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REPRODUCING R2 ARPARATUS FOR
OPTICAL DISK

BACKGROUND OF THE INVENTION------
(1) Field of the Tnvention

The present invention generally relates to
optical disk signal reproduction, and more particularly to
a reproducing rate control apparatus for an optical disk
in which data pieces and clock components for respective
data pieces are recorded on the optical disk at a constant
linear velocity. | _

(2) Description of the Related Art

A CD-ROM (compact discfread only memory)
disk is a type of an optical disk. Similarly to an audio
CD (compact disk), digital data signals are recorded on
the CD-ROM disk by using an EFM (eight-to-fourteen
modulation) method. That is, the CD-ROM disk is in such a
data recording format that a length of a frame (which is a
unit of data recorded thereon) is invariable ‘regardless of
whether the frame is located on an inner track of the disk
or on an outer track of the disk.

In a CD-ROM reproducing system, a scanning
of the CD-ROM disk is performed at a constant linear
velocity by using an optical pickup when the disk is
rotated, in order to reproduce a data signal from the cp-
ROM disk at a constant bit rate. To perform fhe scanning
of the disk, a rotating speed of a spindle motor which
rotates the CD-ROM disk‘Es.dontrolled_at the constant
linear velocity, so that the.rotating speed of the CD-ROM
disk is varied in accordance with a position of the pickup
in a radial direction of the CD-ROM disk.

FIG.1l shows a conventional CD-ROM



reproducing system 110. In this conventional CD-ROM
reproducing system 110, a CD-ROM disk 21 (which will be
called the disk 21) is rotated by a spindle motor 23.
Digital signals are recorded on the disk 21 by using the
--EFM method, ‘and the density of recorded data is constant
- in all areas of the disk 21. -

In the conventional CD-ROM reproducing
system 110, a self-clock frequency control operation is
performed, which will be described below.

To reproduce data signals from the disk 21,
a scanning of the disk 21 is performed by an optical
pickup 24 (which will be called the pickup 24) in
accordance with the CLV (conétant linear velocity) method.
The pickup 24 irradiates the disk 21 with a light ray, and
reads data signals from a reflected ray from the disk 21.
Data signals are reproduced from the disk 21 at a
predetermined bit rate.

The disk 21 is rotated by the spindle motor
23 at a controlled rotating speed. The spindle motor
control unit 40 generates a motor speed control si&nal to
control a rotating speed (or a number of revolutions per
minute) of the spindle motor 23. The scanning of the disk
21 is performed by the pickup 24 when the disk 21 is
rotated at a reference-line rotating speed. .
~ , A pickup servo control unit 25 generates a
focuéing control signal to the pickup 24 based on a
reproduce signal from the pickup 24, so that a focusing of
the pickup 24 is performed. Also, the pickup servo

- . control unit 25 generatég a'tracking control signal to the

“pickup 24 in accordance with a tracking command from a
control CPU 45, to control a tracking of the pickup 24.
Also, the pickup serﬁo control unit 25 generates a seek
control signal to the pickup 24 in accordance with a seek



command from the control CPU 45, to control a seeking of
the pickup 24. 1In the seeking operation, the pickup 24 is
moved in a radial direction of the disk 21 to search for a
desired track of the disk 21. '

In a data reproducing méde, the-pickup.
servo control unit 25 controls the tracking-of.the pickup
24 to the disk 21. 1In a seeking mode, the pickup servo
control unit 25 controls the movement of the pickup 24 in
the radial direction to a desired track of the disk 21.

When the seeking mode is performed, the
control CPU 45 detects the amount of movement of the
pickup 24 required to move it from the present track to
the desired track for the seeking in accordance with a
tracking error signal from the pickup servo control unit
25, and controls the movement of the pickup 24 from the
present track to the desired track.

A waveform shaping unit 32 generates an EFM
signal from the reproduction signal output from the pickup
24.  The reproduction signal from the pickup 24 is
amplified, and a waveform of the amplified signal is
shaped. The EFM signal generated by the waveform shaping
unit 32 is a digital reproduction signal derived from the
reproduction signal from the pickup 24.

- A synchronizing clock generating.unit 33 .
genérates a synchronizing clock pulse having a phase which
is locked to a phase of the EFM signal output from the
waveform shaping unit 32. The synchronizing clock pulse
from the synchronizing clock generating unit 33 is

supplied to various :units of the CD-ROM reproducing . system

li10.

‘ A self-clock frequency sweeping unit 46
supplies a frequency control signal to the synchronizing
clock generating unit 33 when the synchronizing clock



pulse from the synchronizing clock generating unit 33 is
in an asynchronous state with the EFM signal. 1In the
self-clock frequency sweeping unit 46, a sweeping of the
self~clock pulse frequency in a triangular waveform within
- a lock range of.-frequencies from the synchronizing clock
generating unit 33:is performed.
A synchronous-state detecting unit 34

inputs the EFM signal output from the waveform shaping
unit 32 and the synchronizing clock pulse output from the
synchronizing clock generating unit 33. The synchronous-
state detecting unit 34 detects whether the synchronizing
clock pulse is in a synchronous state. More specifically,
it detects whether a synchronizing pattern (e.g., a frame
synchronizing pattern "11T/11T", where T is a period of
one bit) of the synchronizing clock pulse is in accordance
with a synchronizing pattern of the EFM signal. When the
synchronous state of the synchronizing clock pulse is
detected, the synchronous-~state detec¢ting unit 34 outputs
an ON signal indicative of the synchronous state of the
synchronizing clock pulse. Otherwisé the synchronous-
state detecting unit 34 outputs an OFF signal indicative
of the asynchronous state of the synchronizing clock
"pulse. The ON signal is supplied to each of the self-
clock freguency.sweeping unit 46, a spindle motor servo
comtrol unit 111, and a digital signal processing unit 35.

] A system clock génerating unit 58 generates
a sequence of system clb¢k pulses from a crystal
oscillator. The crystal oscillator can provide system
clock pulses withlaccuréiewfrequency. The sequence of the

"wsystem.clock'pulses from the system clock generating unit

58 are supplied to each of the signal processing unit 35
and the spindle motor servo control unit 40.
The spindle motor control unit 111 controls



a rotating speed (or a number of revolutions per second)
of the spindle motor 23 so that the scanning of the disk
21 is performed by the pickup 24 with a reference-line
rotating speed, regardless of the movement of the pickup
24 in a radial direction of the disk 21..

The spindle motor control unit. 111
generates a motor speed control signal to the spindle
motor 23 when the synchronizing clock pulse from the unit
33 is in a synchronous state with the EFM signal from the
unit 32 during the data reproducing mode. The rotating
speed of the spindle motor 23 is controlled by the motor
speed control signal from the spindle motor control unit
111, so that the disk 21 is rotated at the reference-line
rotating speed. |

In the spindle motor servo control unit
111, a frequency 1/M times (where M is an integer) the
initial frequency of the synchronizing clock pulse from
the unit 33 is compared with a frequency 1/N times (where
N is an integer) the initial frequency of the system clock
pulse from the system clock generating .unit 58. In the _
spindle motor servo control unit 111, the phase of the
synchronizing clock pulse having the 1/M times frequency
is compared with the phase of the system clock pulse
having the 1/N times frequency. The spindle motor servo
control unit 111 supplies the motor speed control signal
to the spindle motor 23. .

