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Description

�[0001] The present invention relates to a clock phase detecting circuit and a receiving unit for multiplex radio equipment.
�[0002] Generally, the clock regenerating circuit which is used in the receiving unit of multiplex radio equipment is called
a BTR. (Bit Timing Recovery) circuit. The clock regenerating circuit usually regenerates a clock component based on a
signal obtained by demodulating a multilevel orthogonal modulation signal obtained through PSK (Phase Shift Keying)
or QAM (Quadrature Amplitude Modulation) and then supplies it as an operation timing signal for an identifier (e.g. an
A/D converter) that mainly identifies received data (signal).
�[0003] The clock which is regenerated in the clock regenerating circuit must be agreed in phase with a demodulated
signal level identifying timing (when the so- �called eye-�pattern is most opened). However, a change in trunk state due to
temperature changes may cause a deviation in phase of a clock pulse.
�[0004] Hence both a clock phase detecting circuit that can detect a phase deviation with high accuracy and a clock
regenerating circuit that adjusts accurately a deviation in phase of the clock detected by the clock phase detecting circuit
and then supplies signal identification clocks with high accuracy are required.
�[0005] Fig. 60 is a block diagram illustrating the configuration of a clock regenerating circuit arranged in the receiving
unit of a general multiplex radio equipment. Referring to Fig. 60, numeral 71 represents an orthogonal detecting unit;
72 and 73 represent A/D converters; 74 represents a transversal equalizer; and 75 represents a clock regenerating circuit.
�[0006] The orthogonal detecting unit 71 detects a signal (IF (intermediate frequency) signal) obtained by demodulating
a multilevel orthogonal modulation signal due to PSK or QAM and then produces two kinds of baseband signals (an Ich
signal and a Qch signal) with a different angle of 90° in phase from each other. As shown in Fig. 60, the orthogonal
detecting unit 71 is formed of hybrids (H) 711 and 712, phase detectors 713 and 714, roll-�off filters 715 and 716; and a
local oscillating unit 717.
�[0007] In the detecting unit 71, the hybrid 711 splits the IF signal input into two components and then sends respectively
to the phase detectors 713 and 714. At this time, the local oscillating unit 717 supplies a carrier regenerating signal
synchronized in phase with a carrier wave to the hybrid 712. The hybrid 712 splits the carrier regenerating signal into
two signal waves with phases different from each other by 90°: one being output to the phase detector 713 and the other
being output to the phase detector 714.
�[0008] As a result, the phase detectors 713 and 714 receive base band signals (an Ich signal and a Qch signal) having
phases different from each other by 90°. The A/D converter (identifying unit) 72 receives the Ich signal via the roll- �off
filter 715 to perform an A/D conversion (signal identification). The A/D converter (identifying unit) 73 receives the Qch
signal via the roll-�off filter 716 to perform an A/D conversion (signal identification). Thus digital demodulated signals with
phases different from each other by 90° are obtained.
�[0009] The A/D converter 72 converts the Ich signal from the orthogonal detecting unit 71 to a digital demodulated
signal by A/D converting at a predetermined signal level. The A/D converter 73 converts the Qch signal from the orthogonal
detecting unit 71 to a digital demodulated signal by A/D converting at a predetermined signal level. The transversal
equalizer 74 equalizes each the digital demodulated signals from the A/D converters 72 and 73.
�[0010] The clock regenerating circuit 75 regenerates A/D conversion clocks, of which the timing at which the A/D
converters 72 and 73 execute an A/D conversion (the so-�called eye pattern in fully opened state) matches the phase,
from a received signal to be detected by the orthogonal detecting unit 71 and then supplies them respectively to the A/D
converters 72 and 73. The clock regenerating circuit 75 is formed of a square detecting unit 76, a filer 77, and a PLL
circuit 78. The PLL circuit 78 is formed of a phase detector (PD) 79, a loop filter 80, an amplifier 81, and an oscillating unit 82.
�[0011] The square detecting unit 76 subjects a signal to be detected by the orthogonal detecting unit 71 to a square
detection. The filter 77 filters the output of the square detecting unit 76.
�[0012] In the PLL circuit 78, the phase detector 79 phase- �compares the signal square-�detected by the square detecting
unit 76 and input through the filter 77 with the A/D conversion clocks output from the oscillating unit 82 for the A/D
converters 72 and 73 and then feedbacks the result as a control signal to the oscillating unit 82 via the loop filter 80 and
the amplifier 81. As a result, the clock (an A/D conversion clock) following the phase of a signal to be detected by the
orthogonal detecting unit 71 can be obtained.
�[0013] In the clock regenerating circuit 75 having the above-�configuration, the A/D conversion clocks for the A/D
converters 72 and 73 following the phase in which the eye pattern of a received signal is most opened are regenerated
from the signal to be detected by the orthogonal detecting unit 71 and then sent to the A/D converters 72 and 73,
respectively. Then each of the A/D converters 72 and 73 can regenerate the receive signal data through an accurate
digitalizing process.
�[0014] The clock regenerating circuit 83 proposed by Japanese Patent Laid-�open Publication (Tokukaisyo) No.
63-215235, as shown in Fig. 61, is formed of a phase deviation detecting unit 831, a infinite phase shifter 832, and an
oscillating unit 833. Numeral 81 represents a demodulating unit which demodulates a received signal and 82 represents
a data regenerating unit that regenerates a demodulated signal (data) from the demodulating unit. The data regenerating
unit 82 consists of an equalizer (EQL) 821 that subjects a demodulated signal to an equalizing process and an identifier
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(A/D converter) that identifies and encodes (digitalizes) the level of the demodulated signal processed by the equalizer.
�[0015] In the clock regenerating circuit 83, the phase deviation detecting unit 831 monitors the output signal from the
identifier 822 and then detects the deviation between the signal phase of the most suitable identifying timing in the
identifier with the phase of the clock (CLK). The infinite phase shifter 832 provides a phase shift to the signal with a fixed
frequency from the oscillating unit 833.
�[0016] In the clock regenerating circuit 83 with the above-�mentioned structure, the phase deviation detecting unit 831
detects a change in phase deviation appeared between the timing to be identified by the identifier 822 and the clock
(CLK) supplied as an operation timing of the identifier 822, and the infinite phase shifter 832 phase- �shifts the output of
the oscillating unit 833 synchronous with the change in the phase deviation. Thus the phase deviation is canceled so
that the clock matched with the phase of the identification timing can be regenerated certainly.
�[0017] However, the clock regenerating circuit 75 shown in Fig. 60 regenerates an A/D conversion clock each for the
A/D converters 72 and 73 from a signal to be detected by the orthogonal detecting unit 71, or an analog signal, thus
tending to be frequently influenced by the trunk status due to temperature changes or the like. As a result, there is a
problem in that the A/D conversion timing of each of the A/D converters 72 and 73 can not be agreed with high accuracy
with the most suitable timing in which the eye pattern of a received signal is most opened.
�[0018] As described above, regenerating the A/D conversion clocks from an analog signal leads to the clock regen-
erating circuit 75 in an analog configuration, as shown in Fig. 60. Hence, there is a problem in that the analog configuration
results in a large circuit scale in addition to a large number of manual adjustments.
�[0019] On the other hand, in the clock regenerating circuit 83 shown in Fig. 61, the phase deviation detecting unit 831
detects a change in phase deviation and the infinite phase shifter 832 phase- �shifts the output of the oscillating unit 833
in synchronism with the phase deviation change. Thus the clock agreed with the phase of the identification timing can
be certainly regenerated by canceling the phase deviation. However, the phase deviation detecting unit 831 detects a
phase deviation with insufficient accuracy rather than high accuracy. Hence there is a problem in that the operation
timing of the identifier 822 cannot be completely agreed with the most suitable timing in which the eye-�pattern of a
received signal is most opened.
�[0020] In EP- �A-�0 368 307 there is disclosed a demodulator with composite transversal equalizer and eye detection
clock synchronizer.
�[0021] In DE 3124329 A there is disclosed an arrangement for obtaining a clock signal which controls an equalizer in
base band data transmission, redundancy-�added multistage codes being used as line codes.
�[0022] In EP- �A-�0 249 931 there is disclosed a circuit which controls the decision timing of an A/D converter so that
the error rate becomes small by obtaining error rate information based on the converted digital signal on the A/D converter
which decides a multi-�level signal and converts it into a digital signal.
�[0023] In the article "Timing recovery in data transmission systems using multilevel partial response signalling" by H.
Sailer, International Conference on Communications. Conference Record ICC 1992, Chicago, Illinois, US, volume 2,
XP000579359 there are discussed various timing recovery methods for the use of partial response signalling. A simple
realisation based on samples of the received signal and the sign of its derivative at the sampling instant is discussed.
�[0024] An object of the present invention is to provide a clock phase detecting circuit arranged for use in the receiving
unit of multiplex radio equipment that can regenerate a signal identification clock with high accuracy by reliably detecting
the phase component of a signal identification clock and then accurately adjusting the same.
�[0025] According to a first aspect of the present invention, there is provided a clock phase detecting circuit for use in
a receiving unit of multiplex radio equipment, comprising an identifying circuit for identifying a signal at a predetermined
identification level, the signal being obtained by demodulating a multilevel orthogonal modulated signal; a clock regen-
erating circuit for regenerating a signal identification clock for the identifying circuit to supply the clock to the identifying
circuit; an equalizing circuit for subjecting the demodulated signal obtained by demodulating the multilevel orthogonal
modulated signal to an equalizing process; and a clock phase detecting unit for detecting a phase component of the
signal identification clock based on a signal error between input and output signals of the equalizing circuit and an
inclination of said demodulated signal, and then for supplying the phase component to the clock regenerating circuit.
�[0026] In one embodiment, the clock regenerating circuit comprises a clock regenerating unit for regenerating the
signal identification clock from the multilevel orthogonal modulated signal to be detected; a phase adjusting unit for
adjusting the phase of a clock from the clock regenerating unit and then supplying the phase-�adjusted clock to the
identifying circuit; and wherein the phase component comprises a phase adjustment control signal for the phase adjusting
unit.
�[0027] In a further embodiment the clock regenerating circuit comprises a loop filter unit for integrating the output from
the clock phase detecting unit; and an oscillating unit for producing a signal identification clock for the identifying circuit
to the identifying circuit, in response to as a control input the output from the loop filter unit.
�[0028] According to a further aspect of the invention there is provided a receiving unit for multiplex radio equipment
comprising the clock phase detecting circuit.
�[0029] A further aspect provides multiplex radio equipment comprising the receiving unit.
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�[0030] For a better understanding of the invention and to show how the same may be carried into effect, reference
will now be made, by way of example, to the accompanying drawings, in which:�

Fig. 1 is a block diagram showing the first aspect of the present invention;
Fig. 2 is a block diagram showing the second aspect of the present invention;
Fig. 3 is a block diagram showing the third aspect of the present invention;
Fig. 4 is a block diagram showing the fourth aspect of the present invention;
Fig. 5 is a block diagram showing the fifth aspect of the present invention;
Fig. 6 is a block diagram showing the sixth aspect of the present invention;
Fig. 7 is a block diagram showing the configuration of each of a clock phase detecting circuit and a clock
Fig. 61 is a block diagram showing the configuration of a clock regenerating circuit arranged in the receiving unit of
general multiplex radio equipment.

�[0031] In the clock phase detecting circuit arranged in the receiving unit of the multiplex radio equipment hereinafter
described, the clock phase detecting unit can detect the phase component of a signal identification clock, based on the
signal error between the input and output signals of the equalizing circuit, which subjects a signal obtained by demodulating
a multilevel orthogonal modulated signal to an equalizing process, and an inclination of said demodulated signal, and
then supply it to the clock regenerating circuit. Hence there is an advantage in that the clock regenerating circuit can
adjust very accurately the phase component of a signal identification clock, thus greatly improving the performance of
the multiplex radio equipment.
�[0032] When a signal identification clock for the identifying circuit is regenerated from the multilevel orthogonal mod-
ulated signal to be detected and the phase adjusting unit adjusts the phase of the clock from the clock regenerating unit
and then supplies the result to the identifying circuit, the clock phase detecting unit can detect the phase component of
the signal identification clock, based on the signal error between input and output signals of the equalizing circuit and
the inclination of the demodulated signal, and then supply it as a phase adjustment control signal for the phase adjusting
unit. Hence there is an advantage in that the phase component of a signal identification clock for the identifying circuit
can be adjusted accurately so that the accuracy of the signal identifying process in the identifying circuit can be drastically
improved.
�[0033] When the clock phase detecting unit detects the phase component of a signal identification clock based on the
signal error and the inclination of the demodulated signal, the loop filter unit integrates the resultant phase component;
and the oscillating unit receives the output as a control input from the loop filter unit. Thus, the adjusted phase component
of a signal identification clock for the identifying circuit can be supplied to the identifying circuit. Hence there is an
advantage in that the very-�simplified configuration can greatly improve the signal identifying process performance by
the identifying circuit.

(a) Aspect of the Invention:

