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[57] ABSTRACT

The invention relates to a motor control circuit of a data
reproduction apparatus, which drives a disk motor to
reproduce a data signal recorded together with a sync
signal on a recording medium so as to control the disk
motor in accordance with a reproduced sync signal.
The frequency and phase components of the repro-
duced sync signal are detected, and first and second
motor control signals are produced in accordance with
frequency and phase detection signals, respectively. A
control circuit detects whether or not the frequency
detection signal falls within a predetermined range. If it
is determined that the frequency detection signal does
not fall within the predetermined range, the second
motor control signal is kept at a predetermined value.

6 Claims, 31 Drawing Figures
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1

MOTOR CONTROL CIRCUIT OF DATA
REPRODUCTION APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a data reproduction
apparatus such as a DAD (digital audio disk) reproduc-
tion apparatus of a CD (optical compact disk) type and,
more particularly, to a motor control circuit of a data
reproduction apparatus.

A PCM (pulse code modulation) digital recording-
/reproduction system has been recently adopted in
order to achieve a higher fidelity in acoustic equipment.
This is because a digital audio technique has been estab-
lished which provides better audio characteristics than
the conventional analog recording/reproduction sys-

tems without dependency on the characteristics of a

recording medium.

Among the digital audio systems, there is a system
called a DAD system which records signals on and
reproduces them from a recording disk. Various recor-
ding/reproduction systems for the DAD system have
been proposed such as optical, electrostatic and me-
chanical systems. Whichever one of these recording/re-
production systems is used, the data reproduction appa-
ratus must satisfy various control functions and high-
performance requirements which are higher than those
of the conventional data reproduction apparatus.

In a CD reproduction apparatus, for example, a disk
is used which comprises a transparent plastic disk 12 cm
in diameter and 1.2 mm thick, with-a thin metal film
formed on the transparent plastic disk. Pits (indentation
patterns of different reflectivities) are formed in the thin
metal film to correspond to digital (PCM) data. The CD
disk is scanned by an optical pickup which is moved
from the innermost track to the outermost track in the
radial direction of the CD disk. An optical pickup
which has a semiconductor laser and a photoelectric
transducer therein is used to scan the rotating CD disk.
The CD disk must be rotated at a constant linear veloc-
ity (CLV) all the time. The speed of rotation of the CD
disk must therefore continuously change from 500 rpm
to 200 rpm as the optical pickup moves from the inner-
most track to the outermost track. Since the CD disk
has a track pitch of 1.6 um to allow one-hour stereo
playing on one side thereof, a great amount of data may
be recorded on the CD disk in a program area (at a
radius of 25 to 58 mm), and index data thereof are re-
corded on a lead-in area (at a radius of 23 to 25 mm). As
aresult, highly precise control functions and the like are
required.

FIG. 1 is a block diagram of a DAD reproduction
apparatus of a CD system.

As shown in FIG. 1, the DAD apparatus comprises a
disk motor 111 for rotating a turntable 112. An optical
disk 113 is mounted on the turntable 112. The disk 113
has pits which correspond to digital audio signals (i.e.,
PCM codes) which have been EFM (Eight to Fourteen
Modulation)-modulated and interleaved. An optical
pickup 114 emits a laser beam from a semiconductor
laser 114a. The laser beam passes through a beam split-
ter 1145 and is focused by an objective.lens 114¢. The
beam illuminates the track of the optical disk 113. The
beam reflected from the pits passes through the objec-
tive lens 114¢ and the beam splitter 1145. It is then
guided to a four-element photodetector 1144. The pho-
todetector 1144 converts the laser beam into four sig-
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2
nals. The pickup 114 is moved by a pickup feed motor
115 in the radial direction of the optical disk 113.

The four signals from the photodetector 114d are
supplied to a matrix circuit 116 and undergo a specific
matrix operation. As a result, the matrix circuit 116
generates a focus error signal F, a tracking error signal
T and a high-frequency signal RF. The focus error
signal F and a focus search signal from a focus search
circuit 110 are used to drive a focus servo system of the
optical pickup 114. The tracking error signal T and a
search control signal supplied from a system controller
117 are used to drive a tracking servo system of the
optical pickup 114 and to control the pickup feed motor
115. The high-frequency signal RF is supplied to a re-
produced signal processing system 118 as a major repro-
duced signal component. In the system 118 the signal
RF is supplied to a waveform shaping circuit 120 which
is controlled by a slice level (eye pattern) detector 119.
The waveform shaping circuit 120 divides the input
signal into an unnecessary analog component and a
necessary data component. The necessary data compo-
nent is supplied to a sync clock reproducing circuit 121
of PLL (phase locked loop) type and also to an edge
detector 122a of a first signal processing system 122.

A sync clock from the sync clock reproducing circuit
121 is supplied to a clock-pulse generating circuit 12256
of the first signal processing system 122. In response to
the sync clock, the clock-pulse generating circuit 1225
generates a clock-pulse for dividing a sync signal into
components. On the other hand, the necessary data
component from the edge detector 1224 is supplied to a
sync signal detector 122¢. The sync signal detector 122¢
divides the data components in response to a sync signal
dividing clock from the clock-pulse generating circuit
122b. The necessary data component from the edge
detector 122a is also supplied to a demodulating circuit
1224 and is then EFM-demodulated. A sync signal from
the sync signal detector 122¢ is supplied to a sync signal
protecting circuit 122¢ and then to a timing signal gen-
erating circuit 122f A clock from the clock-pulse gen-
erating circuit 1225 is also supplied to the timing signal
generating circuit 1221 The timing signal generating
circuit 122f generates a timing signal for processing
input data.

An output signal from the demodulating circuit 1224

_is supplied through a data bus input/output control

circuit 122g to an input/output control circuit 123z of a
second signal processing system 123. The output signal
from the demodulating circuit 1224 contains a sub-code
(i.e., a control signal) and a display signal component.
The display signal component is supplied to a control
display processing circuit 122/ and the sub-code is sup-
plied to a sub-code processing circuit 1224,

The sub-code processing circuit 122/ detects an error,
if any, in the sub-code, corrects the error, and then
generates sub-code data. The sub-code data is supplied
to the system controller 117 through an interface circuit
122¢ which is connected to the system controller 117.

