~ Fhe pfesent i'nvention generally relates to an optical disk rep
devi ce and its seek operation’ method, -apd-nore particularly, t
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5 llnear-veloclty (CLV) recording system of CD-ROM, etc.,
and its seek operation method for tranSiting tracks of
the disk by transition of the optical pickup.
' In the optical disk which is called CD-ROM,
(which will be designated “disk" hereinbelow), a
10 digital signal is generally recorded by a modulation
: system which is called eight-to-~fourteen modulation

(EFM), in the same way as a compact disk (CD) for audio
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devices.
In the CD-ROM, a time length for one bit and
15 one frame, and a recording length on the disk, in an
inside tracking part thereof, is the same as that in an
outside tracking part of the disk. Therefore, in a
_ _conventional CD-ROM reproducing device, a rotation rate
i of the disk is changed in relation to a position in a
20 - radiel direction of the disk so that a pickup.could'
'scan the disk whereby each scanned p051tlon moves at a
constant linear velocity. -
As mentioned above, in the_CD-ROM reproducing
~ device with the CLV system, the rotation rate of the
25 ~disk needs to be controlled to a proper rotation rate
correspondlng to the p051t10n 1n the rad1a1 direction
of the disk. ‘To meet the need, when the optical plckup
seeks a target address, the rotation rate of a splndle
motor must be changed from the rotation rate for -the’
30 present addreéss to that for the target address.
s, 'FIG. 1 shows time charts .for explaining the
seek operation in the conventional CD-ROM reproducing
device with the CLV systen.
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5 rate of the disk is controlled by use of the EFM signal

which is read out from the data near the target track.
Therefore, for the seek operation for which the optical
pickup is transited to access the other track, it
takes the transition time of the pickup and the control
10 time of the disk to reach the proper disk rotation
rate, and there is thus the prbblem'of a long time
required for the seek operation.
An éxample of the above-mentioned operation
is shown as EX. 1 in FIG. 1. At time t,, the pickup
15 starts to transit. At time t,, the pickup stops
transiting. After that, the rotation rate of the disk
is adjusted to the specified linear velocity by the EFM
signal which is read out. From time t;, the data.can
be reproduced by isynchronizing to the EFM signal being
20 read out. Therefore, it takes a long time (ty to tj)
. to achieve the proper disk rotation rate, which thus
causes the seek time to increase. )
; ' Alternatively, systems in which the disk
rotation rate is controlled during transition of the
25 pickup, have been proposed. For example, disk rotation
rates for positions in the radial direction of the disk
can be previously memorized. Thereby, during the seek
operation, the disk rotation rate can be controlled to
the proper rotation rate for the target track during
30 the transition of the optical pickup. For another
o -example, the disk rotation rate can be speeded up/slow
' down by the time corfesponding to the distance of the
pickup transition.



system -2- In the conventional CD ROM reproduci ng device,

any address on the disk to reproducetRe~data at the address Eﬂnm Eﬂ
optical pickup is reached near the target track, the rotation
‘the'disk is controlled by use of the EFM signal which is read out fromthe
data near the target-track. Therefore, for the seek operation for which the
optical pickup Ls transited toHawewes,t ferother phrpadse ithatakase tdeta can be
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has been read out by the optical pickup after the

geek operation in’'the conventional CD-ROM reproducing devi CE‘hiv\BHethahBeeﬁikmced

transition of the optical pickup, the disk rotation
5 rate can be adjusted to within a few percent of the
 proper rotation rate for the target track during the
transition, but there is still a problem that the seek
time is increased by the adjusting time to exactly
achieve the proper rotation rate. '

10 An example of the above-mentioned operation
is shown as an EX. 2 in FIG. 1. In this example, the
rotation rate is controlled during the pickup
transition during the time ty, to t;. However, after
the time t,, the disk rotation rate is further

15 controlled to the specified linear velocity by using
the EFM signal which has been read out, and at the time
t, the data can be reproduced with synchronization to
the EFM signal which has been read out.  Therefore, in
this operation it takes time t; to t, for adjusting the

20 disk rotation rate within a few percent of the proper

_rotation rate, so that the seek ‘time is increased by
that time.