When the synchronizing clock pulse from the
unit 33 is in an asynchronous state with the EFM signal
from the unit 32 after fhe end of the seeking mode, the
spindle motor servo control unit 111 detects a greatest
pulsewidth "11T" included in the EFM signal, and generates
a pseudo-synchronizing clock pulse having a frequency
inversely proportional to the pulsewidth "11T". The



spindle motor servo control unit 111 generates a motor
speed control signal by comparing the 1/M times frequency
of the pseudo-synchronizing clock pulse with the 1/N tinmes
frequency of the system clock pulse. The spindle motor
control unit 111 thus generatés“aumqtor.speed control
signal and supplies it to the spindle.motor 23.

The integers M and N are preset to values
that make the frequency of the synchronizing clock pulse
and the frequency of the system clock pulse equal to each
other when the frequency of the synchronizing clock pulse
accords with a standard frequency.

The digital signal processing unit 35
includes a demodulator unit 51, a sub-code demodulator
unit 52, a RAM (random access memory) 53, an error
correcting unit 54, a bus 56 interconnecting the units 51,
52, 53 and 54, an address generator unit 55, and a timing
control unit 113.

The demodulator unit 51 generates a
demodulated data signal from the EFM signal in accordance
with the synchronizing clock pulse when the synchronizing
clock pulse is in the synchronous state with the EFM
signal. The 14-bit data of the EFM signal is converted
into the 8-bit data of the demodulated data signal. The
demodulated data signal from the demodulator unit 51 is
written to the RAM 53 via the bus 56. The sub-code
demodulator unit 52 extracts a sub-code from the
demodulated data signal from the demodulator unit 51 and
supplies the sub-code to the control CPU 45.

_The timing cofitrol unit 113 generates a

first timing clock in accordance with a read reference
clock pulse supplied from the system clock generating unit
58 and the synchronizing clock pulse supplied from the
synchronizing clock generating unit 33, and supplies the



first timing clock to each of the demodulator unit 51 and
the address generator unit 55. The address generator unit
55 which is responsive to the first timing clock generates
a first address signal. Thus, the demodulated data signal
from. the..demodulator unit 52 is written to the RaAM 53 at
an address.indicated by the first address signal in
accordance with the first timing clock.

The timing control unit 113 generates a
second timing clock, a third timing clock and a fourth
timing clock in accordance with the read reference clock
pulse supplied from the system clock generating unit 58.
The timing control unit 113 supplies the second timing
clock to each of the error correcting unit 54 and the
address generator unit 55. The address denerator unit 55
which is responsive to the second timing clock generates a
second address signal. The demodulated data signal stored
in the RAM 53 at an address indicated by the second
address signal is read out in accordance with the second
timing clock, and the demodulated data signal is supplied
to the error correcting unit 54 via the bus 56.

The error correcting unit 54 performs an
error correcting process for the democdulated data signal
which was read from the RAM 53 in accordance with the
secofid timing signal. The timing control unit 113
supplies the third timiﬁg clock to each of the error
correcting unit 54 and the address generating unit 55.
The address generator unit 55, responsive to the third
timing clock, generates a third address signal. The

demodulated data signal Dutput from the error correcting...

unit 54 after the end of the error correcting process, is

written to the RAM 53 at an address indicated by the third

address signal in accordance with the third timing clock.
The timing control unit 113 supplies the .



fourth timing clock to each of a CD-ROM control unit 57
and the address generator unit 55. The address generator
unit 55, responsive to the fourth timing clock, generates -
a fourth address signal. The demodulated data signal
(which is efror-corrected) stored in the RAM 53 at.am e o
address indicated by the fourth address signal is read:out-.
and supplied to the CD-ROM control unit 57 via the bus 56
in accordance with the fourth timing clock.
' The demodulated data signal from the CD-ROM
control unit 57 is transferred to a host system.
The above-described data flow in the
digital signal processing unit 35 can be summarized as
- follows:
(1) the data signal transferred from the
demodulator unit 51 to the RAM 53;
(2) the data signal transferred from the
RAM 53 to the error correcting unit 54;
i (3) the error-corrected data_signal
transferred from the error correctihg unit 54 to the RAM
53; and’
(4) the error-corrected data signal
transferred from the RAM 53 to the CD-ROM control unit 57.
The timing clock and the address signal
used when transferring the data signal from the
demodulator unit S1 to the RAM 53 are the first timing
clock and the first address signal, which are generated in
accordance with the synchronizing clock pulse..
The timing clock and the address signal
used when transfefring the datawsignal-from the RAM 53 to.
'the error correcting unit 54 are the second timing clock
and the second address signal, which are generated in
accordance with the read reference clock pulse.
The timing clock and the address signal



used when transferring (or writing) the error-corrected
data signal from the error correcting unit 54 to the RAM
53 are the third timing clock and the third address
signal, which are generated in accordance with the read
reference clock pulse. - < oswens s

The timing clock and-the address signal
used when transferring (or reading out) the error-
corrected data signal from the RAM 53 to the CD-ROM
control unit 57 are the fourth timing clock and the fourth
address signal, which are generated in accordance with the
read reference clock pulse.

The rate of the data signal supplied by the
demodulator unit 51 is the same as the rate of the data
signal read by the pickup 24 from the disk 21. Thus, the
data signal supplied by the demodulator unit 51 includes a
jitter component. To eliminate the jitter component, the
data signal is temporarily written to the RAM 53 in
accordance with the synchronizing clock pulse, and the _
data signal is read out from the RAM 53 in accordance with
the read reference clock pulse.

_ The CD-ROM control unit 57 is connected to
the digital signal processing unit 35. The error-
corrected data signal from the RAM 53 is supplied to the
CD-ROM control unit 57, and . the fourth timing clock from
the timing control unit 113 is supplied to the CD-ROM
contfol unit 57. Thus, the error-corrected data signal
from the RAM 53 is transferred to the CD-ROM control unit -
57 in accordance with the fourth timing clock. The |
error-corrected data sigﬁalﬁfnom_the~CD-ROM control unit
57 is supplied to the host computer.

The control CPU 45 controls the data
reproducing operation and the seeking operation in
accordance with a command signal supplied from the CR-ROM
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control unit 57. When the seeking operation is performed,
the control CPU 45 generates a seeking command by using
the address data in the sub-code extracted by the sub-code
demodulator unit 52, and supplies it to the pickup servo
.control unit 25. Also, the control CPU 45 supplies an.
open-lcop control command to the spindle motor control.
unit 111 so that an open-loop control operation of the
spindle motor 23 is performed during the seeking
operation.

In the above CD-ROM reproducing system 110,
"the self-clock frequency control operation is performed by
using the self-clock frequency sweeping unit 46 to speed
up the demodulation, the error correction and the data
transferring operations of the digital signal processing
unit 35. '

However, the system clock pulse which is
the read reference clock at which rate the data signal is
read from or written to the RAM 53 is invariable in the
above CD~ROM reproducing system 110. The frequencies of
the second, third and fourth timing clocks which are
generated in accordance with the read reference clock are
constant. Therefore, the rate at which the data signal is
read from or written to the RAM 53 is always constant even
though a deviation of the synchronizing clock fregquency
from the standard frequency is great. |

When a variable range of the self-clock
frequency of the clock pulse supplied to the digital
signal processing unit 35 is set to be wide, the
difference between the synchronizing clock frequency and.
. the standard frequency becomes great. If the variable
range of the self-clock frequency is too wide, the
quantity of data to be written to the RAM 53 may exceed
the storage capacity of the RAM 53.when the rate of
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~writing the demodulated data signal to the RAM 53 is high;
| Or, the quantity of data to be read from the RAM 53 may be
greater than the quantity of data signals stored in the
RAM 53 when the rate of writing the demodulated data
signal to the RAM 53 is low... :

Therefore, in the above CD-ROM reproducing
system 110, it is difficult to set the variable range of
the self-clock frequency to be wide in order to speed the
digital signal processing. It is desirable to provide a
CR-ROM reproducing system which performs the digital
signal processing without causing the above-described
problem even when the variable range of the self-clock
frequency is wide.