�[0034] By referring to the attached drawings, explanation will be made as for an aspect of the present invention.
�[0035] Fig. 1 is a block diagram showing an aspect of the present invention. Referring to Fig. 1, numeral 1A represents
a clock phase detecting circuit. The clock phase detecting circuit 1A is used in the receiving unit of multiplex radio
equipment including an identifying circuit 11 that identifies a signal obtained by demodulating a multilevel orthogonal
modulated signal at a predetermined identification level, a clock regenerating circuit 12 that regenerates a signal iden-
tification clock for the identifying circuit 11 and then sends it to the identifying circuit 11, and an equalizing circuit 13 that
subjects a signal obtained by demodulating the multilevel orthogonal modulated signal to an equalizing process.
�[0036] As shown in Fig. 1, the clock phase detecting circuit 1A includes a clock phase detecting unit 14A. The clock
phase detecting unit 14A detects the phase component of a signal identification clock based on input/�output signals of
the equalizing circuit 13 and then supplies it to the clock regenerating circuit 12.
�[0037] In the clock phase detecting circuit 1A arranged in the receiving unit of multiplex radio equipment according to
the present invention, when the identifying circuit 11 identifies a demodulated signal obtained by demodulating a multilevel
orthogonal modulation signal at a predetermined identifying level, the clock regenerating circuit 12 regenerates a signal
identification clock for the identifying circuit 11 and supplies it to the identifying circuit 11. At the time, the clock phase
detecting unit 14A detects the phase component of a signal identification clock in response to the input signal and the
output signal of the equalizing circuit 13 that subjects a signal obtained by demodulating a multilevel orthogonal modulated
signal to an equalizing process and then supplies the phase component to the clock regenerating circuit 12.
�[0038] According to the clock phase detecting circuit 1A as described above, there is an advantage in that the phase
component of a signal identification clock can be adjusted very accurately so that the performance of the multiplex radio
equipment can be greatly improved.
�[0039] In concrete, the clock phase detecting unit 14A consists of an error detecting unit that detects an error between
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the input signal and the output signal of the equalizing circuit 13, a signal inclination detecting unit that detects the
inclination of a demodulated signal, and a clock phase calculating unit that calculates the output of the error detecting
unit and the output of the signal inclination detecting unit and then detects the phase component of a signal identification
clock.
�[0040] In the clock phase component detecting unit 14A, the error detecting unit detects the error between the input
signal and the output signal of the equalizing circuit 13, and the signal inclination detecting unit detects the inclination
of a demodulated signal, and the clock phase calculating unit calculates the outputs of the error detecting unit and the
signal inclination detecting unit. Thus the phase component of a signal identification clock is detected.
�[0041] Hence the phase component of a signal identification clock can be certainly detected.
�[0042] The clock phase detecting unit 14A may include a specific signal judging unit that judges whether a specific
signal exists and a gating unit that produces the phase component of a signal identification clock obtained by the clock
phase calculating unit when the specific signal judging unit judges that a specific signal exists, in addition to the error
detecting unit, the signal inclination detecting unit, and the clock phase calculating unit.
�[0043] In this case, the specific signal judging unit judges whether a received signal is a specific signal. If it is judged
that the received signal is a specific signal, the gating unit produces the phase component of a signal identification clock
obtained by the phase calculating unit.
�[0044] In the clock phase detecting unit 14A, only when the specific signal judging unit judges that the received signal
is a specific signal with good signal quality, the gating unit can issue the phase component of a signal identification clock
obtained by the clock phase calculating unit. Hence the accuracy of the phase component of a signal identification clock
can be improved.
�[0045] The signal inclination detecting unit consists of a delaying unit that delays the output from the identifying circuit
11 and a comparing unit that compares the output from the identifying circuit 11 with the output from the delaying unit
and then detects the inclination of the demodulated signal.
�[0046] Hence the inclination of a demodulated signal which is needed in a calculation process of the phase component
of a signal identification clock can be surely obtained.
�[0047] Where the identifying circuit 11 described above is used for a high-�speed clock operation, the signal inclination
detecting unit consists of a delaying unit that calculates with high- �speed clocks and delays the output of the identifying
circuit 11, a latch unit that holds the output of the identifying circuit 11 and the output of the delaying unit with clocks
slower than the high-�speed clocks, and a comparing unit that compares the output of the identifying circuit with the output
of the delaying unit each held in the latch unit and then detects the inclination of the demodulated signal.
�[0048] In order to detect the inclination of a demodulated signal by the signal inclination detecting unit, the delaying
unit calculates with high-�speed clocks to delay the output from the identifying circuit 11, the latch unit holds the output
of the identifying circuit 11 and the output of the delay unit with clocks slower than the high-�speed clocks, and the
comparing unit compares the output of the identifying circuit with the output of the delaying unit each held in the latch
unit 11.
�[0049] Therefore, the sensitivity of detecting the inclination of a demodulated signal can be improved and the phase
component of a signal identification clock can be obtained with higher accuracy.
�[0050] Moreover, the identifying circuit 11 is formed of plural identifying units corresponding to the number of plural
demodulated signals obtained by demodulating a multilevel orthogonal modulated signal. Clocks with different prede-
termined phase shift may be supplied between the identifying units. The signal inclination detecting unit includes a
comparing unit that compares the outputs of the identifying units and then detects the inclination of the demodulated signal.
�[0051] In this case, the comparing unit in the signal inclination detecting unit compares the output of the identifying
units to detect the inclination of the demodulated signal.
�[0052] Hence, the phase component of a signal identification clock can be obtained with higher accuracy in the simple
configuration, without using the identifying unit operated with high-�speed clocks.
�[0053] The clock phase calculating unit, in concrete, may be formed as a multiplying unit that subjects the output of
the error detecting unit and the output of the signal inclination detecting unit to a multiplying calculation, or as an exclusive
OR calculation unit that performs an exclusive OR calculation process.
�[0054] The phase component of a signal identification clock output from the clock phase calculating unit can be obtained
by subjecting the output of the error detecting unit and the output of the signal inclination detecting unit to a multiplying
calculation by means of the multiplying unit, or by performing an exclusive OR calculation by means of the exclusive
OR operation unit.
�[0055] Hence, the phase component detecting circuit can be realized very easily and in a simplified configuration.
�[0056] Furthermore, the specific signal judging unit includes plural signal judging units that judge plural kinds of specific
signals. A selection unit that selects decision results sent from plural signal judging units is arranged between the specific
signal judging unit and the gating unit.
�[0057] In this case, the selecting unit can selectively output a specific one among decision results from plural signal
judging units.
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�[0058] Since the decision results from plural specific signal judging units can be selectively output, provided that it is
judged that a specific signal has a good signal quality, the phase component of a signal identification clock output out
of the gating unit can be further improved in accuracy.
�[0059] Fig. 2 is a block diagram showing the second aspect of the present invention. Referring to Fig. 2, numeral 2A
represents a clock regenerating circuit. The clock regenerating circuit 2A is arranged in the receiving unit of multiplex
radio equipment including an identifying circuit 11 that identifies a signal obtained by demodulating a multilevel orthogonal
modulated signal at a predetermined identification level and an equalizing circuit that subjects a demodulated signal
obtained by demodulating a multilevel orthogonal modulation signal to an equalizing process. The clock regenerating
circuit 2A regenerates a signal identification clock for the identification circuit 11 and supplies it to the identifying circuit 11.
�[0060] The clock regenerating circuit 2A includes a clock regenerating unit 15, a phase adjusting unit 16, and a clock
phase detecting unit 14A.
�[0061] The clock regenerating unit 15 regenerates a signal identification clock from a multilevel orthogonal modulated
signal to be detected. The phase adjusting unit 16 adjusts the phase of a clock from the clock regenerating unit 15 to
supply to the identifying circuit 11. The clock phase detecting unit 14A detects the phase component of a signal identi-
fication clock based on the input and output signals of the equalizing circuit 13 and supplies the resultant component as
a phase adjustment control signal to the phase adjusting unit 16.
�[0062] As shown in Fig. 2, the clock regenerating circuit 2A regenerates a signal identification clock for the identifying
circuit 11 to the identifying circuit 11. In concrete, the clock regenerating unit 15 regenerates a signal identification clock
from a multilevel orthogonal modulation signal to be detected. The phase adjusting unit 16 adjusts the phase of a clock
from the clock regenerating unit 15 and then supplies to the identifying circuit 11. The phase adjustment of the phase
adjusting unit 16 is performed with a phase adjustment control signal which is obtained by the clock phase detecting
unit 14A that detects the phase component of a signal identification clock based on the input and output signals of the
equalizing circuit 13.
�[0063] The clock regenerating circuit 2A has an advantage in that the phase component of a signal identification clock
for the identifying circuit 11 can be adjusted accurately so that the accuracy of the signal identification process in the
identifying circuit 11 can be greatly improved.
�[0064] An averaging unit may be arranged between the clock phase detecting unit 14A and the phase adjusting unit
16 to average the output from the clock phase detecting unit 14A, thus averaging the output from the clock phase
detecting unit 14A.
�[0065] Hence, the phase adjusting control signal can be obtained with more accuracy.
�[0066] In the clock regenerating circuit 2A, the identifying circuit 11 may be formed of plural identifying units corre-
sponding to the number of plural signals obtained by demodulating the multilevel orthogonal modulated signal. The clock
regenerating unit 15, the phase adjusting unit 16, and the clock phase detecting unit 14A may be used in common to
plural identifying units.
�[0067] In this case, the phase component of a clock identification clock for each of the plural identifying units is detected
by the clock phase detecting unit 14A used in common to the plural identifying units. The phase component is supplied
as a phase adjustment control signal for a signal identification clock regenerated by the clock regenerating unit 15 to
the phase adjusting unit 16 shared by the identifying units 15.
�[0068] Hence, in the receiving unit of multiplex radio equipment that demodulates a multilevel orthogonal modulated
signal to obtain plural signals, the phase component of a signal identification clock can be detected and adjusted very
easily.
�[0069] In the clock regenerating circuit 2A, the identifying circuit 11 may be formed of plural identifying units corre-
sponding to the number of plural signals obtained by demodulating a multilevel orthogonal modulation signal. An averaging
unit is arranged between the clock phase detecting unit 14A and the phase adjusting unit 16 to average the output from
the clock phase detecting unit 14A. The clock regenerating unit 15, the phase adjusting unit 16, the averaging unit, and
the clock phase detecting unit 14A may be used in common to the plural identifying units.
�[0070] In this case, the clock phase detecting unit 14A used in common to the plural identifying units detects the phase
component of a signal identification clock for each of plural identifying units. The averaging unit performs an averaging
process for the deteted phase component. The averaged phase component is supplied as a phase adjustment and
control signal for a signal identification clock regenerated by the clock regenerating unit 15 to the phase adjusting unit
16 used in common by the plural identifying units.
�[0071] Hence, in the receiving unit of multiplex radio equipment in which plural demodulated signals are obtained, the
phase component of a signal identification clock can be detected and adjusted very easily. In this case, since the
averaging unit can average the output (phase adjustment and control signal) from the clock phase detecting unit 14A,
the phase adjustment and control signal can be obtained with higher accuracy.
�[0072] In the clock regenerating circuit 2A, the identifying circuit 11 consists of plural identifying units corresponding
to plural signals obtained by demodulating multilevel orthogonal modulation signal. The clock regenerating unit 15 is
used in common to the plural identifying units. Plural phase adjusting units 16 and plural clock phase detecting units
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14A may be arranged corresponding to the identifying units.
�[0073] In this case, the phase components of signal identification clocks for the plural identifying units are respectively
detected by the clock phase detecting units 14A arranged corresponding to the identifying units. Each phase component
is supplied as a phase adjustment and control signal for a signal identification clock regenerated by the clock regenerating
unit 15 to each of the phase adjusting units 16.
�[0074] Hence, the clock phase detecting unit 14A corresponding to each identifying unit can detect the phase com-
ponent of a signal identification clock for each of plural identifying units. Each phase adjusting unit 16 can adjust the
phase component to supply to the corresponding identifying unit. Thus the accuracy of the signal identifying process in
each identifying unit can be further improved.
�[0075] In the clock regenerating circuit 2A, the identifying circuit 11 is formed of plural identifying units corresponding
to the number of plural signals obtained by demodulating a multilevel orthogonal modulated signal. An averaging unit
may be arranged between the clock phase detecting unit 14A and the phase adjusting unit 16 to average the output
from the clock phase detecting unit 14A. The clock regenerating unit 15 is shared with the identifying units. Plural phase
adjusting units 16, plural averaging units, and plural clock phase detecting units 14A may be arranged corresponding
to the identifying units.
�[0076] In this case, the phase components of signal identification clocks for plural identifying units are respectively
detected by the clock phase detecting units 14A arranged corresponding to the identifying units. Each of the averaging
units averages each of the phase components and then supplies the resultant phase component as phase adjustment
and control signals for the signal identifying clocks regenerated by the clock regenerating unit 15 to each of the phase
adjusting units 16.
�[0077] In this case, the signal identification clock for each of plural identifying units can be obtained from the corre-
sponding clock phase detecting unit 14A. Each of the averaging units can average a phase adjustment and control signal
for the phase adjusting unit 16 being the output from the clock phase detecting unit 14A. Hence the accuracy of a signal
identification process in each identifying unit can be further improved.
�[0078] The clock regenerating circuit 2A may include a selecting unit that selectively outputs the output of the clock
phase detecting unit 14A and the output of the test signal generating unit, in addition to a test signal generating unit that
generates a test signal. Thus the output of the selecting unit is supplied as an input to the phase adjusting unit 16.
�[0079] In the clock regenerating circuit 2A, the test signal generating unit generates a test signal. The selecting unit
selects the output of the clock phase detecting unit 14 or the output of the test signal generating unit to supply as an
input to the phase adjusting unit 16.
�[0080] The signal identification clock for the identifying circuit can be tested and regenerated very easily by testing a
phase adjustment process in the phase adjusting unit. This feature leads to improving the performance of the multiplex
radio equipment.
�[0081] Fig. 3 is a block diagram illustrating the third aspect of the present invention. Referring to Fig. 3, numeral 2B
represents a clock regenerating circuit. The clock regenerating circuit 2B is arranged in the receiving unit of multiplex
radio equipment including an identifying circuit 11 that identifies a signal obtained by demodulating a multilevel orthogonal
modulated signal at a predetermined identification level, and an equalizing circuit that subjects the signal obtained by
demodulating the multiplex orthogonal modulation signal to an equalizing process. A signal identification clock for the
identifying circuit 11 is regenerated to supply to the identifying circuit 11.
�[0082] The clock regenerating circuit 2B, as shown in Fig. 3, includes a clock phase detecting unit 14A, a loop filter
unit 17, and an oscillating unit 18.
�[0083] In this case, the clock phase detecting unit 14A detects the phase component of a signal identification clock
based on the input signal and the output signal of the equalizing circuit 13. The loop filter unit 17 integrates the output
of the clock phase detecting unit 14A. The oscillating unit 18 receives as a control input the output of the loop filter unit
17 and then outputs a signal identification clock for the identifying unit 11 to the identifying circuit 11.
�[0084] In the clock regenerating circuit 2B shown in Fig. 3, the clock phase detecting unit 14A detects the phase
component of a signal identification clock based on the input signal and the output signal of the equalizing circuit 13 and
the loop filter unit 17 integrates the output of the clock phase detecting unit 14A. The oscillating unit 18 receives as a
control input the output from the loop filter unit 17 and then outputs a signal identification clock for the identifying unit
11 to the identifying circuit 11.
�[0085] According to the clock regenerating circuit 2B, there is an advantage in that the simplified configuration allows
the identifying circuit 11 to improve greatly the performance of the signal identification process.
�[0086] In the clock regenerating circuit 2B, the identifying circuit 11 may be formed of plural identifying units corre-
sponding to the number of plural signals obtained by demodulating a multilevel orthogonal modulated signal. The clock
phase detecting unit 14A, the loop filter unit 17, and the oscillating unit 18 are used in common to the identifying units.
�[0087] In such a case, the clock phase detecting unit 14A shared by the identifying units detects the phase component
of a signal identification clock for each of plural identifying units. Then the loop filter unit 17 integrates the phase component
to supply the result as a control input to the oscillating unit 18.
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�[0088] Consequently, in the receiving unit of multiplex radio equipment which demodulates a multilevel orthogonal
modulation signal to obtain plural signals, the phase component of a signal identification clock can be adjusted auto-
matically, accurately and very easily so that the accuracy of a signal identifying process in each identifying unit can be
improved.
�[0089] In the clock regenerating circuit 2B, the identifying circuit 11 may be formed of plural identifying units corre-
sponding to the number of plural signals obtained by demodulating a multilevel orthogonal modulation signal. Plural
clock phase detecting units 14A are arranged corresponding to the identifying units. The loop filter unit 17 and the
oscillating unit 18 are used in common to the identifying units. A composing unit may be arranged to compose the output
of each of the clock phase detecting units 14A. The output of the composing unit is supplied as an input to the loop filter
unit 17.
�[0090] In this case, the composing unit composes the outputs (the phase components of signal identification clocks)
of the plural clock phase detecting units 14A arranged corresponding to the identifying units and then supplies them as
an input to the loop filter unit 17.
�[0091] Hence, the more- �simplified configuration can adjust accurately the phase components of signal identification
clocks supplied from the oscillating unit 18, thus improving greatly the accuracy of the signal identifying process in each
identifying unit.
�[0092] Furthermore, in the clock regenerating circuit 2B, the identifying circuit 11 may be formed of plural identifying
units corresponding to the number of plural signals obtained by demodulating a multilevel orthogonal modulation signal.
Plural clock phase detecting units 14A and plural loop filter units 17 are arranged corresponding to the identifying units.
The oscillating unit 18 is used in common to each identifying unit. A part of the plural identifying units are connected to
the oscillating unit 18 via the phase adjusting unit to supply as a control input the output of the loop filter unit 17 to the
oscillating unit 18 or the phase adjusting unit.
�[0093] In this case, the loop filter unit 17 supplies its output (a signal identification clock phase component) as a control
input to the oscillating unit 18 or the phase adjusting unit.
�[0094] The phase components of signal identification clocks for the identifying units can be detected respectively by
the corresponding clock phase detecting units 14A and then supplied as a control input to the oscillating unit 18 or the
phase adjusting unit. Hence the phase component of a signal identification clock can be adjusted respectively by the
oscillating unit 18 or the phase adjusting unit to supply the signal identification clock to each identifying unit. This feature
allows each identifying unit to improve greatly the accuracy of the signal identifying process.
�[0095] In the clock regenerating circuit 2B, the identifying circuit 11 may be formed of plural identifying units corre-
sponding to the number of signals obtained by demodulating a multilevel orthogonal modulation signal. A second clock
phase detecting unit is arranged to detect the phase component of a signal identification clock in a manner different
from that in the clock phase detecting unit 14A. The loop filter unit 17 and the oscillating unit 18 are arranged in common
to each identifying unit. A composing unit is arranged to compose the output of the clock phase detecting unit 14A with
the output of the second clock phase detecting unit. The output of the composing unit is supplied as an input to the loop
filter unit 17.
�[0096] In this case, the output (the phase component of a signal identification clock) from the composing unit is supplied
as an input to the loop filter unit 17.
�[0097] As described above, the composing unit composes the phase component of each signal identification clock
detected by the clock phase component detecting unit 14A with phase component of each signal identification clock for
each identifying unit detected in a different method to supply as an input the resultant phase component to the loop filter
unit 17. Hence the phase component of a signal identification clock can be adjusted more accurately, whereby the
accuracy of the signal identification process in each identifying unit can be improved more.
�[0098] Instead of the above-�mentioned composing unit, a selecting unit, which outputs selectively the output of the
clock phase detecting unit 14A and the output of the second clock phase detecting unit, may be arranged to input the
output to the loop filter unit 17. In this case, the output of the selecting unit is supplied to the loop filter unit 17.
�[0099] In this case, the accuracy of the signal identifying process in each identifying unit can be more improved by
adjusting accurately the phase component of a signal identification clock.
�[0100] The clock regenerating circuit 2B may include a test signal generating unit that generates a test signal as well
as a selecting unit that selects the output of the clock phase detecting unit 14A or the test signal generating unit to supply
it to the loop filter unit 17.
�[0101] Thus in the clock regenerating circuit 2B, the test signal generating unit generates a test signal and the selecting
unit selectively outputs the output of the clock phase detecting unit 14A and the output of the test signal generating unit.
Hence the output of the selecting unit can be supplied as an input to the loop filter unit 17.
�[0102] Hence the signal identification clock for the identifying circuit 11 can be tested and regenerated very easily.
�[0103] Fig. 4 is a block diagram illustrating the fourth aspect of the present invention. Referring to Fig. 4, numeral 1B
represents a clock phase detecting circuit. The clock phase detecting circuit 1B is used in the receiving unit of multiplex
radio equipment including an identifying circuit 11 that identifies a signal obtained by demodulating a multilevel orthogonal
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modulated signal at a predetermined identification level, and a clock regenerating circuit 12 that regenerates a signal
identification clock for the identifying circuit 11 to supply the resultant to the identifying circuit 11.
�[0104] As shown in Fig. 4, the clock phase detecting circuit 1B includes a clock phase detecting unit 14B. The clock
phase detecting unit 14B detects the phase component of a signal identification clock, based on clock phase difference
information supplied to the identifying circuit 11 and signal error differential information obtained by the identifying circuit
11, and then supplies it to the clock regenerating circuit 12.
�[0105] In the clock phase detecting circuit 1B shown in Fig. 4, the clock phase detecting unit 14B detects the phase
component of a signal identification clock based on the clock phase difference information supplied to the identifying
circuit 11 and the signal error differential information obtained by the identifying circuit 11, and then supplies the same
to the clock regenerating circuit 12.
�[0106] According to the clock phase detecting circuit 1B arranged in the receiving unit of multiplex radio equipment
of the present invention, the simplified configuration can improve greatly the accuracy of the signal identification clock
regenerating process. Hence the accuracy of the signal identifying process in the identifying circuit 11 can be greatly
improved.
�[0107] In concrete, the clock phase detecting unit 14B consists of a clock phase difference detecting unit that detects
clock phase difference information supplied to the identifying circuit 11, a signal error differential detecting unit that
detects signal error differential information obtained by the identifying circuit 11, and a clock phase calculating unit that
detects the phase component of a signal identification clock by calculating based on the output of the clock phase
difference detecting unit and the output of the signal error differential detecting unit.
�[0108] In order to detect the phase component of a signal identification clock by the clock phase detecting unit 14B,
the clock phase difference detecting unit detects the clock phase difference information supplied to the identifying circuit
11 and the signal error differential detecting unit detects the signal error differential information obtained by the identifying
circuit 11. Then the clock phase calculating unit subjects the output of the clock phase difference detecting unit and the
output of the signal error differential detecting unit to a calculation process.
�[0109] Hence, the simplified configuration can detect surely the phase component of a signal identification clock.
�[0110] Furthermore, the clock phase calculating unit is formed as a dividing unit that subjects the output of the error
detecting unit and the output of the signal inclination detecting unit to a division calculation process. In the division
process of the clock phase operating unit, the dividing unit subjects the output of the error detecting unit and the output
of the signal inclination detecting unit to a division calculation process.
�[0111] Hence the clock phase calculating unit can be realized very easily.
�[0112] In this case, the clock phase calculating unit may be constituted as an exclusive OR calculating unit that subjects
the output of the error detecting unit and the output of the signal inclination detecting unit to an exclusive OR calculation
process. In the operation in the clock phase calculating unit, the exclusive OR calculating unit subjects the output of the
error detecting unit and the output of the signal inclination detecting unit to an exclusive OR calculation process.
�[0113] Hence, the clock phase calculating unit can be realized readily in a more-�simplified configuration.
�[0114] Fig. 5 is a block diagram illustrating the fifth aspect of the present invention. Referring to Fig. 5, numeral 2A’
represents a clock regenerating circuit. The clock regenerating circuit 2A’ is arranged in the receiving unit of multiplex
radio equipment including an identifying circuit 11 that identifies a signal obtained by demodulating a multilevel orthogonal
modulated signal at a predetermined identification level. The clock regenerating circuit 2A’ regenerates a signal identi-
fication clock to the identifying units for the identifying circuit 11.
�[0115] As shown in Fig. 5, the clock regenerating circuit 2A’ includes a clock regenerating unit 15, a phase adjusting
unit 16, and a clock phase detecting unit 14B.
�[0116] The clock regenerating unit 15 regenerates a signal identification clock from a multilevel orthogonal modulated
signal to be detected. The phase adjusting unit 16 adjusts the phase of a clock from the clock regenerating unit 15 to
supply to the identifying circuit 11. The clock phase detecting unit 14B detects the phase component of a signal identi-
fication clock based on clock phase difference information supplied to the identifying circuit 11 and signal error differential
information obtained by the identifying circuit 11 to supply the phase component to the clock regenerating circuit 15.
�[0117] In the clock regenerating circuit 2A’ shown in Fig. 5, the clock regenerating unit 15 regenerates a signal iden-
tification clock from a multilevel orthogonal modulated signal to be detected, and the phase adjusting unit 16 adjusts the
phase of a clock from the clock regenerating unit 15 to supply to the identifying circuit 11. The clock phase detecting
unit 14B detects the phase component of a signal identification clock based on clock phase difference information
supplied to the identifying circuit 11 and signal error differential information obtained by the identifying circuit 11 to supply
to the clock regenerating circuit 2A’.
�[0118] Hence according to the clock regenerating circuit 2A’ arranged in the receiving unit of multilevel radio equipment
of the present invention, even if an equalizing circuit that subjects a demodulated signal to an equalizing process is not
provided, the accuracy of a signal identification clock can be improved by the very-�simplified configuration.
�[0119] An averaging unit may be arranged between the clock phase detecting unit 14B and the phase adjusting unit
16 to average the output of the clock phase detecting unit 14B. Hence the averaging unit can average the output (the
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phase component of a signal identification clock) from the clock phase detecting unit 14B.
�[0120] Hence, a signal identification clock can be regenerated with higher accuracy.
�[0121] In the clock regenerating circuit 2A’, the identifying circuit 11 may be formed of plural identifying units corre-
sponding to the number of plural signals obtained by demodulating a multilevel orthogonal modulated signal. The clock
regenerating unit 15, the phase adjusting unit 16, and the clock phase detecting unit 14B may be arranged in common
to the identifying units.
�[0122] In this case, the phase component of a signal identification clock for each identifying unit is detected by the
clock phase detecting unit 14B shared with each identifying unit and then supplied to the phase adjusting unit 16 as a
phase adjustment and control signal for a signal identification clock regenerated by the clock regenerating unit 15.
�[0123] Hence, in the receiving unit of the multiplex radio equipment in which plural signals are obtained by demodulating
a multilevel orthogonal modulated signal, the phase component of a signal identification clock for each identifying unit
can be adjusted accurately so that the accuracy of a signal identifying process in each identifying unit can be improved
greatly.
�[0124] Moreover, in the clock regenerating circuit 2A’, the identifying circuit 11 is formed of plural identifying units
corresponding to the number of plural signals obtained by demodulating a multilevel orthogonal modulated signal. An
averaging unit that averages the output from the clock phase detecting unit 14B is arranged between the clock phase
detecting unit 14B and the phase adjusting unit 16. The clock regenerating unit 15, the phase adjusting unit 16, the
averaging unit, and the clock phase detecting unit 14B are used in common to each identifying unit.
�[0125] In this case, the clock phase detecting unit 14B shared by each identifying unit detects the phase component
of a signal identification clock for each identifying unit. The averaging unit shared by each identifying unit averages the
phase component and then supplies the resultant component as a phase adjustment and control signal to adjust the
phase of a signal identification clock regenerated by the clock regenerating unit 15, to the phase adjusting unit 16.
�[0126] Hence, since the averaging unit can average the phase component of a signal identification clock, it can adjust
more accurately the same and then deliver to each identifying unit. Thus it is possible to improve more greatly the
accuracy of the signal identifying process in each identifying unit.
�[0127] In the clock regenerating circuit 2A’, the identifying circuit 11 may be formed of plural identifying units corre-
sponding to the number of plural signals obtained by demodulating a multilevel orthogonal modulated signal. The clock
regenerating unit 15 is used in common to each identifying unit. Plural phase adjusting units 16 and plural clock phase
detecting units 14B are arranged corresponding to the identifying units.
�[0128] In this case, the clock phase detecting units 14B arranged corresponding to the identifying units detect respec-
tively the phase components of signal identification clocks for the identifying units and then supply them to the phase
adjusting unit 16.
�[0129] Hence, since the clock phase detecting units 14B arranged corresponding to the identifying units detect re-
spectively the phase component of a signal identification clock and the phase adjusting units 16 can adjust them, the
signal identifying clock can be supplied with higher accuracy.
�[0130] In the clock regenerating circuit 2A’, the identifying circuit 11 is formed of plural identifying units corresponding
to the number of plural signals obtained by demodulating a multilevel orthogonal modulated signal. An averaging unit
is arranged between the clock phase detecting unit 14B and the phase adjusting unit 16 to average the output of the
clock phase detecting unit 14B. The clock regenerating unit 15 is shared with each identifying unit. Plural phase adjusting
units 16, plural averaging units, and plural clock phase detecting units 14B may be arranged corresponding to the
identifying units.
�[0131] In this case, the clock phase detecting units 14B arranged corresponding to the identifying units detect respec-
tively the phase components of signal identification clocks for the identifying units. The averaging units arranged corre-
sponding to the identifying units average the phase components to supply to the phase adjusting units 16 as phase
adjustment and control signals of signal identification clocks regenerated by the clock regenerating unit 15.
�[0132] Hence, the phase components of signal identification clocks are respectively detected by the clock phase
detecting units corresponding to the identifying units, averaged by the averaging units, and adjusted by the phase
adjusting units. Hence the signal identification clocks can be supplied with higher accuracy to the identifying units.
�[0133] The clock regenerating circuit 2A’ may include a test signal generating unit that generates a test signal as well
as a selecting unit that selectively outputs the output of the clock phase detecting unit 14B and the output of the test
signal generating unit. The output of the selecting unit may be input to the phase adjusting unit 16.
�[0134] In the clock regenerating circuit 2A’, the test signal generating unit generates a test signal. The selecting unit
selectively outputs the output from the clock phase detecting unit 14B and the output from the test signal generating unit
to input the selected one to the phase adjusting unit 16.
�[0135] Hence, the signal identification clock sent to the identifying circuit 11 can be tested and regenerated very easily.
�[0136] Fig. 6 is a block diagram showing the sixth aspect of the present invention. Referring to Fig. 6, numeral 2B’
represents a clock regenerating circuit. The clock regenerating circuit 2B’ is arranged in the receiving unit of multiplex
radio equipment including an identifying circuit 11 that identifies a signal obtained by demodulating a multilevel orthogonal
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demodulated signal at a predetermined identification level. The clock regenerating circuit 2B’ regenerates a signal
identification clock for the identifying circuit 11 to the identifying circuit 11.
�[0137] As shown in Fig. 6, the clock regenerating circuit 2B’ includes a clock phase detecting unit 14B, a loop filter
unit 17, and an oscillating unit 18.
�[0138] The clock phase detecting unit 14B detects the phase component of a signal identification clock based on clock
phase difference information supplied to the identifying circuit 11 and signal error differential information obtained by
the identifying circuit 11 to supply it to the clock regenerating circuit 12B. The loop filter unit 17 integrates the output of
the clock phase detecting unit 14B. The oscillating unit 18 outputs a signal identification clock for the identifying circuit
11 to the identifying circuit 11 in response to the output acting as a control input of the loop filter unit 17.
�[0139] As shown in fig. 6, in the clock regenerating circuit 2B’, the clock phase detecting unit 14B detects the phase
component of the signal identification clock based on the clock phase difference information supplied to the identifying
circuit 11 and signal error differential information obtained by the identifying circuit 11. The loop filter unit 17 integrates
the resultant phase component. The oscillating unit 18 receives the output of the loop filter unit 17 as a control input and
then outputs a signal identification clock for the identifying circuit 11 to the identifying circuit 11.
�[0140] Hence, according to the clock regenerating circuit 2B’, even if an equalizing circuit that subjects a demodulated
signal to an equalizing process is not arranged, the simplified configuration can improve greatly the accuracy of the
signal identification clock.
�[0141] In the clock regenerating circuit 2B’, the identifying circuit 11 may consist of plural identifying units corresponding
to the number of plural signals obtained by demodulating a multilevel orthogonal modulated signal. The clock phase
detecting unit 14B, the loop filter unit 17, and the oscillating unit 18 are used in common to the identifying units.
�[0142] In this case, the phase component of a signal identification clock to each identifying unit is detected by the
clock phase detecting unit 14B which is shared by the identifying units. The detected phase component is integrated by
the loop filter unit 17. The oscillating unit 18 receives the result as a control input to produce signal identification clocks.
�[0143] Hence, in the receiving unit of the multiplex radio equipment which demodulates a multilevel orthogonal mod-
ulated signal to obtain plural signals, the oscillating unit 18 adjusts very easily the phase component of a signal identi-
fication clock for each identifying unit to supply to each identifying unit. This feature allows each identifying unit to improve
the accuracy of a signal identifying process.
�[0144] In the clock regenerating circuit 2B’, the identifying circuit 11 may consist of plural identifying units corresponding
to plural signals obtained by demodulating a multilevel orthogonal modulation signal. Plural clock phase detecting units
14B are arranged corresponding to the plural identifying units. The loop filter unit 17 and the oscillating unit 18 are used
in common to the identifying units. A composing unit is arranged to compose the output of each clock phase detecting
unit 14B. The output of the composing unit is supplied as an input to the loop filer unit 17.
�[0145] In this case, the clock phase detecting units 14B arranged corresponding to the identifying units detect respec-
tively the phase components of signal identification clocks sent to the identifying units. The detected phase components
are composed by the composing unit. The loop filter unit 17 receives the result as an input.
�[0146] As described above, the clock phase detecting units arranged corresponding to the identifying units detect
respectively the phase components of signal identifying clocks for each identifying unit. The composing unit composes
the detected phase components. Then the result is supplied to the oscillating unit 18 via the loop filter unit 17. Hence
the signal identification process accuracy in each identifying unit can be greatly improved.
�[0147] Moreover, in the clock regenerating circuit 2B’, the identifying circuit 11 may be formed of plural identifying
units corresponding to the number of plural signals obtained by demodulating a multilevel orthogonal modulation signal.
Plural clock phase detecting units 14B and plural loop filter units 17 are arranged corresponding to the identifying units.
The oscillating unit 18 is used in common to the identifying units. A part of plural identifying units are connected to the
oscillating unit via the phase adjusting unit. The output of each loop filter unit 17 is supplied as a control input to the
oscillating unit 18 or the phase adjusting unit.
�[0148] In this case, the clock phase detecting units 14B arranged corresponding to the identifying units detect respec-
tively the phase components of signal identification clocks for each identifying unit. Each loop filter unit 17 integrates
the detected phase component to supply as a control input to the oscillating unit 18 or the phase adjusting unit.
�[0149] Hence, the oscillating unit 18 or the phase adjusting unit adjusts respectively the phase component of a signal
identification clock for each identifying unit and then supplies the signal identification clock to each identifying unit. Thus
each identifying unit can improve greatly the accuracy of the signal identifying process.
�[0150] In the clock regenerating circuit 2B’, the identifying circuit 11 may consist of plural identifying units corresponding
to the number of plural signals obtained by demodulating a multilevel orthogonal modulated signal. The second clock
phase detecting unit is arranged to detect the phase component of a signal identification clock in a method different from
the clock phase detecting unit 14B’. The loop filter unit 17 and the oscillating unit 18 are used in common to each
identifying unit. A composing unit is arranged to compose the output of the clock phase detecting unit 14B and the output
of the second clock phase detecting unit. The output of the composing unit is supplied as an input to the loop filter unit 17.
�[0151] In this case, the clock phase detecting unit 14B and the second clock phase detecting unit detect the phase



