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7) ABSTRACT

A radio receiver with improved accuracy of phase-locked
loop is disclosed. In addition to a detector for detecting a
detected signal from a received radio signal, the receiver
includes a monitor for monitoring an amplitude change of
the detected signal to detect timing where the amplitude
change occurs over a predetermined range. The phase-
locked control of the timing clock signal with respect to the
detected signal is performed only when the timing is
detected by the monitor.
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AMPLITUDE CHANGE TIME ACTIVATED
PHASE LOCKED CONTROLLER IN A
SELECTIVE CALL RECEIVER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a radio selective call
receiver, and in particular to a phase-locked loop control
method for the radio selective call receivers

2. Description of the Related Art

In conventional radio selective call receivers, the phase-
locked loop control is performed for all change points using
the output of a comparator having only one reference value.

For example, in a technique disclosed in Japanese Patent
Laid-open No. 7-154434, an average value of a detected
signal at the time of detection of a preamble signal is
derived, and the code decision of the detected signal is made
by using the average value of the detected signal as a
reference level by means of digital signal processing.

Even if a variation is caused in the middle voltage of the
detected signal due to a variation of the transmission
frequency, a temperature change of the receiver, a supply
voltage variation, and the like, errors of the code decision are
reduced by the above described processing.

Furthermore in the above described technique, an ideal
decision level is derived from the above described reference
level, and the ideal decision level is used to obtain an error
of the inputted detected signal. Correcting the error allows
the reference level to follow the variation of the middle
voltage of the detected signal.

In the conventional phase-locked loop control in the radio
selective call receiver, the phase-locked loop control is
performed for all change points using the output of a
comparator having only one reference value. In systems
using a binary FSK (Frequency Shift Keying) method,
therefore, no problems occur. In systems using an M-ary
(M>2) FSK method such as 4-ary FSK method, however,
there occurs a problem that signal boundaries cannot be
detected accurately, resulting in a reduced accuracy of phase
control.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide
a radio selective call receiver capable of overcoming the
above described problems, which can improve the accuracy
of phase-locked loop control.

According to an aspect of the present invention, a radio
receiver includes a detector for detecting a detected signal
from a received radio signal; a monitor for monitoring an
amplitude change of the detected signal to detect timing
where the amplitude change occurs over a predetermined
range: a clock generator for generating a timing clock signal;
and a controller performing a phase-locked control of the
timing clock signal only when the timing is detected by the
monitor.

In other words, a phase-locked control or phase tracking
control is performed using the timing or position of the
detected signal exhibiting a high signal duty accuracy.
Therefore, the receiving accuracy of a radio signal is
improved.

According to another aspect of the present invention, a
radio receiver for receiving a digital-modulated signal is
comprised of a detector for detecting a detected signal from
the digital-modulated signal, the detected signal having a
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plurality of signal levels and a comparator for comparing the
detected signal to a plurality of reference levels to produce
a plurality of comparison signals. Further, the receiver Is
provided with a monitor for monitoring an amplitude change
of the detected signal to detect a swing range of the detected
signal and timing where the amplitude change occurs over
the swing range; a selector for selecting one of the plurality
of comparison signals. depending on the swing range
detected by the monitor; and a controller performing a
phase-locked control of a timing clock signal with respect to
a selected comparison signal only when the timing is
detected by the monitor.

Since one of a plurality of comparison signals is selected
depending on the swing range detected by the monitor and
is used for the phase-locked control. more accurate phase
control is achieved, resulting in improved receiving perfor-
mance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the configuration of a
radio selective call receiver according to a first embodiment
of the present invention:

FIG. 2 is a block diagram showing a configuration
example of an amplitude monitor of FIG. 1;

FIG. 3 Is a block diagram showing a configuration
example of a phase-locked loop circuit of FIG. 1;

FIG. 4A is a waveform diagram showing a demodulated
signal of a demodulator;

FIG. 4B is a waveform diagram showing an output of a
comparator;

FIG. 4C is a waveform diagram showing data capture
timing clock signal; and

FIG. 5 is a block diagram showing the configuration of a
radio selective call receiver according to a second embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, a radio selective call receiver accord-
ing to an embodiment of the present invention is mainly
composed of a radio system 10 connected to an antenna and
a decoder 11 which is connected to a processor (CPU) 12
and a alert circuit 13.