SUMMARY OF THE INVENTION
An object of the present invention to

provide an improved optical disk reproducing system in
which the above-described problems are eliminated.
Another, more specific object of the
present invention is to provide a reproducing rate control
apparatus for use in an optical disk reproducing system,
which reliably performs the digital signal processing at a
high‘;eproducing rate even when the variable range of the
self-clock frequency is set to.be wide.

i The above-mentioned objects of the present
invention are achieved by a reproducing rate control
apparatus which includes: a digitizing unit for generatlng
a digital reproduction signal from a reproduction signal
which is generated by an optical pickup from an. optical. .
disk; a synchronizing clock generating unit, coupled to an
output of the digitizing unit, for generating a
synchronizing clock pulse with a phase locked to a phase
of the digital reproduction signal; a signal processing
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unit, coupled to the output of the digitizing unit and an
output of the synchronizing clock generating unit, for
generating a demodulated data signal from the digital
reproduction signal in accordance with the synchronizing
clock pulse, wherein the.demodulated data signal is
written to a memory in .accordance with the synchronizing

' clock pulse, the demodulated data signél is read from the
memory in accordance with a read reference clock pulse,
and the read demodﬁlated data signal is processed through
an error correction so that a processed demodulated data
signal is output; a fregquency detecting unit, coupled to
the output of the synchronizing clock generating unit, for
detecting whether the frequency of the synchronizing clock
pulse is within a predetermined range of frequencies
centered at a standard frequency; a first clock generating
unit for generating a first read-reference clock pulse
having an initial frequency from an oscillator; a second
clock genefating unit, coupled to the output of the
synchronizing clock generating unit, for generating a
second read-reference clock pulse having a second
frequency proportional to a frequency of the synchronizing
clock pulse; and a switching unit, coupled to an output of
the first clock generating unit and an output of the
second clock generating unit, for selectively outputting
one- of the first read-reference clock pulse and the second
read-reference clock pulse to the signal processing unit
in accordance with a result of the detection by the ‘
frequency detecting unit. 1In the above reproducing rate
control apparatus; when the freguency of thé synchronizing
clock pulse is within the predetermined range, the first
read-reference clock pulse is supplied from the switching
unit to the signal processing unit, and, when the
frequency of the synchronizing clock. pulse is not within
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the predetermined range, the second read-reference clock
pulse is supplied from the switching unit to the signal
processing unit.

The reproducing rate control apparatus of
- -the-present invention supplies the second read-reference -
- clock pulse to the signal processing unit when the
frequency of the synchronizing clock pulse is not within
the predetermined range. The second read-reference clock
pulse has a frequency that is proportional to the
frequency of the synchronizing clock pulse. It is
possible that the rate of writing the demodulated data
signal to the memory is synchronous with the rate of
reading the demodulated data signal from the memory. Even
when the variable range of the self-clock frequency is
wide, the quantity of data to be written to the memory

does not exceed the storage capacity of the memory if the

rate of writing the demodulated data signal to the memory
is high. oOr, the gquantity of data to be read from the
memory does not exceed the quantity of data signals gtored
in the memory if the rate of writing the demodulated data
signal to the memory is low.

BRIEF DESCRIPTIéN OF THE DRAWINGS

- The above and other objects, features and
advantages of the present invention will be more apparent
from the following detailed description when read in
conjunction with the accompanying drawings in which:
_ FIG.1 is a block diagram of a conventional
CD-ROM reproducing system; -

FIG.2 is a block diagram of a CD-ROM
reproducing system in a first embodiment of the present
invention;

- FIG.3 is a block diagram of a synchronous-



state motor control unit in the CD-ROM reproducing system
in FIG.2;

FIG.4 is a block diagram of a clock
converter unit in the CD-ROM reproducing system in FIG.2;

FIG.5 is a block diagram of another-.cloeck ...
converter unit in the CD-ROM reproducing system  in+PIG.2;

FIG.6 is a block diagram of a fregquency '
detecting unit in the CD-ROM reproducing system in FIG.2;

FIGS.7A through 7F are time charts for
explaining digital signals at various points of the .
frequency detecting unit in FIG.6;

FIG.8 is a block diagram of a CD-ROM
reproducing system in a second embodiment of the present
invention; and

FIG.9 is a block. diagram of a reproducing.
rate control apparatus according to the principle of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS .

A description will now be given of -
preferred embodiments of the present invention with
reference to the accompanying drawings.

FIG.2 shows a CD-ROM reproducing system 20
in a first embodiment of the present invention. . In FIG.2,
the elements which are the same as corresponding élements
in ﬁIG.l are designated by the same reference numerals,
and a description thereof will be omitted.

To reproduce data signals from the disk 21,

a scanning of the disk 21.is. performed by the- pickup.24.in.

accordance with the CLV'(constant linear vechity) method.
The pickup 24 irradiates the disk 21 with a light ray, and
reads data éignals from a reflected ray from the disk 21.
Data signals are reproduced from the disk 21 at a -
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‘predetermined bit rate.

The disk 21 is rotated by the spindle motor
23 at a controlled rotatinq speed. The spindle motor
control unit 40 generates a motor speed control signal to
control a rotating speed:(or-a number of revolutions per
minute) of the sbindleumbter:23. The scanning of the disk
‘21 is performed by the pickup 24 when the disk 21 is |
rotated at a reference-line rotating speed.

The pickup servo control unit 25 generates
a focusing control signal to the pickup 24 based on a
reproduce signal from the pickup 24, so that a focusing of
the pickup 24 is .performed. Also, the pickup servo
control unit 25 generates a tracking control signal to the
pickup 24 in accordance with a tracking command from a
control CPU 45, to control a tracking of the pickup 24.
Also, the pickup servo control unit 25 generates a seek
control signal to the pickup 24 in accordance with a seek
command from the control CPU 45, to control a seeking of
the pickup 24. 1In the seeking operation, the pickup 24 is
moved in a radial direction of the disk 21 to search for a
desired track of the disk 21.

In a data reproducing mode, the pickup
servo control unit 25 controls the tracking of the pickup
.24 to the disk 21. 1In a seeking mode, the. pickup servo
control -unit 25 controls the movement of the pickup 24 in
the radial direction to a desired track of the disk 21.

When the seeking mode is performed, the
control CPU 45 detects the amount of movement of the
. pickup 24 reQuired-tomm6§emit;from the present. track to
the desired track for the seeking in accordance with a
tracking error signal from the pickup servo control unit
25, and controls the movement of the pickup 24 from the
present track to the desired track.
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The waveform shaping unit 32 generates an
EFM signal from the reproduction signal output from the
pickup 24. The reproduction signal from the pickup 24 is
amplified, and a waveform of the amplified signal is
shaped. The EFM signal generated by the waveform shaping
~unit 32 is a digital reproduction signal derived from the
reproduction signal from the pickup 24. '

_ The synchronizing clock generating unit 33
generates a synchronizing clock pulse having a phase which
is locked to a phase of the EFM signal output from the
waveform shaping unit 32. The synchronizing clock pulse
from the synchronizing clock generating unit 33 is
supplied to various units of the CD-ROM reproducing system
20.

