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position of the pepkeducing 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 dlscfread 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 CD-
ROM disk at a constant bit rate. To perform the 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



in a gadial direction of the CO-ROM disk. FIG 1 shows a conventional CD-ROM
-2- reproducing system 110. In this conventional CD ROM reproduci ng system
110, a CO-ROM di sk 21 (which will be called the disk 21) is rotated by a
"spindl.e notor 23. Digital signals are recorded on the disk 21 by using the
EFM net hod, and the density of recorded data is constant in all areas of
the disk 21. In the conventional CD-R[NWr%pToducing system 110, a

sel f-clock frequency.control operation is performed, which will be
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rotated at a rs%ﬂe%lpcfié,' ha(la éeoff’l—tcj:f&]épfzegquency 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 géneratég 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



A pi ckup Servo control unit 25 generates a focusing control signal to the
pi ckup 24" based on a reproduce signal fromthe pickup 24, so that a
focusing of the pickup 24 is perfornmed. Al so, the pickup servo control unit
25 generates a tracking control signal to the pickup 24 in accordance with
a tracking command froma control CPU 45, to control a tracking of the

pi ckup 24. Al so, the pickup servo control3 unit 25 generates a seek contro
signal to the pickup 24 in accordance with a seek -3- conmand fromthe
control CPU 45, to _control seeki.ng .of the pickup 24. In the seekin
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- 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
110. |

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



sign@_'frgnlthe reproduction signal output fromthe pickup 24. The
reproduction signal fromthe pickup 24 is anplified, and a waveform of the
ahplified signal is shaped. The EFM si gnal generated by the waveform
shaping unit 32 is a digital reproduction signal derived fromthe
reproduction signal fromthe pickup 24. A _synchronizing clock generating
unit 33. generates a synchronizing clock pulse having a phase which is

| ocked to a phase.of the EFM signal output fromthe waveform shaping unit
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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



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
synchroni zing pattern of the EFM signal _ \When the synchronous state of the
synchroni zi ng cl ock pul se is detected,” the synchronous-state detecting unit
34 outputs an ON signal indicative of the synchronous state of the
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unit 58 are supplied to e gnal processing 35 and the
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the spindle notor  23,so that the Scannin di sk i s perforned by

the pickup 24 aptﬁsalpepeﬁgﬁggrppﬁgs st %e w1th 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



rotatlng speed regardl ess of the novenent of the pickup 24 in a radial
direction’of the disk 21. The spindle notor control unit 111 generates a
nmot or speed control signal to the spindle notor 23 when the synchroni zi ng
clock pulse fromthe unit 33 is in a synchronous state with the EFM si gnal
fromthe unit 32 during the data reproducuﬂg_nnde The rotating speed of
the spindle notor 23 is controlled by the tor speed control signal from
the spindle notor control unit 111, so that the disk 21 is rotated at the
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The 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



-6- spindle nmotor servo control unit 111 generates a nmotor speed control
)

S|gnal by conparing the 1/Mtinmes frequency of the pseudo-synchroni zing
clock pulse with the 1/N times frequency of the system clock pul se. The
spindl e notor control unit 111 thus generates..a notor speed control signal
and supplies it to the spindle. notor 23._ The integers Mand N are preset to
val ues that make the frequency of the synchronizing clock pul se and the
frequency of the system clock pul se equal to each other when the frequency
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extracts a sub-code _fromt
second tlmlng 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 .



denndulatgd data signal fromthe denodul ator unit 51 and supplies the
sub-code fo the control CPU 45. The timng control unit 113 generates a
first timng clock in accordance with a read reference clock pul se supplied
fromthe systemclock generating unit 58 and the synchroni zing clock pul se
supplied fromthe synchronizing clock gengrating unit 33, and supplies the
-7- first tinming clock to each of the dendddl ator unit 51 and the address
generator unit 55. The address generator unit 55 mhich is responsive to the

first timng c e v e ated
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i n accordance mnt t he secon I'mng ¢ dul ated data signa
is supplied 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



to the error correcting unit 54 via the bus 56. The érror correcting unit
54 perforns an error correcting process for the denodul ated data signa
~which was read fromthe RAM 53 in accordance with the second timng signal.
The timng control unit 113 supplies the third timng clock to each of the
error correcting unit 54 and the address generating unit 55. The address
generator unit 55, responsive to the thtr€ Timng clock, generates a third
address signal. The denopdul ated data signal output fromthe error

correcting unit 54 agfter the end of the erro tin rocess, is
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control unit 57 are the fourth timlng 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



folloms 1) the data signal transferred fromthe denodul ator unit 51 to

t he RAM 5 (2) the data sighal transferred fromthe RAM53 to the error
correctlng unit 54; (3) the error-corrected data signal transferred from
the error correcting unit 54 to the RAM53; and (4) the error-corrected
data signal transferred fromthe RAM 53 to the CD-ROM control unit 57. The
timng clock and the address signal used en transferring the data signal
fromthe denodul ator unit 51 to the RAM 53 are the first timng clock and

the first addrgﬁ Ebgnﬁhltw?_kch %gnggﬂ Egg%g %g,ggrg e 1Y Itéz,qrm

synchroni zing c ress 5| use
when transferrthg Fﬁ@tﬁaiaCPUs#Qnaﬁnﬁré#ﬁﬁhé RRHR%@Qt@qmm§n§whﬂ'Qﬁwmbctlng

unit 54 are thehéeaaaéeggnuaaacLﬁclehangubbeoaecast%r%%@as%ysItﬂi@lsuwwdb
are generated in accorgance h the read reference clock pulse The timng

clock and the ggfpduda PﬁnHPlt 529- aﬁgeﬂuﬂﬁéﬁeﬁréﬁéﬁ%%F?ﬁbFP§$- ISP t he

error-correct egofitralsughel 26L onnllBe, ether coatreat lcw |4r5| isuppltied h RAM 53
are the third t|n1ngﬁcloc t he thlrd ad ﬁess Si whi_ch are

generated in aPREPIaRRR ﬁPFﬁrPﬁecPﬂgﬁnpngr e SEA m9§?r control.

unit 111 so that an open-loop control operatlon 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 frequency
from the standard fregquency 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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The t|n1ng cl ock and the address signal used when transferring (or reading
out)' the’error- corrected data signal fromthe RAM 53 to the CD ROM control
unit 57 are the fourth timng 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 denodul ator unit 51 is the sanme as the
rate of the data signal read by the pickupl24 fromthe disk 21. Thus, the
data signal supplied by the denodulator unit 51 includes a Jltter
conponent. To elimnate the jitter conponent, the data_signa . L
tenporari |y wwriting cthecdeppdadated debadakgeadi tR the %}Nclﬂ:’orﬁsziwh'

cl ock pul se, t | ad~0
with the readaéhgf e?g%ggﬁi?g%%ghfsgaﬁg €o Hé féam be@mRAMe_S&ym wwﬂwe

he ROM cqntr
connected to t?ﬁ?%?@?t%?a§lﬁhﬁlqB?BEé§¥|ﬂﬁ ﬂﬁF? §39 ﬂ? EQ%E?- égfed
data signal frramtse WAdhSBhesratepbEedritihgethb ReiModmitated mta 57, and

the fourth timn | pck _fro he_tim control unit 113 is supplied to
t he CD-RCNIcoﬁ?}%ﬁ gng? Ehe g%ﬁ g3tﬁ§ ggVOr-corrected data sjgnal fromthe
RAM 53 is transferred toThéEeEﬁracwhnonheoabgnetCD?ROM.a@@@#ﬂ&ﬁ@@ with the
ot L 19 Sy 0Eky T16, ©3E°1a°AERGLATLIR0RSB10RMe vaiiitiBld Hhildh

control unit IS su to t t co e control
control s the dthe $ebf09&9¢hgfGﬁQﬂGDPﬁntanHetWédgeém ﬁ54ﬁ£ﬂ§ﬁ|§ﬁﬁ?41the

accordance W t§;8i€20MBIgnahIPRbcadBRhged TEOHL! BRGRaRI4 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 reproducing rate even when the variable range of the

self~clock frequency is set to.be wide.

