequency channels within the frequency band (B) of said recpiver. 10 A

receiver as cl ai rreoB.uA:émmmlas inhelaimh2, charactenzedimet to operate
in a search node #atl Wheh Qe?wyfﬂmgmg ¢hennels within
a fre- quency ba haracteri zed
a fre- %Meﬂéwﬁ& 88hird] MEEdESSusles

the first tuning control szgnal generator from the tuning
oscillator and couples the second frequency loop to the
taning oscillator.

9. A receiver as claimed in claim 3, characterized in
that each of said frequency windows is narrower than
half the spacing between successive frequency channels
within the frequency band (B) of said receiver.

10. A receiver as claimed in claim 1, wherein when
the receiver is set to operate in a search mode to locate
any of a plurality of frequency channels within a fre-
quency band (B) of the receiver the search mode being
characterized in that: '

the control unit de-activates and decouples the fre-
quency measuring circuit from the second tuming
control signal generator, thereby enabling the sec-
ond tuning control signal generator to directly
control thenmmgoscﬂlatortoscanthe&equmcy.
band (B) of the receiver;

the control unit interrupts the search mode in re-
sponse to an in-lock signal (in-I) provided by the
in-lock detector when the receiver has been tuned
toa&equmychannelconmnmgasxgnal,and

upon interruption of the search mode, the comtrol
mntre-acnvatesthefrequmcymeasurmgcxrcmtso
thatthefreqmcyofthemmngosdlhtorxsma-
sured and stored in a last-Channel memory; the
control unit further being operative, following
storageofthefrequencyoftheummgoscﬂlator,to
interrupt power to the tuning section.

'tt#t'




the control unit de-activates and decouples the fre- quency

circuit fromthe second tuning control signal generator, the
. the sec- ond tuning control signal generator to directly con
oscillator to scan the frequency band (B) of the receiver; th
i nterrupts the search node in re- sponse to an in-lock signa
provi ded by the in-lock detector when the receiver has been

frequency channel containing a S|gnalag?nd upon interruption

oREPLAGERENT, SHEET

rel ‘the tuning

e] cad ryUN umy
m 1) -

uneadTo o
of the search

node, the control unit re-activates t frequency neasuring c
the frequency of the tuning oscillator is nmea- sured and stor

| ast - channel * reror y g A¥SIG WECHTVER WETHDIGRIAD oper ati ve,
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FREQUENCY ACQUISITION AND ANA’LOG
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LOCK-IN
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Manually tunable analog receivers with AFC have the
drawback that the AFC exhibits hysteresis and that in
the event of fading pulling to an adjacent station may
occur, whereas receivers with PLL electronic tuning
have the drawbacks that tuning is comparatively slow -
and also inaccurate because of the tuning in discrets
steps by a microprocessor. The present receiver com-
bines the advantags of both analog manual tuning and
electronic tuning. It includes two cooperating fre-
quency loops, one loop (L1) being an AFC loop and the

other loop (L2) having a frequency counter (13)
measuring the frequency (fo) of 2 tuning oscillator

for
©)

which is controlled by both loops. Cooperation be-
tween the loops is provided by a control circuit (16)
responsive to control signals supplied by both loops: an
in-lock signal (in-1) and an in-window signal (in-w).
Preferably, when the desired tuning is achieved, the
power to a tuning section (12) of the receiver, forming

part of the frequency loop (L2), is interrupted.
FIGURE 1 -
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