The self-clock frequency sweeping unit 46
supplies a frequency control signal to the synchronizing
clock generating unit 33 when the synchronizing clock
pulse from the synchronizing clock generating unit 33 is
in an asynchronous state with the EFM signal. In the
self-clock frequency sweeping unit 46, a sweeping of the
self-clock pulse frequency in a triangular waveform within
a lock range of frequencies from the synchronizing clock
generating unit 33 is performed.

- The synchronous-state detecting unit 34

inputs the EFM signal output from the waveform shaping
unit 32 and the synchronizing clock pulse output from the
synchronizing clock generating unit 33. The synchronous-
state detecting unit 34 detects whether the synchronizing
clock pulse is in a synchronous state. More specifically,
it detects whether a synchronizing pattern of the
synchronizing clock pulse is in accordance with a
synchronizing pattern of the EFM signal. When the
synchronous state of the synchronizing clock pulse is
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detected, the synchronous-state detecting unit 34 outputs
an ON signal indicative of the synchronous state of the
synchronizing clock pulse. Otherwise the synchronous-
state detecting unit 34 outputs an OFF signal indicative
of the asYnchronous state of the synchronizing clock
pulse. The ON signal is supplied to each- of the self-
clock frequency sweeping unit 46, a spindle motor servo
control unit 40, and the signal processing unit 35.

The system clock generating unit 58
generates a sequence of sYstem clock pulses from a crystal
oscillator. The crystal oscillator can provide system
clock pulses with accurate frequency. The sequence of the
system clock pulées from the system clock generating unit
58 are supplied to each of the signal processing unit 35
-and the spindle motor: servo control unit 40.

The CD-ROM reproducing system 20 includes
the spindle motor servo control unit 40 which is indicated
by a dotted iline in FIG.2. The spindle motor servo
control unit 40 includes_ a synchronous-state motor control
unit 42, an:asynchronous;state motor control. unit 41, a
switch 43, and a switch 44.

When the synchronizing clock pulse is in
the synchronous state, the spindle motor servo control
unit 40 supplies a motor speed control signal .from the
synéhfonous-state'motor control unit 42 to the spindle
motor 23. When the synchronizing clock pulse is in the
asynchronous'state; the spindle motor servo control unit
40 supplies a_motor'spegg control signal from the
asynchronous-state motor .control unit 40 to the spindle .
motor 23.°

) FIG.3 shows the synchronous-state motor

control unit 42 in the CD-ROM reproducing system 20 in
FIG.2. In FIG.3, the synchronous-state motor control unit
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42 includes a frequency divider (1/M) 72, a frequency
divider (1/N) 73, a frequency comparator 74, a phase
difference detector 75, and an adder 76. _
Referring to FIG.3, the frequency divider
(1/M) 72 generates a-synchronizing clock pulse with a
modified frequency:-that is 1/M (where M is an integer)
‘times the initial frequency of the synchronizing clock
pulse from the synchronizing clock generating unit 33.
The synchronizing clock pulse from the frequency divider
72 is supplied to each of the frequency comparator 74 and’
the phase difference detector 75.

The frequency divider (1/N) 73 generates a
system clock pulse with a modified frequency that is 1/N
(where N is an integer) times the initial freqﬁency of the
system clock pulse from the system clock generating unit
58. The system clock pulse from the frequency divider 73
is supplied to each of the frequency comparator 74 and the
phase difference detector 75.

The frequency comparator 74 compares the
modified frequency.of the synchronizing clock pulse with
the modified frequency of the system clock pulse, and
supplies a signal indicative of the result of the
comparison to the adder 76. The phase difference detector
75 detects a phase difference between a phase of the
syrichronizing clock pulse and a phase of the system clock
pulée, and supplies a signal indicative of the phase °
difference to the adder 76. The adder 76 outputs a motor
speed control signal which indicates a sum of the signal
output from themf#equenéyacomparatorz74.and the signal
output from the phasé difference detector 75.

The phase difference detector 75 is stopped
when an ON signal from a frequency detecting unit 61
(which will be described later) is not supplied to the
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phase difference detector 75. _

The motor speed control signal génerated by
the above synchronous-state motor control unit 42 is
supplied to an input of the switch 43.

The asynchronous-state motor control unit
41 generates a pseudo-synchronizing signal from patterns .
~"11T" which are components of the EFM signal having a
greatest pulsewidth therein. The pseudo-synchronizing
signal has a frequency that is inversely proportional to
the length of the patterns "11T". The asynchronous-state
motor control unit 41 generates a motor speed control
signal by comparing a frequency of the pseudo-
synchronizing signal with a frequency of a reference
signal. By supplying the motor speed control signal to
the spindle motor 23, the rotating speed of- the spindle
motor 23 is brought into the standard rotating speed.

The motor speed control signal generated by
the above dsynchronous-state motor control unit 40 is
supplied to the other input of the switch 43.

‘The switch 43 is controlled by the ON/OFF
signal supplied from the synchronous-state detecting unit
34. The switch 43 includes the two inputs connected to
the synchronous-state motor control unit 42 and the
asynéﬁronous—state motor control unit 40,. and an output
connected to an input of the switch 44.

When the synchronizing clock pulse is
detected to be in the synchronous state, the motor speed
control signal from the synchronous-state motor control
-unit 42 is supplied to the switch 44 via-the switch 43.
When the synchronizing clock pulse is detected to be in
the asynchronous state, the motor speed control signal
from the asynchronous-state motor control unit 40 is
supplied to the switch 44 via the switch 43.



The switch 44 is controlled by a control
signal supplied from the control CPU 45. 1In the switch
44, the motor speed control signal from the switch 43 is
supplied from the switch 44 to the spindle motor 23 unless
the pickup 24 is moved in the seeking mode.

After the seeking of the. pickup 24 is
performed, the synchronizing clock pulse from the
synchronizing clock generating unit 33 is in the
asynchronous state. At this timé, the motor speed control
signal from the aSynchronops-state motor control unit 41
is supplied to the spindle motor 23. The rotating speed
of the spindle motor 23 is controlled by the motor speed
control signal so that the rotating speed of the disk 21
approaches the reference-line rotating speed.

During the data reproducing. operation, the
synchronizing clock pulse from the synchronizing clock
generating unit 33 is in the synchronous state. At this
time, the motor speed contrel signal from the synchrénous—
state motor control unit 42 is supplied to the spindle
motor 23. The rotating speéd of the 'spindle motor 23 is
controlled by the motor speéd control so that the disk 21
is rotated at the reference-line rotating speed.

_ When the seeking of the pickup 24 is
pérformed, the control CPU 45 supplies..a control signal to.
the Switch 44 so that an acceleration voltage V1 or a
deceleration voltage V2 is'selected through the switch 44
according to a direction of the radial movement of the
pickup 24. The acceleration voltage V1 or the
deceieration voltage V2 is supplied from the switch 44 to
the spindle mbtor 23 so’ that the rotating speed of the
spindle motor 23 is controlled during the radial movement
of the pickup 24. '

- The CD-ROM reproducing system 20 includes a



_21_

clock converter unit 62. The clock converter unit 62
generates a second synchronizing clock pulse with a
modified frequency from the synchronizing clock pulse with
the initial frequency supplied from the synchronizing

. clock. generating.unit 33. The modified frequency of the
second synchronizing clock pulse is N/M times the initial
frequency of the synchronizing clock pulse from the
synchronizing clock generating unit 33, where M and N are
integers that are preset such that the modified frequency
of the second synchronizing clock pulse is equal to the
frequency of the system clock pulse when the frequency of
the synchronizing clock pulse accords with the standard
frequency.