) The above-mentloned 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

4



- 10 - control wunit -57. Wen 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 denodul ator unit 52, and supplies it to
t'he pickup servo control unit 25. Also, the control CPU 45 supplies an.
open-1 oop control command to the spindle nBtor control. unit 111 so that an
open-1oop control operation of the splnalé notor 23 is perforned during the
seeking operation. In the above CD- ROM reproduci ng systen1110 t he

sel 1ol ock [T QHEBYCOARLEA! LBPERA! bAT-LE BR LALTRIJIC45g i S8ld 6 ook

frequency sweepi ng’ uni peed u
correction andouhEuEaPﬁ thangyaehrnglspegapagns Gﬁﬂﬁmﬁﬁﬁqytqnltmgﬁﬂﬂ

processing uni §egerat® VSrdehBSui&ﬁE@”HSkﬁcglahhief@ﬁmﬂ%HéSéﬂ&i&ﬁﬁd
reference clock at which rate the data signal i's read fromor witten to

the RAM 53 is ’Fﬁl?‘é?ﬁi‘éﬁf:émns#ﬁﬁa&bbveaEBPRé@FngP’d&G’cﬁ?& SHAIhRONNE 1nghe

frequenci es ofclbekspadsd, wherdianthtogembahilaited @lamakssl\dﬁamh e
gener at ed |n acco e read reference cl. const ant..

L th
Thererore, | nFLFEels Eorh ebREv o ifabrpRaRnEe Midh KHs SAHRIANG « ne
RAM 53 is aI wag.’sockmpumse,etha dbmugblatéevdataoslghaﬂhasymaw dircn rthe
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di gital signalapdothesragdudemodslatedetats EQQWﬁdelstmgocessed 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 frequency 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



di fference between the synchronizing clock frequency and the standard
frequency beconmes great. |If the variable range of the self-clock frequency
is too wide, the quantity of data to be witten to the RAM 53 may exceed
the storage capacity of the RAM 53 when the rate of - 11 - witing the
denodul ated data signal to the RAM 53 is high. O, the quantity of data to
be read fromthe RAM 53 nmay be greater fhar the quantity of data signals
stored in the RAM 53 when the rate of witing the denodul ated data signal

h 3 i.s. laow .Theref.ore, _in the_ ab '
190, Tt 15 aifFPeuPRersteERiIfel sahdy ST prRd TR CH L YN 1 BefThncy
to be wide in pudee tis spppd iede faiogi tthle switahingaersidi e the isigwslrabl e

to provide a CR:.BANg Lng system which perforns the digital signal
processi ng mﬁfﬁ%ut c%ﬁ?%ﬁqaghé above- descri bed probl em even when the

vari abl e range of the seffhecreprodusdmendpties apnfeolsigrprrattrs &

g e gt e B o

e:?niagfég. AnG HE&;PWg%E §ﬁb5&@i§ adc Processing ok YRR AN is to

provide a repr gtequencyaiof ¢hel s¥nchpNiAing follodk pulsaniHpiot akith 5k
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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-



hi gh reprqgducing rate even when the variable range of the self-clock
frequency is set to be wide. The above-nenti oned objects of the present

i nvention are achieved by a reproducing rate control apparatus which
includes: a digitizing unit for generating a digital reproduction signal
froma reproduction signal which is genergﬁed by an optical pickup froman
optical disk; a synchronizing clock generating unit, coupled to an out put
of the digitizing unit, for generating a synchron|2|ng clock pulse with a
phase | ocked t h e} u

processi ng gt%gg %%IQQ-T ctggﬁ:rq’édh%%ttt ﬁgp%&% S%d g#b | g| t zfﬂ%m t and
an out put of t B8 §?ﬁcﬁnon|2|ng cl ock generating unit, for generating a

denodul at ed data signal frren4t g glwﬂaaklaﬂy tdfﬂhfﬂiﬁﬁﬂ i n accordance

with the synchron|2| cl ogk pul wherein t enmodul ted data si gnal
is witten to F% 5 gk dngk qﬂ?ﬁ?ﬂﬂﬁ?ﬂﬁﬂﬂﬂé&ﬂﬂ Eéi
t he denodul at ed dat a si gIFaG.iss iscad blioan idiagrairof lamcmwdﬂmzﬂcw th a

br ocessed ¢ hr ofgRas taY, s I, EHE, CERRAH TR imﬁi%c"igﬁie%%%ﬁﬁ 5 Mot a
:I gnﬁl is out pult gzé;%gf%&mﬁﬁ%&hmm;ﬁmg}ymumﬁm tﬁ{;d@@rm;l?ut o:ﬁ);/hgf
ynchroni zi ng glag AR a¥§§ s SIS

S term ned

t he synchron|2|ng cl oc els Wwthin a ange o

frequenci es centered at §I§tsaﬂéalt@r9%é7 c@ren Himesichaxtek faher ati ng

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 §1hiéﬁperformed 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 -



unit for generating a first read-reference clock pulse having an initial
frequency froman oscillator; a second clock generating unit, coupled to

t he out put of the synchroni zing clock generating unit, for generating a
second read-reference clock pul se having a second frequency proportional to
a frequency of the synchronizing clock pul se; and a switching unit, coupled
to an output of the first clock generatfndSunit and an output of the secon
clock generating unit, for selectively outputting one-of the first '
read-reference clgc ul se d,the, second read-reference clock pulse to the
si gnal processPhE*% ??mfﬂeﬁgEdeﬁﬁEﬁ‘wdth a result of the detection by the
frequency detecting uni tThéndisk 2hois repatddcbyg tha epdmdle mcgmar at us,

bredet or i ned. Fark. ¢ SERFFETTRCELERE S BBSe et limda® Wiker | ¢, o,
the switching @antred whitsigngenpratessangotokt speed csndiralhe iioredudiey
of the synchr 08613{:981%%%1:9{:'!15@ EPeEEL-.:éW%LQi Rumber b géJbﬁiﬂzﬁi#é %é? ned
range, the second read-referencé cloc ul'se 1s supplied fromthe swtching
unit to the siBharte) ceEsthagspindietRetpEprdduciThe saaanddit @l s dHidtkus
of the preseniifyepeiporig@rbyethehpisrapNdsr ahdn ey @ik @104k pul se to
the signal processjing upit when the frequenc f,_the synchroni zi ng cl ock
pul se i s not mf?ﬁ?heahﬁgp?eﬁﬁggfﬁPﬁga Fgﬁg59¥?%én§é5 ‘ead- r ef erence
cl ock 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.



pulse has a frequency that is proportional to the frequency of the
synchroni zing clock pulse. It is possible that the rate of witing the
denodul ated data signal to the nmenory is synchronous with the rate of
readi ng the denodul ated data signal fromthe nmenory. Even when the variabl e
range of the self-clock frequency is wide, the quantity of data to be
witten to the nenory does not exceed tﬁei§t6rage capacity of the nenory if
the rate of witing the denodul ated data signal to the nmenory is high. O,

the quantity of data to r [ ;4oes,

gquantity of data S|gnalsgﬁ o%gg %ﬁggkégﬁgggggh¥?qih :Q%né?%%a %lng t he
denodul at ed daEEMssggnalt 6rptlethenveyrb§un@\i/0nBRIiE¥liﬂEmm drar Ohe
DRAW NGS The aB%ﬁuﬁ“?cIOt h%eOPJeg%&ucft‘ighU %&?ﬁ% ﬁbﬁﬁ ?xtéaﬁuﬁ 224 is

present inventfon Wl [ be nore apparent from
descri pti on wh@ppléfdedn éBﬁ]GnU?VGﬁonm Pk the rﬁ}Qﬂ i ks in

Wh'fh FLFEEZI§h§thQCkTﬁbaQFﬁ”benﬁlc @h@&hk @ahyUQﬂgmﬂd¢E¥6¥ﬁﬂéﬁﬁbln
system |

,repraduci_n ste flrst
Srmodiment ot - FREEoecin & AEAERY, rapradiation mighal asy el tion the
synchronous- reprbdductivat eignhadr feom thle wickup) Z4e CD-RONIreprodu0|ng

systemin F|G 2; 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



FIG 4 is a block diagramof a clock converter unit in the CD- ROM
reprbduci’ng systemin FIG2; FIG5 is a block diagram of another clock.
converter unit in the CD-ROMreproducing systemin FIG2; FIG6 is a block
di agram of a frequency detecting unit in the CD-ROM reproducing systemin
FIG2; FIGS 7A through 7F are time charts for explaining digital signals at
various points of the frequency detecti-ng7umit in FIG6; FIG8 is a block

di agram of a CD-ROM reproducing systemin a second embodi ment of the
present invention;, and FIG 9 is a block diagramof a reproducing rate
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preferred enbo ts~of the esent invention with reference to
acconpanyi ng &V&ﬂhﬁ@§1zFFG.ELﬂ%&m?qiﬂa} h%ﬁﬂ%ﬁﬁu:hﬁ;%&%?%ﬁ??@“?n a
first enbodi nE'&htéf dbhéc&&@ae@hllﬁw\aantd\mputé rarf I 6F R, siml eiraboasiwki ch

are the sane a rres nts in ELG 1 are designa by the sane
ref erence nun@ra g’&é’ m%(?ﬂ: ﬁ%’&h © FYPTimeRL %)Jfﬂ%t '{o&( To reproduce
data signals puasetheMesb}thgiiaicamlswpﬁlemetamsa(clﬂloﬁ s$he foernmed b
the pickup 24 & {(,£0 t ey thyd