EP 1 439 659 B1

12

5

10

15

20

25

30

35

40

45

50

55

component of a signal identification clock for each identifying unit according to different methods, respectively. The
composing unit composes the detected phase components to supply as an input to the loop filter unit 17.
�[0152] Hence, the signal identification clock can be supplied to each identifying unit by adjusting more accurately the
phase component of a signal identification clock for each identifying unit, whereby the accuracy of a signal identifying
process in each identifying unit can be more improved.
�[0153] In this example, instead of the composing unit, a selecting unit that outputs selectively the output of the clock
phase detecting unit 14B and the output of the second clock phase detecting unit may be arranged to supply the resultant
output as an input to the loop filter unit 17.
�[0154] In this case, the selecting unit selectively supplies the phase components of signal identification clocks detected
in a different method by means of the clock phase detecting unit 14B and the second clock phase detecting unit to the
loop filter unit 17 as an input.
�[0155] Hence, in this case, the accuracy of a signal identifying process in each identifying unit can be greatly improved.
�[0156] The clock regenerating circuit 2B’ may include a selecting unit that selectively outputs the output of the clock
phase detecting unit 14B and the output of the test signal generating unit in addition to a test signal generating unit that
generates a test signal. The output of the selecting unit is supplied to the loop filter unit 17 as an input.
�[0157] Thus in the clock regenerating circuit 2B’, the test signal generating unit generates a test signal and the selecting
unit selectively outputs the output of the clock phase detecting unit 14B and the output of the test signal generating unit
to supply the selected one to the loop filter unit 17.
�[0158] Hence, the signal identification clock for the identifying circuit 11 can be tested and regenerated very easily.

(b) First Embodiment of the Present Invention:

�[0159] Next, the first embodiment according to the present invention will be explained below by referring to the attached
drawings.
�[0160] Fig. 7 is a block diagram showing the configuration of each of a clock phase detecting circuit and a clock
regenerating circuit each arranged in the receiving unit in multiplex radio equipment, according to the first embodiment
of the present invention. Referring to Fig. 7, numeral 22 represents an orthogonal detecting unit that detects an IF band
signal (in this embodiment, it is assumed that a multiplex radio equipment on an originating side performs an orthogonal
modulation such as PSK or QAM) received by the multiplex radio equipment and obtained by performing a frequency
conversion and then obtains two kinds of base band signals (an Ich signal and a Qch signal) being different (perpendicular
to) by 90° in phase from each other; 23 and 24 represent identifying units each that identifies the output (signals obtained
by demodulating multilevel orthogonal modulated signals) from the orthogonal detecting unit 22 at a predetermined
identification level; 25 represents an equalizer (equalizing circuit) that subjects the output (a signal obtained by demod-
ulating a multilevel orthogonal modulation signal) from the identifying units 23 or 24 to an equalizing process.
�[0161] In this embodiment, as shown in Fig. 9, the orthogonal detecting unit 22 consists of hybrid circuits (H) 221 and
222, phase detectors 223 and 224, roll-�off filters 225 and 226, and a local oscillating unit 227. The identifying units 23
and 24 correspond respectively to two kinds (plural) of signals (an Ich signal and a Qch signal) obtained by demodulating
a multilevel orthogonal modulated signal. The identifying units 23 and 24 are formed of two A/D converters, respectively.
The equalizer 25 is formed of a transversal equalizer.
�[0162] In the orthogonal detecting unit 22, the hybrid circuit 221 splits the input IF signal into two signals. The two
signals are output respectively to the phase detectors 223 and 224. At this time, the local oscillating unit 227 supplies
a carrier regenerating signal synchronized in phase with the a carrier wave to the hybrid circuit 222. The hybrid circuit
222 splits the carrier regenerating signal into two signals with phases being different by 90° from each other and then
outputs them respectively to the phase detectors 223 and 224.
�[0163] As a result, the phase detectors 223 and 224 produce respectively base band signals (an Ich signal and a Qch
signal) with phases being different by 90° from each other. The A/D converter (identifying unit) 23 subjects an Ich signal
via the roll-�off filter 225 to an A/D conversion (signal identification) while the A/D converter (identifying unit) 24 subjects
a Qch signal via the roll-�off filter 226 to an A/D conversion (signal identification). As a result, digital demodulated signals
different from 90° in phase from each other are obtained. The transversal equalizer 25 subjects the digital demodulated
signals to an equalizing process.
�[0164] Referring to Fig. 7, numeral 26 represents a phase component detecting unit. The clock regenerating circuit
35 being the main portion according to the present invention consists of the integrator 27, the phase shifter 28, and the
clock regenerating unit 29, in addition to the phase component detecting unit 26. According to the present embodiment,
the phase component detecting unit 26, the integrator 27, the phase shifter 28, and the clock regenerating unit 29 are
used in common to the identifying units 23 and 24.
�[0165] The phase component detecting unit (clock phase detecting unit (circuit)) 26 detects the phase component of
a signal identification clock (signal identification clock) in the identifying units 23 and 24 based on the input and output
signals (Ich signals) of the equalizer 25 and then supplies it as a phase adjusting and control signal to the phase shifter
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28 (to be described later). As shown in Fig. 8, the phase component detecting unit 26 consists of an inclination judging
unit 30, an error detecting unit 31 formed of a subtracter 311 and a clock phase calculating unit 32 formed of a multiplier 321.
�[0166] The inclination judging unit (signal inclination detecting unit) 30 detects the inclination of an Ich signal (demod-
ulated signal) (as described later). In the error detecting unit 31, the subtracter 311 subjects the Ich input signal and the
Ich output signal of the equalizer 25 to an subtracting process to detect an error (hereinafter, referred to as a signal
error) between the Ich input signal and the Ich output signal of the equalizer 25. In the clock phase calculating unit 32,
the multiplier 321 subjects the output of the inclination judging unit 30 and the output of the error detecting unit 31
(subtracter 311) to a multiplying process and then detects the phase component of a signal identification (A/D conversion)
clock to the identifying units (A/D converters) 23 and 24.
�[0167] The inclination judging unit 30, as shown in Fig. 9, is formed of flip-�flop (FF) circuits 301 and 302, a ROM 303,
and a time adjusting unit 304. Each of the FF circuits (delaying units) 301 and 302 delays in time the output of the A/D
converter 23. The ROM (comparing unit) 303 compares the output from the FF circuit 301 with the output from the FF
circuit 302 to detect the inclination of the Ich signal (demodulated signal).
�[0168] The multiplier (clock phase calculating unit 32) 321 multiplies the inclination of an Ich signal detected by the
ROM 303 with the signal error of the Ich signal obtained by subjecting the input signal and the output signal of the
transversal equalizer 25 to a subtracting process by means of the subtracter 311 (error detecting unit 31). As a result,
each of the A/D converters 23 and 24 can obtain information (phase component) regarding the phase deviation of an
A/D conversion (signal identification) clock supplied as an A/D conversion operation timing.
�[0169] Each of the time adjusting units 31A and 304 adjusts in time so as to agree the output from the inclination
judging unit 30 with the output from the error detecting unit 31 in a multiplying timing of the clock phase calculating unit 32.
�[0170] The integrator (averaging unit) 27 arranged between the phase component detecting unit 26 and the phase
shifter 28 averages the output of the phase component detecting unit 26. As shown in Fig. 9, the integrator 27 is formed
of a resistor (R) 271 and a capacitor (C) 272. The resistor 271 and the capacitor 272 averages an A/D conversion clock
phase deviation information converted from a digital signal to an analog signal by the D/A converter 33.
�[0171] The phase shifter (phase adjusting unit) 28 adjusts the phase of an A/D conversion clock generated by the
clock regenerating unit 29 (to be described later) based on the information regarding the phase deviation of an A/D
conversion clock detected by the phase component detecting unit 26 and averaged by the integrator 27 and then supplies
the result to the identifying units (A/D converters) 23 and 24.
�[0172] The clock regenerating unit 29 regenerates the A/D conversion clock from the IF signal to be detected by the
orthogonal detecting unit 22 and supplies it to the identifying units (A/D converters) 23 and 24. Generally, as shown in
Fig. 9, the clock regenerating unit 29 is formed of a square detecting unit 291 which performs a square detection, loop
filters 292 and 295, a phase detector (PD) 294, an amplifier 296, and an oscillating unit 297. In this embodiment, the
phase detector 294, the loop filter 295, the amplifier 296, and the oscillating unit 297 provide the so-�called PLL circuit 293.
�[0173] The operations of the phase component detecting unit 26 and the clock regenerating circuit 35 each being the
above- �mentioned main element according to the present invention will be described below in detail with reference to Fig. 9.
�[0174] In the phase component detecting unit 26, each of the FF circuits 301 and 302 delays part of the Ich signal
(digital demodulated signal) to be equalized by the transversal equalizer 25 at intervals of e.g. time T (that is, sampled
at intervals of time T), and then inputs the information regarding each of signal levels at three points to the ROM 303.
The ROM 303, for example, as shown in Fig. 10, time-�sequentially stores and compares three pieces of information
regarding the signal levels at three points (-�T, 0, T) to detect the inclination "g" of the Ich signal.
�[0175] If the transversal equalizer 25 equalizes the Ich signal with the inclination "g" by "e", the subtracter 311 in the
error detecting unit 31 subjects the Ich signal to be equalized by the transversal equalizer 25 and the Ich signal after an
equalizing process to a subtracting process, thus producing a signal error "e".
�[0176] In this case, as shown in Fig. 10, the phase of the A/D conversion clock is shifted by "∆t" from the optimum
phase at which the opening portion of the eye pattern is opened maximumly. However, the phase shift "∆t" is expressed
by the following formula: 