The radio system 10 includes an IF (Intermediate
Frequency) circuit 101 which is composed of a demodulator
102 and a comparator 103. A radio signal such as a 4-ary
FSK signal is inputted to the demodulator 102 of the IF
circuit 101 and is demodulated into a baseband signal or a
received signal.

More specifically, in the demodulator 102, the radio signal
is converted from radio frequency to an intermediate fre-
quency by a mixer (not shown), and the IF received signal
is converted to a voltage signal (here, a received signal) by
a discriminator (not shown). Further, the demodulator 102 is
provided with a low-pass filter (not shown) which removes
harmonic components from the voltage signal. Processing
conducted in these circuits is a well-known technique, and
consequently detailed description thereof will be omitted.

The comparator 103 inputs the voltage signal from the
demodulator 102 and a reference voltage Vg and com-
pares them to produce a comparison signal S .., The
reference voltage V.- is set to a middle voltage level of the
amplitude of the received signal.

The decoder 11 includes a data capture circuit 104. a
phase-locked loop circuit 105, an amplitude monitor 106,
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and a memory 107. The data capture circuit 104 captures the
received signal inputted from the demodulator 102 depend-
ing on a data capture timing clock signal CLK;. The
captured signal is converted to a 2-bit digital signal consist-
ing of MSB (Most Significant Bit) and LSB (Least Signifi-
cant Bit) (hereinafter, called received-data). The data capture
circuit 104 may be an analog-to-digital converter operating
according to a sampling pulse.

The phase-locked loop circuit 105 produces the data
capture timing clock signal CLK, according to the compari-
son signal S.,,,p and a phase-correction permission signal
S prc 1nputted from the amplitude monitor 106.

The amplitude monitor 106 inputs the received data from
the data capture circuit 104 to monitor the amplitude of the
received signal. The amplitude monitor 106 controls the
phase-locked loop circuit 105 so as to activate the phase-
locked loop circuit 105 only when the amplitude of the
received signal is maximum, i.e., only when a 4-ary gray
code changes from “00” to “10” or changes from “10” to
“00”.

Data captured by the data capture circuit 104 are sequen-
tially stored in the memory 107. If a calling message
addressed to the receiver itself is stored in the memory 107,
the CPU 11 activates the alert circuit 13 to inform the user
of an incoming call.

AMPLITUDE MONITOR

Referring to FIG. 2, the amplitude monitor 106 includes
a first register 201, a second register 202, and a comparator
203. The first register 201 always preserves the latest data
among the received data which were converted to 2-bit
digital signal (cyclic binary: “00”, “01”, “11”, “10”) by the
data capture circuit 104.

In conjunction with the first register 201, the second
register 202 forms a shift register. Upon receiving new data,
the first register 201 delivers old data to the second register
202.

The comparator 203 has a pair of preset values (here, “00”
and “10”) previously stored therein. The preset values (“00”
and “10”) represent a full swing of the received signal (see
FIG. 4A), The comparator 203 receives data from both the
first register 201 and the second register 202 to determine
whether the data preserved in the first register 201 and the
second register 202 is (“00” and “10”) or (“10” and “007).
If so, the comparator 203 sets a flag (phase-correction
permission). In other words, the amplitude monitor 106
determines whether the received signal swings over the full
range between “00” and “10”. The full swing provides a
precise phase-locked control as described later.

PHASE-LOCKED LOOP CIRCUIT

Referring to FIG. 3, the phase-locked loop circuit 105
includes an edge detector 301. a phase error detector 302. a
clock generator 303, a register 304, and a phase correction
circuit 305. The edge detector 301 detects timing of a
voltage change in the comparison output S_,,» of the
comparator 5. The phase error detector 302 detects a phase
error Ad between an edge detected by the edge detector 301
and a clock signal generated by the clock generator 303,
wherein the clock signal has the same symbol rate as the
received signal.

The phase error A¢ detected by the phase error detector
302 is preserved in the register 304. Only when the ampli-
tude monitor 106 generates the set flag (phase correction
permission), i.e., only when the phase correction is

10

15

20

25

30

35

40

45

50

55

60

65

4

permitted, the phase correction circuit 305 corrects the phase
of the clock signal generated by the clock generator 303 by
the magnitude of the phase error A¢ stored in the register
304.

At this time, it is conceivable to reduce the correction
value which can be corrected at a time for the phase error
between the output of the comparator 301 and the clock
signal generated by the clock generator 303, and conduct
gradual phase tracking. In this way, the ratio of error
correction performed at the time when the phase error has
been falsely detected can be reduced.