L od.
The pickup 24 | Pgdl t@%f&%%ﬁq\‘héﬁ aé? éiiﬁ]& %ggs ég}t'gE
signal s fronl@omEEbdcm@dtrdﬁifmmdtﬂhﬁ(ﬁkﬂnqm.PIQ&%ﬁ%i@%aPBlﬁré5reproduced
fromthe disk 21 at a - rhe 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



- 15 - predeternmned bit rate. The disk 21 is rotated by the spindle notor
23 at a controlled rotating speed. The spindle notor control unit 40
generates a notor speed control signal to control a rotating speed (or
nunber of revolutions per mnute) of the spindle nmotor 23. The scanning

of the disk 21

Is perfornmed by the pick.E 4 when the disk 21 is rotated at
a reference-line rotating speed. The pic

P servo control unit 25 generate

a focusing control signal to the pi ckup 24 based on a reproduce signal fro

[ | . p erfo t he
pi ckup servo contrtr{aumt rg‘[@énﬁ‘? &E ﬁjzgﬂpo ?blés?gﬁg?eﬁ% t he
pi ckup 24 in a&ldﬂd’eﬁﬁ:e(wﬂ)h 7a3:t raaclidr egpentiermPpanater cohi r al PI@se45, to

control a trackjirréderddte Ritddtbrldrs Aay dbeadhékupeservo control unit 2
generates a seek control signal to theﬂ$|Cku 24 in accordance wi.th a seek

t he pickup 24

command from the control @SFeEring tQ
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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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When the seeking node is perforned, the control CPU 45 detects the anpunt
of movenent of the pickup 24 required to nove it fromthe present track to
the desired track for the seeking in accordance with a tracking error
signal fromthe pickup servo control unit 25, and controls the novenent of

the pickup 24 fromthe present track to the desired track.

wavef orm shaping unit 32 generates an EFML8ignal fromthe reproduction

signal output fromthe pickup 24. The reproduction signal
24 is anplified, and_a waveformof the anglified signal is
si gnal gener atRRR$§ GRELoESRESr detaabPrg7

mit 32 is a digital

- 16 - The
fromthe pickup
shaped. The EFM

signal derived from the tgergeesti 8pesidBshtibAMstibRali Generdted sy

synchroni zi ng ¢l oc enerating unit 3

n 3 generates a nchroni.zin
oUl se havi ng oLhRa2ROVR ENFREPRENETSERtS BRESE SONHROLEME ¢ta

reproduction

clock
1+Sut put

fromthe wavefsuppibadi tg ami inpdt obethgnswieehziang cl ock pul se fromthe

synchroni zi ng cl ock gen ﬁég£g¥ﬁ§h%8$$9%§8§§eglh%Q° oagygégf;dggés of the

CD- ROM r epr oduci nhg syst em I

requency sweeping ‘unit 46

suppl i es a fretlegeperabescd psgudo-spncheosiadngomiiangg dnsuk rpdteEns ng
uni t 33 when tag; ey nGRHY ORI Zfé‘ch}nﬁnﬁﬁth‘ESSff EHE E‘ti‘ﬁl %)i'ﬁﬁiglo'ﬂazx}i% d

generating unit 33 is in an asynchronous state w

the EFM sig

ock
In the

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

asynchronous-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.



o

sel f-clock frequency sweeping unit 46, a sweeping of the self-clock pul se
frequency’in a triangular waveformwithin a | ock range of frequencies from
t he synchroni zing clock generating unit 33 is perforned. The
synchronous-state detecting unit 34 inputs the EFM signal output fromthe
wavef orm shapi ng unit 32 and the synchroni zi ng cl ock pul se output fromthe
synchroni zing cl ock generating unit 33. -Tk® 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-
synchroni zi ng cl ock pul s&hies skitebcdrddsc eontrield e inhrortantobat tern of

the EFM si gnal os¥hied LhppInRaheaains! Ahitdblt REPWENT o 2400 hoeknpul se

S - 17 - det ted, e synchronous-state detecting unit 34 outEuts an
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e of, t he asynchrono s st hon|2|ng cl ock
pul se. The ONE FgP&Fsﬁu? oo 89V %}"@f £ 1§8I ¢l ock frequency
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sequence of thggynchronous state. At this time, 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



system cl ock pulses fromthe systemclock generating unit 58 are supplied
to each of the signal processing unit 35 and the spindle notor servo
control unit 40. The CD- ROM reproduci ng system 20 includes the spindle
notor servo control unit 40 which is indicated by a dotted line in FIG 2.
The spindle notor servo control unit 40 includes a synchronous-state notor
control unit 42, an asynchronous-state-nBior control.unit 41, a swtch 43,
and a switch 44. When the synchroni zi ng clock pul se is in the synchronous

state, the spindle notor servo contral un t d
control 5|gnalciPﬁﬁ1FﬂﬁvgyﬁéﬁrBﬁaﬁssgtatg ch%gﬁP e%r g? %éjfgﬁf
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spi ndl e notor £Be Eh@tiaihﬁwequhacyysuppdnedsf@@ﬂw&hﬂﬁﬁﬁthnﬁnkﬂlngnt 42
in the CD'RCNIE?BEﬁd 8b@9a§¥§§eﬂh%Q 53 Fl@Té mUﬁﬂ%féqgffé&ﬁency of the

synchronous-'st a contr unit I ncl udes reqyency
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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 reproduc1ng system 20 includes a
frequency detecting unit 61. The frequency detecting un1t
61 detects whether the frequency of the synchronizing
clock pulse from the synchronizing clock generating unit
i 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



nodi fied frequency that is 1/M (where Mis an integer) tinmes the initial
frequency of the synchronizing clock pulse fromthe synchroni zing cl ock
generating unit 33. The synchronizing clock pulse fromthe frequency
~divider 72 is supplied to each of the frequency conparator 74 and the phase
difference detector 75. The frequency divider (1/N) 73 generates a system
clock pulse with a nodified frequency tha2i s 1/N (where N is an integer)
times the initial frequency of the systemclock pulse fromthe system cl ock
generating unit 58. The s¥sten1clock pul se fromthe frequency divider 73 is
supplied to eaBfS6¥iPRE APRYBency conparator 74 and the phase difference
detector 75. The frequenthecswihtcht 68 iAclodes an timpuitnddnretiedquency of

th h | Z] I I | h di i fr,

cl'ock pul se. ak Shppriebh, Soplkiek Gl or” g (bt Spfledtiy v AR
conpari son to sh@stemndeloZR. g&herphdng anfite58nca@andetagttantmet dzonnected
phase differengg Qﬁgwggﬂ%ﬂgﬁFgggrgﬁ LAg esyAghroni zi ng clock pulse and a....... ..

phase of the systemcloc , and supplies a signal indicative of the
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froma frequengnedewdtchng3uni Thel sisftienh cliddk lpaXies cfrdredthatsystes not
supplied to thglock 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