The system controller 117 includes a microcomputer,
an interface circuit and a driver integrated circuit. In
response to an instruction from a control switch 124 the
system controller 117 controls the DAD apparatus in a
desired manner and causes a display device 125 to dis-
play the sub-code (e.g., index data about a piece of
music to be reproduced).

The timing signal from the timing signal generating
circuit 1221 is supplied through a data selecting circuit
122j to the data bus input/output control circuit 122g
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and controls the data bus input/output control circuit
122g. The timing signal is also supplied to a frequency
detector 122k and a phase detector 122/, and also to a
PWM (pulse width modulation) modulator 122m. The
timing signal from the PWM modulator 122m then
undergoes automatic frequency control (AFC) and
automatic phase control (APC) so as to rotate the disk
motor 111 at a constant linear velocity (CLV).

The frequency detector 122m and the phase detector
122/ are connected to receive a system clock-pulse from
a system clock-pulse generating circuit 122p, which
operates under the control of an output signal from a
quartz crystal oscillator 122n.

The demodulated data from the input/output control
circuit 123a of the second signal processing system 123
is supplied through a data output circuit 123e to a D/A
(digital-to-analog) converter 126 after it has undergone
necessary error correction, deinterleaving and data
supplementation at a syndrome detector 1235, and to an
error pointer control circuit 123¢, and to an error cor-
rection circuit 123d. The second signal processing sys-
tem 123 includes an external memory control circuit
123f" The control circuit 123f cooperates with the data
selecting circuit 122; of the first signal processing sys-
tem 122 to control an external memory 127 which stores
data necessary for correcting errors. Under the control
of the circuits 123/ and 122/ the data are read from the
external memory 127 and supplied to the input/output
control circuit 123a.

The second signal processing system 123 further
comprises a timing control circuit 123g and a muting
control circuit 1234 The timing control circuit 123g is
so designed as to supply, in response to a system clock-
pulse generated by the system clock-pulse generating
circuit 122p, a timing control signal which is necessary
in correcting errors, supplementing data and converting
digital data into analog data. The muting control circuit
1234 is so designed as to achieve, in response to a con-
* trol signal from the error pointer control circuit 123¢ or
“from the system controller 117, a specific muting con-
trol which is necessary in supplementing data and in
starting and ending DAD reproduction.

An audio signal, or an analog output signal from the
D/A converter 126 is supplied through a low pass filter

128 and an amplifier 129 to a loudspeaker 130.

Means for controlling the disk motor 111 (i.e., the
frequency detector 122k, the phase detector 122/ and
the PWM modulator 122m) in the DAD apparatus of
the type described above are described in detail with
reference to the accompanying drawings. Referring to
FIG. 2, reference numeral 131 denotes an input end
which receives a timing signal from the timing signal
generating circuit 122f The timing signal is obtained by
frequency-dividing a sync signal from the sync signal
detector 122¢ by a predetermined frequency division
ratio. The frequency-divided sync signal is then used for
controlling rotation of the disk motor 111, to be de-
scribed in detail. Here, the frequency-divided sync sig-
nal is called the control signal. The input end 131 is
connected to the input end of an edge detector 132
included in the frequency detector 122k and to the input
end of a 1/N divider 133 included in the phase detector
122]. A reset signal output end RO of the edge detector
132 is connected to a reset signal input end RI of a
counter 134. A count signal input end CI of the counter
134 is connected to a clock input end 135 of the system
clock generating circuit 122p. The clock input end 135
receives the system clock signal. Since the system clock
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signal is the reference signal to control the disk motor
111 so as to rotate the optical disk 113 at a constant
linear velocity, the system clock signal will be calied a
reference clock signal here. The counter 134 has first
and second count signal output ends CO; and CO;. The
first count signal output end COj is connected to the
count signal input end CI of a latch circuit 136, and the
second count signal output end CO; is connected to the
count signal input end CI of an AFC detector 137. Set
and reset signal output ends SO and RO of the AFC
detector 137 are connected to set and reset signal input
ends SI and RI of the latch circuit 136, respectively, and
also to the two input ends of a NOR gate 138. A latch
pulse output end LO of the edge detector 132 is con-
nected to a latch pulse input end LI of the latch circuit
136. A latch signal output end LO of the latch circuit
136 is connected to one input end of a comparator 139
of the PWM modulator 122, which has the first and
second motor control signal generating means 122m;
and 122m;. The other end of the comparator 139 is
connected to a first count signal output end COj of a
ramp counter 140. The output end of the comparator
139 is connected through a connecting end 141 to the
input end of a low-pass filter (LPF) 142 shown in FIG.
1.

The output end of the 1/N divider 133 is connected
to a latch pulse input end LI of a latch circuit 144
through an edge detector 143. The clock input end 135
is connected to a count signal input end CI of a counter
146 through the 1/N divider 145. A count signal output
end CO of the counter 146 is connected to a count
signal input end CI of the latch circuit 144. The output
end of the NOR gate 138 is connected to one input end
of an AND gate 147. A latch signal output end LO of
the latch circuit 144 is connected to one input end of a
comparator 148. The other input end of the comparator
148 is connected to a second count signal output end
CO; of the ramp counter 140. A count signal input end
CI of the ramp counter 140 is connected to the clock
input end 135. The output end of the comparator 148 is
connected to the other input end of the AND gate 147.
The output end of the AND gate 147 is connected
through a connecting end 149 to the input end of a
low-pass filter (LPF) 150 shown in FIG. 1.

The mode of operation of the disk motor control
means having an arrangement as described above will
be described with reference to FIGS. 3A to 31. When
the optical disk 113 is rotated and the sync signal is
obtained as shown in FIG. 1, the control signal (FIG.
3A) obtained by frequency-dividing the sync signal in
accordance with a predetermined frequency division
ratio is supplied to the input end 131. The edge detector
132 detects the trailing edge of the control signal and
produces a pulse signal shown in FIG. 3B from the reset
signal output end RO and the latch pulse output end LO
every time the control signal falls.

Meanwhile, when the reference clock signal from the
clock input end 135 is supplied to the count signal input
end CI of the ramp counter 140, the ramp counter 140
counts it. When the count of the ramp counter 140
reaches a predetermined value, the ramp counter 140 is
automatically reset and starts counting the reference
pulses once again. The ramp counter 140 repeats the
counting operation in the manner described above.
Therefore, the count signal from the first and second
count signal output ends CO; and CO; of the ramp
counter 140 has a predetermined sawtooth waveform
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which has a period independent of the period of the
control signal, as shown in FIG. 3C.