Typically, the output wave form of the demodulator 102
becomes like a sine waveform because of passage through
the low-pass filter in the demodulation process. Since the
output of the comparator 103 is obtained by comparing a
4-ary sine waveform with the middle voltage of amplitude
between “00” and “10” serving as the reference, the duty
ratio of the comparison signal S, changes depending on
a combination of values of the received signal.

Referring to FIG. 4A, the demodulated waveform of the
demodulator 102 becomes a 4-ary sine waveform. The
reference voltage Vg, the comparator 103 is set to the
middle value of the amplitude having the level difference
from “00” to “10”.

The result of comparison of the demodulated waveform
with the reference voltage Vg pis the output waveform
Sconm of the comparator 103 having a duty ratio varying
depending on the demodulated waveform, as shown in FIG.
4B. The output waveform S.,,p of the comparator 103 is
used as the reference of phase-locked control between the
received signal and the data capture timing clock CLK;.
Therefore, the change points of the comparison signal
Scoumrp should coincide with those of the received signal,
i.e., boundaries between signals as represented by broken
lines in FIG. 4A.

As shown in FIG. 4B, however, the reference voltage
Vixer of the comparator 103 is set so as to be the middle in
level between “00” and “10”. When the signal has changed
from “00” to “10” or from “10” to “00”, therefore, the
change points of the comparison signal S..,,,» With respect
to the reference voltage Vgp- coincides the signal bound-
aries. On the other hand, when the signal has changed from
“10” to “017, from “01” to “10”, from “00” to “11”, or “11”
to “00”, the change points of the comparison signal S ;s
slips out of the signal boundaries.

Furthermore, capture of the received signal is performed
at a falling edge of the data capture clock CLK;. The
phase-locked loop control is performed so as to reduce the
phase error so that a rising edge of the data capture clock
CLK, coincide with the change point of the comparison
signal S oasp s shown in FIG. 4C. Accordingly, if the phase
of the data capture clock CLK, is aligned with a position
slipping out of the boundary of the received signals, it
becomes impossible to capture the received data in a posi-
tion where an eye pattern of the demodulated waveform is
most open.

Only when the signal combination changes from “00” to
“10” or from “10” to “007, the phase control is performed
which makes the change point of the comparison signal
Scoump coincide in phase with the rising edge of the data
capture clock signal CLK;. It is thus made possible to
always capture the received signal in a position where the
,Jlongitudlnal opening of the eye pattern of the demodulated
waveform is most open.

As described above, even if the field strength of the
received signal becomes weak and the vertical opening of
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the eye pattern is gradually closed, therefore, the probability
of false decision of the received signal is reduced. As a
result, the sensitivity of the receiver can be improved.

ANOTHER EMBODIMENT

With reference to FIG. 5, a radio selective call receiver
according to another embodiment has the same configura-
tion as that as shown in FIG. 1, excepting that a first
comparator 501, a second comparator 502, and a third
comparator 503 are provided in the IF circuit 101. The
similar circuit blocks are denoted by the same reference
numerals.

The first comparator 501 is provided with a middle
voltage in level between “01” and “10” as its reference
voltage Vggr. The second comparator 502 is provided with
a middle voltage in level between “00” and “10” as its
reference voltage V. The third comparator 503 is pro-
vided with a middle voltage in level between “00” and “11”
as its reference voltage V5. Therefore, the first compara-
tor 501 compares the output of the demodulator 102 with its
reference voltage Vgzp to output a resultant comparison
signal Scoazpr- The second comparator 502 compares the
output of the demodulator 102 with its reference voltage
Viger to output a resultant comparison signal S.,,,,. The
third comparator 503 compares the output of the demodu-
lator 102 with its reference voltage Vg, to output a
resultant comparison signal S.,a/p5-

The decoder 11 is provided with a phase-locked loop
circuit 504 which is composed of the clock generator 303,
the phase correction circuit 305, a selector, and three circuits
each consisting of an edge detector, a phase error detector,
and a register (see FIG. 3). The three circuits input the
comparison signals Scoap1—Scoamrs and store the detected
phase errors onto the registers, respectively. The selector
selects one of the stored phase errors depending on a
selection signal inputted from an amplitude monitor 505.

The amplitude monitor 505 has the same circuit configu-
ration as the amplitude monitor 106 as shown in FIG. 2, but
a different function. More specifically, the comparator 203
has three sets of preset values. (“01” and “10”). (“00” and
“10”), and (“00” and “11”). Previously stored therein. The
first set of preset values (“01” and “10”) corresponds to the
first comparator 501. The second set of preset values (“00”
and “10”) representing the full swing corresponds to the
second comparator 502. And the third set of preset values
(“00” and “11”) corresponds to the third comparator 503.