Furthermore, a system in which the disk is
controlled with a constant angular velocity (CAV) _

25 instead of the CLV is also proposed. However, in this
system, the difference of the bit rate between the
inside track and the outside track of the disk is 2.5
times at a maximum vélue, and if the upper limit of the
data transmission speed is equivalent to that of the

30 CLV sYstem; there is a problem that the average of the
data transmission speed is decreased.

It is an object of this invention to provide
an optical disk device which is capable of reducing the
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operation. An exanple of the above-nentioned operation is sh elﬂ¥d
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adjusted to the specified linear velocity by the EFM signal which is read
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5 invention, there is provided an optical disk device,
wherein the optical disk devicé geherates reproduced
data based on a reproduced digital signal which is
derived by tracking a track on an optical disk with an
optical pickup, the device comprises bit-frequency-

10 information generation means for measuring a bit
frequency of the reproduced digital signal after
transition of the optical pickup in a seek operation,
and for generating measured-bit-frequency information
which indicates a measured bit frequency measured

15 thereby, bit-frequency setting means for correcting, if
there is a difference between the measured bit
frequency and a specified bit frequency, the measured-
bit-frequency information so as to adjust the bit

_ frequency of the reproduced digital signal to the

20 specified bit frequency by a given amount of
.éorréction, and for producing a corrected measured bit -
frequency as setting-bit-frequency information, and a

{ PLL circuit for generating a.synchronization clock
which is phase synchronized to the reproduced digital

25 signal and is used for generation of the reproduced
data by means of setting the bit frequency indicated by
the settinqlbif-frequenCy information to a free-run
frequency of the PLL circuit.

According to another aspect of the present

30 invention, there is provided the above optical disk.
device further comprising disk driving means for
‘'rotating the optical disk based on a rotation control
signal, speed-up/slow-down signal generatioh means for



track during 30 the transition of thé optical pickup. Fo

eanpl e, the disk rotation rate can be speeded up/.sl ow down

corresponding to the distance of the pickup transition. -3- However, for

the purpose that the-data can be reproduced with synchroni zation to the EFM
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adjust a rotation rate of the optical disk to a target

5 rotation rate, reference-clock generation means for
generating a reference clock, a frequency of which is
in proportion to the bit frequency indicated by the
setting-bit-frequency information, in which the
reference clock is used for reproducing the data from

10 the reproduced digital signal, and linear-velocity
control means for supplying a result of comparison of
the synchronization clock with the reference clock as a
linear-velocity control signal to the disk drive means
instead of the speed-up/slow-down signal, in which the

15 linear-velocity control signal controls the rotation
rate of the disk to keep a linear velocity defined by
the reference clock.

According to still another aspect of the

present invention, there is provided the optical disk

20 reproducing device, wherein the bit-frequency setting
‘means Qenerateé the setting-bit-freguency information
by means of correcting the setting-bit-~frequency

{ . information by a given amount of correction, which is

determined by taking account of a tracking time of the

25 rotation rate of the optical disk, and also is
determined so that the PLL circuit will not be out of
synchfonization with the repfoduced digital signal, and
so that the linear-velocity control means will generate
the linear-velocity control signal compared with the

30 synchronization clock.

According to the optical disk device

described above, during the transition of the optical
pickup the rotation rate of the optical disk is



;&proper rotation rate for the target track during the tran5| is Sheet Ha
Is still a problemthat the seek tine is increased by the
.s€xactly achieve the proper rotatiomn fate. 10 h

“above- nent i oned operation is shown as an EX. 2 in FIG 1. In t hi s exanpl e,
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5 is set to the free-run frequency of the PLL circuit, so
that the PLL circuit can be synchronized ;q the
reproduced digital signal in a extremely short time.
And the reference clock for reading out the déta'and
determining the reference linear velocity can be

10 generated in an ektremely short time based on the
measured bit frequency information. The above makes it
'possible to reproduce the data in an extremely short
time after the transition of the optical pickup, so
that the seek operation time is reduced compared to the

15 conventional device.