Similarly, when the reference clock signal from the
clock input end 135 is supplied to the counter 134, the
counter 134 counts it. However, the counter 134 is reset
every time the pulse is supplied from the edge detector
132 to the reset signal input end RI thereof. The count
signal from the first and second count signal output ends
COj and CO; of the counter 134 has a sawtooth wave-
form synchronous with the period of the control signal.
The count of the counter 134 corresponds to the fre-
quency of the control signal.

The count signal of the counter 134 is supplied from
the first and second count signal output ends CO; and
CO3 thereof to the count signal input ends CI of the
latch circuit 136 and the AFC detector 137, respec-
tively. Every time the pulse (FIG. 3B) from the latch
pulse output end LO of the edge detector 132 is sup-
plied to the latch pulse input end LI of the latch circuit
136, the latch circuit 136 holds the count signal supplied
to the count signal input end CI thereof. In other words,
a hold signal as shown in FIG. 3E obtained by holding
the maximum count signal of the sawtooth waveform
shown in FIG. 3D appears at the latch signal output end
LO of the latch circuit 136.

In this condition, the holding operation of the latch
circuit 136 is controlled by the AFC detector 137. The
AFC detector 137 detects whether or not the count
(corresponding to the frequency of the control signal)
of the counter 134 falls within a predetermined range.
More particularly, the count of the counter 134 corre-
sponds to the frequency of the control signal; to detect
whether or not the count falls within the predetermined
range is to detect whether or not the frequency of the
control signal falls within a predetermined frequency
range.

When the count of the counter 134 does not fall
within the predetermined range (i.e., before time T1),
either the set signal output end SO or the reset signal
output end RO of the AFC detector 137 is set at high
level (to be referred to as H level). The designer can
determine which one of the set and reset signal output
ends SO and RO is to be set at H level as needed. For
example, if the set signal output end SO goes high, a
maximum count signal is forcibly produced from the
latch signal output end LO of the latch circuit 136,
independently of the output from the counter 134.
However, if the reset signal output end RO goes high, a
signal corresponding to the count ““0” is produced from
the latch signal output end LO of the latch circuit 136.
In this example, assume that the reset signal output end
RO of the AFC detector 137 goes high when the count
of the counter 134 does not fall within the predeter-
mined range.

When the optical disk 113 is just beginning to be
rotated, (i.e., before time T1 in FIG. 3), the rotational
speed of the optical disk 113 is not yet normal. The
frequency of the control signal thus does not fall within
the predetermined frequency range. The latch signal
output end LO of the latch circuit 136 corresponds to
the count “0”. The count “0” is compared by the com-
parator 139 with the count of the ramp counter 140.
When the count of the latch circuit 136 is smaller than
the count of the ramp counter 140, the comparator 139
produces an output of low level (to be referred to as L
level). However, when the count of the latch circuit 136
is equal to or larger than that of the ramp counter 140,
the comparator 139 produces an output of H level.
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Before time T1 in FIG. 3, the output from the com-
parator 139 is kept at L level, as shown in FIG. 3F. In
this condition, a reference voltage Vor (FIG. 4) which
is substantially half of a voltage Vg is supplied to the
disk motor 111. Note that the voltage Vg is obtained
from the low-pass filter 142 and is used for automatic
frequency control.

Assume that the rotational speed of the optical disk
113 is increased and that the frequency of the control
signal reaches the predetermined frequency at time T1.
The reset signal output end RO of the AFC detector
137 is set to L level. The latch circuit 136 then starts the
holding operation. The count of the hold signal is com-
pared with the count of the ramp counter 140. The
comparator 139 then produces an automatic frequency
control signal as a first motor control signal (to be re-
ferred to as an AFC signal) shown in FIG. 3F. In partic-
ular, the count of the latch circuit 136 which corre-
sponds to the frequency of the control signal is com-
pared with the count signal of the ramp counter 140
which has a reference period. A signal corresponding to
the difference between the count signals from the latch
circuit 136 and the ramp counter 140 is produced by the
comparator 139 and is then pulse-width modulated to
produce the AFC signal. The AFC signal is then sup-
plied as an AFC voltage VFr to the disk motor 111
through the low-pass filter 142 shown in FIG. 1.

FIG. 4 is a graph for explaining the AFC voltage V¢
as a function of frequency f of the control signal. Auto-
matic frequency control can be properly performed
when the control signal has a frequency in a frequency
range of fl1 to f2. The AFC detector 137 detects
whether or not the frequency of the control signal falis
within a frequency range of f1 to f2.

Meanwhile, the control signal from the input end 131
is supplied to the edge detector 143 through the 1/N
divider 133. The edge detector 143 detects the trailing
edge of the control signal and produces a pulse as
shown in FIG. 3B every time it detects the trailing
edge. In practice, the control signal is obtained by the
1/N divider 133, but it is equivalent to the signal shown
in FIG. 3A, so that the waveform of the control signal
is illustrated by the signal shown in FIG. 3A.

When the reference clock signal from the clock input
end 135 is supplied to the count signal input end CI of
the counter 146 through the 1/N divider 145, the
counter 146 counts the 1/N divided signals of the clock
signal. Before time T1 in FIG. 3, that is, before auto-
matic frequency control is performed, the reset signal
output end RO of the AFC detector 137 is kept at H
level, so that the output end of the NOR gate 138 is kept
at L level. When the signal which is obtained by 1/N
dividing the reference clock signal appearing at the
clock input end 135 is supplied to the count signal input
end CI of the counter 146 through the 1/N divider 145,
the counter 146 counts the 1/N divided signals. When
the count of the counter 146 reaches a predetermined
value, the counter 146 is automatically reset and is then
restarted. The counting operation of the counter 146 is
repeated in the manner described above. Therefore, the
count signal from the count signal output end CO of the
counter 146 has a waveform as shown in FIG. 3G.