Therefore, the comparator 203 receives data from both the
first register 201 and the second register 202 to determine
whether a combination of the data preserved in the first
register 201 and the second register 202 is (“01” and “107),
(“00” and “107”) or (00” and “117). If a swing of the
received signal matches one of them, the comparator 203
sets a phase-correction permission flag and outputs a selec-
tion signal indicating the corresponding comparator. In other
words, the amplitude monitor 505 determines which one of
swings occurs, (“01” and “10), (“00” and “10) or (“00”
and “117). The selection signal is transition information of
the received signal.

The phase-locked loop circuit 504 receives the transition
information of the received signal from the amplitude moni-
tor 505 and determines which of the first comparator 501.
the second comparator 502, and the third comparator 503
outputs a waveform indicating the boundaries of the
received signal and performs the phase control using the
selected waveform.

Therefore, even in the case where the received signal
varies in amplitude, for example, between “01” and “10” as
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shown in FIG. 4A. selecting the first comparison signal
Sconp: allows the phase correction to be performed, result-
ing in more accurate phase control.

In the second embodiment of FIG. 5, the accuracy of the
phase-locked loop can be further improved because of
increased number of kinds of signals for use in the phase-
locked loop. It is also conceivable to add another comparator
associated with a signal combination other than described
above, for example. (“00” and “01”) or (“11” and “10”). The
more the comparators in the IF circuit 101, the higher the
phase control accuracy.

In this way, the received signal is captured in a position
where the longitudinal opening of the eye pattern of the
demodulated waveform is most open. In other words, the
phase-locked loop control is performed by selecting one
signal with a higher duty accuracy out of detected signals.
Even if the field strength of the received signal becomes
weak and the vertical opening of the eye pattern is gradually
closed, therefore, the probability of a false decision of the
received signal is reduced. As a result, the sensitivity of the
receiver can be improved. Accordingly, it becomes possible
to know the signal boundary accurately, and it becomes
possible to improve the accuracy of the phase-locked con-
trol.

In accordance with the present invention, the phase-
locked loop control is performed by using a signal having a
higher signal duty accuracy, as heretofore described. This
results in an effect that it becomes possible to detect signal
boundaries accurately, and it becomes possible to improve
the accuracy of the phase-locked control.

What is claimed is:

1. A radio receiver comprising:

a detector for detecting a detected signal from a received

radio signal;

a monitor for monitoring an amplitude change of the
detected signal to detect timing where the amplitude
change occurs over a predetermined range;

a clock generator for generating a timing clock signal; and

a controller performing a phase-locked control of the
timing clock signal with respect to the detected signal
only when the timing is detected by the monitor,
wherein the controller comprises:

a comparator for comparing the detected signal to a
reference level to produce a comparison signal;

a phase error detector for detecting a phase error between
the comparison signal and the timing clock signal; and

an error adjuster for adjusting a phase of the timing clock
signal so as to reduce the phase error only when the
timing is detected by the monitor.

2. A radio receiver comprising:

a detector for detecting a detected signal from a received
radio signal;

a monitor for monitoring an amplitude change of the
detected signal to detect timing where the amplitude
change occurs over a predetermined range;

a clock generator for generating a timing clock signal; and

a controller performing a phase-locked control of the
timing clock signal with respect to the detected signal
only when the timing is detected by the monitor,

wherein the monitor comprises:

a shift register for storing a previously detected signal
and a currently detected signal; and

a comparator for comparing the previously detected signal
and the currently detected signal with respect to two
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predetermined levels corresponding to the predeter-
mined range to produce a phase-correction permission
signal when the detected signal changes in amplitude
between the two predetermined levels.

3. The radio receiver according to claim 2, wherein the
controller comprises:

a comparator for comparing the detected signal to refer-

ence level to produce a comparison signal:

a phase error detector for detecting a phase error between
the comparison signal and the timing clock signal: and

an error adjuster for adjusting a phase of the timing clock
signal so as to reduce the phase error only when the
phase-correction permission signal is received from the
monitor.