Since the data is reproduced with the
constant linear velocity, it is possible to get the
same data transmission rate as that of the conventional

- 1 reproducing device with the CLV system.
20 Furthermore, based on the measured-~bit~
.freqﬁency information and the specified-bit-frequency
information, the free-run frequency of the PLL circuit
and the frequency of the reference clock are corrected,
so that these corrections enable the linear velocity of
25 the disk to be corrected to the specified linear
velocity, and thus the data transmlss1on rate can be
adjusted to the spe01f1ed data transmlss1on rate.
In addition, without extending the
. acquisition frequency range of the PLL circuit, and
30 without extending the phase error range for the '
' operation of the linear-velocity control means, it is
possible to normally correct the linear velocity of the
optical disk to the specified linear velocity.
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accompanying drawings. _ |
5 FIG. 1 shows time charts for explaining a
seek operation of a conventional CLV type CD-ROM
reproducing device;
"FIG. 2 shows a block diagram for eiplaining a
principle of the configuration according to the present
10 invention;'
FIG. 3 is a block diagram showing a _
-configuration of the CD-ROM reproducing device of a’
first embodiment according to the present invention;
FIG. 4 is a block diagram showing a
15 configuration of an 11T-measuring circuit of the first
embodiment; '
FIG. 5 is a block diagfam showing a
configuration of a spindle-motor servo circuit of the
. first embodiment; '

20 FIG. 6 is a flowchart for explaining an
-.oberation procedure of the seek operation of the first
embodiment; '

[ FIG. 7 is time charts for explaining the seek
operation of the first embodiment; and
25 FIG. 8 is a block diagram showing a
_9onfigu;ation of a frequency-correction indicating
circuit in a second embodiment according to the present
invention.
First, a description will be given of the
30 principle of an optical disk device according to the
present invention, by referring to FIG. 2. FIG. 2
shows a basic configuration of the optical disk device.
In this device, from an optical disk 1 in which digital
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5 A disk driving unit 4 rotates the optical

disk based on a rotation control signal.

A speed-up/slow-down signal generation unit 6
generates a speed-up/slow-down signal which is supplied
to the disk driving unit 4 during transition of the

10 optical pickup in a seek operation and is used to
adjust a rotation rate of the optical disk 1 to a
target rotation rate.

A bit-frequency-information generation unit 7
measures a bit frequency of the reproduced digital

15 signal, and generates measured-bit-frequency
. information which indicates a measured bit frequency,
just after the adjustment by the speed-up/slow-down
signal.

In a bit-frequency setting unit 8, if there

20 is a difference between the measured bit frequency and
a spécified bit frequency,. the measured-bit~-frequency
information is corrected so as to adjust the bit
frequency of the reproduced digital signal to the
specified bit frequency by a given amount of

25 correction, and is produced as setting-bit-frequency
information indicating a correcting bit frequency. 1In
the difference between the measured bit frequency and
the specified bit frequehcy is less than a given value,
the bit-frequency setting unit 8 directly produces the

30 measured-bit-frequency information supplied from the
bit-frequency~information generation unit 7.

A PLL circuit 10 generates'in a short time a
synchronization clock which is phase synchronized to
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signal to the 20 specified bit frequécy by a given anDunt

afid for producing a corrected neasured bit frequency as
setting-bit-frequency information, and a PLL circuit for generating a
synchroni zation clock which is phase synchronized to the reproduced digital
25 signal hang laf usedhiaoa:e@&wd lﬁéd&@l &fitide iRMLoduse b Ciné&‘zﬁél by s888$ngf the
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optical disk based on a rotati onh con
5 a reference clock a frequency of which is in

proportion to the bit frequency indicated by the
setting-bit~frequency information. The reference clock
is used for reproducing the data from the repfoduced
digital signal.

10 A linear-velocity control unit 12 supplies a
result of comparison of the synchronization clock with
the reference clock as a lineaf-velocity control signal
to the disk drive unit instead of the speed-up/slow-
down signal, in which the linear-velocity control

15 signal controls the rotation rate of the disk to keep a
linear velocity defined by the reference clock.

A switching unit 5 selects the speed-up/slow-
down signal during transition of the optical pickup in
1 the seek operation, and selects the linear-velocity

20 control signal while data is being reproduced. The
switéhing unit 5 produces the selected signal as a
rotation-rate control signal.

Reproduced data generation unit 11 generates
the reproduced data from the reproduced digital signal

25 by using the synchronization signal and the reference
clock.