- 19 - phase difference detector 75. The notor speed control S|gnal
generated' by the above synchronous-state motor control unit 42 is supplled
to an input of the switch 43. The asynchronous-state notor control unit 41 ,
generates a pseudo-synchroni zing signal frompatterns "11T" which are
conponents of the EFM signal having a greatest pulsewi dth therein. The
pseudo-synchroni zing signal has a frequen@g that is inversely proportiona
to the length of the patterns "11T". The asynchronous-state notor control
unit 41 generates a notor speed control signal by conmparing a frequency of

the pseudo- syacKisstzrddresgnsiomrilh aThusquihe dsmedylated dataj ghghalpy
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fromthe synchronous-sta& é?%%?‘ F§S3H¥IHHE3 ﬁﬁgﬁﬁéagggncluggs t he
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i nput of the swt t he sync ron|2|ng ock pulse,is detected to

be in the sync@PdﬁGu§QﬂR%ﬁ9d1ﬂ¥9mnﬁhﬂ' rcﬁh%lE&E&nﬁrﬁﬁFFﬁe
synchronous- st §n3 tMHY suPPllids 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



unit 42 is supplied to the switch 44 via the switch 43. \Wen the

synchroni zing clock pulse is detected to be in the asynchronous state, the
not or speed control signal fromthe asynchronous-state notor control unit
40 is supplied to the switch 44 via the switch 43. - 20 - The switch 44
is controlled by a control signal supplied fromthe control CPU 45. In the
“switch 44, the notor speed control sigmal24romthe switch 43 is supplied
fromthe switch 44 to the spindle notor 23 unless the pickup 24 is noved in

t he seeking node. After the seeking of the. pickup_24 is rformed, the -
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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 pulsé 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
addr;;snsignal 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



i.s rotated at the reference-line rotating speed. \Wen the seeking of the

pi ckup 24 is perforned, the control CPU 45 supplies a control signal to.

the switch 44 so that an accel eration voltage V1 or a deceleration voltage
V2 is selected through the switch 44 according to a direction of the radial
novenent of the pickup 24. The accel eration voltage V1 or the decel eration
voltage V2 is supplied from the switch™425 6 the spindle notor 23 so that
the rotating speed of the spindle notor 23 is controlled during the radi al

. movenent of the pickup,24. - The CD- ROM r.eproducin stem 20 Jncludes a
TS el ek CIRVBPEBLbIR; £os BPPFRBTARSELY: SAIATCE ShE A (i ret e,
secoRd s_ynphroti}aéi demobatkted fSata sighalodirore dHe etpmotnl ftamunit 51
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synchron|2|ng.Ebgggoguhﬁgtf%9q1the synchroni zi ng cl ock generating unit 33,
where M and N are integers that are preset such that the nodified frequency
of the second synchroni zHe§CE oeNepulife the gardakle (1aNge RS ~of “the
system cl ock pukie-wheek! FecyiRMegNEs Fetl RO DG ZANY wdmeddwed ng
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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-



frequency detecting unit 61. The frequency detecting unit 61 detects

whet her the frequency of the synchroni zing clock pulse fromthe

synchroni zing clock generating unit 33 is within a predeterm ned range of
frequencies centered at the standard frequency. The frequency detecting
unit 61 generates an ON signal when the frequency of the synchronizing
clock pulse is within the predet er mi ned~r&Ag8. Ot herwi se the frequency
detecting unit 61 generates an OFF signal. The predeterm ned range of

frequencies is_s to a relatiyely _parrow range of frequencies, for
exampl e, a ranﬂégg?rfﬂﬁesgﬁﬁﬁﬁ¥8rf?gquency [err] 1% The ON OFF signal from
t he frequency detecti ng Thet phdsesdifiipkendet dekesticxt H Y. 8lhe switch 63

is controlled by the Langk t RSl vd T he
frequency Qete9¥Pﬁ§aE§%KggghﬁggsgggFégggFg Fﬁgg§9h8ﬁ$§housjg%eggyénn(n
control unit 4fol¥ageppucpottibvrénte deddfferenseptbatiwessy it PhARRIsCSt at e
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58, and an out ppbgtenegchgdibert fa/Mymeag control unit 113. Wien the
I;ﬁgg?aneOENthe Synchro%hélqgwggggg %%h %r[%ﬂgﬁfﬂékté¥a&g&g@g§rn1ned
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



signal] fromthe frequency detecting unit 61 is supplied to the switch 63.
The system clock pulse fromthe system cl ock generating unit 58 is output
to the timng control unit 113 through the switch 63. On the other hand,
“when the frequency of the synchronizing clock pul se is outside the
predeterm ned range, the OFF signal fromt frequency detecting unit 61 is
supplied to the switch 63. The second syn oni zi ng clock pulse fromthe

cl ock converter unit 62 is output to the timng control unit 113 through

‘the switch 63. tde \%ir{ta% Zéé?”aaln %gffwlen%t; E%W&Hﬁtgf”?ﬂi"éior

unit 51 generates a de data sign rom t
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to the control CPU 45. T e t . m contro 113 erat e first.timng
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‘which is respon3|ve f|r Y m ng ener a
The edge detectlng un1t 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 inverter 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. The 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



a first address signal. Thus, the denpdul ated data signal fromthe ’ :
denodul at or unit 52 is witten to the RAM 53 at an address indicated by the
first address signal in accordance with the first timng clock. The timng «
~control unit 113 ..generates a second timng clock, a third timng clock
and a fourth timng clock in accordance with the read reference clock
pul se supplied fromthe switch 63. The t+ m@&g-control unit 113 supplies the
second timng 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 tining dhoclgied ahey aasefmmadf atorabRart Tasieuropeiatsd ofat a
signal stored id e-2AmS, Hetdt qSSit g cated by the second address
signal is read out I n accordance wth the second timn and the
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dermodul at ed data si gnal REESFMEFR FiGeP erth? EB?HE%PFMggﬁFrFFt%E‘g\/i a the
bus 56. The er \itC @Y eiGidNFHeid Soupssd @S Anfeequencyr ddotidey 9BQCess

for the denodul af ed ta si whi ch was,_ re fromgt 3 gg N

accor dance wit F49% %ﬁﬁ?‘?{%hga%iﬂh‘é?rft%gg?f n?nﬁoglgﬁgéglf)g(m%gt' 113

Sﬁpp| :jgs t he t domparatory W®Clkan ANDcdimduitel @ty oandoar efltipaflapgnité254 and
t he address generating unit_5 !Pg eqgr Nl D5, . responsive
to the third timng cl opk%:ﬁ%eénré? es&gd‘%ﬁ??%elgdgggggg{sﬁ:gng  The P
degod]lcjl a’:] ed datsyrsihyrenizingueldclpulee erith aonriniting Sweguencyt &énq he
end of the err E5d | { SiNg t BAVRKS 3 jrddr ess

geerf%ag e d%}%e PR ASSoniBing | é168xt BullBe BAVNKS3 @odA'T i
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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 detectof 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.



.....

fourth timng clock to each of the CD-ROMcontrol unit 57 and t he ‘address
generator unit 55. The address generator unit 55, responsive to the fourth

timng clock, generates - 24 - a fourth address signal. The denodul ated ,

data signal (which is error-corrected) stored in the RAM 53 at an address
I ndicated by the fourth agddress signal is read out and supplied to the
CD-ROM control unit 57 via the bus 56 i * @®cerdance with the fourth timng
cl ock. As described above, when the frequency of the synchronizing clock
pulse is within the predeterm ned range, the systemclock pul se fromthe
system cl ock gFhdsarefgrence 5@lue dyjpdnddcates e Iewer rbinitnftegnsory

pul se to the tkgiggR%%a%§gEFH§%H %%? é“&f%%%é&ﬁéﬁﬂﬂé§h0§3thén the digita

signal processing u .35 cont unit 113 generates a timng
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pul se. Wen th reguency of the synchroni zi cl ock pul se is. _outiside the
pr edet er ni ned %gﬁﬁegﬁﬁhé%§gﬁﬁﬁ89§yﬂéh %HW&iHQ%%|EE§9 58 Y?iﬁ?t &°cl ock
converter unit ofherwisepthiecdcapatdterr#nd rgdreeatces ch otGwplievelt sighal
timng control ,,E,r,\i %tﬂ‘%‘e lo%t&ﬂﬁ: g9 tal, S I.,[Ef ocessing unit 35, the

a c

timng control Uni gene eSatimngc [¢) I n accordance with the
second synchroni zi ng cl 0@ sgred dmflidatiankiret a geafeneneeyMpiussNg

generates an jg gypplied 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
input. Otherwise the AND circuit 101 generates a low-
lévei-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



addrqss signal in accordance with the second synchronizing cl ock pul se.
Accor'di ngl’y, when the deviation of the frequency of the synchronizing clock
pul se fromthe standard frequency is great, the second synchronizing cl ock
pul se, instead of the systemclock pulse, is supplied as the read
-reference clock pulse to the digital signal processing unit 35. The
frequency of the second synchroni zi ng cFoék pul se is proportional to the
frequency of the systemclock pulse fromthe unit 58. Therefore, i - 25

t
- i bl i_at.el y_bal h f, Wrinti
dat s o gnal fr e heEBGAPaLoPPUAPE SYLPYCAnG ARSI TR TR Tar B o
readi ng out theogeavgireatiedsdpeaistigodl theosynohridfilzihged alpEignad it to
t he CD'RCNIConéﬁghuﬂnEEog7thFeQ§8q%§§89 h&v&%%ryiﬁiable range of the
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self-clock fre Cy i§ Set the repr cing rate control
apparatus of the present Al pudsei ot heeoutpubo P i9ife theredgs digital

signal processiyRgedRiihg3Rnti® BY" el Behlea®lOh tCMUPEC! idHa Ak Ehter 95
transferring processes w thoyt arising a problemthat the quantity of data

to be -witten 4§ ZESPEadYr thiS REIRENM 5ThuRcedle Qaund EpddtrS of
the RAM 53.  Fl gifheShgWequag @o0elereQnVehleeicompalratdy nodhoulipu¥aVthe

reproducing sygtemileh! Gidnatcnih' Wi the Subardi: ! ORGP e
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 "t4". -