where "g" is the inclination of the Ich signal and "e" is a signal error of the Ich signal. Hence the multiplier 321 in the
clock phase calculating unit 32 detects an A/D conversion clock phase shift "∆t" by multiplying the inclination "g" of the
Ich signal by the signal error "e" of the Ich signal. Then the phase shift "∆t" can be supplied to the clock regenerating
circuit 35 and then regenerated as an A/D conversion clock phase adjustment and control signal in the clock regenerating
unit 29.
�[0177] In the clock regenerating circuit 35, the IF signal to be detected by the orthogonal detecting unit 22 is processed
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desirably through the square detecting unit 291, the filter 292, and the PLL circuit 293 so that an A/D conversion timing
signal is created to the A/D converters 23 and 24. The D/A converter 33 converts the phase shift "∆t" of an A/D conversion
clock as described above from a digital signal to an analog signal and then the integrator 27 averages the analog signal.
The phase shifter 28 receives the output of the integrator 27 as a phase adjustment and control signal to adjust the
phase shift of the A/D conversion clock, thus sending it to the A/D converters 23 and 24.
�[0178] Therefore, the A/D conversion clock to the A/D converters 23 and 24 to be regenerated in the clock regenerating
circuit 35 can be always agreed to the optimum phase at which the opening portion of the eye pattern is opened
maximumly. As a result, each of the A/D converters 23 and 24 can improve greatly the accuracy of the A/D conversion
process.
�[0179] As described above, the error detecting unit 31 detects the input signal to output signal error "e" of the transversal
equalizer 25 while the inclination judging unit (signal inclination detecting unit) 30 detects the inclination "g" of the
demodulated signal. Then the multiplier 321 in the clock phase calculating unit 32 multiplies the output of the error
detecting unit 31 by the output of the inclination judging unit 30. Thus the phase shift (phase component) "∆t" of an A/D
conversion clock can be obtained, whereby the phase shift of an A/D conversion clock can be surely detected.
�[0180] Furthermore, the A/D conversion clock for the A/D converters (identifying units) 23 and 24 is obtained by means
of the phase component detecting unit 26, the integrator 27, the phase shifter 28, and the clock regenerating unit 29
each used in common to the A/D converters (identifying units) 23 and 24. Hence in the receiving unit in the multiplex
radio equipment wherein two kinds of orthogonal signals (an Ich signal and a Qch signal) are obtained by demodulating
a multilevel orthogonal modulation signal such as 16QAM, the phase shift of an A/D conversion clock can be detected
and adjusted by a very- �simplified configuration.
�[0181] Since the integrator 27 can average the output (phase adjustment and control signal) of the phase component
detecting unit 26, the accuracy of the phase adjustment and control signal to the phase shifter 28 can be increased,
whereby the phase shifter 28 can perform accurately the phase adjusting process.
�[0182] If the inclination "g" obtained by the inclination judging unit 30 and the signal error "e" obtained by the error
detecting unit 31 are simply expressed only by polarity, the clock phase calculating unit 32 (refer to Fig. 8) may be formed
of an EX- �OR gate (exclusive OR element) 322 instead of the multiplier 321, as shown in Fig. 11. Hence the more
simplified configuration can detect the phase shift (phase component) of an A/D conversion clock.
�[0183] In the clock regenerating circuit 35, the phase component detecting unit 26 arranged on the Ich channel side
detects the phase shift of an A/D conversion clock from the Ich signal. However, the phase component detecting unit
26 may be arranged on the Qch channel side to detect the phase shift of an A/D conversion clock based on the Qch
signal. In the embodiments to be described later, the phase shift of an A/D conversion clock can be detected using either
the Ich signal or Qch signal.
�[0184] Figs. 12 and 13 are block diagrams each illustrating another configuration of the clock regenerating circuit 35.
In the clock regenerating circuit 35A shown in Figs. 12 and 13, the clock regenerating unit 29 is used in common to
identifying units (A/D converters) 23 and 24. The phase shifter 28A, the integrator 27A, and the phase component
detecting unit 26A which correspond respectively to the phase shifter 28, the integrator 27, and the phase component
detecting unit 26, described with Figs. 7 and 9, are arranged to the identifying unit 23. The phase shifter 28B, the integrator
27B, and the phase component detecting unit 26B which correspond respectively to the phase shifter 28, the integrator
27, and the phase component detecting unit 26, described with Figs. 7 and 9, are arranged to the identifying unit 24.
�[0185] Each of the phase component detecting units 26A and 26B shown in Fig. 13 resembles structurally the phase
component detecting unit 26A shown in Fig. 11. The clock phase calculating unit 32 is constituted as an EX-�OR gate
322. The clock phase calculating unit 32 may be formed as the multiplier 321 shown in Fig. 7. In Figs. 12 and 13, the
same signs as those shown in Figs. 7 and 9 represent same elements.
�[0186] In the clock regenerating circuit 35A having the above- �mentioned configuration, like the configuration shown
in Figs. 7 and 9, the phase component detecting unit 26A arranged corresponding to the channel (Ich) identifying unit
23 detects the phase shift of an A/D conversion clock based on an Ich signal while the phase component detecting unit
26B arranged corresponding to the channel (Qch) identifying unit 24 detects the phase shift of an A/D conversion clock
based on a Qch signal. The integrator 27 averages the phase shift of an A/D conversion clock to supply as a phase
adjustment and control signal for the phase shifter 28A to the phase shifter 28A while the integrator 27 averages the
phase shift of an A/D conversion clock to supply as a phase adjustment and control signal for the phase shifter 28B to
the phase shifter 28B. As a result, the phase shifters 28A and 28B adjust independently the phase of the A/D conversion
clock regenerated in the clock regenerating unit 29 and supply it respectively to the identifying units 23 and 24.
�[0187] Hence, compared with the clock regenerating circuit 35 shown in Figs. 7 and 9, the signal identification clocks
supplied to the identifying units 23 and 24 can be agreed with higher accuracy the optimum timing (at which the opening
portion of the eye pattern is opened maximumly). Hence the accuracy of the signal identifying process in each of the
identifying units 23 and 24 can be improved largely.
�[0188] The inclination judging unit 30 in the phase component detecting unit 26 (26A or 26B), as described in Fig. 10,
detects the inclination "g" of an Ich signal by sampling and comparing the Ich signal to be equalized by the transversal
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equalizer 25 at the time T. However, the inclination of the Ich signal can be detected more accurately by shortening the
sampling time.
�[0189] For example, when a high- �speed identifying unit that calculates at a twofold clock speed is used for the identifying
unit 23 and the Ich signal to be equalized by the transversal equalizer 25 is sampled at an interval of time T/�2, the
inclination of a signal can be accurately detected merely by comparing the signal levels at two points including a current
time "0" and a past time "-�T/�2".
�[0190] Fig. 14 is a block diagram illustrating the configuration of a inclination judging unit using the high speed identifying
unit 23’ that calculates at a twofold clock speed instead of the identifying unit 23 based on the above-�mentioned theory.
In this case, the inclination judging unit 30A is formed of flip-�flop (FF) circuits 305 and 306 and a comparing unit 307.
�[0191] The FF circuit (delaying unit) 305 calculates at a twofold clock speed (high speed) to delay the output of the
identifying unit 23’ by the time T/�2. The FF circuit (latching unit) 306 latches (holds) the output of the identifying unit 23’
and the output of the FF circuit 305 at intervals of time T, based on the basic clock (slower than the high speed clock)
obtained by dividing the high speed clocks by means of the frequency divider 36. The comparing unit 307 compares the
output of the identifying unit 23’ latched by the FF circuit 306 with the output of the FF circuit 305 and then detects the
inclination of the Ich signal (demodulated signal).
�[0192] In the inclination judging unit 30A having the above-�mentioned configuration, the FF circuit 306, for example,
as shown in Fig. 16, latches the current Ich signal (at the time "0") and the past Ich signal (at the time "-�T/ �2") delayed
by the time T/ �2 by the FF circuit 305 and then outputs them to the comparing unit 307 according to the basic clocks from
the frequency divider 36.
�[0193] The comparing unit 307 compares the signal levels at two points of the time "0" and the time "-�T/�2" to detect
the inclination of the Ich signal.
�[0194] Fig. 15 is a block diagram showing the detail configuration of each of the clock regenerating circuit 35A and
the peripheral circuits in the case where the inclination judging unit 30A is applied instead of the inclination judging unit
30 in the phase component detecting unit 26 shown in Fig. 9. In this case, a comparator (COMP) is used as the comparing
unit 307 and a flip-�flip (FF) circuit with input and output terminals loop- �connected partially is used as the frequency divider
36. The time adjusting unit (τ) 308 arranged to the output side of the FF circuit 306 adjusts the time for which the Ich
signal is input to the subtracter 311 to agree the inclination of an Ich signal to be operated by the clock phase calculating
unit 32 with the signal error in the input timing.
�[0195] In Fig. 15, an oscillating unit 297’ which generates at a frequency twice the basic frequency (f) is used in the
PLL circuit 293 to create two- �fold speed clocks in the clock regenerating unit 29. In Fig. 15, like numerals represent like
elements shown in Fig. 9.
�[0196] In this case, in the phase component detecting unit 26, as shown in Fig. 14, the EX- �OR gate (clock phase
calculating unit 32) 322 calculates the inclination of an Ich signal to be detected by the inclination judging unit 30A just
before the transversal equalizer 25 equalizes, and a signal error and then detects the phase shift of the A/D conversion
clocks input to the A/D converters 23’ and 24. The signal error is obtained by subjecting the input and output signals of
the transversal equalizer 25 to a subtracting process by the subtracter 311 (error detecting unit 31).
�[0197] Thereafter, like the configuration shown in Fig. 9, the D/A converter 33 converts the phase shift of the A/D
conversion clock from the digital signal into an analog signal. Then the integrator 27 averages the analog signal and
outputs as a phase adjustment and control signal to the phase shifter 18. The phase shifter 18 adjusts automatically the
phase shift of the A/D conversion clock for the A/D converters 23’ and 24 (in this case, two-�fold speed clock) regenerated
by the clock regenerating unit 29 according to the above-�mentioned phase adjustment and control signal to supply to
the A/D converters 23’ and 24.
�[0198] As described above, according to the clock regenerating circuit 35A shown in Fig. 15, since the signal level of
the Ich signal is sampled and compared at intervals of the time "T/�2" shorter than the basic clock sampling time "T",
using the two-�fold high speed clocks, the inclination of the Ich signal can be detected more accurately. Hence the phase
shift of the A/D conversion clock regenerated by the clock regenerating unit 29 can be adjusted more accurately and
the A/D conversion clocks with higher accuracy can be obtained for the A/D converters 23’ and 24.
�[0199] The phase component detecting unit 26 samples and compares the Ich signals at two points including the time
"- �T/ �2" and the time "0" to detect the inclination of the Ich signal. However, when a FF circuit is used to delay additionally
the output of the FF circuit 305 by the time "T/�2", the inclination of the Ich signal can be detected more accurately by
sampling the Ich signals at three points including the time "-�T/�2", the time "0", and the time "T/�2" and then by comparing
the signal level of the three Ich signals by the COMP 307.
�[0200] Instead of the high speed clock identifying unit (A/D converter) 23’ that calculates at the two-�fold clock speed,
as shown in Fig. 17, the identifying units 23A and 23B shown in Fig. 7 or 12, and the delaying unit 37 (in this example,
the inverting gate 371) can be used to supply two kinds of clocks different in phase by "T/�2" from each other respectively
to the identifying units 23A and 23B between the identifying units 23A and 23B. Thus the inclination judging unit 30B
can be constituted of only the comparing unit 307 so that the Ich signal can be sampled at intervals of the time "T/�2".
�[0201] For example, when the Ich signal (data), as shown in Fig. 19 �(a), is input to the identifying unit 23A, the clock
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pulses (1) having an "H" level at intervals of the time "T/�2" is supplied to the identifying unit 23A as shown in Fig. 19�(b).
The clock pulses (2) different in phase by "T/�2" from the clock pulses input to the identifying unit 23A (or clock pulses
different in phase by a predetermined amount) is supplied to the identifying unit 23B by inverting a part of the clock
pulses by the inverting gate 371 in the delaying unit 37.
�[0202] When the clock turns to the "H" level, each of the identifying units 23A and 23B outputs data. As a result, the
comparing unit 307, for example, receives data at the time "0" and data at the time "T/�2" to compare the two signal
levels, thus detecting the inclination of the Ich signal (data).
�[0203] Fig. 18 is a block diagram illustrating the detailed configuration of the peripheral circuits in the case where the
circuit described with Fig. 17 is applied as the clock regenerating circuit 35B to the clock regenerating circuit 35A shown
in Fig. 15. In Fig. 18, the identifying units 23A and 23B are constituted as A/D converters. The comparing unit 307 is
constituted as the comparator (COMP) 307.
�[0204] The A/D converter 23B receives the A/D conversion clocks obtained by delaying a part of the A/D conversion
clocks supplied to the A/D converter 23A by the time "T/�2" by the delaying unit 37. The COMP 307 compares the signal
levels of Ich signals at two points output at intervals of the time "T/�2" to detect the inclination of the Ich signal.
�[0205] Thereafter, the EX-�OR gate (clock phase calculating unit 32) 321 subjects the inclination of an Ich signal
obtained as described above and the signal error of the Ich signal to an exclusive OR calculation. The signal error of
the Ich signal is obtained by subjecting the input signal and the output signal of the transversal equalizer 25 to a subtracting
process by the subtracter (error detecting unit 31) 311. Thus the phase shift of the A/D conversion clock to the A/D
converters 23A, 23B and 24 is detected.
�[0206] After the integrator 27 averages the phase shift of the A/D conversion clock, the phase shifter 28 receives the
result as a phase adjustment and control signal to adjust the phase of the A/D conversion clock which is regenerated
by the clock regenerating unit 29 and supplied to the A/D converters 23 and 24.
�[0207] As described above, according to the clock regenerating circuit 35B which does not include the high-�speed
clock identifying unit (A/D converter) 23’ shown in Figs. 14 and 15, the Ich signal can be sampled at intervals of the time
"T/�2" by supplying clocks different in phase by the time "T/�2" (or by a different predetermined amount in phase) respectively
to the identifying units (A/D converters) 23A and 23B, without using the delaying circuit such as a flip- �flop (FF) circuit.
Hence, the inclination of an Ich signal can be detected more accurately using the more simplified configuration, whereby
the phase shift of the A/D conversion clock can be detected more accurately.
�[0208] Hence the phase shifter 28 can adjust automatically and with high accuracy the phase shift of the A/D conversion
clock for the identifying units (A/D converters) 23A, 23B, and 24 to be regenerated by the clock regenerating unit 29 and
then supplies it to the identifying units (A/D converters) 23A, 23B, and 24.
�[0209] In the above embodiment, the inverting gate 371 in the delaying unit 37 (see Fig. 17) inverts the clock to be
supplied to the identifying unit (A/D converter) 23A and then shifts the phase of the clock to be supplied to the identifying
unit (A/D converter) 23B by "T/�2" to sample the Ich signal at intervals of the time "T/ �2". However, the Ich signal can be
sampled at intervals of time shorter than the time "T/�2" (e.g. the time "0" and the time "α") as shown in Fig. 20, by using
an element delaying the clock phase by the shorter time "d" than the time "T/�2" in the delaying unit 37. As a result, the
inclination of the Ich signal can be detected more accurately.
�[0210] Fig. 21 is a block diagram illustrating another configuration of the phase component detecting unit (clock phase
detecting circuit) 26 described with Figs. 7 and 8. The phase component detecting unit 26C, shown in Fig. 21, includes
a signal judging unit 41 and a flip-�flop (FF) circuit 42, in addition to the inclination judging unit 30, an error detecting unit
31 acting as the subtracter 311, and a clock phase calculating unit 32 acting as the multiplier 321 described with Fig. 8.
�[0211] The signal judging unit (specific signal judging unit) 41 judges whether the signal point of the Ich signal input
to the inclination judging unit 30 and the error detecting unit 31 is at a specific position of the so-�called eye pattern (e.g.
near the middle portion of the eye pattern) and the Ich signal is in a relatively good state in signal quality (or whether
the signal point is a specific signal or not). The FF circuit (gating unit) 42 produces the phase shift (phase component)
of an A/D conversion clock (signal identifying clock) obtained by the clock phase calculating unit 32 (multiplier 321), in
response to signal notifying that the signal judging unit 41 judges that the signal point of the Ich signal to be input to the
inclination judging unit 30 and the error detecting unit 31 is in a specific position of the eye pattern.
�[0212] Fig. 22 is a block diagram illustrating the detail configuration of the clock regenerating circuit 35C and the
peripheral circuits in the case where the phase component detecting unit 26C is used instead of the phase component
detecting unit 26 shown in Fig. 7. As shown in Fig. 22, the inclination judging unit 30 is formed of the flip-�flop (FF) circuits
301 and 302 and the comparing unit (ROM) 303, corresponding to those shown in Fig. 9. The signal judging unit 41 is
formed of a ROM 411 and an AND gate 412. Numerals 31A, 31B and 304 represent time adjusting units (τ) each which
agrees with the operational timing of each unit. In Fig. 22, like numerals and symbols represent like elements in Fig. 9.
�[0213] In this case, the ROM 303 in the inclination judging unit 30 stores data regarding the inclination of an Ich signal
detected. The ROM 411 within the signal judging unit 41 stores as signal quality status judging data partial data shown
with the shaded portion among data formed of the so-�called signal bit (D1, D2) and an error bit (D3, D4, ...), as shown
in Fig. 25.
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�[0214] The phase component detecting unit 26C judges whether the signal point of an Ich signal input to the inclination
judging unit 30 and the error detecting unit 31 is at a specific position of an eye pattern, based on data stored in the
ROM 303 in the signal judging unit 41. If the signal point is at the specific position, the clock phase calculating unit
(multiplier 321) 32 multiplies the inclination of an Ich signal detected by the inclination judging unit 30 by the signal error
of an Ich signal obtained by the error detecting unit (subtracter 311) 31. Then the FF circuit 42 outputs the phase shift
(phase component) of the resultant A/D conversion clock.
�[0215] Thereafter, the D/A converter 33 converts the phase shift of the above- �detected A/D conversion clock from a
digital signal into an analog signal. Then the integrator 27 averages the resultant analog signal and then supplies it to
the phase shifter 28 as an A/D conversion clock phase adjustment and control signal for the A/D converters 23 and 24
regenerated by the clock regenerating unit 29.
�[0216] As described above, according to the phase component detecting unit 26C, only when the signal point of an
Ich signal input to the inclination judging unit 30 and the error detecting unit 31 is at a specific position of the eye pattern,
the phase shift of the A/D conversion clock detected is supplied as a phase adjustment and control signal to the phase
shifter 28. Hence the phase shift of the A/D conversion clock can be adjusted more accurately so that the A/D conversion
clock for the A/D converters 23 and 24 can be agreed with the phase of optimum A/D conversion timing at which the
opening of the eye pattern is opened at its maximum.
�[0217] Fig. 23 is a block diagram illustrating another configuration of the phase component detecting unit 26 described
with Figs. 7 and 8. The phase component detecting unit 26D shown in Fig. 23 includes signal judging units 41A and
41B, a flip-�flop (FF) circuit 42, and a signal quality judging unit 44, in addition to the inclination judging unit 30, the error
detecting unit 31 acting as the subtracter 311, and the clock phase calculating unit 32 acting as the multiplier 321. A
selecting unit 43 is arranged between the signal judging units 41A and 41B and the flip-�flop (FF) circuit 42.
�[0218] Each of the signal judging units 41A and 41B corresponds to the signal judging unit 41 shown in Fig. 21.
However, in this case, each of the signal judging units 41A and 41B judges whether the signal point of the Ich signal
input to the inclination judging unit 30 and the error detecting unit 31 is at a different specific position of the eye pattern
(or judges plural kinds of specific signals). The selecting unit 43 selects the decision result issued when it is judged that
the signal point of the Ich signal to each of the signal judging units 41A and 41B is at a specific position, according to
the control signal from the signal quality judging unit 44 (to be described later) and then outputs it to the FF circuit 42.
�[0219] When receiving the output from the selecting unit 43, the FF circuit (gating unit) 42 outputs the phase shift
(phase component) of an A/D conversion clock (signal identification clock) obtained by the clock phase calculating unit
(multiplier 321) 32. The signal quality judging unit 44 judges the signal quality status of a demodulated signal and then
supplies the decision result as a control signal for the selecting unit 43 to the selecting unit 43.
�[0220] As described above, in the phase component detecting unit 26D, the selecting unit 43 can selectively output
the output of the signal judging unit 41A or 41B according to the signal quality status from the signal quality judging unit
44. In other words, since the specific position can be changed on the eye pattern of a signal point to be judged according
to the signal quality status of the demodulated signal, the phase shift of an A/D conversion clock can be detected
accurately without depending on the signal quality of an Ich signal (or a Qch signal) used to detect the phase shift of an
A/D conversion clock.
�[0221] Fig. 24 is a block diagram illustrating the detailed configuration of the clock regenerating circuit 35D and the
peripheral circuits to which the above- �mentioned phase component detecting unit (clock phase detecting circuit) 26D is
applied. The phase component detecting unit 26D, shown in Fig. 24, includes a selector (SEL) acting as the selecting
unit 43 and a frame synchronizing circuit acting as the signal quality judging unit 44 that performs an error correction to
a post equalization signal from the transversal equalizer 25. In Fig. 24, it should be noted that like numerals represent
like elements shown in Fig. 9.
�[0222] The clock regenerating circuit 35 (or 35A) shown in Fig. 7 (or Fig. 12) may include a random pulse generating
unit 47 and a selecting unit 46 which produces its output to the phase shifter 28 via the integrator 27 and the amplifier
45, as shown in Fig. 26.
�[0223] The random pulse generating unit (test signal generating unit) 47 generates random pulses to test the clock
regenerating circuit 35 (or 35A). In this case, the random pulse generating unit 47 generates the pulse of the middle
value of a detection result in phase shift of an A/D conversion clock of the phase component detecting unit 26 (or 26A
or 26B).
�[0224] The selecting unit 46 outputs selectively the output of the phase component detecting unit 26 (or 26A or 26B)
or the output of the random pulse generating unit 47, in response to a test/�normal switching signal. The integrator 27
corresponds to that described with Fig. 7 (or Fig. 12) and averages the output of the selecting unit 46. The amplifier 45
amplifies the output of the integrator 27 to a desired signal level.
�[0225] In concrete, the random pulse generating unit 47, as shown in Fig. 27, consists as a PN pattern generating
circuit formed of four flip- �flop (FF) circuits 471 to 474 and an EX-�OR gate 475. The selecting unit 46 is formed as a
selector (SEL). In Fig. 26 and Fig. 9 or 13, the same numerals represent the same elements.
�[0226] In such a configuration, when the SEL 46 receives an adjustment (or test) signal to adjust (test) the clock
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regenerating circuit 35, it selects a random pulse (test signal) generated by the PN pattern generating circuit 47, instead
of the phase shift (phase component) of an A/D conversion clock to the A/D converters 23 and 24 detected by the phase
component detecting unit 26 shown in Figs. 7 to 9. Then the integrator 27 averages the random pulse and then sends
the result as a phase adjustment and control signal for the phase shifter 28 to the phase shifter 28.
�[0227] Hence the phase shifter 28 can test and adjust very easily the phase shift of an A/D conversion clock to the
A/D converters 23 and 24.

(c) Second Embodiment of the Present Invention:

�[0228] Fig. 28 is a block diagram showing the configuration of each of the clock phase detecting circuit and the clock
regenerating circuit arranged in multiplex radio equipment according to the second embodiment. Referring to Fig. 29,
numeral 22 represents an orthogonal detecting unit that detects an IF signal obtained by subjecting it to a frequency
conversion, the IF signal being received by the multiplex radio equipment similar to that shown in the first embodiment,
and then produces two kinds of signals (an I-�channel (Ich) signal and a Q-�channel (Qch) signal) with phases different
by 90° from each other; 23 and 24 represent an identifying unit that identify the output (a signal obtained by demodulating
a multilevel orthogonal modulated signal) of the orthogonal detecting unit 22 at a predetermined identification level; and
25 represents an equalizer (equalizing circuit) that subjects the outputs (a signal obtained by demodulating a multilevel
orthogonal modulated signal) of the identifying units 23 and 24 to an equalizing process.
�[0229] In this embodiment, as shown in Fig. 29, the orthogonal detecting unit 22 consists of hybrid circuits (H) 221
and 222, the phase detectors 223 and 224, roll-�off filters 225 and 226, and a local oscillating unit 227. The identifying
units 23 and 24 are formed of two A/D converters corresponding to two kinds (plural) of signals (an Ich signal and a Qch
signal) obtained by demodulating a multilevel orthogonal modulation signal. The equalizer 25 is formed of a transversal
equalizer. The above-�mentioned elements have been explained in detail in the first embodiment by referring to Fig. 9.
Hence the duplicate explanation will be omitted here.
�[0230] In Fig. 28, numeral 26 represents a phase component detecting unit (clock phase detecting unit (circuit)) similar
to that shown in Fig. 11. In this case, as shown in Fig. 29, the phase component detecting unit 26 consists of the inclination
judging unit 30 formed of flip- �flop (FF) circuits 301 and 302, a ROM 303, and a time adjusting unit (τ) 304, an error
detecting unit 31 formed of the subtracter 311, and a clock phase calculating unit 32 formed of the EX- �OR gate 32.
�[0231] Numerals 27’ and 28" represent each integrator and oscillator forming the clock regenerating circuit 35’ together
with the phase component detecting unit 26. In this embodiment, the phase component detecting unit 26, the integrator
27’ and the oscillating unit 28’ are used in common to the A/D converters 23 and 24.
�[0232] The integrator (loop filter unit) 27’ integrates the output of the phase component detecting unit 26. In this case,
like the integrator shown in Fig. 9, the integrator 27’ is formed of a resistor (R) 271 and a capacitor (C) 272. The resistor
271 and the capacitor 272 integrates the phase shift (phase component)� of an A/D conversion clock detected by the
phase component detecting unit 26.
�[0233] Furthermore, the oscillating unit (oscillating unit) 28’ generates an A/D conversion clock (signal identification
clock) for the A/D converters 23 and 24 to the A/D converters 23 and 24 in response to the output as a control input
from the integrator 27’. Numeral 296 represents an amplifier that amplifies information regarding the phase shift of an
A/D conversion clock for the A/D converters 23 and 24 to be detected by the phase component detecting unit 26 to a
predetermined signal level.
�[0234] In the clock regenerating circuit 35’ having the above-�mentioned configuration, the phase component detecting
unit 26 detects the phase shift of an A/D conversion clock based on the input signal and the output signal of the transversal
equalizer 25 described in the first embodiment. Then the integrator 27’ integrates the phase shift information and the
amplifier 296 amplifies the result to a predetermined signal level. Then the resultant digital signal is output to the oscillating
unit 28’ without any change.
�[0235] The oscillating unit 28’ receives the phase shift information as a control input and then adjusts automatically
the phase shift of an A/D conversion clock to be sent to the A/D converters 23 and 24, thus producing an A/D conversion
clock to the A/D converters 23 and 24.
�[0236] As described in the first embodiment, without converting information regarding the phase shift of an A/D con-
version clock detected by the phase component detecting unit 26 from a digital signal form to an analog signal form and
adjusting the phase shift of an A/D conversion clock regenerated based on the signal to be detected by the orthogonal
detecting unit 22 using the analog signal, the clock regenerating circuit 35’, as shown in Fig. 29, outputs information
regarding the phase shift of an A/D conversion clock as a control input in a digital signal form to the oscillating unit 28’,
and then adjusts the A/D conversion clock using the digital signal.
�[0237] Therefore, although the clock regenerating unit 29 and the phase shifter 28 are not arranged like the first
embodiment, the very- �simplified configuration can adjust automatically the phase shift of an A/D conversion clock to be
sent to the A/D converters 23 and 24 so that the phase of the A/D conversion clock can be agreed to the optimum phase
at which the opening of the eye pattern is opened maximumly. Thus the accuracy of the A/D conversion process by the
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A/D converters 23 and 24 can be improved greatly.
�[0238] Fig. 30 is a block diagram illustrating the detailed configuration of the clock regenerating circuit 35A’ (the phase
component detecting unit 26, the integrator 27’, the amplifier 296, and the oscillating unit 28A’) in the case where the
phase component detecting unit 26 shown in Fig. 29 includes the inclination judging unit 30A in the first embodiment
shown in Fig. 14 which samples an Ich signal at intervals of the time "T/ �2" with two- �fold high speed clocks and then
detects the inclination of the Ich signal. In this case, the inclination judging unit 30A, as shown in Fig. 15, is formed of
the flip- �flop (FF) circuits 305 and 306 and the COMP (comparing unit) 307.
�[0239] The A/D converter 23’ is a high speed A/D converter which calculates with two- �fold high speed clocks. The
oscillating unit 28A’ is a high-�speed voltage- �controlled oscillating unit (VCO) which calculates with two-�fold high speed
clocks (2f).
�[0240] In the clock regenerating circuit 35A’ with the above-�mentioned configuration shown in Fig. 30, the inclination
judging unit 30A in the phase component detecting unit 26 shown in Figs. 14 and 15 samples an Ich signal at intervals
of the time "T/�2" to detect the inclination of the Ich signal and the error detecting unit (subtracter 311) 31 obtains a signal
error of the Ich signal based on the input signal and the output signal of the transversal equalizer 25. Then the clock
phase calculating unit (EX-�OR gate 322) 32 subjects the inclination of the resultant Ich signal and the signal error to a
calculation (exclusive OR calculation) to detect the phase shift (phase component) of an A/D conversion clock.
�[0241] The phase shift information is integrated by the integrator 27’. Then the result is amplified to a predetermined
signal level by the amplifier 296 and then sent to the oscillating unit 28A’ as it is in a digital signal form. When receiving
the phase shift information as a control unit, the oscillating unit 28A’ adjusts automatically the phase shift of an A/D
conversion clock for the A/D converters 23 and 24, thus outputting the A/D conversion clock to the A/D converters 23
and 24.
�[0242] Therefore, even if the clock regenerating unit 29 and the phase shifter 28 described in the first embodiment
are not arranged, the very-�simplified configuration can adjust automatically the phase shift of an A/D conversion clock
sent to the A/D converters 23 and 24 and samples an Ich signal at intervals of the time "T/�2" with two-�fold high-�speed
clocks, thus detecting the inclination of the Ich signal. Hence the phase shift of an A/D conversion clock can be detected
more accurately.
�[0243] Fig. 31 is a block diagram illustrating the detailed configuration of the clock regenerating circuit 35B’ in the case
where the inclination judging unit 30B with no high-�speed A/D converter applied as described with Figs. 17 and 18 in
the first embodiment, instead of the inclination judging unit 30A shown in Fig. 30.
�[0244] Hence, in this case, the oscillating unit 28B’ which calculates with basic clocks is used as an oscillating unit.
�[0245] In the clock regenerating circuit 35B’ with the above-�mentioned configuration which does not include the clock
regenerating unit 29 and the phase shifter 28 described in the first embodiment, the very-�simplified configuration can
adjust automatically the phase shift of an A/D conversion clock applied to the A/D conversion converters 23 and 24.
�[0246] In this case, even if the A/D converter 23’ operated with high- �speed clocks described in Fig. 30 and the delaying
circuit such as a flip- �flop (FF) circuit are not used, the Ich signal can be sampled at intervals of the time "T/ �2" by supplying
clocks from the delaying unit 37 to the A/D converters 23A and 23B, the clocks being different in phase by "T/�2" (or a
different phase shift) from each other, as described with Figs. 17 and 18. Hence the further- �simplified configuration can
detect accurately the inclination of the Ich signal so that the phase shift of an A/D conversion clock can be detected
more accurately.
�[0247] Hence the phase shift of an A/D conversion clock for the A/D converters 23A, 23B, and 24 can be adjusted
automatically and with high accuracy to supply to the identifying units (A/D converters) 23A, 23B, and 24.
�[0248] Figs. 32 and 33 are block diagrams each illustrating another configuration of the clock regenerating circuit 35’
shown in Fig. 28. In the clock regenerating circuit 35C’ shown in Figs. 32 and 33, as described with Figs. 12 and 13, the
phase component detecting unit (clock phase detecting unit) 26A and the integrator (loop filter unit) 27A’ are arranged
to the identifying unit 23 while the phase component detecting unit (clock phase detecting unit) 26B and the integrator
(loop filter unit) 27B’ are arranged to the identifying unit 24. The oscillating unit (oscillating unit) 28B’ is used in common
to the identifying units (A/D converters) 23 and 24. The identifying unit 23 (part of the identifying units) is connected to
the oscillating unit 28B’ via the phase shifter 28A, in the manner similar to that shown in Figs. 7 and 12. The output of
the integrator 27A’ or 27B’ is supplied as a control input to the phase shifter 28A or the oscillating unit 28B’. Numeral
296 represents an amplifier that amplifies information regarding the phase shift of an A/D conversion clock for the A/D
converters 23 and 24 detected by the phase component detecting unit 26B to a predetermined signal level.
�[0249] In brief, the clock regenerating circuit 35C’ shown in Figs. 32 and 33 is formed in a digital circuit configuration
by using the oscillating unit 28B’ and the amplifier 296 in the clock regenerating unit 29 of the clock regenerating circuit
35A shown in Figs. 12 and 13.
�[0250] In the clock regenerating circuit 35C’, the phase component detecting unit 26A arranged to the A/D converter
23 detects the phase shift of an A/D conversion clock to the A/D converter 23 and then the integrator 27A’ integrates
the result. The phase component detecting unit 26B arranged to the A/D converter 24 detects the phase shift of an A/D
conversion clock to the A/D converter 24 and then the integrator 27B’ integrates the result. The outputs of the integrators
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27A’ and 27B’ are supplied as control inputs to the phase shifter 28A or oscillating unit 28B’.
�[0251] The oscillating unit 28B’ adjusts its oscillation frequency based on the information regarding the phase shift of
the A/D conversion clock to adjust automatically the phase shift of the A/D conversion clock. Then the resultant A/D
conversion clock is supplied to the A/D converter 24. The phase shifter 28A adjusts the phase of a piece of the phase
shift information supplied to the oscillating unit 28B’ and then supplies the result to the A/D converter 23.
�[0252] According to the clock regenerating circuit 35C’, the phase shift of an A/D conversion clock for the A/D converter
23 is detected by the phase component detecting unit 26A corresponding to the A/D converter 23 and then supplied as
a control signal for the oscillating unit 28B’ to the oscillating unit 28B’, whereas the phase shift of an A/D conversion
clock for the A/D converter 24 is detected by the phase component detecting unit 26B corresponding to the A/D converter
24 and then supplied as a control signal for the oscillating unit 28B’ to the oscillating unit 28B’. Hence, the process
accuracy of each of the identifying units 23 and 24 can be more improved, compared with the clock regenerating circuit
35 described with Figs. 28 and 29.
�[0253] Fig. 34 is a block diagram illustrating another configuration of the clock regenerating circuit 35’ shown in Fig.
28. Fig. 35 is a block diagram illustrating another configuration of the clock regenerating circuit 35’ shown in Fig. 29.
The clock regenerating circuit 35D’, shown in Figs. 34 and 35, includes a composing unit 51 formed of a multiplier 511,
in addition to the orthogonal detecting unit 22, the identifying units (A/D converters) 23 and 24, the equalizer (transversal
equalizer) 25, phase component detecting units (clock phase detecting units) 26A and 26B, the integrator (loop filter
unit) 27’, and the oscillating unit 28’ shown in Figs. 28 and 29.
�[0254] In this case, the phase component detecting unit 26A is arranged corresponding to the A/D converter 23 while
the phase component detecting unit 26B is arranged corresponding to the A/D converter 24. The oscillating unit 28’ and
the integrator 27’ are used in common to the identifying units 23 and 24. The composing unit 51 is arranged to compose
the output of the phase component detecting unit 26A with the output of the phase component detecting unit 26B. The
output of the composing unit 51 is input to the integrator 27’.
�[0255] In the clock regenerating circuit 35D’, the phase component detecting unit 26A corresponding to the A/D
converter 23 detects the phase shift of an A/D conversion clock (signal identification clock) for the A/D converter 23
while the phase component detecting unit 26B corresponding to the A/D converter 24 detects the phase shift of an A/D
conversion clock (signal identification clock) for the A/D converter 24. The multiplier 511 in the composing unit 51
multiplies the output of the phase component detecting unit 26A by the output of the phase component detecting unit
26B to supply as an input to the integrator 27’ and the oscillating unit 28’ which are arranged in common to the A/D
converters 23 and 24.
�[0256] Hence the phase shift of the A/D conversion clock supplied from the oscillating unit 28’ to the A/D converters
23 and 24 can be adjusted automatically and with high accuracy so that the phase of the A/D conversion clock can be
agreed more accurately to the phase in which the opening portion of the eye pattern of a signal is opened to its maximum
at the optimum A/D conversion timing. The composing unit 51 may be formed in an analog circuit configuration including
resistors 512 and 513 as shown in Fig. 36.
�[0257] Fig. 37 is a block diagram illustrating another configuration of the clock regenerating circuit 35’ shown in Fig.
28. Fig. 38 is a block diagram illustrating another configuration of the clock regenerating circuit 35’ shown in Fig. 29. In
Figs. 37 and 38, like numerals represent like elements shown in Figs. 28 and 29.
�[0258] The clock regenerating circuit 35E’ shown in Figs. 37 and 38 includes another phase component detecting unit
52 and a composing unit 51’ in addition to the phase component detecting unit 26 shown in Figs. 28 and 29.
�[0259] Another phase component detecting unit (second clock phase detecting unit) 52 detects the phase shift (phase
component) of an A/D conversion clock to the identifying units (A/D converters) 23 and 24 in a method different from
the phase component detecting unit 26. In this case, as shown in Fig. 38, the phase component detecting unit 52 includes
an EX-�OR gate 521 that subjects both an error signal of an Ich signal which has been equalized by the transversal
equalizer 25 and the inclination of an Ich signal obtained by the inclination judging unit 30 to an exclusive OR operation.
Numeral 522 represents a time adjusting unit (τ) that matches the input timing of two kinds of signals to be calculated
by the EX- �OR gate 521.
�[0260] The composing unit 51’ composes the output of the phase component detecting unit 26 with the output of
another phase component detecting unit 52 and then outputs the result to the integrator 27’ as an input. In this case, as
shown in Fig. 38, the composing unit 51’ is formed of the multiplier 511. As shown in Figs. 37 and 38, the integrator 27’
and the oscillating unit 28’ are used in common to the A/D converters 23 and 24.
�[0261] In the clock regenerating circuit 35E’, another phase component detecting unit 52 detects the phase shift of
an A/D conversion clock to the A/D converters 23 and 24 in a method different from the phase component detecting unit
26. Then the multiplier 511 in the composing unit 51’ multiplies (composes) information regarding the phase shift of an
A/D conversion clock by information regarding the phase shift of an A/D conversion clock detected by the phase com-
ponent detecting unit 26 as described in the first embodiment and then supplies as an input the result to the integrator 27’.
�[0262] In such a manner, the phase shift information (phase component information) of an A/D conversion clock can
be output with higher accuracy to the oscillating unit 28’ supplying A/D conversion clocks to the A/D converters 23 and
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24 via the integrator 27’. Hence the phase shift of an A/D conversion clock can be adjusted automatically and accurately
so that the A/D converters 23 and 24 can greatly improve the accuracy of the A/D conversion process.
�[0263] Fig. 39 is a block diagram illustrating another configuration of the clock regenerating circuit 35’ shown in Fig.
28. Fig. 40 is a block diagram illustrating another configuration of the clock regenerating circuit 35’ shown in Fig. 29. In
Figs. 39 and 40, like numerals represent like elements shown in Figs. 28 and 29.
�[0264] The clock regenerating circuit 35F’ shown in Figs. 39 and 40 includes another phase component detecting unit
52, a selecting unit 53, and a signal quality judging unit 54, in addition to the orthogonal detecting unit 22, the identifying
units (A/D converters) 23 and 24, the equalizer (transversal equalizer) 25, the phase component detecting unit 26, the
integrator 27’ and the oscillating unit 28’, previously described with Figs. 28 and 29.
�[0265] Another phase component detecting unit (second clock phase detecting unit) 52 corresponding to that shown
in Figs. 37 and 38 detects the phase shift of an A/D conversion clock in a method different from the phase component
detecting unit 26. The phase component detecting unit 52, as shown in Fig. 40, includes an EX-�OR gate 521 that subjects
the error signal of an Ich signal equalized by the transversal equalizer 25 and the inclination of an Ich signal obtained
by the inclination judging unit 30 to an exclusive OR operation.
�[0266] The selecting unit 53 outputs selectively as an input the output from the phase component detecting unit 26
and the output from another phase component detecting unit 52 to the integrator 27’, according to the control signal
from the signal quality judging unit 54 (to be described later). In this case, the selecting unit 53 is formed as a selector
(SEL) as shown in Fig. 40.
�[0267] The signal quality judging unit 54 supplies a signal which controls selectively the output signal of the selecting
unit 53. In this case, the signal quality judging unit 54, as shown in Fig.� 40, is formed as a frame synchronizing circuit
that judges a signal quality through an error correction to output a frame synchronization signal as a control signal.
�[0268] In the clock regenerating circuit 35F’, another phase component detecting unit 52 detects the phase shift of an
A/D conversion clock to the A/D converters 23 and 24 in a method different from the phase component detecting unit
26. The SEL 53 supplies selectively, as an input, information regarding the phase shift of an A/D conversion clock
obtained by another phase component detecting unit 52 and information regarding the phase shift of an A/D conversion
clock detected by the phase component detecting unit 26 described in the first embodiment to the integrator 27’ according
to the control signal from the frame synchronizing circuit 54.
�[0269] In this case, information regarding the phase shift of an A/D conversion clock (phase component information)
is output with higher accuracy to the oscillating unit 28’ supplying A/D conversion clocks to the A/D converters 23 and
24 via the integrator 27’. Thus the phase shift of an A/D conversion clock is adjusted automatically and accurately so
that the A/D converters 23 and 24 can greatly improve the accuracy in the A/D conversion process.
�[0270] Fig. 41 is a block diagram illustrating another configuration of the clock regenerating circuit 35G’ shown in Fig.
28. Fig. 42 is a block diagram illustrating another configuration of the clock regenerating circuit 35G’ shown in Fig. 29.
The clock regenerating circuit 35G’ shown in Figs. 41 and 42 includes a selecting unit 46 and a random pulse generating
unit 47, in addition to the phase component detecting unit 26, the oscillating unit 28’ and the amplifier 296, and the
integrator 27’ shown in Figs. 28 and 29.
�[0271] The selecting unit 46 corresponds to that in the first embodiment shown in Figs. 26 and 27. The random pulse
generating unit (test signal generating unit) 47 corresponds to that in the first embodiment shown in Figs. 26 and 27. In
this case, the selecting unit 46 formed as a selector (SEL) outputs selectively the output of the phase component detecting
unit 26 and the output of the random pulse generating unit 47 in response to the test (adjustment) / normal switching
signal to the integrator 27’. The random pulse generating unit 47 is formed of four flip- �flop (FF) circuits 471 to 474 and
an EX-�OR gate 475. The random pulse generating unit 47 creates a chain of pulses at the middle value of the phase
shift of an A/D conversion clock detected by the phase component detecting unit 26.
�[0272] In brief, the clock regenerating circuit 35G’ is formed as a digital circuit form, instead of the analog clock
regenerating circuit shown in Figs. 26 and 27.
�[0273] The clock regenerating circuit 35G’ can supply selectively as an input the test signal of the random pulse
generating unit 47 and the output of the phase component detecting unit 26 to the integrator (loop filter unit) 27’, according
to a test (adjustment) / normal switching signal.
�[0274] Hence, the phase shift of an A/D conversion clock to the A/D converters 23 and 24 can be tested and adjusted
very easily.

(d) Third Embodiment of the Present Invention:

�[0275] Fig. 43 is a block diagram illustrating the configuration of each of the clock phase detecting circuit and the clock
regenerating circuit arranged in multiplex radio equipment shown in the third embodiment according to the present
invention. Referring to Fig. 43, numeral 22 represents an orthogonal detecting unit; 23 and 24 represent identifying units;
27 represents an integrator; 28 represents a phase shifter; 29 represents a clock regenerating unit; and 61 represents
a phase component detecting unit. In this embodiment, the clock regenerating circuit 68 is basically formed of the phase
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component detecting unit 61, the integrator 27, the phase shifter 28, and the clock regenerating unit 29.
�[0276] The orthogonal detecting unit 22, the identifying units 23 and 24, the integrator 27, the phase shifter 28, and
the clock regenerating unit 29 correspond respectively to those with the same numerals shown in the first embodiment.
The orthogonal detecting unit 22 detects an IF band signal and outputs two kinds of signals including an Ich signal and
a Qch signal different in phase by 90° (perpendicular to) from each other. In this embodiment, each of the identifying
units 23 and 24 formed as an A/D converter (to be described later) A/D-�converts (identifies) the output of the orthogonal
detecting unit 22 (or a signal obtained by demodulating a multilevel orthogonal modulation signal) at a predetermined level.
�[0277] In this embodiment, as shown in Fig. 44, the orthogonal detecting unit 22 includes hybrid circuits (H) 221 and
222, phase detectors 223 and 224, roll-�off filters 225 and 226, and a local oscillating unit 227. The identifying units 23
and 24 are respectively arranged as two A/D converters corresponding to two kinds of (plural) signals (an Ich signal and
a Qch signal) obtained by demodulating a multilevel orthogonal modulation signal.
�[0278] The integrator (averaging unit) 27 which is arranged between the phase component detecting unit 61 and the
phase shifter 28 (to be described later) averages the output of the phase component detecting unit 61. In this case, as
shown in Fig. 44, the integrator 27 is formed of a resistor (R) 271 and a capacitor (C) 272.
�[0279] The phase shifter (phase adjusting unit) 28 adjusts the phase of the A/D conversion clock (signal identification
clock) to the identifying units (A/D converters) 23 and 24 regenerated by the clock regenerating unit 29 to supply to the
identifying units 23 and 24. The clock regenerating unit 29 regenerates an A/D conversion clock for the identifying units
23 and 24 from an IF signal (multilevel orthogonal modulated signal) to be detected by the orthogonal detecting unit 22
and then supplies it to the identifying units 23 and 24. In this case, as shown in the first embodiment, the clock regenerating
unit 29 is formed of a PLL circuit 293 including a square detecting unit 291, a filter 292, a phase detector (PD) 294, a
loop filter 295, an amplifier 296, and an oscillating unit 297.
�[0280] The phase component detecting unit (clock phase detecting circuit (unit)) 61 detects the phase shift (phase
component) of an A/D conversion clock based on information regarding the phase difference of an A/D conversion clock
supplied to the identifying units 23 and 24 and information regarding the signal error differential obtained by the identifying
unit 23 and then supplies the result to the integrator 27 being a constituent element of the clock regenerating circuit 68.
The phase component detecting unit 61 is formed of a phase differential detecting unit 62, an error differential detecting
unit 63, a clock phase calculating unit 64, and flip-�flop (FF) circuits 65 and 66.
�[0281] The phase differential detecting unit 62 detects information regarding the phase difference of an A/D conversion
clock supplied to the identifying units 23 and 24. The error differential detecting unit 63 detects information regarding
the signal error differential of an Ich signal obtained by the identifying unit 23. In this embodiment, as shown in Fig. 44,
each of the phase differential detecting unit 62 and the error differential detecting unit 63 is formed as a subtracter. The
FF circuits 65, 65’, and 66, 66’ are used to delay input signals by a predetermined delay amount.
�[0282] The clock phase calculating unit 64 calculates the output of the phase differential detecting unit 62 and the
output of the error differential detecting unit 63 to detect the phase shift of an A/D conversion clock. In concrete, the
clock phase calculating unit 64 is formed as a divider (dividing unit) 641 that subjects the output of the phase differential
detecting unit 62 and the output of the error differential detecting unit 63 to a dividing process.
�[0283] The D/A converter 33 converts information regarding the phase shift of an A/D conversion clock detected by
the phase component detecting unit 61 from a digital signal to an analog signal. The converting circuit 67 converts the
phase difference information of an A/D conversion clock supplied to the identifying units 23 and 24 into a predetermined
signal. In this case, the converting circuit 67, as shown in Fig. 44, is formed of a counter 671 operating with high speed
clocks (CLK). In this embodiment, the phase component detecting unit 61, the integrator 27, the phase shifter 28, and
the clock regenerating unit 29 are used in common to the identifying units 23 and 24.
�[0284] Next, the operation of the above-�mentioned clock regenerating circuit 68 being the main portion of the present
invention will be explained below in detail with reference to Fig. 44.
�[0285] In the phase component detecting unit 61, the FF circuit 65’ receives a predetermined signal obtained by
converting the phase error of an A/D conversion clock to be supplied to the A/D converters 23 and 24 by the converting
circuit 67. The FF circuit 66’ receives the signal error (signal error information) of an Ich signal A/D- �converted by A/D
converter 23.
�[0286] The FF circuits 65, 65’ and 66, 66’ delay the above signals by a predetermined amount and then input the
results to the subtracters 62 and 63. At this time, the subtracter 62 receives the current phase information φ�(t2) (e.g. at
the time t2) and the past phase information φ�(t1) (e.g. at the time t1) delayed by the FF circuit 65. The subtracter 63
receives the error signal e�(t2) of a current Ich signal (e.g. at the time t2) and the error signal e�(t1) of a past Ich signal
(e.g. at the time t1) delayed by the FF circuit 66.
�[0287] Each of the subtracters 62 and 63 performs a subtracting process of an input signal. The subtracter 62 produces
the phase difference information [φ�(t2) - φ�(t1)] of an A/D conversion clock and the subtracter 63 produces the signal
error differential information [(e �(t2) - e �(t1)] of the Ich signal. The divider (clock phase calculating unit 64) 641 subjects
the phase difference information [φ�(t2) - φ�(t1)] and the signal error differential information [(e�(t2) - e �(t1)] to a division
process.
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�[0288] As a result, the phase component detecting unit 61 produces information ∆t regarding the phase shift of an
A/D conversion clock expressed by the following formula: 