The count signal from the counter 146 is supplied
from its count signal output end CO to the count signal
input end CI of the latch circuit 144. The latch circuit
144 holds the count signal received at the count signal
input end CI thereof every time the pulse from the edge
detector 143 is supplied to the latch pulse input end LI
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of the latch circuit 144. The output from the latch cir-
cuit 144 is thus shown in FIG. 3H. The output (FIG.
3G) from the latch 144 is compared by the comparator
148 with the output (FIG. 3C) from the count signal
output end CO; of the ramp counter 140. As described
above, before time T1, since the output end of the NOR
gate 138 is low, the output end of the AND gate 147 is
low. As a result, the output from the output end of the
AND gate 147 is low, as shown in FIG. 3. In this condi-
tion, an APC voltage V pobtained through the low-pass
filter 150 shown in FIG. 1 is kept at a minimum voltage
Vip (FIG. §) which is then applied across the disk
motor 111.

At time T1 in FIG. 3, the reset signal output end RO
of the AFC detector 137 goes to L level, and the output
end of the NOR gate 138 goes to H level. The count
signal from the latch circuit 144 and the count signal
from the ramp counter 140 are compared by the com-
parator 148. The comparator 148 produces an automatic
phase control signal as a second motor control signal (to
be referred to as an APC signal hereinafter) after time
T1, as shown in FIG. 31. Note that the comparator 148
produces a signal of L level when the count signal from
the latch circuit 144 is smaller than that of the ramp
counter 140 and a signal of H level when the count
signal from the latch circuit 144 is equal to or larger
than that of the ramp counter 140. More particularly,
the output from the counter 146 which performs repeat
counting is held for the period of the control signal. A
resultant signal is compared with the count signal from
the ramp counter 140 which has the reference period
(phase). A comparison signal is pulse-width modulated
to obtain the APC signal. The APC signal is then sup-
plied as an APC voltage Vp to the disk motor 111
through the low-pass filter 150 shown in FIG. 1.

FIG. 5 shows the relationship between the deviation
in phase P of the control signal and the APC voltage
" Vp. Automatic phase control can be performed when
the deviation in phase P of the control signal falls within
a range of 4-P1 to —P1. After the frequency f of the
control signal is controlled to fall within the frequency
range of fl to f2, automatic phase control is started.

The AFC and APC voltage signals are superposed on
each other, and the resultant signal is supplied to the
disk motor 111. Therefore, the disc motor 111 can drive
the optical disk 113 at a constant linear velocity.

The 1/N dividers 133 and 145 shown in FIG. 2 are
used to control a ratio of the AFC gain to the APC gain.

However, the following problems are presented
when the disk motor controlling means described above
is used. In the above arrangement, the AFC detector
137 detects whether or not the frequency of the control
signal falls within the predetermined range. When it is
determined that the actual frequency of the control
signal does not fall within the predetermined range (i.e.,
before time T1 in FIG. 3), the output from the connect-
ing end 141 is kept at low level (FIG. 3F) so as not to
perform automatic frequency control. However, when
it is determined that the frequency of the control signal
falls within the predetermined range (i.e., after time T1
in FIG. 3), the AFC signal appears at the connecting
end 141.

Furthermore, when the frequency of the control
signal falls within the predetermined frequency range,
the APC signal is then produced to perform automatic
phase control.

Now assume that the states in which automatic fre-
quency control is performed and not performed are
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8
defined as AFC ON and AFC QFF, respectively, and
that the states in which automatic phase control is per-
formed and not performed are defined as APC ON and
APC OFF.

The frequency of the control signal when the APC
ON state is changed to the APC OFF state is equal to
that of the control signal when the APC OFF state is
changed to the APC ON state. If the AFC detector 137
is defined to be a detector which detects whether or not
a deviation in frequency of the control signal relative to
the reference frequency thereof falls or does not fall
within a range of 10%, the frequency of the control
signal is considerably deviated from the reference fre-
quency f0 when the APC OFF state is changed to the
APC ON state. As a result, when the APC ON state has
just been set, phase control cannot be smoothly per-
formed, thus wasting time.

If the AFC detector 137 is then defined to be a detec-
tor which detects whether or not a deviation in fre-
quency of the control signal relative to the reference
frequency thereof falls or does not fall within 5%, phase
control may be properly performed. However, when
the rotational speed of the disk motor 111 is slightly
changed by an external effect, the frequency of the
control signal tends to correspond to that for the APC
OFF state. Even if the frequency of the control signal
can be used to sufficiently perform automatic phase
control, the APC OFF state is set, which is inconve-
nient.

Furthermore, in the APC OFF state (i.e., before T1
in FIG. 3), the AND gate 147 is kept OFF only by a
signal of L level from the set signal output end of the
AFC detector 137. In this condition, the APC voltage
Vpis kept at the minimum voltage Vrp as shown in
FIG. 5. When the APC signal is produced at time T1
and corresponds to the maximum voltage V gpshown in
FIG. 5, a voltage applied across the disk motor 111 is
greatly changed, thus greatly changing the rotational
speed of the disk motor 111. As a result, motor control
cannot be smoothly performed.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the conventional drawbacks and has for its object to
provide a motor control circuit of a data reproduction
apparatus, which has a simple configuration and which
is capable of controlling a motor stably and smoothly so
as to perform effective data reproduction.

According to one aspect of the present invention,
there is provided a motor control circuit of a data repro-
duction apparatus, comprising a recording medium on
which a data signal is recorded together with a sync
signal, and a disk motor for driving the recording me-
dium in order to reproduce the data signal and the sync
signal from said recording medium, said disk motor
being controlled in accordance with a reproduced sync
signal, characterized by comprising: frequency detect-
ing means for detecting a frequency component of the
reproduced sync signal; phase detecting means for de-
tecting a phase component of the reproduced sync sig-
nal; first motor control signal generating means for
generating a first motor control signal to control said
disk motor in accordance with an output signal from
said frequency detecting means; second motor control
signal generating means for generating a second motor
control signal to control said disk motor in accordance
with an output signal from said phase detecting means;
and controlling means for detecting whether or not the
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output signal from said frequency detecting means falls
within a predetermined range and for keeping the sec-
ond motor control signal from said second motor con-
trol signal generating means at a predetermined value
when the output signal from said frequency detecting
means does not fall within a predetermined range.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1'is a block diagram showing the overall config-
uration of a conventional DAD reproduction appara-
tus;

FIG. 2 is a block diagram of a motor controlling
means of the DAD reproduction apparatus shown in
FIG. 1;