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.
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unit 62 includes a frequency divider (1/M 81, a phase difference detector

(PD) ‘82, a | ow- pass filter..(LPF) 83, a voltage-controlled oscillator (VCO

84, and a frequency divider (1/N) 85. In the clock converter unit 62, a

synchroni zi ng
~divider (1/N)
signal with a
synchroni zi ng

signal output fromthe VCO 84 is supplied to the frequency
85. The frequency divider (1/N) 85 outputs a synchronizing
frequency divided by N whergiN-is an integer, and this
signal is supplied to an input of the phase difference

detector 82. The synchronizing clock pulse fromthe synchronizing clock

generating uni
frequency divi
frequency divi
pul se is supm

t 33 is suhpgl cedROMO replredhicdaye mys thinv iateririiludées
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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
thé 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 pulée from the unit 58). The
synchronous-state motor control unit.-68.generates. A motor
speed control signal 1ndlcat1ve 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

4
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signal output fromthe phase difference detector 82. After tHe unnecessary
frequency conponents are elimnated by the | owpass filtér (LPF) 83, the
phase- difference signal fromthe |ow pass filter (LPF) 83 is supplieq to
t he vol tage-controlled oscillator (VCO 84. The VCO 84 generates a
synchroni zing cl ock pul se in accordance with the voltage indicated by the
phase- difference signal, such that 3he-phase difference of the

synchroni zing signal fromthe frequency divider (1/N) 85 and the

synchroni zing cl ock pul se fromthe frequency divider (1/M 81 equals zero.
Accor di ndloy theheswitglk 4bnvan tinputicorpregeadr fpethe synehdonoushr oni zi ng
cl ock pul | t 20k {4 f h h Lz lyock pul se
out put f rﬁ%&h&zghr oiﬁ%gﬁlﬁwo%éeérg?g%{]nsugﬁp? %%?lh?nd(}%cﬁetqpnodi fied

f r equencFhst SRR GRRERE rbhr orPRe rRE cFlae kmphPEe speer Moritmed the initi al
f r equencys igfndNeF SO HHO Néw#i tikh C4 PCANPUERE hbHLBY BRediN Tzl ng cl ock
generating unit 33. FIG5 shows anot her.cl ock, converter _unit, 62A in the
CD. ROV 1 BRI ST e RIIPRIRUE oS atg, o | BEROBORPBLERN (it dha 1S
appl i cablselertai vslde ifpphiad N tdretiss rspind e Fnbtor Ri3e thiretigicameerter unit
62A inclggiié%(%ﬁgger.(hﬁl87, an edge detecting unit - 27 - 88, an

., an

~inverter circuit 90, a counter (N) 91, and an inverter 92.
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 -




The counter (M 87 generates a high-level signal "H' when "M synchroni zi ng
cl ock pulses fromthe synchronizing clock generating unit 33 are supplied
to the courter 87. The counter (N) 91 generates a high-level signal "H
when "N' synchroni zing clock pul ses, output fromthe AND circuit 90, are
counted by the counter 91. The edge detecé?ng unit 88 generates a pulse in
response to a rising edge of the high-Ilev signal "H' output fromthe
~counter (M 87. Since M> N, if the counting of the synchronizing cl ock

pul ses is starggdohy EH?@QB\%HEV §n§iué@% dls E&Bﬁ?evgﬁ%t%w ‘l?-n‘ti- ¢ 91

are reset, the counte earlier
than the count 66,(Wphigh ishdndigatedyby §|§ﬁ FedHllﬂﬁo#PtﬁéGcéunté?“%hD 91

i's supplied tosbﬂﬁdlévﬁbiﬁf 8ént26d Lhet @3e&h@&u3%so%hléuta%y%d1@&nd\f§w|
signal "L" to ap [nput. of the AND circuit hi,s | nhibits the output of

the synchroni zBR8t EIUEE°§UFQB§rB} PﬁétANE'c PEU?V1§Ghe?hé 3c Gt &4 (
subsequent |y oatputhet bambi gb- iavehesifgprak ehbodiamently, tMﬂCEWMﬁHMdHDU§£Wk

pul ses are coun The edge_detecting unit 8 t pyts ul i onse
Po the rising BHA6eoROERE REBREPL,EN1EPRA) 2P, BB.0thd, A A adly Shn]
pul se out put fand1the switche708¢9whichuppki ddstwibed hhmwﬁﬂer 89 and t he
inverter 89 outputs a |ow I gpaknsly gé&# ¢ the
counter (M 87 and a reset ?Egh&§ ?Bt%g B un?é?a%%yagf e counters 87
and 91 at thi sempbpdinent; ethe FP-RAM remrpdusing gystem 65 day thee sanend ng
of the synchrognpbRimeheCkeldctdsel§ &8PPATEL8IonkEl G tHaowy St fdisbiency -

detecting unit
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



in the CD-ROMreproducing systemin FIG 2. FIGS 7A - 28 - 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

. conparator 99, a conparator 100, an AND circuit 101, and a flip-flop 102.

" The frequency divider 96 inputs the synchrani<zing clock pulse with an
initial frequency, and generates the synchronizing clock pulse with a

nodi fied frequency at an output Pl, the nodified frequency being equal to
the initial fregeords dgiithddthehstadarseedqneticy The edge detector 97

nputs the synchr ont 21 ng 16} ale GV ddbdfifed KR 4bRE LRBBHERGHEOU! PU

fromthe frequency divider 96, an nerates a at _an output’'P2 in
accor dance wi t RVETy Whiery t&ﬁge‘-nﬁqWYsﬁﬁ: m&ml%fﬁ@%@@éklmil §é°CSePuITE@ 7B.

The pul se f{Oml@QLw@éj%tﬁeo&létﬁr{ﬂdﬁ@rﬂ&%y the raﬁsﬁiﬁ SBec@ngft hte
inverted pul se_is s rese S a rese
signal . The qub? F$P Wﬁiﬁ¥ f 'S sU pﬁﬁnggto a clock term nal
of the flip-fl motbd2 spEedl cantirerl %.g'rﬂﬂutﬁrcan sttt spnehrohowsrsters cl ock '
pul ses fron1th%dgqyxgqﬁ§f§¥<&¥¥gu unit 58, and generates a count

h

val ue indicative 0 requency of
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 reproductlon 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. co .