�[0289] In other words, where the phase of an A/D conversion clock shifts from the position of a signal point on the eye
pattern in the above-�mentioned process, bits lower than the signal bit (D1, D2) of a base band signal which is obtained
by demodulating a multilevel orthogonal modulated signal called 16QAM error bits (D3, D4, ...) shown in Fig. 45 increase
as shown in Fig. 46. Hence the direction (phase shift ∆t) in which the phase of an A/D conversion clock is adjusted is
obtained by differentiating the curve between [phase error φ�(t1), signal error e�(t1)] at the time t1 and [phase error φ�(t2),
signal error e�(t2)] at the time t2 on the clock phase to signal error curve shown in Fig. 46.
�[0290] Thereafter the information (∆t) regarding the phase shift of an A/D conversion clock detected above is averaged
by the integrator 27. Then the averaged information is supplied as a phase adjustment and control signal to the phase
shifter 28 to adjust the phase shift of an A/D conversion clock regenerated by the clock regenerating unit 29.
�[0291] Hence since the phase shifter 28 can adjust automatically and with higher accuracy the phase shift of an A/D
conversion clock to the A/D converters 23 and 24, the accuracy of an A/D conversion process by the A/D converters 23
and 24 can be greatly improved.
�[0292] The equalizer (transversal equalizer) 25 described in the first and second embodiments is arranged on the rear
stage of each of the A/D converters 23 and 24, as shown in Fig. 44.
�[0293] In the clock regenerating circuit 68 in this embodiment, if the phase differential information of the phase differ-
ential detecting unit 62 and the signal error information of the error differential detecting unit 63 are expressed only by
polarities as described in the first embodiment, the clock phase calculating unit 64, as shown in Figs. 47 and 48, can be
formed as the EX- �OR gate (exclusive OR element) 642 instead of the divider 641. Hence the phase shift (phase com-
ponent) of an A/D conversion clock can be detected by a more simplified configuration. In Figs. 47 and 48, the same
numerals as those in Figs 43 and 44 represent the same elements.
�[0294] Fig. 49 is a block diagram illustrating another configuration of the clock regenerating circuit 68 shown in Figs
43 and 44. In the clock regenerating circuit 68A shown in Fig. 49, the clock regenerating unit 29 is arranged in common
to the identifying units 23 and 24. Like the phase shifter 28, the integrator 27, and the phase component detecting unit
61 shown in Figs 43 and 44, the phase shifter 28A, the integrator 27A, and the phase component detecting unit 61A are
arranged to the A/D converter 23 while the phase shifter 28B, the integrator 27B, and the phase component detecting
unit 61B are arranged to the A/D converter 24.
�[0295] In the clock regenerating circuit 68A shown in Fig. 49, as described with Figs. 43 and 44, the phase component
detecting unit 61A arranged to the identifying unit 23 detects the phase shift (phase component) of a signal identification
clock (A/D conversion clock) to the identifying unit 23 based on phase difference information of a signal identification
clock (A/D conversion clock) supplied to the identifying unit 23 and signal error differential information output from the
identifying unit 23. The phase component detecting unit 61B arranged to the identifying unit 24 detects the phase shift
(phase component) of a signal identification clock (A/D conversion clock) to the identifying unit 24 based on phase
difference information of a signal identification clock (A/D conversion clock) supplied to the identifying unit 24 and signal
error differential information output from the identifying unit 24.
�[0296] The integrator 27A receives and averages information regarding the clock phase shift detected by the phase
component detecting unit 61A. The integrator 27B receives and averages information regarding the clock phase shift
detected by the phase component detecting unit 61B. Then each of the phase shifters 28A and 28B receives the averaged
result as a phase adjustment and control signal to adjust the phase shift of a signal identification clock which is regenerated
from the IF signal to be detected by the orthogonal detecting unit 22 by the clock regenerating unit 29 used in common
to the identifying units 23 and 24.
�[0297] Thus, the phase shifter 28A can adjust the clock phase shift to the identifying unit 23 and the phase shifter 28B
can adjust the clock phase shift to the identifying unit 24. Hence the accuracy of the signal identifying process in the
identifying units 23 and 24 can be greatly improved.
�[0298] Like the first embodiment described with Figs 26 and 27, the clock regenerating circuit 68 (or 68A), as shown
in Fig. 50, can include a PN pattern generating circuit (random pulse generating unit: a test signal generating unit) 47
and a selector (SEL: selecting unit) 46 to input the output of the SEL 46 to the phase shifter 28 via the integrator 27.
�[0299] In this case, the PN pattern generating circuit 47 is formed of four flip-�flop (FF) circuits 471 to 474 and an EX-
OR gate 475. The PN pattern generating circuit 47 generates a test random pulse to set the phase shift of an A/D
conversion clock by the phase component detecting unit 61 (or 61A, 61B) to the center value of a detection result. The
SEL 46 outputs selectively the output of the phase component detecting unit 61 (or 61A, 61B) and the output of the PN
pattern generating circuit 47 in response to a test/ �normal switching signal. In Fig. 49, the same numerals as those shown
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in Fig. 44 represent the same elements.
�[0300] When the clock regenerating circuit 68 with the above-�mentioned structure as shown in Fig. 50 is adjusted and
tested, the adjustment signal is input to the SEL 46. Instead of the phase shift (phase component) of an A/D conversion
clock to the A/D converters 23 and 24 to be detected by the phase component detecting unit 61 as described with Figs.
43 to 46, the SEL 46 outputs selectively the random pulse (test signal) generated from the PN pattern generating circuit
47. Then the integrator 27 averages the selected output to supply the result as a phase adjustment and control signal
for the phase shifter 28 to the phase shifter 28.
�[0301] Hence the phase shifter 28 can adjust and test very easily the phase shift of an A/D conversion clock sent to
the A/D converters 23 and 24.

(e) Fourth Embodiment of the Present Invention:

�[0302] Fig. 51 is a block diagram illustrating the configuration of each of the clock phase detecting unit and the clock
regenerating circuit arranged in multiplex radio equipment according to the fourth embodiment of the present invention.
Referring to Fig. 51, numeral 22 represents an orthogonal detecting unit; 23 and 24 represent identifying units; and 61
represents a phase component detecting unit. These elements correspond to those shown in the third embodiment.
Numeral 27’ represents an integrator and 28’ represents an oscillating unit. In this embodiment, the phase component
detecting unit 61, the integrator 27’ and the oscillating unit 28’ provide the clock regenerating circuit 68’.
�[0303] The orthogonal detecting unit 22, the identifying units 23 and 24, the integrator 27’ and the oscillating unit 28’
correspond to elements with the same numerals described in the second embodiment, respectively. The orthogonal
detecting unit 22 outputs two kinds of signals including an Ich signal and a Qch signal which are different in phase
(pependicular to each other) by 90° from each other by detecting an IF band signal. As shown in Fig. 52, the orthogonal
detecting unit 22 is formed of hybrid circuits (H) 221 and 222, phase detectors 223 and 224, roll-�off filters 225 and 226,
and a local oscillating unit 227. Each of the identifying units 23 and 24 is formed as an A/D converter that A/D- �converts
(identifies) the output of the orthogonal detecting unit 22 (a signal demodulated by the multilevel orthogonal modulation
signal) at a predetermined level.
�[0304] The integrator (loop filter unit) 27’ which integrates the output of the phase component detecting unit 61 (to be
described later) is formed of a resistor (R) 271 and a capacitor (C) 272, as shown in Fig. 52. The resistor 271 and the
capacitor 272 integrate the phase shift (phase component) information of an A/D conversion clock detected by the phase
component detecting unit 61.
�[0305] The oscillating unit (oscillating unit) 28’ receives the output of the integrator 27’ as a control input which adjusts
the phase shift of an A/D conversion clock and then outputs a signal identification clock (A/D conversion clock) to the
identifying units (A/D converters) 23 and 24.
�[0306] The phase component detecting unit (clock phase detecting circuit (unit)) 61 detects the phase shift (phase
component) of an A/D conversion clock in response to the phase difference information of an A/D conversion clock
supplied to the A/D converters 23 and 24 and signal error differential information obtained by the A/D converter 23 and
then supplies it to the integrator 27’ being a constituent element of the clock regenerating circuit 68’. The phase component
detecting unit 61 is formed of a phase differential detecting unit 62, an error differential detecting unit 63, a clock phase
calculating unit 64, flip-�flop (FF) circuits 65 and 66.
�[0307] The phase differential detecting unit 62 detects the phase difference information of an A/D conversion clock
supplied to the A/D converters 23 and 24. The error differential detecting unit 63 detects the signal error differential
information of an Ich signal obtained by the identifying unit 23. Each of the phase differential detecting unit 62 and the
error differential detecting unit 63 is formed as a subtracter in this embodiment, as shown in Fig. 52. Each of the FF
circuits 65 and 65’ delay its input signal by a predetermined amount and each of the FF circuits 66 and 66’ delay its input
signal by a predetermined shift.
�[0308] The clock phase calculating unit 64 calculates the output of the phase differential detecting unit 62 and the
output of the error differential detecting unit 63 to detect the phase shift of an A/D conversion clock. In concrete, the
clock phase calculating unit 64, which is formed of a divider (dividing unit) 641, subjects the output of the phase differential
detecting unit 62 and the output of the error differential detecting unit 63 to a division process.
�[0309] Referring to Fig. 52, numeral 67 represents a converting circuit that converts phase difference information of
an A/D conversion clock supplied to the A/D converters 23 and 24 into a predetermined signal. The converting circuit
67 includes a counter 671 operating with high speed clocks (CLK). The amplifier 296 amplifies information regarding
the phase shift of an A/D conversion clock detected by the phase component detecting unit 61 to a predetermined signal
level. In this embodiment, the phase component detecting unit 61, the integrator 27, the phase shifter 28, and the clock
regenerating unit 29 are used in common to the identifying units (A/D converters) 23 and 24.
�[0310] In the clock regenerating circuit 68’ with the above-�mentioned configuration, the converting circuit 67 converts
the phase error of an A/D conversion clock to be supplied to the A/D converters 23 and 24 into a predetermined signal
and then inputs the converted signal to the FF circuit 65’ in the phase component detecting unit 61. At the same time,
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the FF circuit 66’ receives the signal error (signal error information) of an Ich signal A/D converted by the A/D converter 23.
�[0311] The FF circuits 65 and 65’ delays the converted signal by a predetermined shift to input to the subtracter 62.
The FF circuits 66 and 66’ delays the signal error by a predetermined amount to input to the subtracter 63. Each of the
subtracters 62 and 63 subjects its input to a subtraction process. The subtracter 62 obtains the phase difference infor-
mation of an A/D conversion clock while the subtracter 63 obtains the signal error differential information of an Ich signal.
�[0312] The divider 641 (clock phase calculating unit 64) 641 subjects the phase difference information and signal error
differential information to an division process. As a result, the phase shift information of an A/D conversion clock can be
obtained.
�[0313] Thereafter, the phase shift information of the above- �detected A/D conversion clock is not converted from the
digital signal form to an analog signal form as described in the third embodiment, but integrated by the integrator 27’ as
it is in a digital signal form. The result is amplified by the amplifier 296 to a predetermined signal level. Then the oscillating
unit 28’ receives the amplified signal as a control signal to adjust the phase shift of an A/D conversion clock.
�[0314] In other words, like the third embodiment, the clock regenerating circuit 68’ does not convert the phase shift
information of an A/D conversion clock to the AID converters 23 and 24 to be detected by the phase component detecting
unit 61 from a digital signal to an analog signal to adjust the phase shift of an A/D conversion clock using the analog
signal. Instead, the clock regenerating circuit 68’ outputs the phase shift information of an A/D conversion clock in a
digital signal form as a control input to the oscillating unit 28’ and then adjusts the a/D conversion clock using the digital
signal.
�[0315] Consequently, even if the clock regenerating unit 29 and the phase shifter 28 are not arranged like the third
embodiment, the very-�simplified configuration can adjust automatically the phase shift of an A/D conversion clock to the
A/D converters 23 and 24. Thus the A/D converters 23 and 24 can greatly improve the accuracy of an A/D conversion
process.
�[0316] In the clock phase calculating unit 64 in the phase component detecting unit 61 in this embodiment, if the phase
differential information from the phase differential detecting unit 62 and the signal error information from the error differ-
ential detecting unit 63 are simply expressed with polarities, an EX- �OR gate (exclusive OR element) 642, as shown in
Fig. 53, can be arranged instead of the divider 641. The more-�simplified configuration can detect the phase shift (phase
component) of an A/D conversion clock. Other constituent elements correspond to those described with Fig. 52.
�[0317] The clock regenerating circuit 68’, shown in Figs 52 and 53, can be constituted more simply by using the
converting circuit 67’ formed as the A/D converter 672 as shown in Fig. 54, instead of the converting circuit 67.
�[0318] Next, Fig. 55 is a block diagram showing another configuration of the clock regenerating circuit 68’ shown in
Figs. 51 to 54. The clock regenerating circuit 68A’ shown in Fig. 55 includes a composing unit 51A formed of a multiplier
511, in addition to the orthogonal detecting unit 22, the identifying units 23 and 24, the phase component detecting units
(clock phase detecting units) 61A and 61B, the integrator (loop filter unit) 27’, and the oscillating unit 28’ corresponding
to those shown in Figs. 51 to 54.
�[0319] In this case, the phase component detecting unit 61A is arranged corresponding to the A/D converter 23 and
the phase component detecting unit 61B is arranged corresponding to the A/D converter 24. The oscillating unit 28’ and
the integrator 27’ are used in common to the identifying units 23 and 24. The composing unit 51A is arranged to compose
the output of the phase component detecting unit 61A with the output of the phase component detecting unit 61B. The
output of the composing unit 51A is input to the integrator 27’.
�[0320] In the clock regenerating circuits 68A’, the phase component detecting unit 61 corresponding to the A/D converter
23 detects the phase shift information of a signal identification clock for the A/D converter 23 and the phase component
detecting unit 61 corresponding to the A/D converter 24 detects the phase shift information of a signal identification clock
for the A/D converter 24. The multiplier 511 in the composing unit 51A multiplies the output from the phase component
detecting unit 61A by the output of the phase component detecting unit 61B and then supplies the result as an input to
the integrator 27’ and the oscillating unit 28’ used in common to the identifying units 61A and 61B.
�[0321] Hence the phase shift of a signal identification clock supplied from the oscillating unit 28’ to the identifying units
23 and 24 can be adjusted independently and with higher accuracy to the identifying units 23 and 24. The composing
unit 51A can be constituted in an analog circuit form or a digital circuit form. The detail configuration of each element is
similar to that described with Figs. 52 to 54. Hence the duplicate explanation will be omitted here.
�[0322] Fig. 56 is a block diagram illustrating another configuration of the clock regenerating circuit 68’ shown in Figs.
51 to 54. In the clock regenerating circuits 68’B shown in Fig. 56, the phase component detecting unit (clock phase
detecting unit) 61A and the integrator (loop filter unit) 27A’ are arranged to the identifying unit 23, whereas the phase
component detecting unit, the clock phase detecting unit 61B and the integrator (loop filter unit) 27B’ are arranged to
the identifying unit 24. The oscillating unit (oscillating unit) 28B’ is used in common to the identifying units (A/D converters)
23 and 24. The identifying unit 23 is connected to the oscillating unit 28B’ via the phase shifter 28 similar to that described
in the third embodiment. The output of the integrator 27A’ is supplied as a control input to the phase shifter 28 or the
oscillating unit 28B’, whereas the output of the integrator 27B’ is supplied as a control input to the phase shifter 28 or
the oscillating unit 28B’. Numeral 296 represents an amplifier which amplifies the phase shift information of a signal
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identification clock for the identifying units 23 and 24 detected by the phase component detecting unit 61B to a prede-
termined signal level.
�[0323] In the clock regenerating circuit 68B’, like the third embodiment, the phase component detecting unit 61A
detects information regarding the phase shift of a signal identification clock to the identifying unit 23 and the integrator
27A’ integrates the detected information. On the other hand, the phase component detecting unit 61B detects information
regarding the phase shift of a signal identification clock to the identifying unit 24 and the integrator 27B’ integrates the
detected information. Then the result is supplied as a control input to the phase shifter 28 or the oscillating unit 28B’.
�[0324] The oscillating unit 28B’ adjusts automatically its oscillation frequency and the clock phase shift, based on
information regarding the phase shift of a signal identification clock and supplies the result to the identifying unit 24. The
phase shifter 28 adjusts the phase of a piece of the phase shift information supplied to the oscillating unit 28B’ and then
supplies the result to the identifying unit 23.
�[0325] As described above, according to the clock regenerating circuit 68A’, the phase component detecting unit 61A
arranged corresponding to the identifying unit 23 detects the phase shift of a signal identification clock to the identifying
unit 23 to supply the result as a control signal for the oscillator 28B’ or the phase shifter 28 to the oscillating unit 28B’
via the integrator 27A’ while the phase component detecting unit 61B arranged corresponding to the identifying unit 24
detects the phase shift of a signal identification clock to the identifying unit 24 to supply the result as a control signal for
oscillator 28B’ or the phase shifter 28 to the oscillating unit 28B’ via the integrator 27B’. Hence the accuracy of the signal
identifying process in the identifying units 23 and 24 can be further improved.
�[0326] Fig. 57 is a block diagram illustrating another configuration of the clock regenerating circuit 68’ shown in Figs.
51 to 54. The clock regenerating circuit 68C’ shown in Fig. 57 additionally includes another phase component detecting
unit 52’. The integrator (loop filter unit) 27’ and the oscillating unit (oscillating unit) 28’, similar to those shown in Figs.
51 to 54, are used in common to the identifying units 23 and 24. A composing unit 51B is arranged in the clock regenerating
circuit 68’C.
�[0327] Another phase component detecting unit (second clock phase detecting unit) 52’ is identical to another phase
component detecting unit 52 shown in Figs. 37 and 38 in the second embodiment. In this embodiment, information
regarding the phase shift of a signal identification clock can be detected in a method different from that by the phase
component detecting unit 61. The composing unit 51B composes the output of another phase component detecting unit
52’ with the output of the phase component detecting unit 52.
�[0328] In such a manner, in the clock regenerating circuit 68C’, another phase component detecting unit 52 detects
information regarding the phase shift of a signal identification clock to the identifying units 23 and 24 in a method different
from the phase component detecting unit 61. Then the multiplier 511 in the composing unit 51B multiplies (composes)
the information regarding the signal identification clock by the information regarding the phase shift of a signal identification
clock, based on the phase difference information and the signal error differential information detected by the phase
component detecting unit 26 described in the third embodiment, and then supply the result to the integrator 27’.
�[0329] The information regarding the phase shift of an A/D conversion clock (phase component information) can be
output with higher accuracy to the oscillating unit 28’ which supplies signal identification clocks to the identifying units
23 and 24 via the integrator 27’. Hence the phase shift of a signal identification clock sent to the identifying units 23 and
24 can be adjusted automatically and with high accuracy so that the identifying units 23 and 24 can greatly improve the
accuracy in the signal identifying (A/D conversion) process.
�[0330] Fig. 58 is a block diagram illustrating another configuration of the clock regenerating circuit 68’ described with
Figs. 51 to 54. The clock regenerating circuit 68D’ shown in Fig. 58 includes another phase component detecting unit
(second clock phase detecting unit) 52’ described with Fig. 57. The integrator (loop filter unit) 27’ and the oscillating unit
(oscillating unit) 28’ similar to those shown in Figs. 51 to 54 are used in common to the identifying units 23 and 24. The
clock regenerating circuit 68D’ also includes a selecting unit 53’. The signal quality judging unit 54’ supplies a control
signal to select the output from the selecting unit 53’. In concrete, the signal quality judging unit 54’ is formed as a frame
synchronizing circuit that judges the signal quality through an error correction process as described with Fig. 40 and
then outputs the frame synchronization signal as a control signal.
�[0331] The selecting unit 53’ selectively outputs the output of the phase component detecting unit 61 and the output
of another phase component detecting unit 52’ to the integrator 27’ according to the control signal (e.g. a frame syn-
chronization signal) from the signal quality judging unit 54’.
�[0332] In the clock regenerating circuit 68D’ with the above-�mentioned configuration, another phase component de-
tecting unit 52’ detects the phase shift of an A/D conversion clock to the A/D converters 23 and 24 in a method different
from that of the phase component detecting unit 61. The selecting unit 53’ selectively inputs the information regarding
the phase shift of an A/D conversion clock detected by another phase component detecting unit 52’ and the information
regarding the phase shift of an A/D conversion clock detected by the phase component detecting unit 61 described in
the first embodiment to the integrator 27’ according to the control signal from the signal quality judging unit 54’.
�[0333] In this case, since the information regarding the phase shift of an A/D conversion clock (phase component
information) can be supplied with higher accuracy to the oscillating unit 28’ which supplies signal identification clocks to
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the identifying units 23 and 24 via the integrator 27’, the accuracy of the signal identification process in the identifying
units 23 and 24 can be greatly improved by adjusting automatically and accurately the phase shift of a signal identification
clock.
�[0334] Fig. 59 is a block diagram illustrating another configuration of the clock regenerating circuit 68’ shown in Figs
51 to 54. The clock regenerating circuit 68E’ shown in Fig. 59 includes the selector (SEL: selecting unit) 46’ and the PN
pattern generating circuit 47’, in addition to the phase component detecting unit 61, the oscillating unit 28’, the amplifier
296, and the integrator 27’ similar to those shown in Fig. 53. The selector 46’ corresponds to the selector (SEL) 46
shown in Fig. 49 in the third embodiment and the PN pattern generating circuit 47’ corresponds to the PN pattern
generating circuit 47 shown in Fig. 49 in the third embodiment.
�[0335] In brief, the clock regenerating circuit 68E’ is obtained by converting the clock regenerating circuit 68 in an
analog circuit form described with Fig. 53 into a digital circuit form. In Fig. 59, the numerals as those shown in Fig. 50
represent like elements.
�[0336] Thus the clock regenerating circuit 68E’ supplies selectively the test signal from the PN pattern generating
circuit 47’ and the output from the phase component detecting unit 61 to the integrator (loop filter unit) 27’, according to
a test (adjustment) / normal switching signal.
�[0337] Therefore, the phase shift of an A/D conversion clock (signal identification clock) to the A/D converters (iden-
tifying units) 23 and 24 can be tested and adjusted very easily.