The CD-~ROM reproducing system 20 includes a
frequency detecting unit 61. The frequency detecting unit
61 detects whether the frequency of the synchronizing
clock pulse from the synchronizing clock generating unit
33 is within a predetermined range of frequencies centered
at the standard frequency. The frequency detecting unit
61 generates an ON signal when the frequency of the
synchronizing clock puise is within the predetermined
range. Otherwise the frequency detecting unit 61
generates an OFF signal. The predetermined range of
frequencies is set to a relatively narrow range of
fréQuencies, for example, a range of the standard
frequency + 1%.

The ON/OFF signal from the frequency
detecting unit 61 is supplied to a switch 63. The switch
63 is controlled by the ON/OFF signal. Also, the ON/OFF
signal from the frequency detecting unit 61 is supplied to
the synchronous-state motor control unit 42. The phase
difference detector 75 of the synchronous-state motor
control unit 42 is controlled by the ON/OFF signal, as
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described above.

The switch 63 includes an input connected
to the clock converter unit 62, an input connected to the
system clock generating unit 58, and an output connected
to. the timing control unit 113.

' When the frequency of the synchronizing

clock pulse is within the predetermined range, the ON
signal from the frequency detecting unit 61 is supplied to
the switch 63. The system clock pulse from the system
clock generating unit 58 is output to the timing control
unit 113 through the switch 63.

On the other hand, when the frequency of
the synchronizing clock pulse is outside the predetermined
range, the OFF signal from the frequency detecting unit 61
is supplied to the switch 63. The second synchronizing
clock pulse from the clock converter unit 62 is output to
the timing control unit 113 through the switch 63.

In the digital signal proces$ing unit 35,
the demodulator unit 51 generates a depodulated data
signal from the EFM signal in accordance with the
synchronizing clock pulse when the synchronizing clock
pulse is in the synchronous state with the EFM signal.
The demodulated data signal from the demodulator unit 51
is written to the RAM 53 via the bus 56. The sub-code
. demodulator unit 52 extracts a sub-code from the
demodulated signal from the demodulator unit 51 and
supplies the sub-code to the control CPU 45.

The timing control unit 113 generates a

first timing clock in accordance.with the read reference:::...:.: -

‘clock pulse supplied from the switch 63, and supplies the
first timing clock to each of the demodulator unit 51 and
the address generator unit 55. The address generator unit
55 which is responsive to the first timing clock generates



a first address signal. Thus, the demodulated data signal
from the demodulator unit 52 is written to the RAM 53 at
an address indicated by the first address signal in
accordance with the first timing clock.

" The timing control.unit 113 . generates a
second timing clock, a third timing clock '. and a fourth
timing clock in accordance with the read reference clock
pulse supplied from the switch 63. The timing control
unit 113 supplies the second timing clock to each of the
error correcting unit 54 and the address generator unit
55. The address generator unit 55 which is responsive to
the second timing clock generates a second address signal.
The demodulated data signal stored in the RAM 53 at an
address indicated by the second address signal is read out
in accordance with the second timing clock, and the
demodulated data signal is supplied to the error
correcting unit 54 via the bus 56. '

The error correcting unit 54 performs an
error correcting process for the demodulated data'signal
which was read from the RAM 53.in accordahce with the
second timing signal. The timing control unit 113
supplies the third timing clock to each of the error
correcting unit 54 and the address generating unit 55.
The ;adress.generator unit 55, responsive to the third
timing clock, generates a third address signal. The
demodulated data signal output from the error correcting
unit 54 after the end of the error correcting process, is
written to the RAM 53 at an address indicated by the third
address signal in accordance.with.the third timing clock.

The timing control unit 113 supplies the
fourth timing clock to each of the CD-ROM control unit 57
and the address generator unit 55. The address Qenerator
unit 55, responsive to the fourth timing clock, genefates
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a fourth address signal. The demodulated data signal
(which is error-corrected) stored in the RAM 53 at an
address indicated by the fourth address signal is read out
and supplied to the CD-ROM control unit 57 via the bus 56
‘in accerdance with the fourth timing clock.

-~ -As described above, when the frequency of
the synchronizing clock pulse is within the predetermined
range, the system clock pulse from the system clock
generating unit 58 is supplied as the read reference clock
pulse to the timing control unit 113 through the switch
63. In the digital signal processing unit 35, the timing
control unit 113 generates a timing clock in accordance
- with the system clock pulse and the address generator unit
55 generates an address signal in accordance with the
system clock pulse. _

When the frequency of the synchronizing
clock pulse is outside the predetermined range, the second
synchronizing clock pulse'from the clock converter unit 62
is supplied as the read reference clock pulse to the .
timing control unit 113. "In the digital signal processing
unit 35, the timing control unit 113 generates a timing
clock in accordance with the second synchronizing clock
pulse and the address generator unit 55 generates an
addreesnsignal in accordance with the second synchronizing
clock pulse.
Accordingly, when the deviation of the

frequency of the synchronizing clock pulse from the
standard frequency is great, the second synchronizing
clock pulse, -instead of-lheﬂsystem clock pulse, is
supplied as the read reference clock pulse to the digital
signal processing unit 35. The frequency of the second
synchronizing clock pulse is proportional to the frequency
of the system clock pﬁlse from the unit 58. Therefore, it
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is possible to appropriately balance the rate of writing
the demodulated data signal from the demodulator unit 51
to the RAM 53 with the rate of reading out the demodulated
data signal from the RAM 53 and supplying it to the CD-ROM
- control unit 57. .

Hence, even if the variable range of the -s~-iiw -
self-clock frequency is set to be wide, the reproducing
rate control apparatus of the present invention makes it
possible that the digital signal processing unit 35 to
perform the error correcting and data transferring
processes without arising a problem that the quantity of
data to be written to or read from the RAM 53 exceeds the
storage capacity of the RAM 53.

FIG.4 shows the clock converter unit 62 in
the CD-ROM reproducing system in FIG.2.

Referring to FIG.4, the clock converter
unit 62 includes a frequency divider (1/M) 81, a phase
difference detector (PD) 82, a low-pass filter .(LPF) 83, a
voltage-controlled oscillator (VCO) 84, and a frequency
divider (1/N) 85.

In the clock converter unit 62, a
synchronizing signal output from the VCO 84 is supplied
to the frequéncy divider (1/N) 85. The frequency divider
(1/N) 85 outputs a synchronizing signal with a frequency.
divided by N where N is an integer, and this synchronizing
signal is supplied to an input of the phase difference
detector 82.

The synchronizing clock pulse from the
synchronizing clock gené}ating@unit,33 is supplied to.the .. .
frequency divider 81. The frequency divider (1/M) 81
outputs the synchronizing clock puise with a frequency
divided by M where M is an integer, and this synchronizing
clock pulse is supplied the other input of the phase-
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difference detector 82.

The phase difference detector (PD) 82
generates a phase-difference signal indicative of a
voltage proportional to a difference between a phase of
the synchronizing signal.frem the frequency divider (1/N)
85 and a phase of the syrechronizing clock pulse from the
frequency divider (1/M) 81. -

The low-pass filter (LPF) 83 eliminates
unnecessary frequency components from the phase-difference
signal output from the phase difference detector 82.

After the unnecessary frequency components
are eliminated by the low-pass filter (LPF) 83, the phase-
difference signal from the low-pass filter (LPF) 83 is
supplied to the voltage-controlled oscillator (VCO) 84.
The VCO 84 generates a synchronizing clock pulse in
accordance with the voltage indicated by the phase-
difference signal, such that the phase difference of the
synchronizing signal from the frequency divider (1/N) 85
and the synchronizind clock pulse from the frequency
divider (1/M) 81 equals zero.