Referrlng to FIG.9, an opt1ca1 disk 1 in
_which data pieces and clock components for respectlve data
pieces are recorded on the disk 1 at a constant linear
velocity is rotated by a disk rotation control unit 4.



synchronj%ing cl ock pulse (or a nunmber of the system cl ock pul ses which are
!npyt%eq after the counter 95 is reset by the above pulse). A signal

i ndicating the count value, output fromthe counter 95., is supplied to

. each of an input termnal "B" of the conparator 99 and an input term nal

. "A" of the conparator 100. A signal indicative of a reference value NL is

- supplied to an input ternminal "A' of the38ofparator 99. - 29 - This
.reference value [err] indicates a lower |imt frequency in a predeterm ned

range of frequencies of the synchroni zing ¢lock pulse. The_c arataqr 9
generates a hithe| =¥ E?B%E}X“FF°BPr8k gﬂ%bug Eﬁnﬁﬁg&stﬁer %%%ﬁnﬁélgg rom
t he couPterég%f tﬁeb&i@mltﬁeltné’ereneeruabudznbesp}a.edadferbhi&sditske1 is
conpar at or enerates a Low|eyel.sig Lhhoa out put P4. See

FIG7D. A SIQHg?pEH %cit?? eﬁ?nseri%é?eggéaSEPﬁegF%??r is supplied to an
!nggt termnal "B" of thEncbhparepvediodngTirater coataode appa¥a tus r |

i ndi cates an uppe b ALY LEE NGY | r dekprida it

f ¥ equenci es ofgﬁhép§§§%ﬁr5ﬁ§§#§g?c?%gﬁkgﬁfges %%e coﬁgg?éfggﬁ'qal'éﬁg?ates
a:-hi gh-1 evel stheafliskplat-Arddgibieipg WRdlk ?h@qgﬁﬁﬂFQﬁﬂ4ﬂ9HQ£¥%ihe

counter 95 is f@?i‘@dﬁééibﬁf gignae rabiether reprodistiicre siymalomeymitor 100
generates a lowTevel signal "L" at the output P3. See FIG 7C. The AND

circuit 101 hakre® ERguPiEEHRelred to the output P3 of the conparator 100
and an i nput 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



connected to the output P4 of the conparator 99. The AND circuit 101
generates a high-level signal "H' at an output P5 when the high-Ievel

signal "H' fromthe conparator 99 and the high-level signal "H' fromthe
conparator 100 are input. OQrherwise the AND circuit 101 generates a | ow

. level signal "L" at the output. P5. See FIG 7E. The flip-flop 102 | atches
the signal output fromthe AND circuit 104%i 7 accordance with the rising
edge of the pulse supplied fromthe edge detecting unit 97. See FIG 7F. A

hi gh-1 evel signal YH: putput fromihe_flip-£fl IS - 5 LL0ysie
detection si gnaPUBHEBY °f€5ﬁ1?ﬂgp?£eﬁﬁe#%€ éé&ggigﬁaguH%E%Gf.aﬁé errlxg to
FI GS. 7A t hr ougbutiputt og thecsynchzoniz thocklechngkneratisgomnidt 531 of the
frequency di vi gego20.has, 29eRERH P LA 0RMEL O5ibfiail from Ahe aigidr "t0".
the flip-flop outputs a high-Tevel S|gna% H" tTor a previgus perjod of
t he synchroni zreprefuekiengaignalt put aceerdaneef Vathe ¢ SYRIEHCTYE 1Y |

pul se at the ogiguk Pai8k.thenedae SeyRsi pgouakkifg unigemsr ame at "to", -
and the counter 95.iS res count value at this

fme 15 equal femeERlateRcoebhpaianal 180VHEEADLEPNE FONARR AN i grial " L

and the conpar atebr@anest wiith the bygbhtentkiaggeabockHpulsa t ethe he count er

95 is reset, the cquoting gleLhg;SNSieTLeLOg BULRCEHS bRRhPAPY the
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

i 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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The count val ue generated by the counter 95 reaches the reference val ue
[err]" at’ ™t2". The signal at the output P3 of the conmparator 100 is
changed from"L" to "H'" at this tine. Accordingly, the signal at the out put |
P5 of the AND circuit 101 is changed from"L" to "H'. The count val ue
generated by the counter 95 reaches the reference value NL at "t3". The
signal at the output P4 of the conparatar §P is changed from"H' to "L" at
this time. Accordingly, the signal at the output P5 of the AND circuit 101
is changed from"H" to "L". A followng pul se at the output P2 of the edge

det ect i n%olin!t aﬁﬁpag&btgﬁm,ervmﬂi_ﬂi? 'l'ﬁﬁéq%ezﬁégej of gﬁné thahtoﬁﬁﬁﬂht;hﬁléﬂﬁ
circuit is . .t in-flo : n_the_presepnt case,.the_autput
of "the AND ol r BT aAp (The hrdrremmined R, the FREstoaerdiel
signal "L", andefferdnce-dlagk 10l et psitsuppkiédwEremethei gwakchiihgaunitd” .
FI G 8 shows a r ' L.0s ec e [ t of the

pr esent invent%%%@l%%é?%f%¢%%€€ %}ghéérgﬂghemé%ﬂeggg i
correspondi ng dixsmusncy rofthe synehyakzipthCdachPULsR saneipeputside the

numeral's, and gefdRiinky RGO Wd bebdopbdd-edference 31 - c1BexCBuURSY .
reproduci ng system 65 jncludes an 1 ntegrated signpal _processor 31, which is
i ndi cat ed by a ChSURRIISMH ron nkhe Steshinganity égr59e8h§i §Aghadr ocessor

31 is a singl e procEsimgl waituss which includes

' 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

i 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.



the wavef orm shapi ng unit 32, the synchronizing clock generating unit 33,
t.he synchronous state detectlng unit 34, the digital signal processing unit
35, the asynchronous-state notor 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 notor control unit 67. The
synchronous-state notor control unit 67 Ts38he sane as the
synchronous-state notor control unit 42, except it includes no unit which
detects a phase_di fference between the phase of the synchroni zing cl ock

pul se and the Bﬁ3¥%4511¥#§39?%#55+clock pul se. Then;¥E§QLEDQE§—§L§L§"ﬂDtOr
control unit 67 supplies a notor speed control si a swtch 70 via
the switches 43 and 44 when the synchronizing cl ock E“m“m\m“lj
synchronous state. A synchronous-state notor control t“m““l ed
outside the integrated signal processor 31. The synchrondus: st%t €® not or
control unit 68 conpares a nodified frequency of the synchronizing clock

pul se (which is 1/Mtinmes the frequency of the synchronizing clock pul se
fromthe unit 33)-wth a hodikiERPFOMELNE \rate fentyel caPpabakupul se -

(which is 1/N tgdesan f@éimmqntMéwsamcwé&eQ%ﬁa Eneskt he unit
58). The synchronous-state_ notor contyol unjt enerates a notor speed

control S|gnalqqﬂﬁ?ﬂﬁqkﬁa?ﬁrt?ﬁ?ﬁ%ﬁﬁﬂYecﬁaY%eP%%ﬁﬁ r REBnTefAEdRd: op §B§ed
control signal dirskndthen wonstdnt sl ingnt ieslooitype svmpehsifig: The switch 70

I ncludes an i nput Conn60t§§hitizing 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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- 32 - ,to the switch 44, an input connected to the synchronous- state notor
control unit 68, and an output connected to the SpLﬁﬁTE‘ﬁBLQL‘2§“EDg‘Pf

t he notor speed control signal fromthe switch 44 an Spee

control signal fromthe synchronous-state notor cont mﬂlm IE”’HH

sel ectively supplied to the spindle motor 23 through+t ‘,An AND

circuit 69 includes an input connected tosbhe frequency detectln uhit 61,
an input connected to the synchronous-state detecting unit 34, and output
connected to the switch 70. A detection signal fromthe frequency detecting
unit 61 is inverted and fhestnedeckdgdberetiog sigpns fior sypmérating the

AND circuit 6% Ayflgherbhaly8kapahcb BTLLRC ARG IANALIY SIAT Endelgeti ng

unit 34 is sup glled to the AN Circui Irctit generates a
swi t chi ng cont FEEIYPHRYI TrAM; apt PeeidflatRE/AND of the inverted detection

signal fromthe umt 61 éédohbecdebﬁcbbﬁérﬁﬂt@. nféaa{atf@owléd%o The
igﬁtzhlng cont&ge p orogbthe AN chrc |t|§1q§} I|ed to the switch
ccor di ngl P Ly HBRr B¥NCRRGNAEIOL ¥?ﬁ?%ﬂﬂFﬁ§§ isin
t he synchr onougost qenemtﬁmt;ha EEHbadgnahdaﬁrtéﬂetmﬁdeeq:tmmly phlédehaving .
Sheed contror & 8aapRH ShebRendy BrBrobnioRedl St dYCHIEREr ohiEoa (s
suppl i ed to t heysghnghézipgoclagkt pudse and smntch 70.. Wen the
synchroni zing clock pul Sgyjtching 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



| “_‘_ TTiAS BEE!
fromthe unit 33 is in the synchronous state with the EFM sign Iﬂﬂﬁin§ACED

