
1 RADIO RECEIVER WITH DIGITAL CONTROL LOOP FOR COARSE FREQUENCY ACQUISITION
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 frequecy 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 frequeny, 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 Radio Receiver Circuit",
TEA5592, 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 fom 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
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
demodulator. The FM-AFC supplies a tuning control signal fbr 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    



2 achieved after manual tuning which could otherwise 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"), ensures that despite drift phenomena
due to temperature effects, voltage variations and the like, the frequency
of the tuning oscilator retains a value enabling optimum operation of
further signal processing means, such as an intermediate frequency 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 optimally in
respect of signal pro- cessing. It is a 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 diffcult 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, nota- bly of importance for portable radio 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   



3 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 via 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
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 volt- age-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 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 a 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 sigal-to-noise ratio is not re- stricted by the tuning
system. Furthermore, due to the skipping of narrow pukes 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 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 tuning quality obtained is inferior to that   



4 obtained in radio receivers with manual tuning and AFC, like said
TEA5592. Furtermore, PLL tuning is comparatively slow; this is a drawback
notably for application in RDS car radios and in cordless tele- 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 manually 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 char- 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 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,    



5 coarse tuning 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 device can be simply integrated and also has a
substantially lower power 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
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 channel. The amplitude of the
first tuning control    6 



signal, the AFC signal, varies linearly as a function of the frequency.
Outside the frequency window, the sec- ond tuning control signal preferably
has a constant, positive and negative amplitude, respectively, and has a
value zero within the frequency window. 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 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 thus obtained in respect of speed. When two frequency
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 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 measur- ing 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 adaption 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 demonstate, that for a ratio of receiving bandwidth to
single-sided  first frequency window amounting to 1000 and using three
frequency windows, the gain in speed in comparison With the use of one
frequency window amounts to a factor 33 in the case of geometrical
frequenecy windows, whereas the gain in speed amounts to a factor 200 when
the frequency mea- suring 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. Became 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-channel memory, so that very firm control is obtained.



8 A further embodiment of a receiver in accordance with the invention is
characterized in that the first tun- ing control signal generator is
decoupled from the tun- ing oscillator when the frequency of the tuning
oscilla- tor is outside the frequency window, or, outside 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 invention is characterized in that in the search mode,
in which an arbitrary channel is searched within a fre- quency band, the
power to the frequency measuring 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 that the receiver as a whole has an as low as possible
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. 



9 BRIEF DESCRIPTION OF THE DRAWINGS The invention will be described in
detail hereinafter with reference to the drawings; therein FIG. 1 shows a
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
a frequency band, FIG. 6 shows an embodiment of a tuning section in a
receiver in accordance with the invention, and FIG. 7 shows a charge pump
circuit for use in the tuning section. DESCRIION OF THE DRAWINGS FIG. 1
shows a block diagram of a receiver 1 in 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
conversion 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 oscilator 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[err] 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 a loop filter 8,
preferably an integrator, which is formed by a capacitor for inte- gration
of the current I[err], so that there is formed a  



10 control voltage [err] for supply to a control input 9 for controlling
the tuning oscillator 6, being a VCO (Voltage Controlled Oscillator) in the
present embodi- ment. The tuning control signal generator 7 also com-
prises a low-pass filter 11 which filters an output signal of the detection
device 5, for example an FM discrimi- nator, and outputs it as a control
signal for the con- trolled current source 10. In a superheterodyne
receiver the frequency conversion device 3 may be a customary 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 ex- 



ample 10.7 MHz in the event of broadcast FM. Conven- tional selective
intermediate frequency amplifiers com- prising 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 structure
are also feasible for the receiving section 2, as long as a suitable
control signal can be applied to the tuning oscillator 6 for frequency
tuning thereof in the first frequeny 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 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 5. The
receiver also  comprises a tuning section 12 which incldes 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[err] to be
applied to the tuning oscillator 6. A measured frequency of the tuning
oscillator 6 can be stored in a las-channel memory 15. The re- ceiver also
comprises a control unit 16 for control- ling the receiving section 2 and
the tuning section 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 freqency of the
relevant station after a station has been found. The control unit 16 can
close the fre- quency loop L1 at least in dependene 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 Aug. 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 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 which is
integrated by loop filter 8 to ob- 



tain a voltage for adjusting. The control unit 16    12 also supplies the
current source 10 and the quency measuring device 13 with control signals
ct11 and ct12 for respective control and on/off switching. The control unit
can also autonomously control 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 hardware preset device consisting of a 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 also via a frequency which can be entered via a
keyboard and which is loaded into the preset registers after hav- ing been
digitized. FIG. 2 shows the control currents I[err] and I[err] in 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 f[err], and has a positive value +I[err] or a
negative value -I[err] 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[err] varies linearly and
beyond which I[err] has 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 L1 and 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-l is generated in the in-lock detection device 17. The
tuning    13 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 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- ing being subsequently provided by the AFC loop L1.
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 signals 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 timing 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 interference 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 12 on a single IC, together with the control section 16,
and the number of external components 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 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 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    14 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 cur- rents I[err] and I[err] a reciver 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 pe-acquisition state s1, in which the control
current source I[err] supplies current and I[err] does not supply current,
an acquisition or fading state S2 in which the current Is is not
"in-window" W1 and the current I[err] is "in-window" W1 a no-signal state
S3 in which the current source I[err] does not supply a current and the
current source I[err] supplies a current, and the post-acquisition state or
state of desired tuning S4 in 