FIGS. 3A to 3I are timing charts of signals for ex-
plaining the mode of operation of the motor controlling
means shown in FIG. 2;

FIGS. 4 and 5 are timing charts of motor control
signals of the motor controlling means shown in FIG. 2;

FIG. 6 is a block diagram of a motor control circuit
of a data reproduction apparatus according to an em-
bodiment of the present invention;

FIGS. 7A to 71 are timing charts for explaining the
mode of operation of the motor control circuit shown in
FIG. 6;

FIG. 8 is a timing chart of a motor control signal for
controlling the motor control circuit shown in FIG. 6;

FIG. 9 is a schematic view for explaining the overall
operation of the motor control circuit shown in FIG. 6;

FIG. 10 is a block diagram showing a modification of
a first motor control signal generating means of the
motor control circuit shown in FIG. 6;

FIGS. 11A to 11D are timing charts of signals for
explaining the mode of operation of the first motor
control signal generating means shown in FIG. 10; and

FIG. 12 is a block diagram showing a modification of
a second motor control signal generating means of the
motor control circuit shown in FIG. 6.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A motor control circuit according to an embodiment
of the present invention will be described with refer-
ence to the accompanying drawings. The same refer-
ence numerals as used in FIG. 2 denote the same parts
in FIG. 6, and a detailed description thereof will be
omitted. The latch circuit 136 has two latch signal out-
put ends LOj and L.O;, which both produce the same
signal. The latch signal output end LOj is connected to
one input end of the comparator 139. The latch signal
output end LO; is connected to the input end of a con-
trol circuit 151 to be described in detail later.

The output end of the control circuit 151 is connected
to a control input end C of the latch circuit 144 and to
one input end of an AND gate 152. The other input end
of the AND gate 152 is connected to the output end of
the edge detector 143. The output end of the AND gate
152 is connected to the reset signal input end RI of the
counter 146. The output end of the comparator 148 is
connected to the input end 149.

A detailed description of the control circuit 151 will
be made later on. A function of the control circuit 151
will now be briefly described. When the latch signal
output end LO; of the latch circuit 136 becomes low,
that is, when the frequency of the control signal falls
within the frequency range of f1 to 2 in FIG. 4, the
control circuit 151 produces a signal of H level. How-
ever, the control circuit 151 produces a signal of L level

5

10

20

25

30

35

40

45

50

55

60

65

10

when the frequency of the control signal does not fall
within the frequency range of f1 to f2. The counter 146
is reset every time the puise from the edge detector 143
is supplied to the reset signal input end RI thereof
through the AND gate 152. When the control input end
C of the latch circuit 144 is kept at H level, the count
signal from the latch signal output end LO thereof is
forcibly kept at a given value to be described later.

The mode of operation of the disk motor control
circuit which has the above arrangement will now be
described with reference to FIGS. 7A to 7H. When the
optical disk 113 is rotated and the sync signal is pro-
duced as described with reference to FIG. 2, the sync
signal is frequency-divided by a predetermined fre-
quency division ratio, thereby producing a control sig-
nal as shown in FIG. 7A. The control signal is then
supplied to the input end 131. The edge detector 132
detects the trailing edge of the control signal and pro-
duces a pulse signal shown in FIG. 7B from the reset
signal output end RO and the latch pulse output end LO
every time the control signal falls.

Meanwhile, when the reference clock signal from the
clock input end 135 is supplied to the count signal input
end CI of the ramp counter 140, the ramp counter 140
counts it. When the count of the ramp counter 140
reaches a predetermined value, the ramp counter 140 is
automatically reset and starts counting the reference
pulses once again. The ramp counter 140 repeats the
counting operation in the manner described above.
Therefore, the count signal from the first and second
count signal output ends CO; and CO; of the ramp
counter 140 has a predetermined sawtooth waveform
which has a period independent of the period of the
control signal, as shown in FIG. 7C.

Similarly, when the reference clock signal from the
clock input end 135 is supplied to the count signal input
end CI of the counter 134, the counter 134 counts it.
However, the counter 134 is reset every time the pulse
is supplied from the edge detector 132 to the reset signal
input end RI thereof. The count signal from the first and
second count signal output ends CO; and CO; of the
counter 134 has a sawtooth waveform synchronous
with the period of the control signal. The count of the
counter 134 corresponds to the frequency of the control
signal.

The count signal of the counter 134 is supplied from
the first and second count signal output ends CO; and
CO; thereof to the count signal input ends CI of the
latch circuit 136 and the AFC detector 137, respec-
tively. Every time the pulse (FIG. 7B) from the latch
pulse output end LO of the edge detector 132 is sup-
plied to the latch pulse input end LI of the latch circuit
136, the latch circuit 136 holds the count signal. In other
words, a hold signal as shown in FIG. 7E obtained by
holding the maximum count signal of the sawtooth
waveform shown in FIG. 7D appears at the latch signal
output ends LO1 and LO; of the latch circuit 136.

In this condition, the holding operation of the latch
circuit 136 is controlled by the AFC detector 137. The
AFC detector 137 detects whether or not the count
(corresponding to the frequency of the control signal)
of the counter 134 falls within a predetermined range.
More specifically, the count of the counter 134 corre-
sponds to the frequency of the control signal; to detect
whether or not the count falls within a predetermined
range is to detect whether or not the frequency of the
control signal falls within a predetermined frequency -
range. :
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When the count of the counter 134 does not fall
within the predetermined range (i.e., before time T1 in
FIG. 7), either the set signal output end SO or the reset
signal output end RO of the AFC detector 137 is set at
H level. The designer can determine which one of the
set and reset signal output ends SO and RO is to be set
at H level as needed. For example, if the set signal out-
put end SO becomes high, a maximum count signal is
forcibly produced from the latch signal output ends
LO; and L.O; of the latch circuit 136, independent of the
output from the counter 134. However, if the reset
signal output end RO goes high, a signal corresponding
to the count “0” is produced from the latch signal out-
put ends LO; and LO; of the latch circuit 136. In this
example, assume that the reset signal output end RO of
the AFC detector 137 goes high when the count of the
counter 134 does not fall within the predetermined
range.