frequency of the sync ng clock pulse is within the prede W‘n“

range, the no speed ﬂﬂ“ﬁlgnal fromthe synchronous-state nDtor

control unit 67{W \\ he spindle nmotor 23 through t Tem*ﬁ‘e\
- The . CD- ROM r epr em85 in the - -33 - second eanﬂk
i ncludes a spi ndliFe ﬁDtor control unit 66, 48hich is indicated b “Re‘“md
line in FIG 8. The spindle notor control unit 66 includes the ' ,”
state notor control unit 41, the sw_tches 43 and 44 (mhlch are

in the first efsddenuitth the,digitad: sepyedugtdion mighatkont r ol unlts 67
and 68, the AND circuit 69, and the switch 70 (which are descri bed above).
Simlarly to the previously-described first enbodi nment, the CD ROM
reproduci ng system 65 in the second enbodi nent selectively supplies one of
the system cl ock pulse fromthe unit 58 and the second synchronizing cl ock
pul se fromthe unit 62, as the read reference clock pulse, to the digital .
signal processing unit 35 through the svitch 63. Wien the synchroni zi ng
clock pulse fromthe synéhr ofibs ngeprasvkingratat i rePRrel 38pparakushe

synchronous st alceod g &d QAN AY, Furldhers P Zhgg cl ock pulse is
out si de the predeterm ned range t he_ not or speed control signal fromthe

synchronous-state notor &SHEEL Qﬁhtfnﬁﬂq%?Q¥uﬁ94¥%P¥dm?%%ssp?ﬂﬁpéeﬁotor 23

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 proéessing the
demodulated data signal, read from the memory, through the
erroxr correction, to output the processed demodulated data

signal; and



through the switch 70. The rotating speed of the spindle notor 23 is
controtl ed by the notor speed control signal such-that the frequency of the

synchroni zi ng cl ock pul se approaches the standard fr ency \Wen t he
synchroni zi ng clock pul se fromthe synchronizing cI ijw,mmmgl t 33
I's in the synchronous state and the frequency of t | ock
pul se is within the predeterm ned range; the“not or speed con r of st gnal

fromthe synchronous-state notor control unit 67 is supplied to the spindle
notor 23 through the smntc 70.. The rotatin d,.qf ' not or 23
is controlled by the nDt%r UB WG nf?%?rg?gﬂéeggugﬁeth%ﬁoﬁﬁg ?%%huency of
t he synchroni zdeagodhbakopuhsans and3the errordsowrekting meansgar d
frequency. In the above-descri bed second enbodi nent, even when the
frequency of the synchronizing clock pulse is outside the predeterm ned
range, the rotating speed of the spindle notor 23 can be correctly
controlled by the notor speed control signal fromthe synchronous-state
notor control unit 68. In the above-described second enbodi ment, when the
vari abl e range of the self-clock frequency is set to be wide, it is

possi bl e that the digitab.signal rppeodasing rakte &bntaoleappanzdnfsor mt he
error correctin

CTn GOt AARRAAE! Bl FTATACAL, PARESHERERR, WA A e

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 td 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



the RAM 53 exceeds the storage capacity of the RAM 53. A desired rotating

speed’ 0" whi ch the rotati ng speed of the spindle nBPQL_23_Ls_Qhang§g_gur|ng
t he seeking operation of the pickup 24 can be freeléuﬁﬁtern1ned by

~control CPU 45. In such a case, the desired rotatin ﬂ" !ﬂ!, HU“",
of the

~maxi mum rotating speed of the spindle ngtaﬁ 23 at t
“di sk 21 which speed corresponds to a maxi fdm frequency of the synchron|2|ng
clock pulse at which the phase of the synchronizing clock pulse can be

| ocked to the thﬁgﬁ hanetﬁﬁ'vﬁleqp cth %h%a'gg,ad PSSR &idek pulse

remar kabl y reduc access time e data reéproduction after the end
of the seeki ngigpbedewoan RPBey éh@m@ ﬁWQQPQQFGHGQlﬁ?%zﬂﬁﬁdﬁ#ﬁﬁmﬂned
apparatus for }Qﬁ gptical disk according to the principle of the present

i nventi on. Referrlng to FIG9, an optical disk 1 in which data pieces and
cl ock conponents for respective data pieces are recorded on the disk 1 at a
constant linear velocity is rotated by a disk rotation control unit 4. -
35 - 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 optical

pickup 2 generates a 1 eph0dughie0R o Gile st Pt dlibrol Tappdratigl ti 2ing

unit 3 generates a digita
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-



reproduction signal fromthe reproduction signal output fromthe pickup 2.
A synchroni zing cl ock generating unit 5, which is coupled to an output of
the digitizing unit 3, generates a synchronizing clock pulse with a phase
. l'ocked to a phase of the digital reproduction signal when a bit frequency
of the digital reproduction signal is vvitgii n a capture range of frequencies

centered at a self-clock frequency froma oscillator included in the

synchroni zing cl ock generating unit 5. A synchronous-state detecting unit
6, which is co qéﬁ“‘ U tyy gl It % Q:%HE']% Pk angeebpeit  of
t he synchr oni'zili%lg}'%gl tc?c %éng#%ﬁ_naﬁur#ﬁ%g?(%{ltéelctd; whet heé%the Alodty
synchroni zi ng diresk the sanohrioniging eHasko genaratelng healfer A%Ft al

reproduction sigpalyjcd ¢ frnd Rt QUIBIRE CAHSE MNid ah hiéders and
coupled to an output of the synchronous-state detec}i ng}ﬁgn%i. 6 Sfp&%l es a
frequency cont rolsesoishicountiete Wi aanesiates bk Ity i SRR t VRS Dhen

the synchroni zingr GyephrdHisfinds d1ba AWEEY otsutst fiten viid the digital

reproduction signal.. A tinme for the synchronizing clo . from t
synchr oni zi ng cﬁ%d}ﬂpré’é}f@rjﬁq bty 'tg%?‘%/rd"&bg’%ﬂlées%r% 'oc?lgé(d %E?ﬁ]é&gl gal).tgﬁe
reproducti on sisgaind cowrhensd whersupplis rap tintegequamd M corfr ol si gnal
fromthe self-clock frequency control unit 7 to the synchronizing cl ock

generating unit 5. A signal processing unit 8, which is

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.



- 36 ;. couypled to the output of the digitizing unit 3 and the output of. the
synchroni zi ng clock generating unit 5, generates a denodul ated data signal
~fromthe digital reproduction signal in accordance with the synchronizing

- clock pulse. In the signal processing unit 8, the denodul ated data signal
is witten to a nenory in accordance w -4 he synchroni zi ng cl ock pul se,
~the denpdul ated data signal is read fromthe nenory in accordance with a

. read reference clock pulse, and the read denodul ated data signal is

- processed through an error . correction so that a processed denodul at ed

data signal is output. i ISt Q ragl I irst
read-reference ctot WQ@@%@%&%@&&WP@%@@%@@MW
A second clock generating unit 10; which is coupled to the output of the
synchroni zi ng cl ock generating unit 5, generates a second read-reference
cl ock pulm(gg a second frequency proportional to a frequency of the
synchroni k.pul se. A frequency detecting unit 11, which is coupl ed
to the output of the synchronizing clock generating unit 5, detects whet her:
t he frequency of the synchronizing clock putse is within a predeterm ned
range of frequang 18t FoREA I 2 L Nide§ BisPacHiOhizink2,
whi ch is coupl gﬁg&ggﬁ%fjt put ng?lt e fﬁiii?g{rqgldgggﬂgene(r a?i ng uni tyg: and a%
out put of clobe gefsiatsl GhiP 93? WeHicH gérichlesd ?tncﬁﬂumzi@ueclt pifiet withui phass loeked of
the first reag-reference clock pulse an oo .

a phase of a digital reproduction signal. A signal processing unit generates a demodulated data

signal from the digital reproduction signal in accordance with the éynchronizing 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 (54) so that a prqcessed demodulated data signal is output. A frequency
detecting unit (61) detects whether tﬁe frequency of the synchronizing clock pulse is within a
predetermined range of frequencies centered at a standard frequency.