Claims

1. A clock phase detecting circuit (1A) for use in a receiving unit of multiplex radio equipment, comprising:�

an identifying circuit (11) for identifying a signal at a predetermined identification level, said signal being obtained
by demodulating a multilevel orthogonal modulated signal;
a clock regenerating circuit (12) for regenerating a signal identification clock for said identifying circuit to supply
said clock to said identifying circuit (11);
an equalizing circuit (13) for subjecting said signal obtained by demodulating a multilevel orthogonal modulated
signal to an equalizing process; and
a clock phase detecting unit (14A) for detecting a phase component of said signal identification clock based on
a signal error between input and output signals of said equalizing circuit (13) and an inclination of said demod-
ulated signal, and then for supplying said phase component to said clock regenerating circuit (12).

2. The clock phase detecting circuit (1A) according to claim 1, wherein said clock phase detecting unit (14A) comprising:�

an error detecting unit for detecting the signal error;
a signal inclination detecting unit for detecting the inclination of said demodulated signal; and
a clock phase calculating unit for detecting the phase component of said signal identification clock based on
respective outputs from said error detecting unit and said signal inclination detecting unit.

3. The clock phase detecting circuit (1A) according to claim 1, wherein said clock phase calculating unit (14A) comprises: �

an error detecting unit for detecting the input signal to output signal error of said equalizing circuit (13);
a signal inclination detecting unit for detecting the inclination of said demodulated signal;
a clock phase calculating unit for detecting the phase component of said signal identification clock by calculating
based on the respective outputs from said error detecting unit and the said signal inclination detecting unit;
a specific signal judging unit for judging whether a specific signal exists; and
a gating unit for producing the phase component of said signal identification clock obtained by said clock phase
calculatingunit when said specific signal judging unit judges that a specific signal exists.

4. The clock phase detecting circuit (1A) according to claim 2 or 3, wherein said signal inclination detecting unit
comprising: �

a delaying unit for delaying the output from said identifying circuit (11); and
a comparing unit for comparing the output from said identifying circuit (11) with the output from said delaying
unit to detect the inclination of said demodulated signal.

5. The clock phase detecting circuit (1A) according to claim 2 or 3, wherein said identifying circuit (11) is operated with
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high speed clocks; and wherein said signal inclination detecting unit comprising:�

a delaying unit for delaying the output from said identifying circuit (11), said delaying unit being operated with
said high speed clocks;
a latching unit for holding the output from said identifying circuit (11) and the output from said delaying unit with
clocks slower than said high speed clocks; and
a comparing unit for comparing the output of said identifying circuit (11) held in said latching unit with the output
from said delaying unit to detect the inclination of said demodulated signal.

6. The clock phase detecting circuit (1 A) according to claim 2 or 3, wherein said identifying circuit (11) comprises
plural identifying units corresponding to the number of plural demodulated signals obtained by demodulating said
multilevel orthogonal modulated signal; and wherein said signal inclination detecting unit includes a comparing unit
that compares outputs of said plural identifying units with each other to detect the inclination of the demodulated
signal when clocks with different predetermined phase amount between said identifying units are supplied to said
plural identifying units.

7. The clock phase detecting circuit (1A) according to claim 2 or 3, wherein said clock phase calculating unit is formed
as a multiplying unit that subjects the output of said error detecting unit and the output of said signal inclination
detecting unit to a multiplying calculating process.

8. The clock phase detecting circuit (1A) according to claim 2 or 3, wherein said clock phase calculating unit is formed
as an exclusive OR calculating unit that subjects the output of said error detecting unit and the output of said signal
inclination detecting unit to an exclusive OR calculation process.

9. The clock phase detecting circuit (1A) according to claim 3, wherein said specific signal judging unit includes plural
signal judging units that judge plural kinds of specific signals, and further comprising a selecting unit arranged
between said specific signal judging unit and said gate unit, for selecting decision results from said plural signal
judging units.

10. The clock phase detecting circuit according to claim 1, wherein said clock regenerating circuit (2A) comprises:�

a clock regenerating unit (15) for regenerating said signal identification clock from said multilevel orthogonal
modulated signal to be detected;
a phase adjusting unit (16) for adjusting the phase of a clock from said clock regenerating unit (15) and then
supplying the phase- �adjusted clock to said identifying circuit (11); and wherein the phase component comprises
a phase adjustment control signal for said phase adjusting unit.

11. The clock phase detecting circuit according to claim 10, further comprising an averaging unit arranged between said
clock phase detecting unit (14A) and said phase adjusting unit (16), for averaging the output from said clock phase
detecting unit (14A).

12. The clock phase detecting circuit according to claim 10, wherein said identifying circuit (11) comprises plural iden-
tifying units corresponding to the number of plural demodulated signals obtained by demodulating said multilevel
orthogonal modulated signal; and wherein said clock regenerating unit (15), said phase adjusting unit (16), and said
clock phase detecting unit (14A) are used in common to said plural identifying units.

13. The clock phase detecting circuit according to claim 10, wherein said identifying circuit (11) comprises plural iden-
tifying units corresponding to the number of plural demodulated signals obtained by demodulating said multilevel
orthogonal modulated signal; and further comprising an averaging unit arranged between said clock phase detecting
unit (14A) and said phase adjusting unit (16), for averaging the output from said clock phase detecting unit (14A);
and wherein said clock regenerating unit (15), said phase adjusting unit (16), said averaging unit, and said clock
phase detecting unit (14A) are used in common to said plural identifying units.

14. The clock phase detecting circuit according to claim 10, wherein said identifying circuit (11) comprises plural iden-
tifying units corresponding to the number of plural demodulated signals obtained by demodulating said multilevel
orthogonal modulated signal; and wherein said clock regenerating unit (15) is shared among said plural identifying
units; and wherein plural phase adjusting units (16) and plural clock phase detecting units (14A) are arranged
corresponding to said plural identifying units.
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15. The clock phase detecting circuit according to claim 10, wherein said identifying circuit (11) comprises plural iden-
tifying units corresponding to the number of plural demodulated signals obtained by demodulating said multilevel
orthogonal modulated signal; and further comprising an averaging unit arranged between said clock phase detecting
unit (14A) and said phase adjusting unit (16), for averaging the output from said clock phase detecting unit (14A);
said clock regenerating unit (15) is used in common to said plural identifying units; and a plurality of said phase
adjusting units (16), said averaging units and said clock phase detecting units (14A) are arranged corresponding to
said plural identifying units.

16. The clock phase detecting circuit according to claim 10, further comprising a test signal generating unit for generating
a test signal; and a selecting unit for selectively producing the output from said clock phase detecting unit (14A) and
the output from said test signal generating unit, said output of said selecting unit being supplied as an input to said
phase adjusting unit (16).

17. A clock phase detecting circuit according to claim 1, wherein said clock regenerating circuit (2B) comprises:�

a loop filter unit (17) for integrating the output from said clock phase detecting unit (14A); and
an oscillating unit (18) for producing a signal identification clock for said identifying circuit (11), in response to
the control output from said loop filter unit (17).

18. The clock phase detecting circuit according to claim 17, wherein said identifying circuit (11) comprises plural iden-
tifying units corresponding to the number of plural demodulated signals obtained by demodulating said multilevel
orthogonal modulated signal; and wherein said clock phase detecting unit (14A), said loop filter unit (17), and said
oscillating unit (18) are used in common to said plural identifying units.

19. The clock phase detecting circuit according to claim 17, wherein said identifying circuit (11) comprises plural iden-
tifying units corresponding to the number of plural demodulated signals obtained by demodulating said multilevel
orthogonal modulated signal; and wherein plural clock phase detecting units (14A) are arranged to said identifying
units; and wherein said loop filter unit (17) and said oscillating unit (18) are used in common to said identifying units;
and further comprising a composing unit for composing the outputs of said clock phase detecting units (14A) to input
the resultant output of said composing unit to said loop filter unit (17).

20. The clock phase detecting circuit according to claim 17, wherein said identifying circuit (11) comprises plural iden-
tifying units corresponding to the number of plural demodulated signals obtained by demodulating said multilevel
orthogonal modulated signal; and further comprising plural clock phase detecting units (14A) and plural loop filter
units (17) being arranged corresponding to said plural identifying units; said oscillating unit (18) being used in
common to said plural identifying units; a part of said plural identifying units being connected to said oscillating unit
(18) via said phase adjusting unit, said output of said loop filter unit (17) being supplied as a control input to said
oscillating unit (18) or said phase adjusting unit.

21. The clock phase detecting circuit according to claim 17, wherein said identifying circuit. (11) comprises plural iden-
tifying units corresponding to the number of plural demodulated signals obtained by demodulating said multilevel
orthogonal modulated signal; and wherein said loop filter unit (17) and said oscillating unit (18) are used in common
to said plural identifying units; and further comprising a second clock phase detecting unit for detecting the phase
component of said signal identification clock in a method different from that of said clock phase detecting unit (14A)
and a composing unit for composing the output from said clock phase detecting unit (14A) with the output from said
second clock phase detecting unit, the output of said composing unit being supplied as an input to said loop filter
unit (17).

22. The clock phase detecting circuit according to claim 17, wherein said identifying circuit (11) comprises plural iden-
tifying units corresponding to the number of plural demodulated signals obtained by demodulating said multilevel
orthogonal modulated signal; and wherein said loop filter unit (17) and said oscillating unit (18) are used in common
to said plural identifying units; and further comprising a second clock phase detecting unit for detecting the phase
component of said signal identification clock in a method different from said clock phase detecting unit (14A) and a
selecting unit for selectively producing the output from said clock phase detecting unit (14A) and the output from
said second clock phase detecting unit, the output of said selecting unit being supplied as an input to said loop filter
unit (17).

23. The clock phase detecting circuit according to claim 17, further comprising a test signal generating unit for generating
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a test signal; and a selecting unit for selectively producing the output from said clock phase detecting unit (14A) and
the output from said test signal generating unit, said output of said selecting unit being supplied as an input to said
loop filter unit (17).

24. A receiving unit for multiplex radio equipment comprising a clock phase detecting circuit according to any one of
the preceding claims.

25. Multiplex radio equipment comprising a receiving unit according to claim 24.

Patentansprüche

1. Eine Taktphasendetektierschaltung (1A) zur Verwendung in einer Empfangseinheit eines Multiplex- �Funkgeräts,
umfassend:�

eine Identifizierungsschaltung (11) zum Identifizieren eines Signals bei einem vorbestimmten Identifikationsni-
veau, wobei das Signal erhalten wird durch Demodulieren eines mehrfachniveau-�orthogonal-�modulierten Si-
gnals;
eine Taktregenerierungsschaltung (12) zum Regenerieren eines Signalidentifikationstakts für die Identifizie-
rungsschaltung zum Zuführen des Takts an die Identifizierungsschaltung (11);
eine Entzerrungsschaltung (13) zum Unterwerfen bzw. Unterziehen des Signals, das erhalten wird durch De-
modulieren eines mehrfachniveau-�orthogonal-�modulierten Signals, einem Entzerrungsprozess; und
eine Taktphasendetektiereinheit (14A) zum Detektieren einer Phasenkomponente des Signalsidentifikations-
takts, basierend auf einem Signalfehler zwischen Eingangs- und Ausgangssignalen der Entzerrungsschaltung
(13) und einer Inklination des demodulierten Signals, und dann zum Zuführen der Phasenkomponente an die
Taktregenerierungsschaltung (12).

2. Die Taktphasendetektierschaltung (1A) nach Anspruch 1, wobei die Taktphasendetektiereinheit (14A) umfasst:�

eine Fehlerdetektiereinheit zum Detektieren des Signalfehlers;
eine Signalinklinationsdetektiereinheit zum Detektieren der Inklination des demodulierten Signals; und
eine Taktphasenberechnungseinheit zum Detektieren der Phasenkomponente des Signalidentifikationstakts,
basierend auf jeweiligen Ausgaben von der Fehlerdetektiereinheit und der Signalinklinationsdetektiereinheit.

3. Die Taktphasendetektierschaltung (1A) nach Anspruch 1, wobei die Taktphasenberechnungseinheit (14A) umfasst:�

eine Fehlerdetektiereinheit zum Detektieren des Eingangssignals zum Ausgeben eines Signalfehlers der Ent-
zerrungsschaltung (13);
eine Signalinklinationsdetektiereinheit zum Detektieren der Inklination des demodulierten Signals;
eine Taktphasenberechnungseinheit zum Detektieren der Phasenkomponente des Signalidentifikationstakts
durch Berechnen, basierend auf den jeweiligen Ausgaben von der Fehlerdetektiereinheit und der Signalinkli-
nationsdetektiereinheit;
eine Spezifische-�Signalbeurteilungseinheit zum Beurteilen, ob ein spezifisches Signal existiert; und
eine Gating-�Einheit zum Produzieren der Phasenkomponente des Signalidentifikationstakts, erhalten durch die
Taktphasenberechnungseinheit,� wenn die Spezifische-�Signalbeurteilungseinheit beurteilt, dass ein spezifi-
sches Signal existiert.

4. Die Taktphasendetektierschaltung (1A) nach Anspruch 2 oder 3, wobei die Signalinklinationsdetektiereinheit um-
fasst: �

eine Verzögerungseinheit zum Verzögern der Ausgabe von der Identifizierungsschaltung (11); und
eine Vergleichseinheit zum Vergleichen der Ausgabe von der Identifizierungsschaltung (11) mit der Ausgabe
von der Verzögerungseinheit zum Detektieren der Inklination des demodulierten Signals.

5. Die Taktphasendetektierschaltung (1A) nach Anspruch 2 oder 3, wobei die Identifizierungsschaltung (11) betreibbar
ist mit Hochgeschwindigkeitstakten; und wobei die Signalinklinationsdetektiereinheit umfasst :�

eine Verzögerungseinheit zum Verzögern der Ausgabe von der Identifizierungsschaltung (11), wobei die Ver-
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zögerungseinheit betrieben wird mit den Hochgeschwindigkeitstakten;
eine Latching-�Einheit bzw. Verriegelungs- oder Halte-�Einheit zum Halten der Ausgabe von der Identifizierungs-
schaltung (11) und der Ausgabe von der Verzögerungseinheit mit Takten geringer als die Hochgeschwindig-
keitstakte; und
eine Vergleichseinheit zum Vergleichen der Ausgabe der Identifizierungsschaltung (11), gehalten in der
Latching-�Einheit, mit der Ausgabe von der Verzögerungseinheit zum Detektieren der Inklination des demodu-
lierten Signals.

6. Die Taktphasendetektierschaltung (1A) nach Anspruch 2 oder 3, wobei die Identifizierungsschaltung (11) mehrere
Identifizierungseinheiten umfasst, die der Anzahl der mehreren demodulierten Signale entspricht, die erhalten wer-
den durch Demodulieren des mehrfachniveau-�orthogonal-�modulierten Signals; und wobei die Signalinklinationsde-
tektiereinheit eine Vergleichseinheit enthält, die Ausgaben der mehreren Identifizierungseinheiten vergleicht mit-
einander zum Detektieren der Inklination des demodulierten Signals, wenn Takte mit verschiedenem vorbestimmtem
Phasenbetrag zwischen den Identifizierungseinheiten zugefügt werden zu den mehreren Identifizierungseinheiten.

7. Die Taktphasendetektierschaltung (1A) nach Anspruch 2 oder 3, wobei die Taktphasenberechnungseinheit gebildet
wird als eine Multiplizierungseinheit, die die Ausgabe der Fehlerdetektiereinheit und die Ausgabe der Signalinkli-
nationsdetektiereinheit einem Multiplizierungsberechnungsprozess unterzieht.

8. Die Taktphasendetektierschaltung (1A) nach Anspruch 2 oder 3, wobei die Taktphasenberechnungseinheit gebildet
wird als eine Exklusiv-�ODER-�Berechnungseinheit, die die Ausgabe der Fehlerdetektiereinheit und die Ausgabe der
Signalinklinationsdetektiereinheit einem Exklusiv-�ODER-�Berechnungsprozess unterzieht.

9. Die Taktphasendetektierschaltung (1A) nach Anspruch 3, wobei die Spezifische-�Signalbeurteilungseinheit mehrere
Signalbeurteilungseinheiten enthält, die mehrere Arten von spezifischen Signalen beurteilen, und ferner umfassend
eine Auswahleinheit, angeordnet zwischen der Spezifische-�Signalbeurteilungseinheit und der Gate- �Einheit, zum
Auswählen von Entscheidungsergebnissen von den mehreren Signalbeurteilungseinheiten.

10. Die Taktphasendetektierschaltung nach Anspruch 1, wobei die Taktregenerierungsschaltung (2A) umfasst:�

eine Taktregenerierungseinheit (15) zum Regenerieren des Signalidentifikationstakts von dem mehrfachniveau-
orthogonal-�modulierten Signal, das zu detektieren ist;
eine Phasenanpassungseinheit (16) zum Anpassen der Phase eines Takts von der Taktregenerierungseinheit
(15) und dann Zuführen des phasenangepassten Takts an die Identifizierungsschaltung (11); und wobei die
Phasenkomponente ein Phasenanpassungssteuersignal für die Phasenanpassungseinheit umfasst.

11. Die Taktphasendetektierschaltung nach Anspruch 10, ferner umfassend eine Durchschnittbildeeinheit, angeordnet
zwischen der Taktphasendetektiereinheit (14A) und der Phasenanpassungseinheit (16), zum Durchschnittsbilden
der Ausgabe von der Taktphasendetektiereinheit (14A).

12. Die Taktphasendetektierschaltung nach Anspruch 10, wobei die Identifizierungsschaltung (11) mehrere Identifizie-
rungseinheiten umfasst, die der Anzahl der mehreren demodulierten Signale entsprechen, die erhalten werden
durch Demodulieren des mehrfachniveau-�orthogonal-�modulierten Signals; und wobei die Taktregenerierungseinheit
(15), die Phasenanpassungseinheit (16), und die Taktphasendetektiereinheit (14A) gemeinsam verwendet werden
mit den mehreren Identifizierungseinheiten.

13. Die Taktphasendetektierschaltung nach Anspruch 10, wobei die Identifizierungsschaltung (11) mehrere Identifizie-
rungseinheiten umfasst, die der Anzahl der mehreren demodulierten Signale entsprechen, die erhalten werden
durch Demodulieren des mehrfachniveau-�orthogonal-�modulierten Signals; und ferner umfassend eine Durch-
schnittsbildeeinheit, angeordnet zwischen der Taktphasendetektiereinheit (14A) und der Phasenanpassungseinheit
(16), zum Durchschnittsbilden der Ausgabe von der Taktphasendetektiereinheit (14A); und wobei die Taktregene-
rierungseinheit (15), die Phasenanpassungseinheit (16), die Durchschnittsbildeeinheit, und die Taktphasendetek-
tiereinheit (14A) gemeinsam verwendet werden mit den mehreren Identifizierungseinheiten.

14. Die Taktphasendetektierschaltung nach Anspruch 10, wobei die Identifizierungsschaltung (11) mehrere Identifizie-
rungseinheiten umfasst, die der Anzahl der mehreren demodulierten Signale entsprechen, die erhalten werden
durch Demodulieren des mehrfachniveau-�orthogonal-�modulierten Signals; und wobei die Taktregenerierungseinheit
(15) aufgeteilt wird zwischen den mehreren Identifizierungseinheiten; und wobei mehrere Phasenanpassungsein-
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heiten (16) und mehrere Taktphasendetektiereinheiten (14A) angeordnet werden entsprechend den mehreren Iden-
tifizierungseinheiten.