When the optical disk 113 is just beginning to be
rotated, (i.e., before time T1 in FIG. 7), the rotational
speed of the optical disk 113 is not yet normal. The
frequency of the control signal thus does not fall within
the predetermined frequency range. The latch signal
output ends LOj and LO; of the latch circuit 136 corre-
spond to the count “0”. The count “0” is compared by
the comparator 139 with the count of the ramp counter
140. When the count of the latch circuit 136 is smaller
than the count of the ramp counter 140, the comparator
139 produces an output of L level. However, when the
count of the latch circuit 136 is equal to or larger than
that of the ramp counter 140, the comparator produces
an output of H level.

Before time T1 in FIG. 7, the output from the com-
parator 139 is kept at L level, as shown in FIG. 7F. In
this condition, a reference voltage Vor (FIG. 4) which
is substantially half of a voltage VR is supplied to the
disk motor 111. Note that the voltage Vg is obtained
from the low-pass filter 142 shown in FIG. 1 and is used
for automatic frequency control.

Assume that the rotational speed of the optical disk
113 is increased and that the frequency of the control
signal reaches the predetermined frequency at time T1
shown in FIG. 7. The reset signal output end RO of the
AFC detector 137 is set to L level. The latch circuit 136
then starts the holding operation. The count of the hold
signal is compared with the count of the ramp counter
140. The comparator 139 then produces an automatic
frequency control signal (an AFC signal) as shown in
FIG. 7F. In particular, the count of the latch circuit 136
which corresponds to the frequency of the control sig-
nal is compared with the count signal of the ramp
counter 140 which has a reference period. A signal
corresponding to the difference between the count sig-
nals from the latch circuit 136 and the ramp counter 140
is produced by the comparator and is then pulse-width
modulated to produce the AFC signal. The AFC signal
is then supplied as an AFC voltage to the disk motor
111 through the low-pass filter 142 shown in FIG. 1.

Meanwhile, the control signal from the input end 131
is supplied to the edge detector 143 through the 1/N
divider 133. The edge detector 143 detects the trailing
edge of the control signal and produces a pulse as
shown in FIG. 7B every time it detects the trailing
edge. In practice, the control signal is obtained by the
1/N divider 133, but it is equivalent to the signal shown
in FIG. 7A, so that the waveform of the control signal
is illustrated by the signal shown in FIG. 3A.
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When the reference clock signal from the clock input
end 135 is supplied to the count signal input end CI of
the counter 146 through the 1/N divider 145, the
counter 146 counts the 1/N divided signals of the clock
signal. Before time T1 in FIG. 7, that is, before auto-
matic frequency control is performed, the reset signal
output end RO of the AFC detector 137 is kept at H
level, so that the latch signal output ends LO; and LO;
of the latch circuit 36 are kept at L level, that is, corre-
spond to the count “0”. For this reason, the control
circuit 151 produces a signal of H level, and the pulse
from the edge detector 143 is then supplied to the reset
signal input end RI through the AND gate 152. The
counter 146 is reset every time it receives the pulse from
the edge detector 143 at the reset signal input end RI
thereof. The count signal of the counter 146 has a wave-
form as shown in FIG. 7G.

The count signal from the counter 146 is supplied
from its count signal output end CO to the count signal
input end CI of the latch circuit 144. The latch circuit
144 holds the count signal supplied to the count signal
input end CI thereof every time the pulse from the edge
detector 143 is supplied to the latch pulse input end LI
of the latch circuit 144. However, before time T1 in
FIG. 7, the output end of the control circuit 151 is kept
at H level, so that the control input end C of the latch
circuit 144 is kept at H level. In this condition, the count
signal from the latch circuit 144 has a predetermined
magnitude, as shown in FIG. 7TH. This signal is then
compared by the comparator 148 with the count signal
from the ramp counter 140. In this case, the count of the
latch circuit 144 is set to be substantially half of the
maximum count of the ramp counter 140. When the
count of the latch circuit 144 is smaller than that of the
ramp counter 140, the comparator 148 produces a signal
of L level. However, when the count of the latch circuit
144 is equal to or larger than that of the ramp counter
140, the comparator 148 produces a signal of H level.

Before time T1 in FIG. 7, the comparator 148 pro-
duces a signal which has the predetermined period, as
shown in FIG. 7H. In this condition, a reference volt-
age Vp corresponding to substantially half (50% duty)
of an APC voltage V;, obtained through the low-pass
filter 150 shown in FIG. 1 is supplied to the disk motor
111.

At time T1 in FIG. 7, the reset signal output end RO
of the AFC detector 137 becomes L level. The reset
signal input end RO of the counter 146 does not receive
the signal from the edge detector 143 any longer.
Therefore, as shown in FIG. 7G, the counter 146 counts
the signals supplied to its counter signal input end CI to
a predetermined value, independently of the control
signal, and is automatically reset. The counter 146 re-
peats the above counting operation. Meanwhile, the
control input end C of the latch circuit 144 is kept at L
level, and the latch circuit 144 performs the holding
operation. As shown in FIG. 7H, the latch circuit 144
holds the output from the counter 146 every time it
receives a pulse from the edge detector 143. The count
of the latch circuit 144 is compared by the comparator
148 with the count of the ramp counter 140. As shown
in FIG. 71, the comparator 148 produces the APC sig-
nal at time T2 in FIG. 7. More particularly, the value
obtained by holding, together with the period of the
control signal, the output from the counter 146 which
performs repeat counting at a predetermined period is
compared with the count signal from the ramp counter
140 which has a reference period (phase). The compara-
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tor 148 produces 2 pulse-width modulated signal as the
APC signal corresponding to a phase of the control
signal which is deviated from that of the reference sig-
nal. The APC signal is supplied as an APC voltage V,
to the disk motor 111 through the low-pass filter 150.

FIG. 8 shows the relationship between the phase (P)
deviation of the control signal and the APC voltage V).
Automatic phase control can be performed when the
deviation in phase of the control signal falls within a
range +P1 to —P1. Automatic phase control can be
performed once the frequency f of the control signal is
controlled to fall within a frequency range fl1 to f2, as
shown in FIG. 4.

The AFC voltage signal is superposed on the APC
voltage signal, and the composite signal is then applied
across the disk motor 111 so as to drive the optical disk
113 at a constant linear velocity.