which the current source I[err] does not supply a current and the current
source I[err] 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 fequency is "in-lock" and/or "in-window".
FIG. 4 shows a measuring cyle of a frequency mea- suring device 13 in a
receiver 1 in accordace 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. 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 fo of the 



tuning oscillator 6 relative to the desired frequency f[err]. First the
preset signal pre is loaded into the counter 13 and subsequently the
counter counts down for a prede- termined reference period [err] (down
counting). At the end of the measuring period [err], 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 + 1[err] or -I[err],  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    15 



then amounts to K[err]. 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 continuously
vary during the tuning cycle. The frequency counter 13, however, should
continuously measure the fre- quency 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 oscilla- tor 6 across one tuning window
exceeds the measuring period [err] the tuning system becomes unstable. For
a stable system, the measuring time delay [err] should be smaller than or
equal to the loop delay [err]. It can be deduced that for a stable system:
[err] 



where C is the capacitance of the loop filter 8. If the frequency f[err] of
the tuning oscillator 6 equals the desired frequeucy f[err], the counter 13
will count down exactly to 0 during the measuring period [err]. The
gradient of the down-count is thus a measure for the actual frequency
f[err]. The counter 13 is controlled by a clock signal. The estimation of
the frequency of the tuning oscilator 6 is an integral over the clock
pulses, containing this gradi- ent, over the measuring period [err], or:
mathematical expression: [err] 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 satisactory. 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 [err], but in the event of incorrect adjustment
relative to the desired frequency f[err], the estimate will be P. [err],
for example when the counter reaches a zero position after a period [err].
The frequency f[err] of the tuning oscillator 6 is "in-win- dow" if the
absolute value of (P.(([err])- 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    16 in
the event of a linear frequency sweep of the fre- 



quency of the tuning oscillator 6 during the measuring period [err] the
same stability criterion holds as in a static situation as described. The
stability criterion of the tuning loop 12 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 my become too slow, for example, min
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. 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 B1 and B2, f[err] 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[err] is at on band edge
B1 and the desired frequency f[err] is at the other band edge B2. It can be
simply demonstrated that the maximum permissable 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 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, simi- lar considerations apply, i.e. a mutually optimum 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: [err]    17 where n is an integer positive number greater than 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 inde- pendent of the
measuring time required by the fre- quency measuring device or the count 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 a 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- lution 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 W[err]/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
[err] = 1/W1 for the inner window and [err] 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 tun- ing
time of the tuning system comprising three windows amounts to only 1/200 of
the tuning time of a tuning system comprising one window.    18 



The receiver 1 in accordance with the invention can operate 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 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 fre- 



quency into the lastchannel memory 15. 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)seach 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 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 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, be- cause the tuning
current is otherwise interrupted too late so that the station is missed.
19 



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
capaci- tor. FIG. 6 shows an embodiment of a timing 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 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[err] of the second frequency loop L2. Also shown is the tuning oscillator
6, an output signal of which, having the frequency f[err], 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 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 [err]. 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, con- 



trolling the least-significant bit LSB of the counter 21, is either a
signal of frequency f[err] of the tuning oscillator 6 or a version f[err]/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 [err] 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 gc1 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 as 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 auto-search 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 f[err] 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 oututs, 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 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    21 



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 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 intesity 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 B1 being shown. For detection of the upper band edge B2, the
charge pump circuit 22 comprises a 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.    



22 CLAIMS 1. A radio receiver having a receiving section which includes a
first frequency control loop, said first fre- quency control loop
comprising: a frequency converter for converting a received modulated high
frequency signal into a modulated lower frequency signal; a detector for
deriving  from the modulated lower freqency signal a detection signal
indicative of deviation between the frequency of the received signal and a
tuning frequency of the receiver; a tuning oscillator for producing a
tuning signal which is supplied to said frequency converter and which sets
the tuning frequency of the receiver; 



and a 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 fequency 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 a preselected frequency window in rela- tion to a 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 a 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 tuning oscillator to control the
tuning signal frequency;    



23 further characterized in that: said receiving section comprises an
in-lock detec- tor coupled to said first tuning control signal generator
for deriving from said detection signal an in-lock signal (in-1) 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 tuning 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 (f[err]); the control unit 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 control signal which coarsely changes so as to cause the
timing oscillator to coarsely adjust the frequency of the tuning signal
toward the desired tuning sig- nal frequency (f[err]); 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[err]) 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[err]) fine
tuning of the tuning oscillator is effected primarily by the first tuning
24 



control signal, the control unit changing over from coarse tuning to fine
tuning on the basis of the in-window (in-w) signal and the in-lock (in-1)
sig- nal. 3. A receiver as claimed in claim 2, characterized in that for
coarse tuning the frequency measuring circuit provides further 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 tuning frequency (f[err])
than the first frequency window 



(W1). 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[err]) 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. 5. 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.    25 



8. A receiver as claimed in claim 2, characterized in that when the tuning
signal frequency falls outside the first frequency window (W1) the control
unit decouples the first tuning control signal generator from the tuning
oscillator and couples the second frequency loop to the tuning 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 tuning control signal generator, thereby enabling
the sec- ond tuning control signal generator to directly control the tuning
oscillator to scan the frequency band (B) of the receiver; the control unit
interrupts the search mode in re- sponse to an in-lock signal (m-1)
provided by the in-lock detector when the receiver has been tuned to a
frequency channel containing a signal; and upon interruption of the search
mode, the control unit re-activates the frequency measuring circuit so that
the frequency of the tuning oscillator is mea- sured and stored in a
last-channel memory; the control unit further being operative, following 



storage of the frequency of the tuning oscillator, to interrupt power to
the tuning section. * * ** * *    