4. A radio selective call receiver for receiving a digital-

modulated signal, comprising:

a detector for detecting a detected signal from the digital-
modulated signal, the detected signal having a plurality
of signal levels;

a comparator for comparing the detected signal to a
reference level to produce a comparison signal having
a duty ratio;

a selector for selecting a position of the detected signal
corresponding to a comparison signal;

a clock generator for generating a timing clock signal; and

a controller performing a phase-locked control of the
timing clock signal with the comparison signal at the
position selected by the selector.

5. The radio selective call receiver according to claim 4,
wherein an eye pattern of the detected signal is most open at
the position selected by the selector.
6. The radio selective call receiver according to claim 4,
wherein the controller comprises:
a phase error detector for detecting a phase error between
the comparison signal and the timing clock signal; and

an error adjuster for adjusting a phase of the timing clock
signal so as to reduce the phase error at the position
selected by the selector.

7. The radio selective call receiver according to claim 4,
wherein the selector comprises:

a shift register for storing a previously detected signal and

a currently detected signal: and

a comparator for comparing the previously detected signal
and the currently detected signal with respect to two
predetermined levels corresponding to the predeter-
mined range to select the position of the detected signal
when the detected signal changes in amplitude between
the two predetermined levels.

8. A phase-locked control method for a radio receiver,

comprising the steps of:

a) detecting a detected signal from a received radio signal;

b) monitoring an amplitude change of the detected signal
to detect timing where the amplitude change occurs
over a predetermined range; and

¢) performing a phase-locked control of a timing clock
signal with respect to the detected signal only when the
timing is detected,

wherein the step ¢) comprises the steps of:
comparing the detected signal to a reference level to

produce a comparison signal;
detecting a phase error between the comparison signal
and the timing clock signal; and

5

15

30

35

40

45

55

60

65

10

8

adjusting a phase of the timing clock signal so as to
reduce the phase error only when the timing is
detected.

9. A phase-locked control method for a radio receiver,

comprising the steps of:
a) detecting a detected signal from a received radio signal;
b) monitoring an amplitude change of the detected signal
to detect timing where the amplitude change occurs
over a predetermined range; and
¢) performing a phase-locked control of a timing clock
signal with respect to the detected signal only when the
timing is detected, wherein the step b) comprises the
steps of:
storing a previously detected signal and a currently
detected signal,

comparing the previously detected signal and the cur-
rently detected signal with respect to two predeter-
mined levels corresponding to the predetermined
range; and

producing a phase-correction permission signal when
the detected signal changes in amplitude between the
two predetermined levels.

10. The method according to claim 9, wherein the step ¢)

comprises the steps of:

comparing the detected signal to a reference level to
produce a comparison signal;

detecting a phase error between the comparison signal and
the timing clock signal; and

adjusting a phase of the timing clock signal so as to reduce
the phase error only when the phase-correction permis-
sion signal is produced.

11. A radio receiver for receiving a digital-modulated

signal, comprising:

a detector for detecting a detected signal from the digital-
modulated signal, the detected signal having a plurality
of signal levels;

a comparator for comparing the detected signal to a
plurality of reference levels to produce a plurality of
comparison signals;

a monitor for monitoring an amplitude change of t
detected signal to detect a swing range of the detected
signal and timing where the amplitude change occurs
over the swing range;

a selector for selecting one of the plurality of comparison
signals depending on the swing range detected by the
monitor; and

a controller performing a phase-locked control of a timing
clock signal with respect to a selected comparison
signal only when the timing is detected by the monitor.

12. The radio receiver according to claim 11, wherein the

phase-locked control is performed in a position of the
detected signal where an eye pattern of the detected signal
is most open.

13. The radio receiver according to claim 11, wherein the

controller comprises:

a phase error detector for detecting a phase error between
the selected comparison signal and the timing clock
signal: and

an error adjuster for adjusting a phase of the timing clock
signal so as to reduce the phase error only when the
timing is detected by the monitor.

14. The radio receiver according to claim 11, wherein the

monitor comprises:

a shift register for storing a previously detected signal and
a currently detected signal; and
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a comparator for comparing the previously detected signal a phase error detector for detecting a phase error between
and the currently detected signal with respect to a the selected comparison signal and the timing clock
plurality of pairs of two predetermined levels corre- signal; and
sponding to predetermined swing ranges to produce a an error adjuster for adjusting a phase of the timing clock
phase-correction permission signal when the detected s signal so as to reduce the phase error only when the
signal changes in amplitude between one of the pairs of phase-correction permission signal is received from the
the two predetermined levels. monitor.

15. The radio receiver according to claim 14, wherein the

controller comprises: ook ok ok

11