In the control circuit which has the above arrange-
ment, before automatic phase control is performed, that
is, before time T2 in FIG. 7, the APC signal is a signal
which has substantially half (50% duty) of the control-
lable range. Even if the APC signal is pulse-width mod-
ulated to perform actual phase control at time T2, a
voltage applied across the disk motor 111 is changed
with respect to the voltage V4,in FIG. 8. Therefore, the
rotational speed of the disk motor 111 may not be
greatly changed, thus properly performing the motor
control operation.

Furthermore, before automatic phase control is per-
formed, the counter 146 produces an output so as to
match the period (phase) of the control signal. When
automatic phase control is then started, the disk motor
111 is controlled such that the phase of the count signal
from the counter 146 coincides with that of the control
signal. In this manner, the count signal from the counter
146 and the control signal are substantially in phase, and
the idle time for phase control can be shortened. Auto-
matic phase control is then smoothly started, thus prop-
erly controlling rotation of the motor.

The control circuit 151 will now be described in
detail. The latch signal output end LO; of the latch

" circuit 136 is connected to the input ends of detectors
153 and 154, respectively. The detector 153 produces a
signal of H level when the frequency (corresponding to
the frequency of the control signal) of the count signal
from the latch signal output end LO; of the latch circuit
136 is deviated from the reference frequency by more
than 10%. However, when the above deviation falls
within a range of 10%, the detector 153 produces a
signal of L level. Similarly, the detector 154 produces a
signal of H level when the frequency of the count signal
from the latch signal output end LO; of the latch circuit
136 is deviated from the reference frequency within a
range of 5%. When this deviation is more than 5%, the
detector 154 produces a signal of L level. The set signal
output end SO of the AFC detector 137 is kept at H
level when the frequency of the control signal is devi-
ated from the normal frequency by more than 10%
(e.g., 20%). When this deviation falls within a range of,
e.g., 20%, the set signal output end SO of the AFC
detector 137 becomes L level. The AFC detector 137
detects when the frequency of the control signal has
reached a predetermined frequency. The detected fre-
quency is further detected in detail by the detectors 153
and 154.

The output ends of the detectors 153 and 154 are
connected to a set input end S and a reset input end R of
an R-S flip-flop (to be referred to as an S-RFF hereinaf-
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ter) 155, respectively. An output end Q of the S-RFF
155 is connected to the control input end C of the latch
circuit 144 and to the one input end of the AND gate
152. ‘

The mode of operation of the circuit having the ar-
rangement described above will be described hereinaf-
ter. When the frequency of the control signal reaches an
AFC frequency (i.e., after time T1 in FIG. 7), the latch
circuit 136 holds the count signal from the counter 134
every time it receives the pulse from the edge detector
132. The hold signal from the latch circuit 136 is sup-
plied to the comparator 139 which undergoes the prede-
termined operation. The hold signal is also supplied to
the detectors 153 and 154.

The frequency of the count signal from the latch
circuit 136 is substantially the same as that of the control
signal, as described above. The detectors 153 and 154
detect whether or not the frequency deviations of the
control signal with respect to the reference frequency
fall within the ranges of 10% and 5%, respectively.

When the frequency of the control signal is deviated
by more than 10%, the detector 153 produces a signal of
H level, and the S-RFF 155 is set. The output end Q of
the S-RFF 155 goes to H level, and the control input
end C of the latch 144 then goes to H level. Therefore,
the output from the latch circuit 144 has a level which
is substantially half of the level of the maximum output
from the ramp counter 140, in the same manner as the
condition prior to time T1 of FIG. 7TH. The voltage of
the APC signal is maintained at substantially half (50%
duty) of the APC voltage V).

Thereafter, when the frequency of the control signal
moves closer to the reference frequency in accordance
with automatic frequency control and has a frequency
deviation within a range of 5%, the detector 154 be-
comes H level. The S-RFF 155 is then reset and its
output end Q becomes L level. The control input end C
of the latch circuit 144 then becomes L level. As a
result, the count signal from the counter 146 is held by
the latch circuit 144 every time the pulse from the edge
detector 143 is supplied to the latch circuit 144, as de-
scribed above. Thus, automatic phase control is per-
formed.

Assume that the frequency deviation of the control
signal is more than 5% when automatic phase control is
performed after automatic frequency control. The out-
put from the detector 154 becomes H level, but the
output from the output end Q of the S-RFF 155 may not
be inverted and is kept at L level. As a result, automatic
phase control continues.

Now assume that the frequency deviation of the con-
trol signal is more than 10%. The output from the de-
tector 153 becomes H level, and the output end Q of the
S-RFF 155 becomes L level. The output from the latch
144 is limited to the predetermined level shown as the
condition prior to time T1 of FIG. 7H. As a result,
automatic phase control is interrupted.

The series of operations described above is summa-
rized in FIG. 9. Referring to FIG. 9, APC ON indicates
a condition where automatic phase control is per-
formed, and APC OFF indicates a condition where
automatic phase control is not performed. When the
frequency of the control signal moves closer to the
reference frequency f0 and has a deviation within the
range of 5% with respect to the frequency f0, the APC
ON state is obtained. On the other hand, when the fre-
quency of the control signal moves further away from
the frequency f0 and has a deviation of more than 10%,
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the APC OFF is obtained. In other words, when the
frequency deviation of the control signal moves within
the range of 5%, the APC OFF state is changed to the
APC ON state. When the frequency deviation of the
control signal becomes greater than 10%, the APC ON
state is changed to the APC OFF state.

As may be apparent from the above description, the
deviation range of the frequency of the control signal
with respect to the frequency f0 is as narrow as 5% for
the purpose of changing the mode from APC OFF to
APC ON, and the deviation range of the frequency of
the control signal with respect to the frequency f0 is as
great as 10% for the purpose of changing the mode
from APC ON to APC OFF. Unstable operation occur-
ring in the conventional control circuit is therefore
eliminated, thus properly controlling smooth motor
rotation. Note that the detector 153 comprises a simple
gate circuit and an S-RFF 155, so that the control cir-
cuit of the present invention can be arranged simply.

The MSB data signal of the ramp counter 140 is di-
rectly produced therefrom so as to achieve the 50%
duty of the APC signal when automatic phase control is
not performed. Alternatively, the count of the counter
146 may be preset to be the central value of the count of
the ramp counter 140. In this case, when automatic
phase control is initiated, the counter 146 must be reset
by the pulse from the edge detector 143 so as to achieve
phase control, and the counter 146 then performs repeat
counting.