In this coﬁfiguration, the seek operétion, in
which the optical pickup transits the track of the disk
is shown as follows:

30 (a) the optical pickup 2 is moved to the
target track, and during transition of the optical
pickup 2 in the seek operation, a speed-up/slow-down
signal is supplied to the disk driving unit 4 to adjust



signal , speed- up/ sl ow down si gnal generation neans for 1Th1sSh@eHﬁr33§dﬂgla@d
speed- up/ sl ow-down signal which is supplled to the disk drlv

during transition of the optical pickupi?n~the seek operatio mr‘amg ’! H"
t'0-adjust a rotation rate of the optical disk to a target 5

rate, reference-clock generation neans for generating a reference clock, a
frequency of which is in proportion to the bit frequency indicated by the
setting-bit-frequency ivdtatkdn arate nofhtné ahskr af €oenc&acigetk notatsiaxh f or
reproduci ng the data 10 the reproduced digital signal, and

linear-velocity control Teans for supplying a result of conparison of the
synchroni zation clock with the fRfeaehit £requensyaof a reproduced digital

signal which is reproduced from the disk 1 with the

5 optical pickup 2 is measured just after the adjustment
of the rotation rate by the speed-up/slow-down signal,

(c) the measured bit frequency is set to a
free-run frequency of the PLL circuit 10 through the
bit-frequency setting unit 8, and a synchronization-

10 clock which is synchronized to the reproduced digital
signal based on the free~run frequency is generated in
a short time in the PLL circuit 10,

(d) the measured bit frequency is supplied to

the reference-clock generation unit 9, and a reference
15 clock which is used to reproduce the data from the
reproduced digital signal is generated,

(e) a result of comparison of the
synchronization clock with the reference clock as a
linear-velocity control signal is supplied to the disk

20 driving unit 4 instead of the speed-up/slow-down signal
just'after the synchronization of the PLL circuit 10,
and the rotation rate of the disk 1 is controlled to
keep a linear velocity defined by the reference clock,

(f) the data is reproduced based on the

-25 reference clock in the reproduced data generation unit
11, .
(9) éorrecting the measured bit frequency by
"a given amount of correction in the bit-frequency
setting unit 8 so as to adjust the bit fréquency of the

30 reproduced digital signal to a specified bit frequency
if there is a difference between the measured bit
frequency and the specified bit frequency, and
producing the corrected measured bit frequency as a
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reference-clock generation unit 9 according to the
setting bit frequency,

wherein the é%ep (9) ‘and the step (h) are
repeated until the difference between the settlng bit
frequency and the specified bit frequency is less than

10 a given value. '

The above-mentioned procedures enable fast
synchronization of the PLL circuit 10, and thus it is
possible to reproduce the data in an extremely short
tinme.

15 Particularly, when there is a difference
between the bit frequency just after the transition of
the pickup‘and a specified bit frequency, the above
additional procedures ((g) and (h)) make it possible to
correct the difference.

20 In these operations, the bit-frequency
setting unit 8 generates the setting-bit-frequency
information by means of correcting the setting-bit-
frequency information by a given amount of correction,
which is determined by taking account of a tracking

25 time of the rotation rate of the optical disk, and also
is determined so that the PLL circuit 10 will not be
out of synchronization with the reproduced digital
signal, and so that the linear-velocity control unit 12
will generate the linear-velocity control signal

30 compared with the synchronization clock.

| Next, a description will be given of a first
embodiment of a CD-ROM réproducing device according to

the present invention, by referring to FIG. 3. FIG. 3



cl ock. According to the optical disk device described above
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adjusted to the target rotation rate by the speed- Up/S|OMF
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hereinbelow), digital signals are recorded by an EFM
system with a constant bit density over the whole area.
Therefore, by using the CLV, the digital signals may be
reproduced with a constant bit rate.

A disk driving unit consists of a spindle
motor 23 and a spindle-motor driver 24. .

The optical disk 21 is rotated by the spindle
motor 23. The spindle motor 23 includes an FG-pulse
generator, in which FG pulses are applied to the
spindle-motor driver 24.

' The spindle-motor driver 24 controls a
rotation rate of the spindle motor 23 according to a
rotation-rate control voltage (rotation-rate control
signal) which is supplied from a spindle-motor servo
circuit 44. When the spindle-motor servo circuit 44
produces a rotation-rate control voltage of 0 V, the
rotation rate of the spindle motor 23 is maintained at
a constant rotation rate just before the voltage change
to the 0 V. This constant rotation rate is maintained
by frequency comparison and phase comparison between a
reference signal obtained by dividing a system clock
and the FG pulse.