Accordingly, the clock converter unit 62
generates a second synchrohizing clock pulse with a
modified frequency from the synchronizing clock pulse
outpﬁ% from the synchronizing clock generating unit 33,
and the modified frequency of the second synchronizing
clock pulse is N/M times the initial frequency of the
synchronizing clock pulse from the synchronizing clock
generating unit 33.

_ FIG.5 shows another. clock converter unit
62A in the CD-ROM reproducing system in FIG.2. This clock
converter unit 62A is applicable to a case of M > N.

Referring to FIG.5, the clock converter

unit 62A includes a counter (M) 87, an edge detecting unit



- 27 -

88, én inverter 89, an AND circuit 90, a counter (N) 91,
and an inverter 92.

The counter (M) 87 generates a high-level
signal "H" when "M" synchronizing clock pulses from the
~synchronizing clock generating unit 33 are supplied -to the
-~courter 87. The counter (N) 91 generétes a high-level
signal "H" when "N" synchronizing clock pulses, output
from the AND circuit 90, are counted by the counter 91.

The edge detecting unit 88 generates a
pulse in response to a rising edge of the high-level
signal "H" output from the counter (M) 87. Since M > N,
if the counting of the synchronizing clock pulses is
started by the counters 87 and 91 after the counters 87
and 91 are reset, the counter (N) 91 outputs the high-
level signal "H" earlier than the counter (M) 87. The
high-level signal "H" from the counter (N) 91 is supplied
to the invérter 92, and the inverter 92 outputs a low-
level signal "L" to an input of the AND circuit 90. This
inhibits the output of the synchronizing clock pulses by
the AND circuit 90.

The counter (M) 87 subsequently outputs the
high-level signal "H" when "M" synchronizing clock pulses
are counted. A The edge detecting unit 88 outputs a pulse
in response to the rising edge of the high-level signal
"H" from the counter 87. The pulse output from the
inverter 89 is supplied to the inverter 89, and the
inverter 89 outputs a low-level signal "L" to both a reset
input of the counter (M) 87 and a reset input of the
.counter (N) 91. Thé counters 87 and 91 at this time.are. .
reset by the low-level signal "L", and the counting of the
synchronizing clock pulses is restarted.

FIG.6 shows the frequency detecting unit 61
in the CD-ROM reproducing system in FIG.2. FIGS.7A
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through 7F show waveforms of signals at various points of
the frequency detecting unit 61. '

Referring to FIG.6, the frequency detecting
unit 61 includes a counter 95, a frequency divider 96, an
edge detector 97, an inverter 98, a comparator: 99, a
comparator 100, an AND circuit 101, and a flip-flop 102.

The frequency divider 96 inputs the '
synchronizing clock pulse with an initial frequency, and

generates the synchronizing clock pulse with a modified
- frequency at an output P1, the modified frequency being
equal to the initial frequency divided by "M". See
FIG.7A.

The edge detector 97 inputs the
synchronizing clock pulse with the modified frequency
output from the frequency divider 96, and generates .a
pulse at an output P2 in accordance with a rising edge of
the synchronizing clock pulse. See FIG.7B.

The pulse from the edge detector 97 is !
inverted by the inverter 98, and the inve;ted pulse is
supplied to a reset terminal of the counter 95 as a reset
signal. The pulse from the edge detector 97 is supplied
to a clock terminai of the flip—flop 102.

_ The counter 95 inputs a sequence of system
clock pulses from the system clock generator unit. 58, - and
geﬁefates a count value indicative of a frequency of the
synchronizing clock pulse (or a number of the system clock
pulses which are inputted after the counter 95 is reset by
the above pulse). A signal indicating the count value,
output from the counter 95;..is supplied to each.of-an: - -
input terminal "B" of the comparator 99 and an input
terminal "A" of the comparator 100.

A signal indicative of a reference value Np
is supplied. to an input terminal "A" of the comparator 99.



.....

- 29 -

This reference value N; indicates a lower limit frequency
in a predetermined range of frequencies of the
synchronizing clock pulse. The comparator 99 generates a
high~level signal "H" at an output P4 when the count value
from the counter 95 is below. the reference value Np.
Otherwise the camparator 99 generates a low-level signal
"L" at the output P4. See FIG.7D.

A signal indicative of a reference value Ng
is supplied to an input terminal "B" of the comparator
100. This reference value Ng indicates an upper limit
frequency in the predetermined range of frequencies of the
synchronizing clock pulse. The comparator 100 generates a
high-level signal "H" at an output P3 when the count value
from the counter 95 is above the reference value Ng.
Otherwise the comparator 100 generates a low-level signal
"L" at the output P3. See FIG.7C.

The AND circuit 101 has an input connected
to the output P3 of the comparator 100 and an input
. -connected to the output P4 of the comparator 99. The AND
circuit 101 generates a high-level signal "H" at an output
P5 when the high-level signal "H" from the comparator 99
and the high-level signal. "H" from the comparator 100 are
inpuE: Otherwise the AND circuit 101 generates a low-
level signal "L" at .the .output. P5. See FIG.7E.

' The flip-flop 102 latches the signal output

from the AND circuit 101 in accordance with the rising
edge of the pulse supplied from the edge detecting unit
97. See FIG.7F. A high-level signal "H" output from the
flip-fldp 102 is the .frequency.detection signal output:
from the frequency detecting unit 61.

Referring to FIGS.7A through 7F, the
synchronizing clock signal at the output Pl of the
frequency divider 96 has a period from "tOo" to "t4". At
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nto", the flip-flop 102 outputs a high-level signal "H"
for a previous period of the synchronizing clock signal
output from the frequency divider 96.

A pulse at the output P2 of the edge

. detecting unit 97 is generated at "to", and the counter 95

is reset by this pulse. Thus, the count value at this
time is equal to zero. The comparator 100 outputs the
low-level signal "L" and the comparator 99 outputs the
high-level signal "H". After the counter 95 is reset, the
counting of the system clock pulses is started by the
counter 95.

The count value generated by the counter 95
reaches the reference value Ng at "t2". The signal at the
output P3 of the comparator 100 is changed from "L" to "H"
at this time. Accordingly, the signal at the output P5 of
the AND circuit 101 is changed from "L" to "H".

The count value generated by the counter 95
reaches the reference value Ny at "t3". The signal at the
output P4 of the comparator 99 is changed from "H" to "L"
at this time. Accordingly,—ihe signal at the output P5 of
the AND circuit 101 is changed from "H" to "L".

A following pulse at the output P2 of the
edge detecting unit 97 is generated at "t4". The signél
_output from the AND circuit 101 is held by .the flip-flop
102. In the present case, the output of the AND circuit
101 during the time from "t3" to "t4" is the low-level
signal "L", and the flip-flop 102 outputs the low-level
signal "L" at "ta".

FIG.8 shows a CD-ROM reproducing.system 65
in a second embodiment of the present invention. 1In
FIG.8, the elements which are the same as corresponding
elements in FIG.2 are designated by the same reference
numerals, and a description thereof will be omitted.



The CD-ROM reproducing system 65 includes
an integrated signal processor 31, which is indicated by a
one-dot chain line in FIG.8. The integrated signal
processor 31 is a single integrated circuit which includes
the waveform shaping unit 32, the synchronizing clock
generating unit 33, the synchronous-state detecting unit
34, the digital signal processing unit.35,. the
asynchronous-state motor control unit 41, a synchronous-
state motor control unit 67, and the switches 43 and 44.