The PWM means of the first and second motor con-
trol signal generating means 122m; and 122m; which
respectively produce the AFC and APC signals need
not be limited to the arrangement shown in FIG. 6. For
example, the PWM means of the first motor control
signal generating means 122m; which produces the
AFC signal may be arranged in a manner as shown in
FIG. 10. Referring to FIG. 10, a ramp counter 140
performs repeat counting with a predetermined period
as indicated in FIG. 11A. The ramp counter 140 pro-
duces a count signal to a coincidence circuit 156 and
produces a pulse shown in FIG. 11B every time the
ramp counter 140 is reset. The pulse from the ramp
counter 140 is then supplied to a set input end S of an
S-RFF 157.

The hold signal from a latch 136 is also supplied to
the coincidence circuit 156. The coincidence circuit 156
then produces a coincidence signal as shown in FIG.
11C. The coincidence signal is then supplied to a reset
input end R of the S-RFF 157. The S-RFF 157 is thus
set at H level when the pulse shown in FIG. 11B is
supplied to its set input end S. The S-RFF 157 is reset
when the pulse of L level shown in FIG. 11C is supplied
to its reset input end R. In these cases, the S-RFF 157
produces pulses shown in FIG. 11D from its output end
Q. As a result, the pulse-width modulated AFC and
APC signals are obtained.

In the circuit arrangement described above, pulse
width modulation can be performed without using the
comparators 139 and 148 shown in FIG. 6.

The PWM means of the second motor control signal
generating means 122m; can be arranged as shown in
FIG. 12. An S-RFF 158 is set when a ramp counter 140
is reset. A count signal from the latch circuit 144 is
compared by a coincidence circuit 159 with that from
the ramp counter 140. When these signals coincide, the
coincidence circuit 150 supplies a coincidence signal to
reset the S-RFF 158.

What we claim is:
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1. A motor control circuit for controlling a disk
motor of a data reproduction apparatus responsive to a
sync signal reproduced from a recording medium, com-
prising: ‘

frequency detecting means for detecting a frequency
component of said reproduced sync signal and
outputting a signal indicative thereof;

phase detecting means for detecting a phase compo-
nent of said reproduced sync signal and outputting
a signal indicative thereof;

first motor control signal generating means for gener-
ating a first motor control signal to control said
disk motor in accordance with said output signal
from said frequency detecting means;

second motor control signal generating means for
generating a second motor control signal to contro]
said disk motor in accordance with said output
signal from said phase detecting means;

AFC detector means, responsive to said frequency
detecting means, for detecting whether said fre-
quency component of said reproduced sync signals
falls within a first predetermined range, and for
holding said first motor control signal at a prede-
termined low level when said detection is negative;
and

controlling means, responsive to said frequency de-
tecting means, for holding said second motor con-
trol signal at a predetermined value until said out-
put signal from said frequency detecting means
falls within a second predetermined range different
from said first predetermined range, and for hold-
ing said second motor control signal at said prede-
termined value whenever said output signal from
said frequency detecting means falls out of said first
predetermined range after being within said second
predetermined range.

2. A circuit according to claim 1, wherein said con-

trolling means comprises:
a first detector which determines whether the fre-
quency of said sync signal detected by said fre-
quency detecting means is within said first prede-
termined range; and
a second detector which determines whether the
frequency of said sync signal detected by said fre-
quency detecting means is within said second pre-
determined range; wherein
said second predetermined range is smaller than said
first predetermined range to thereby define a hyste-
resis effect with which said controlling means se-
lectively holds said second motor control signal at
said predetermined value.
3. A circuit according to claim 2, wherein:
said frequency detecting means comprises
a first counter for counting a reference clock sig-
nal, which has a predetermined frequency higher
than said frequency of said sync signal, indepen-
dent of said sync signal, every time a unit period
of said sync signal elapses, and

a first latch circuit for holding a count signal from
said first counter every time one of said unit
periods of said sync signal elapses; and

said phase detecting means comprises
a second counter, responsive to said first detector,

to repeatedly count said reference clock signal
and reset every time said unit period of said sync
signal elapses, and, responsive to said second
detector, to repeatedly count said reference
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clock signal to a predetermined count and reset,
and
a second latch circuit for holding a count signal
from said second counter every time said unit
period of said sync signal elapses.
4. A circuit according to claim 3, wherein:
said first motor control signal generating means com-
prises
a ramp counter for repeating a counting operation
such that said ramp counter counts said refer-
ence clock signal to a predetermined value and is
then reset at a predetermined period, and
a first comparator for comparing an output from
said ramp counter and said held signal from said
first latch circuit, and for producing a first pulse-
width modulated signal for use in automatic
frequency control of said disk motor; and
said second motor control signal generating means
comprises a second comparator for comparing said
output from said ramp counter and said held signal
from said second latch circuit, and for producing a
second pulse-width modulated signal for use in
automatic phase control of said disk motor.
5. A circuit according to claim 3, wherein said first
motor control signal generating means comprises
a ramp counter which repeats a counting operation
such that said ramp counter counts said reference
clock signal to a predetermined value and is then
reset at a predetermined period,
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a first coincidence circuit for detecting a coincidence
between an output from said ramp counter and said
held signal from said first latch circuit, and

a first bistable circuit which is reset by an output from

said first coincidence circuit and which produces a
first puise-width modulated signal for automatic
frequency control which corresponds to a fre-
quency deviation in the frequency of said repro-
duced sync signal when the disk motor is driven in
a normal condition; and

said second motor control signal generating means

comprises

a second coincidence circuit for detecting a coinci-

dence between the output from said ramp counter
and said held signal from said second latch circuit,
and

a second bistable circuit which is reset by an output

from said second coincidence circuit and which
produces a second pulse-width modulated signal
for automatic phase control which corresponds to
a phase deviation in the phase-of said reproduced
sync signal when the disk motor is driven in said
normal condition.

6. A circuit according to claim 1, wherein said prede-
termined value at which said output from said second
motor control signal generating means is held corre-
sponds to a substantially central value within an opera-
tive controllable range of said second motor control
signal generated by said second motor control signal

generating means.
* * * * *