15. Die Taktphasendetektierschaltung nach Anspruch 10, wobei die Identifizierungsschaltung (11) mehrere Identifizie-
rungseinheiten umfasst, die der Anzahl der mehreren demodulierten Signale entsprechen, die erhalten werden
durch Demodulieren des mehrfachniveau-�orthogonal-�modulierten Signals; und ferner umfassend eine Durch-
schnittsbildeeinheit, angeordnet zwischen der Taktphasendetektiereinheit (14A) und der Phasenanpassungseinheit
(16), zum Durchschnittsbilden der Ausgabe von der Taktphasendetektiereinheit (14A); die Taktregenerierungsein-
heit (15) wird gemeinsam verwendet mit den mehreren Identifizierungseinheiten; und eine Vielzahl der Phasenan-
passungseinheiten (16), der Durchschnittsbildeeinheiten und der Taktphasendetektiereinheiten (14A) werden an-
geordnet, entsprechend den mehreren Identifizierungseinheiten.

16. Die Taktphasendetektierschaltung nach Anspruch 10, ferner umfassend eine Testsignalgenerierungseinheit zum
Generieren bzw. Erzeugen eines Testsignals; und eine Auswahleinheit zum selektiven Produzieren der Ausgabe
von der Taktphasendetektiereinheit (14A) und der Ausgabe von der Testsignalgenerierungseinheit, wobei die Aus-
gabe der Auswahleinheit zugeführt wird als eine Eingabe in die Phasenanpassungseinheit (16).

17. Eine Taktphasendetektierschaltung nach Anspruch 1, wobei die Taktregenerierungsschaltung (2B) umfasst: �

eine Schleifenfiltereinheit (17) zum Integrieren der Ausgabe von der Taktphasendetektiereinheit (14A); und
eine Oszillierungseinheit (18) zum Produzieren eines Signalidentifikationstakts für die Identifizierungsschaltung
(11), in Ansprechen auf die Steuerausgabe von der Schleifenfiltereinheit (17) .

18. Die Taktphasendetektierschaltung nach Anspruch 17, wobei die Identifizierungsschaltung (11) mehrere Identifizie-
rungseinheiten umfasst, entsprechend der Anzahl der mehreren demodulierten Signale , die erhalten werden durch
Demodulieren des mehrfachniveau-�orthogonal-�modulierten Signals; und wobei die Taktphasendetektiereinheit
(14A), die Schleifenfiltereinheit (17), und die Oszillierungseinheit (18) gemeinsam verwendet werden mit den meh-
reren Identifizierungseinheiten.

19. Die Taktphasendetektierschaltung nach Anspruch 17, wobei die Identifizierungsschaltung (11) mehrere Identifizie-
rungseinheiten umfasst, entsprechend der Anzahl der mehreren demodulierten Signale, die erhalten werden durch
Demodulieren des mehrfachniveau-�orthogonal-�modulierten Signals; und wobei mehrere Taktphasendetektierein-
heiten (14A) angeordnet werden bei den Identifizierungseinheiten; und wobei die Schleifenfiltereinheit (17) und die
Oszillierungseinheit (18) gemeinsam verwendet werden mit den Identifizierungseinheiten; und ferner umfassend
eine Zusammensetzeinheit zum Zusammensetzen der Ausgaben der Taktphasendetektiereinheiten (14A) zum Ein-
geben der resultierenden Ausgabe der Zusammensetzeinheit an die Schleifenfiltereinheit (17).

20. Die Taktphasendetektierschaltung nach Anspruch 17, wobei die Identifizierungsschaltung (11) mehrere Identifizie-
rungseinheiten umfasst, entsprechend der Anzahl der mehreren demodulierten Signale, die erhalten werden durch
Demodulieren des mehrfachniveau-�orthogonal-�modulierten Signals; und ferner umfassend mehrere Taktphasen-
detektiereinheiten (14A) und mehrere Schleifenfiltereinheiten (17), die angeordnet werden entsprechend der meh-
reren Identifizierungseinheiten; wobei die Oszillierungseinheit (18) verwendet wird gemeinsam mit den mehreren
Identifizierungseinheiten; und ein Teil der mehreren Identifizierungseinheiten verbunden ist mit der Oszillierungs-
einheit (18) über die Phasenanpassungseinheit, und die Ausgabe der Schleifenfiltereinheit (17) zugeführt wird als
eine Steuereingabe an die Oszillierungseinheit (18) oder die Phasenanpassungseinheit.

21. Die Taktphasendetektierschaltung nach Anspruch 17, wobei die Identifizierungsschaltung (11) mehrere Identifizie-
rungseinheiten umfasst, entsprechend der Anzahl der mehreren demodulierten Signale, die erhalten werden durch
Demodulieren des mehrfachniveau-�orthogonal-�modulierten Signals; und wobei die Schleifenfiltereinheit (17) und
die Oszillierungseinheit (18) gemeinsam verwendet werden mit den mehreren Identifizierungseinheiten; und ferner
umfassend eine zweite Taktphasendetektiereinheit zum Detektieren der Phasenkomponente des Signalidentifika-
tionstakts in einem Verfahren unterschiedlich von dem der Taktphasendetektiereinheit (14A) und eine Zusammen-
setzeinheit zum Zusammensetzen der Ausgabe von der Taktphasendetektiereinheit (14A) mit der Ausgabe von der
zweiten Taktphasendetektiereinheit, wobei die Ausgabe der Zusammensetzeinheit zugeführt wird als eine Eingabe
an die Schleifenfiltereinheit (17).

22. Die Taktphasendetektierschaltung nach Anspruch 17, wobei die Identifizierungsschaltung (11) mehrere Identifizie-
rungseinheiten umfasst, entsprechend der Anzahl der mehreren demodulierten Signale, die erhalten werden durch
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Demodulieren des mehrfachniveau-�orthogonal- �modulierten Signals; und wobei die Schleifenfiltereinheit (17) und
die Oszillierungseinheit (18) gemeinsam verwendet werden mit den mehreren Identifizierungseinheiten; und ferner
umfassend eine zweite Taktphasendetektiereinheit zum Detektieren der Phasenkomponente des Signalidentifika-
tionstakts in einem Verfahren unterschiedlich von der Taktphasendetektiereinheit (14A) und eine Auswahleinheit
zum selektiven Produzieren der Ausgabe von der Taktphasendetektiereinheit (14A) und der Ausgabe von der
zweiten Taktphasendetektiereinheit, wobei die Ausgabe der Auswahleinheit zugeführt wird als eine Eingabe an die
Schleifenfiltereinheit (17).

23. Die Taktphasendetektierschaltung nach Anspruch 17, ferner umfassend eine Testsignalgenerierungseinheit zum
Generieren eines Testsignals; und eine Auswahleinheit zum selektiven Produzieren der Ausgabe von der Taktpha-
sendetektiereinheit (14A) und der Ausgabe von der Testsignalgenerierungseinheit, wobei die Ausgabe der Aus-
wahleinheit zugeführt wird als eine Eingabe an die Schleifenfiltereinheit (17).

24. Eine Empfangseinheit für ein Multiplex-�Funkgerät, umfassend eine Taktphasendetektierschaltung nach irgendeinem
der vorhergehenden Ansprüche.

25. Multiplex-�Funkgerät, umfassend eine Empfangseinheit nach Anspruch 24.

Revendications

1. Circuit de détection de phase d’horloge (1A) pour une utilisation dans une unité de réception d’un équipement radio
multiplex, comprenant : �

un circuit d’identification (11) pour identifier un signal à un niveau d’identification prédéterminé, ledit signal étant
obtenu en démodulant un signal modulé orthogonal à multiples niveaux ;
un circuit de régénération d’horloge (12) pour régénérer une horloge d’identification de signal pour que ledit
circuit d’identification fournisse ladite horloge audit circuit d’identification (11) ;
un circuit d’égalisation (13) pour soumettre ledit signal obtenu en démodulant un signal modulé orthogonal à
multiples niveaux à un processus d’égalisation ; et
une unité de détection de phase d’horloge (14A) pour détecter une composante de phase d’horloge de ladite
horloge d’identification de signal sur la base d’une erreur de signal entre des signaux d’entrée et de sortie dudit
circuit d’égalisation (13) et une inclinaison dudit signal démodulé, et ensuite pour fournir ladite composante de
phase audit circuit de régénération d’horloge (12).

2. Circuit de détection de phase d’horloge (1A) selon la revendication 1, dans lequel ladite unité de détection de phase
d’horloge (14A) comprend :�

une unité de détection d’erreur pour détecter l’erreur de signal ;
une unité de détection d’inclinaison de signal pour détecter l’inclinaison dudit signal démodulé ; et
une unité de calcul de phase d’horloge pour détecter la composante de phase de ladite horloge d’identification
de signal sur la base des sorties respectives en provenance de ladite unité de détection d’erreur et de ladite
unité de détection d’inclinaison de signal.

3. Circuit de détection de phase d’horloge (1A) selon la revendication 1, dans lequel ladite unité de calcul de phase
d’horloge (14A) comprend: �

une unité de détection d’erreur pour détecter le signal d’entrée pour sortir un signal d’erreur dudit circuit d’éga-
lisation (13) ;
une unité de détection d’inclinaison de signal pour détecter l’inclinaison dudit signal démodulé ;
une unité de calcul de phase d’horloge pour détecter la composante de phase de ladite horloge d’identification
de signal en calculant sur la base des sorties respectives en provenance de ladite unité de détection d’erreur
et de ladite unité de détection d’inclinaison de signal ;
une unité de détermination de signal spécifique pour déterminer si un signal spécifique existe; et
une unité de déclenchement pour produire la composante de phase de ladite horloge d’identification de signal
obtenue par ladite unité de calcul de phase d’horloge lorsque ladite unité de détermination de signal spécifique
détermine qu’un signal spécifique existe.
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4. Circuit de détection de phase d’horloge (1A) selon la revendication 2 ou 3, dans lequel ladite unité de détection
d’inclinaison de signal comprend :�

une unité de retard pour retarder la sortie provenant dudit circuit d’identification (11) ; et
une unité de comparaison pour comparer la sortie en provenance dudit circuit d’identification (11) à la sortie
en provenance de ladite unité de retard pour détecter l’inclinaison dudit signal démodulé.

5. Circuit de détection de phase d’horloge (1A) selon la revendication 2 ou 3, dans lequel ledit circuit d’identification
(11) est mis en oeuvre avec des horloges à haute vitesse ; et dans lequel ladite unité de détection d’inclinaison de
signal comprend :�

une unité de retard pour retarder la sortie provenant dudit circuit d’identification (11), ladite unité de retard étant
mise en oeuvre avec lesdites horloges à haute vitesse ;
une unité de verrouillage pour maintenir la sortie provenant dudit circuit d’identification (11) et la sortie provenant
de ladite unité de retard avec des horloges plus lentes que lesdites horloges à haute vitesse ; et
une unité de comparaison pour comparer la sortie dudit circuit d’identification (11) maintenue dans ladite unité
de verrouillage à la sortie provenant de ladite unité de retard pour détecter l’inclinaison dudit signal démodulé.

6. Circuit de détection de phase d’horloge (1A) selon la revendication 2 ou 3, dans lequel ledit circuit d’identification
(11) comprend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus
en démodulant ledit signal modulé orthogonal à multiples niveaux ; et dans lequel ladite unité de détection d’incli-
naison de signal comprend une unité de comparaison qui compare des sorties desdites plusieurs unités d’identifi-
cation les unes aux autres pour détecter l’inclinaison du signal démodulé quand des horloges ayant une quantité
de phase prédéterminée différente entre lesdites unités d’identification sont fournies auxdites plusieurs unités d’iden-
tification.

7. Circuit de détection de phase d’horloge (1A) selon la revendication 2 ou 3, dans lequel ladite unité de calcul de
phase d’horloge est formée comme une unité de multiplication qui soumet la sortie de ladite unité de détection
d’erreur et la sortie de ladite unité de détection d’inclinaison de signal à un processus de calcul par multiplication.

8. Circuit de détection de phase d’horloge (1A) selon la revendication 2 ou 3, dans lequel ladite unité de calcul de
phase d’horloge est formée comme une unité de calcul par OU EXCLUSIF qui soumet la sortie de ladite unité de
détection d’erreur et la sortie de ladite unité de détection d’inclinaison de signal à un processus de calcul par OU
EXCLUSIF.

9. Circuit de détection de phase d’horloge (1A) selon la revendication 3, dans lequel ladite unité de détermination de
signal spécifique comprend plusieurs unités de détermination de signal qui déterminent plusieurs sortes de signaux
spécifiques, et comprend de plus une unité de sélection agencée entre ladite unité de détermination de signal
spécifique et ladite unité de déclenchement, pour sélectionner des résultats de décision en provenance desdites
plusieurs unités de détermination de signal.

10. Circuit de détection de phase d’horloge selon la revendication 1, dans lequel ledit circuit de régénération d’horloge
(2A) comprend :�

une unité de régénération d’horloge (15) pour régénérer ladite horloge d’identification de signal à partir dudit
signal modulé orthogonal à multiples niveaux à détecter ;
une unité d’ajustement de phase (16) pour ajuster la phase d’une horloge en provenance de ladite unité de
régénération d’horloge (15) et pour fournir ensuite l’horloge à phase ajustée audit circuit d’identification (11) ;
et dans lequel la composante de phase comprend un signal de commande d’ajustement de phase pour ladite
unité d’ajustement de phase.

11. Circuit de détection de phase d’horloge selon la revendication 10, comprenant de plus une unité de calcul de
moyenne agencée entre ladite unité de détection de phase d’horloge (14A) et ladite unité d’ajustement de phase
(16), pour faire la moyenne de la sortie en provenance de ladite unité de détection de phase d’horloge (14A).

12. Circuit de détection de phase d’horloge selon la revendication 10, dans lequel ledit circuit d’identification (11) com-
prend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus en dé-
modulant ledit signal modulé orthogonal à multiples niveaux ; et dans lequel ladite unité de régénération d’horloge
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(15), ladite unité d’ajustement de phase (16), et ladite unité de détection de phase d’horloge (14A) sont utilisées en
commun auxdites plusieurs unités d’identification.

13. Circuit de détection de phase d’horloge selon la revendication 10, dans lequel ledit circuit d’identification (11) com-
prend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus en dé-
modulant ledit signal modulé orthogonal à multiples niveaux ; et comprenant de plus une unité de calcul de moyenne
agencée entre ladite unité de détection de phase d’horloge (14A) et ladite unité d’ajustement de phase (16), pour
faire la moyenne de la sortie en provenance de ladite unité de détection de phase d’horloge (14A) ; et dans lequel
ladite unité de régénération d’horloge (15), ladite unité d’ajustement de phase (16), ladite unité de calcul de moyenne,
et ladite unité de détection de phase d’horloge (14A) sont utilisées en commun auxdites plusieurs unités d’identifi-
cation.

14. Circuit de détection de phase d’horloge selon la revendication 10, dans lequel ledit circuit d’identification (11) com-
prend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus en dé-
modulant ledit signal modulé orthogonal à multiples niveaux ; et dans lequel ladite unité de régénération d’horloge
(15) est partagée entre lesdites plusieurs unités d’identification ; et dans lequel plusieurs unités d’ajustement de
phase (16) et plusieurs unités de détection de phase d’horloge (14A) sont agencées en correspondance auxdites
plusieurs unités d’identification.

15. Circuit de détection de phase d’horloge selon la revendication 10, dans lequel ledit circuit d’identification (11) com-
prend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus en dé-
modulant ledit signal modulé orthogonal à multiples niveaux ; et comprenant de plus une unité de calcul de moyenne
agencée entre ladite unité de détection de phase d’horloge (14A) et ladite unité d’ajustement de phase (16), pour
calculer la moyenne de la sortie provenant de ladite unité de détection de phase d’horloge (14A) ; ladite unité de
régénération d’horloge (15) est utilisée en commun auxdites plusieurs unités d’identification ; et une pluralité desdites
d’ajustement de phase (16), desdites unités de calcul de moyenne et desdites unités de détection de phase d’horloge
(14A) sont agencées en correspondance auxdites plusieurs unités d’identification.

16. Circuit de détection de phase d’horloge selon la revendication 10, comprenant de plus une unité de production de
signal de test pour produire un signal de test ; et une unité de sélection pour produire de manière sélective la sortie
provenant de ladite unité de détection de phase d’horloge (14A) et la sortie provenant de ladite unité de production
de signal de test, ladite sortie de ladite unité de sélection étant fournie en tant qu’entrée à ladite unité d’ajustement
de phase (16).

17. Circuit de détection de phase d’horloge selon la revendication 1, dans lequel ledit circuit de régénération d’horloge
(2B) comprend :�

une unité de filtre à boucle (17) pour intégrer la sortie provenant de ladite unité de détection de phase d’horloge
(14A) ; et
une unité d’oscillation (18) pour produire une horloge d’identification de signal pour ledit circuit d’identification
(11), en réponse à la commande sortie en provenance de ladite unité de filtre à boucle (17).

18. Circuit de détection de phase d’horloge selon la revendication 17, dans lequel ledit circuit d’identification (11) com-
prend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus en dé-
modulant ledit signal modulé orthogonal à multiples niveaux ; et dans lequel ladite unité de détection de phase
d’horloge (14A), ladite unité de filtre à boucle (17), et ladite unité d’oscillation (18) sont utilisées en commun auxdites
plusieurs unités d’identification.

19. Circuit de détection de phase d’horloge selon la revendication 17, dans lequel ledit circuit d’identification (11) com-
prend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus en dé-
modulant ledit signal modulé orthogonal à multiples niveaux ; et dans lequel plusieurs unités de détection de phase
d’horloge (14A) sont agencées en correspondance auxdites unités d’identification ; et dans lequel ladite unité de
filtre à boucle (17) et ladite unité d’oscillation (18) sont utilisées en commun auxdites unités d’identification ; et
comprenant de plus une unité de composition pour composer les sorties desdites unités de détection de phase
d’horloge (14A) pour entrer la sortie résultante de ladite unité de composition dans ladite unité de filtre à boucle (17).

20. Circuit de détection de phase d’horloge selon la revendication 17, dans lequel ledit circuit d’identification (11) com-
prend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus en dé-
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modulant ledit signal modulé orthogonal à multiples niveaux ; et comprenant de plus plusieurs unités de détection
de phase d’horloge (14A) et plusieurs unités de filtre à boucle (17) agencées en correspondance auxdites plusieurs
unités d’identification ; ladite unité d’oscillation (18) étant utilisée en commun auxdites plusieurs unités
d’identification ; une partie desdites plusieurs unités d’identification étant reliée à ladite unité d’oscillation (18) par
l’intermédiaire de ladite unité d’ajustement de phase, ladite sortie de ladite unité de filtre à boucle (17) étant fournie
en tant qu’entrée de commande à ladite unité d’oscillation (18) ou à ladite unité d’ajustement de phase.

21. Circuit de détection de phase d’horloge selon la revendication 17, dans lequel ledit circuit d’identification (11) com-
prend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus en dé-
modulant ledit signal modulé orthogonal à multiples niveaux ; et dans lequel ladite unité de filtre à boucle (17) et
ladite unité d’oscillation (18) sont utilisées en commun auxdites plusieurs unités d’identification; et comprenant de
plus une seconde unité de détection de phase d’horloge pour détecter la composante de phase de ladite horloge
d’identification de signal dans un procédé différent de celui de ladite unité de détection de phase d’horloge (14A),
et une unité de composition pour composer la sortie en provenance de ladite unité de détection de phase d’horloge
(14A) avec la sortie en provenance de ladite seconde unité de détection de phase d’horloge, la sortie de ladite unité
de composition étant fournie en tant qu’entrée à ladite unité de filtre à boucle (17).

22. Circuit de détection de phase d’horloge selon la revendication 17, dans lequel ledit circuit d’identification (11) com-
prend plusieurs unités d’identification correspondant au nombre des plusieurs signaux démodulés obtenus en dé-
modulant ledit signal modulé orthogonal à multiples niveaux ; et dans lequel ladite unité de filtre à boucle (17) et
ladite unité d’oscillation (18) sont utilisées en commun auxdites plusieurs unités d’identification ; et comprenant de
plus une seconde unité de détection de phase d’horloge pour détecter la composante de phase de ladite horloge
d’identification de signal dans un procédé différent de ladite unité de détection de phase d’horloge (14A), et une
unité de sélection pour produire de manière sélective la sortie en provenance de ladite unité de détection de phase
d’horloge (14A) et la sortie en provenance de ladite seconde unité de détection de phase d’horloge, la sortie de
ladite unité de sélection étant fournie en tant qu’entrée à ladite unité de filtre à boucle (17).

23. Circuit de détection de phase d’horloge selon la revendication 17, comprenant de plus une unité de production de
signal de test pour produire un signal de test ; et une unité de sélection pour produire de manière sélective la sortie
en provenance de ladite unité de détection de phase d’horloge (14A) et la sortie en provenance de ladite unité de
production de signal de test, ladite sortie de ladite unité de sélection étant fournie en tant qu’entrée à ladite unité
de filtre à boucle (17).

24. Unité de réception pour un équipement radio multiplex comprenant un circuit de détection de phase d’horloge selon
l’une quelconque des revendications précédentes.

25. Équipement radio multiplex comprenant une unité de réception selon la revendication 24.
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