_ The integrated signal processor 31 includes
the synchronous-state motor control unit 67. ' The
synchronous-state motor control unit 67 is the same as the
synchronous-state motor control unit 42, except it
includes no unit which detects a phase difference between
the phase of the synchronizing clock pulse and the phase
of the system clock pulse.

The synchronous-state motor control unit 67
supplies a motor speed control signal to a switch 70 via
the switches 43 and 44 when the synchronizing clock pulse
is in the synchronous state.

A synchronous-state motor control unit 68
is provided outside the integrated signal processor 31.
The synchronous-state motor control unit 68 compares a
modified frequency of the synchronizing.clock pulse (which
is'1/M times the frequency of the synchronizing clock
pulse from the unit 33) with a modified frequency of the
system clock pulse (which is 1/N times the frequency of
the system clock pulse from the unit 58). The
synchronous-stateumotor control unitussmqeneratesnaumotgr
speéd“cohtrqi signal indicative of the result of the
comparison. The motor speed control signal from the unit
68 is supplied to the switch 70.

The switch 70 includes an input connected
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to the switch 44; an input connected to the synchronous-
state motor control unit 68, and an output connected to
the spindle motor 23. One of the motor speed control
signal from the switch 44 and the motor speed control
signal fi'om.the synchronous-state motor control unit 68 is
selectively supplied -to the spindle motor 23 through the
switch 70. -

An AND circuit 69 includes an input
connected to the frequency detecting unit 61, an input
connected to the synchronous-state detecting unit 34, and
output connected to the switch 70. A detection signal
from the frequency detecting unit 61 is inverted and the
inverted detection signal is supplied to the AND circuit
69. A detection signal from the synchronous-state
detecting unit 34 ‘is .supplied to the AND circuit 69.

The AND circuit 69 generates a switching
control signal indicative of the AND of the inverted
detection siénal from the unit 61 and the detection signal
from the unit 34. The switching control signal from the
AND circuit 69 is supplied to the switch 70.

Accordingly, when the synchronizing clock
pulse from the unit 33 is in the synchronous state with
the EFM signal and the frequency of the synchronizing _
clock pulsé.is.outside the predetermined range, the motor
speed control signal from the synchronous-state motor
control unit 68 is supplied to the spindle motor 23
through the switch 70. When the synchronizing clock pulse
from the unit 33 is in the synchronous state with the EFM
signal and the. frequency of the synchronizing clock pulse
is within the predetermined range, the motor speed control
signalifrom the synchronous-state motor control unit 67 is
supplied to the spindle motor 23 through the switch 70.

| The CD-ROM reproducing system 65 in the -
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second embodiment includes a spindle motor control unit
66, which is indicated by a dotted line in FIG.8. The
spindle motor control unit 66 includes the asynchronous-
state motor control unit 41, the switches 43 and 44 (which
are the same as in the first embodiment), the synchronous-.
state motor control units 67 and 68, the AND circuit 69,:
and the switch 70 (which are described above).

Similarly to the previously-described first
embodiment, the CD-ROM reproducing system 65 in the second
embodiment selectively supplies one of the system clock
pulse from the unit 58 and the second synchronizing clock
pulse from the unit 62, as the read reference clock pulse,
to the digital signal processing unit 35 through the
switch 63.

When the synchronizing clock pulse from the
synchronizing clock generating unit 33 is in the
synchronous state and the frequency of the synchronizing
clock pulse is outside the predetermined range, the motor
speed control signal from the synchronous-state motor
control unit 68 is supplied to the spindle motor 23
through the switch 70. The rotating speed of the spindle
motor 23 is contrblled by the motor speed control signal
such that the frequency of the synchronizing clock pulse
approaches the standard frequency.

When the synchronizing clock pulse from the
syhchronizing'clock generating unit 33 is in the
synchronous state and the frequency of the synchronizing
clock pulse ié within the predetermined range, the motor
. Speed control signal from the synchronpus-state motor
control unit 67 is supplied to the spindle motor 23
through the switch 70. The rotating speed of the spindle
motor 23 is controlled by the motor speed control signal
such that the frequency of the synchronizing clock pulse
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accords with the standard frequency.

In the above-described second embodiment,
even when the frequency of the synchronizing clock pulse
is outside the predetermined range, the rotating speed of
the spindle motor 23 c¢an be correctly controlled by the
motor speed control signal from .the synchronous-state
motor control unit 68.

In the above-described second embodiment,

. when the variable range of the self-clock frequency is set
to be wide, it is possible that the digital signal
processing unit 35 correctly perform the error correcting
and data transferring processes without arising a problem
that the quantity of data to be written to or read from
the RAM 53 exceeds the storage capacity.of the RAM 53.

A desired rotating speed to:which the
rotating speed of the spindle motor 23 is changed during
the seeking operation of the pickup 24 can be freely
‘ determined by the control CPU 45. In such a case, the
~desired rotating speed is set to a maximum rotating speed
' of the spindle motor 23 at the desired.track of the disk
21 which speed corresponds to a maximum frequency of the
synchronizing clock pulse at which the phase of the
synchronizing clock pulse can be locked to the phase of
the é%M signal. This makes it possible to.remarkably
reduce the access time for the data reproduction after the
end of the seeking operation. '

FIG.9 shows the reproducing rate control
apparatus for the optical disk according to the principle
of the present invention. e : .

Referring to FIG.9, an'optical disk 1 in
which data pieces and clock components for respective data
pieces are recorded on the disk 1 at a constant linear
velocity is rotated by a disk rotation control unit 4.
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The disk rotation control unit 4 controls a rotating speed
of the disk 1 so that the rotating speed of the disk 1 is
kept at a reference-line rotating speed.

In the reproducing rate control apparatus,
an optieal~pickup 2 generates a reproduction signal from
the diskeihewAedigitizing unit 3 generates a digital
reproduction signal from the reproduction signal output
from the pickup 2.

A synchronizing clock generating unit 5,
which is coupled to an output of the digitizing unit 3,
generates a synchronizing clock pulse with a phase locked
to a phase of the digital reproduction signal when a bit
frequency of the digital reproduction signal is within a
capture range of frequencies centered at a self-clock
frequency from. an oscillator included in the synchronizing
clock generating unit 5.

A synchronous-state detecting unit 6, which
is coupled to the output of the digitizing unit 3 and an
output of the synchronizing clock generating unit 5,
detects whether the synchronizing clock pulse is in a
synchronous state with the digital reproduction signal.

A self-clock frequency control unit 7,
which is coupled to an output of the synchronous-state
deteéfingnunitws, supplies a frequency control signal to
the synchronizing clock-generating unit 5 when the
synchronizing clock pulse is in an asynchronous state with
the digital reproduction signal.. A time for the
synchronizing clock pulse from the synchronizing clock
generating -unit 5 to.be phase-locked to the digital
reproduction signal is reduced by supplying the frequency
control signal from the self-clock frequency control unit
7 to the synchronizing clock generating unit 5.

A signal processing.unit 8, which is
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coupled to the output of the digitizing unit 3 and the
output of the synchronizing clock generating unit 5,
generates a demodulated data signal from the digital
reproduction signal in accordance with the synchronizing
clock pulse. - In the signal processing unit 8, the
demodulated data signal is written..to a memory in
accordance with the synchronizing clock pulse, the
demodulated data signal is read from the memory in
accordance with a read reference clock pulse, and the read
demodulated data signal is processed through an error
correction so that a prdcessed demodulated data signal is
output.