‘Fig. 2.



i ; e
t he second read-reference clock pulse 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 - 37 - apparatus, when the
frequency of the synchronizing clock pulse is within the predeterm ned
-range, the first read- reference clock pulse is supplied fromthe sw tching
unit 12 to the signal processing unit 8,1a8d, when the frequency of the
‘synchroni zing clock pulse is outside the predeternined range, the second
read-reference clock pul §€ L8 sypfied fromthe Swiching unit 12 to the

signal processing unit 8. 'Thé pgesgwt i nventien is not}jlimted to the above

enbodi nents of the CD-RdW ogpcﬁh m+~n whi ch } he sweeping of the
sel f-cl ock frequency ¥s pﬁrf&fneﬂ ﬁ? sgl't=cl ock frEquency sweeping unit
46. Various variationg anyi n&li & c& gg_.:rr e W thout departing from
the scope of the pres:ent {nvgpt LONn ., FASeExhnpl e, the p[ésent ifnvention is
applicable to an CD-ReM r gpr &lu& n& e i n which thefself-dlock 5
frequency is varied |r acgordance wti p [ {fle frequency of the
EFM si gnal at the endlqf  hE Sedk opplatilon. Tnlapdj i on, tlhe CD- &M
reproduci ng system ijn_tlhel above efh pls-tof—t he Ipf ednt i ndention may be
used as an audio CD ﬁaner. e n audi o QD dijsk li b 1 qaded ijnto thekt
CD- ROM reprodu0|gg §y§t m {He &perlati on
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of the self-clock frequency sweeping unit 46 is stopped. The sel f-cl ock
frequency of the CD-ROMreproducing systemis held at a certain frequency,
and it is possible that an audio signal including no jitter can be
correctly reproduced fromthe audi o CD di sk. - 38 - WHAT IS CLAIMED | S:
‘1. A reproducing rate control apparatus fgr an optical disk in which data
pi eces and cl ock conponents for respectigé data pieces are recorded on the
disk at a constant |linear_velocity. _conprising:_digitizing neans for.

generating a digital repriodugtign gignal froma re{pr oducti on signal Efni ch
i's generated by an optcal pgc@p ®rom sai d @i sk; |synchgoni zi ng cl oc%
generati ng neans, couyple tot_.,an‘po@wt of1sard di di tiZPhg neans, forg
generating a synchror;f[zi ng CEOCE FE' &zed/vi h 3 phase | dcked to a phas@ of
the digital reproductzon isighals ﬁgrgEl_-@r‘ cessing. ne coupled to,the
out put of the di gitigng nMeags gnd‘% =8&Fput of th chroni zing cl pck
enerating neans, for generatri aNgergdo) at ed dat fgnal fromth rgi t al
qut
reproduction signal it adco Lt b Jtihe Bynchy dhi-z -sJ-oe-H- ED (o
wher ei n the dermodul datla sidpafisddeitteon 40! ry inigaccorjd3drce
wi th the synchroni ziirg]|cliodk uIWdﬁﬂbdyl@;je{ datja sifgnal 1's Jr&dd
fromthe nenory in & r danc§ Tha read reffer urjal an He
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denodul ated data signal is processed through an error correction so that a
processed denodul ated data signal is output; frequency detecting neans,
coupled to the output of the synchronizing clock generating neans, for
“detecting whether the frequency of the synchronizing clock pulse is within
- a predeterm ned range of frequencies centered at a standard frequency; -
1 39 - first clock generating nmeans for géﬁ%rating a first read-reference

. clock pulse having an initial frequency froman oscillator; second clock

" generating nmeans, coupled to the output of the synchronizing. clock
generating nmeans for generating a second read-reference clock pul se having
a second frequency proportional to a frequency of the synchroni zing clock
pul se; and swi tching nmeans, coupled to_an output of the first clock
generating means and an output of the $econd cl ock generating neans, for
selectively outputting one of the firstread-reference clock pulse and the
second read-reference clock pulse to sajd signal processing neans in
accordance with a result of the detect ®n by the frequency detecting neans,

wherein, when the frequency of the syn&ronizing clock pulsé is within the
predeterm ned range, the first read-r ef®rence clock pul se is supplied
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1 ¥
fromthe switching neans to the signal processing neans, and, when the
frequency of the synchronizing clock pulse is not within the predeterm ned
range, the second read- reference clock pulse is supplied fromthe
switching neans to the signal processing neans. . 2. The reproducing
rate control apparatus according to clajgpgl, further conprising:

synchronous-state detecting neans, coupled to the output of the

digitizing means and the out put of the synchronizing clock generating
means, for detecting whether the synchronizing clock pulse is in a
synchr onous 40 - state with the digital reproduction signal. 3. The
reproducing rate control apparatus according to claim1l, further
conprising: 'self-clock frequency control neans, coupled to an output of the
synchronous-state detecting neans, for supplying a frequency control signal
to the synchronizing clock generating neans when the synchroni zi ng cl ock
pul se is in an asynchronous state with th&digital reproduction signal,
thereby reducing a tine for the synchroni &ng clock pulse fromthe
synchroni zi ng cl ock generating neans to bg phase-locked to the digital
reproduction signal. 4. The reproducing Bte control apparatus according
to claiml1, whereir said signal processi ngﬁeans conprises: the nmenory for

storing the denodul ated data 2
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si gnal ; denodul ator neans, coupled to the output of the digitizing neans
and the output of the synchronizing clock generating neans, for generating
t he denodul ated data signal fromthe digital reproduction signal in
accordance with the synchronizing clock pul se; error correcting nmeans for
processi ng the denodul ated data signal, rgad fromthe nenory, through the
;error correction, to output the processéﬁghenndulated data signal; and

41 a bus which interconnects the nenory, the denodul ator neans and the
error correcting neans. 5. The reproducing rate control apparatus according
to claim4, wherein said signal processing neans further conprises: timng
control neans, coupled to the oufput of said synchroni zing clock generating
means and an out put of said swit&ing neans, for generating a wite timng
signal in synchronismw th the shchroni zing cl ock pul se and generating a
read timng signal in synchronisgwith the read reference cl ock pul se; and
address generating neans, couplegg o outputs of said timng control neans,
for generating an address signal S%®dicative of a |ocation of the nenory to
whi ch the denodul ated data signaf&s witten, in response to the wite
timng signal, and generating an%ﬁgdress
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signal indicative of a location of the nenory from which the denodul at ed
data signal is read, in response to the read timng signal. 6. The
-reproducing rate control apparatus according to claim1, wherein said
frequency detecting. neans conprises a first conparator which generates an
'ON signal when the frequency of the synghgoni zing clock pulse is above a
lower limt frequency of the predeterm ned range, and a second conpar at or
‘whi ch generates an ON -42 - signal when the frequency of the
'synchroni zing clock pulse is below an upper limt frequency of the
predeterm ned range. 7. The reproducing rate control apparatus according to
claim1, wherein said second cl ock generating neans conprises a first
frequency divider which generates a synchronizing clock pulse with a 1/M
times frequency, where Mis an intEﬁeq,Sand a gxcond frequency divider

whi ch generates a synchroni zi ng cl bck *pu¥se *w a 1/N tinmes frequency,
where Nis an integer. 8. The reproducing rate control apparatus according

to claim?7, wherein..said secon | ock generating nggfs further conprises a
gnal indicative of a

phase difference detector which nerates_a vol tage
phase difference between the clock pylseg fromtheffirst frequency divider
and the clock pulse fromthe %cond ce‘emMQ'Av f#, and a
vol t age- cont rcg\lrgﬁEmsci | | at gr B RATOR
CLOCK PULSE—pPCOUNTER { D Ql-FREQUENCY
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coupled to an out put of the phase difference detector. 9. The reproducing
‘rate control apparatus according to claim1l, wherein said second cl ock
‘generating neans conprises a first counter which generates a high- - 43
- level signal when "M synchronizing clock pul ses, output fromthe
synchroni zi ng cl ock generating neans, r7e supplied to the first counter,
where Mis an integer, and a second cou & whi ch_generates a high-| eveI

si gnal when "N’ synchrdn Zrno Tt urk—putsTs, Uurput fromthe synch‘ﬁonl zi ng
cl ock generating rrean‘s,l are8s@pl ed to the secdnd counter, where=N is an
integer and M > N. 10.~fthe @e@ otlicing rate contjrglJ ?)parat us accsrding to
claim9, wherein sail@l dacorg@ & o&k| geperfati-ng ngarjs, further conpr&ses=n
edge detecting unit .-V\hllch E&n& akep _%@p Se—HaspgrRse—toa ri sEngggjge
of the high-level si@ndli owtpit FrpEZEdT ST 0PN 4r . &
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