A first clock generating unit 9 generates a
first read-reference clock pulse having an initial
frequency from an oscillator.

A second clock generating unit 10, which is
coupled to the output of the synchronizing clock
generating unit 5, generates a second read-reference clock
pulse having a second frequency proportional to a
frequency of the synchronizing clock .pulse.

A frequency detecting unit.11, which is
coupled to the output of the synchronizing clock
generating unit 5, detects whether the frequency of the
synchronizing clock pulse is within a predetermined range...
of fréquencies centered at a standard frequency.

A switching unit 12, which is coupled to an
output of the first clock generating unit 9 and an output
of the second clock generating unit 10, selectively
outputs one of the first read-reference:clock pulse. and.. ...
the second read-reference clock pulsé to the signal
processing unit 8 in accordance with a result of the
detection by the frequency detecting unit 11.

In the above reproducing rate control
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apparatus, when the frequency of the synchronizing clock
pulse is within the predetermined range, the first read-
reference clock pulse is supplied from the switching unit
12 to the signal processing unit 8, and, when the
frequency of the synchronizing clock pulse - is outside the
predetermined range, the second read-reference clock pulse -
is supplied from the switching unit 12 to the signal'
processing unit 8.

The present invention is not limited to the
above embodiments of the CD-ROM reproducing system in
which the sweeping of the self-clock frequency is
performed by the self-clock frequency sweeping unit 46.
Various variations and modifications may be made without
departing from the scope of the present invention. For
example, .the present invention .is. applicable to an CD-ROM
reproducing system in which the self-clock frequency is
varied in accordance with a deviation of the frequency of
the EFM signal at the end of the seeking operation.

In addition, the CD-ROM reproducing system
in the above embodiments of the present invention may be
used as an audio CD player. -When an audio CD disk is
loaded into the CD-ROM reproducing system, the operation
of the self-clock frequency sweeping unit 46 is stopped.
The self-clock frequency of the.CD-ROM reproducing system
is held at a certain frequency, and it is possible that an
audio signal including no jitter can be correctly
reproduced from the audio CD disk.
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WHAT IS CLAIMED IS:
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.3 1o A reproducing rate control apparatus

for an optical disk in which data pieces and clock
components for respective data pieces are recorded on the
disk at a constant linear velocity, comprising:

digitizing means for generating a digital
reproduction signal from a reproduction signal which is
generated by an optical pickup from said disk;

.synchronizing clock generating means,
coupled to an output of said digitizing means, for
generating a synchronizing clock pulse with a phase locked
to a phase of the digital reproduction signal;

signal processing means, coupled to the
output of the digitizing means and an output of the
synchronizing clock generating means, for generating a
demodulated data signal from the digital reproduction
signal in accordance with the synchronizing clock pulse,
wherein the demodulated data signal is written to a memory
in accordance with the synchronizing clock pulse, the
demodulated data signal is read from the memory in
accordance with a read reference clock pulse, and the read
demodulated data signal is processed through an error
correction so that a brocessed demodulated data signal is
output;

o frequency detecting means, coupled to the . ......-.
output of the synchrohizing clock generating means, for
detecting whether the frequency of the synchronizing clock
pulse is within a predetermined range of frequencies
centered at a standard frequency; -
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first clock generating means for generating
a first read-reference clock pulse having an initial
frequency from an oscillator;

second clock generating means, coupled to
the output of the synchronizing clock generating. means
for generatihg a second read-reference clock pulse having -
a second frequency proportional to a frequency of the
synchronizing clock pulse; and

switching means, coupled to an output of
the first clock generating means and an output of the
second clock generating means, for selectively outputting-
one of the first read-reference clock pulse and the second
read-reference.clock pulse to said signal processing means
in accordance with a result of the detection by the
frequency detecting means,

wherein, when the frequency of the
synchronizing clock pulse is within the predetermined
range, the first read-reference clock pulse is sdpplied
from the switching means to the signal processing means,
and; when the frequency of the synchronizing clock .pulse
is not within the predetermined.range, the second read-
reference clock pulse is supplied from the switching means
to the signal processing means.

2. The reproducing rate control apparatﬁs
according to claim 1, further .comprising:
synchronous-state detecting means, coupled
to the output of the digitizing means and the output of
the synchronizing clock generating means, for detecting
whether the synchronizing clock pulse is in a synchronous
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state with the digital reproduction signal.

3. The reproducing rate control apparatus
according'to claim 1, further comprising:

self-clock frequency control means, coupled
to an output of the synchronous-state detecting means, for
supplying a frequency control signal to the synchronizing
clock generating means when the synchronizing clock pulse
is in an asynchronous state with the digital reproductioh
signal, thereby reducing a time for the synchronizing
clock pulse from the synchronizing clock generating means
to be phase-locked to the digital reproduction signal.

4. The reproducing rate control apparatus
according to claim 1, whereir said signal processing means
comprises:

_ the memory for storing the demodulated data
~ signal; '

demodulator means, coupled to the output of
the digitizing means and the output of the synchronizing
clock generating means, for generating the demodulated
data signal from the digital reproduction signal in
accordance with the synchronizing clock pulse,

error correcting means for processing the
demodulated data signal, read from the memory, through the
erroxr correction, to output the processed demodulated data
signal; and N
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a bus which interconnects the memory, the
demodulator means and the error correcting means.

5. The reproducing rate control apparatus
according to claim 4, wherein said signal processing means
further comprises:

timing control means, coupled to the output
of said synchronizihg clock generating means and an output
of said switching means, for generating a write timing
signal in synchronism with the synchronizing clock pulse
and generating a read timing signal in synchronism with
the read reference clock pulse; and

address generating means, coupled to
outputs of said timing control means, for generating an
address signal indicative of a location of the memory to
which the demodulated data signal is written, in response
to the write timing signal, and géherating an address
signal indicative of a location of the memory from which
the demodulated data.signal is read, in response to the
read timing signal.

6. The reproducing rate control apparatus

according to claim 1, wherein said frequency detecting.

means comprises a first comparator which generates an ON
signal when the frequency of the synchronizing clock pulse
is above a lower limit frequency of the predetermined
range, and a second comparator which generates an ON
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signal when the frequency of the synchronizing clock pulse

is below an upper limit frequency of the predetermined
range.

7. The reproducing rate control apparatus
according to claim 1, wherein said second clock generating
means comprises a first frequency divider which generates
a synchronizing clock pulse with a 1/M times frequency,
where M is an integer, and a second frequency divider
which generates a synchronizing clock pulse with a 1/N-
times frequency, where N is an integer.

8. The reproducing rate control apparatus
according to claim 7, wherein .said second clock generating
means further comprises a phase difference detector which
generates a voltage signal indicative of a phase
difference between the clock pulse from the first
frequency divider and the clock pulse from the second...
frequency divider, and a voltage-controlled oscillator
coupled to an output of the phase difference detector.

9. The reproducing rate control apparatus
according to claim 1, wherein said second clock generating
means comprises a first counter which generates a high-
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level signal when "M" synchronizing clock pulses, output
from the synchronizing clock generating means, are
supplied to the first counter, where M is an integer, and
a second counter which generates a high-level signal when
"N" synchronizing clock pulses, output from the
synchronizing clock -gererating means, are supplied to the
second counter, where N is ‘an integer and M > N.

10. The reproducing rate control apparatus
according to claim 9, whefein said second clock generating
means further comprises an edge detecting unit which
generates a pulse in response to a rising edgé of the
high-level signal output from the first counter.