In a pickup control section 27, a focus
control and a tracking control of a pickup 26 (an
optical pickup), and a seek control which moves the
pickup 26 in a radial direction of the disk 21, are
carried out in response to commands of a central
processing unit (CPU) 46. The pickup control section
27 further produces a tacho-pulse in relation to a-
distance which the pickup 26 moves in the radial
direction of the disk 21.
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above makes it possible to reproduce thk data in an extrenely

after the transition of the optical pickup, so that the seek operatlon t|

I's reduced conpared to the 15 conventional device. Since the data is
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of

5 transit to a target track.

The CPU 46 is capable of recognizing the
distance which the pickup 26 has transited, by
detecting the tacho-pulse. Therefore, for the seek
operation, .the CPU controls the pickup 26 to transit

_ 10 until the CPU may detect the distance from the present
v ' track to the target track by the tacho-pulse.
In another system, it is also possible to
detect the transition distance of the pickup 26 by a
tracking error signal instead of the tacho-pulse.

15 - The pickup 26 applies a laser beam to the
target track of the disk 21, and reads out the signal
recorded on the disk 21 by detecting a reflection of
the laser beam.

| In a digitizing circuit 34 (digitizing unit),

20 the read-out signal produced in the pickup 26 is
amplified and digitally wave~reformed to supply an EFM
signal as a reproduced digital signal. Activation of

{ the digitizing circuit 34 is controlled by the CPU 46,
such that after the pickup 26 reproduces the signal by

25 tracking and focusing, the digitizing circuit 34 is
activated. |

A PLL circuit 36 produces a synchronization
clock which is phase~locked to the EFM signal supplied
from the digitizing circuit 34. The synchfonization

30 clock is a bit clock of the EFM signal.

The PLL circuit comprises a voltage- .
controlled oscillator (VCO), a phase comparator which
compares the EFM signal and a VCO clock, a low-pass

|
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transmission rate. In addition, withoutl4extending the acquis :Im}#'any

range of the PLL circuit, and 30 without extending the phas
for the operation of the linear-velocity control nmeans, it is possible to
normal ly correct the-linear velocity of the optical disk to the specified

linear velocitya -£i0Aer /&ﬁxyxﬂdlg;é ouwo&dsnepaﬁsﬁee; ahdt B ampaitfiier
Lhere L5 0 5cloed 2 iseh UREAL B, PR LOLAIBY U, 8P LS BECHUR (s
conprising the steps fiflter and supplies 1t to the VCO, etc.

The free-run fregquency of the VCO is set by

5 free-run-frequency control data generated in a
frequency~setting circuit 40. And in the VCO, the VCO
clocks which is frequency-controlled based on the phase
~error voltage, is generated. _

In the PLL circuit 36, the VCO clock is

10 produced as the synchronization clock. When the free-
run frequency of the VCO is set within a frequency-
acquisition range to the bit-frequency of the EFM
signal, the synchronization clock, which is properly

_ synchronized to the EFM signal, may be supplied.

15 A synchronization detection circuif 37
determines synchronization between the synchronization
clock and the EFM clock and produces a synchronization
indicating signal which indicates whether the state is
synchronous or asynchronous. In further detail, a -

20 frame-synchronization pattern consisting of a pulse
.pattérn "11T/11T/2T" (T is a bit period), is detected
from the EFM signal, and the synchroniéation between

i the synchronization clock and the frame-synchronization
pattern is measured to produce the synchronization

25 indicating signal.

In the CD-ROM reproducing device according to
this embodiment, reproduction of the data is carried
out with a constant linear velocity defined by the
specification over the whole disk area except a short

30 time after the seek operation;

An 11T measuring circuit 39 (bit-freguency-
information generation unit) detects an 11T pulse,
which is the longest pulse in the EFM signal, and
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(&) noving said optical pickup to the target track, and duri_" NthistShevh HistHeQ R

of the optical pickup in said seek operation, supplying a | hlaced
speed- up/ sl ow- down si gnal- to di sk dri'\'/i:h@ Treans to adjust a ro ,IM{,HI "’
of*the disk to a target rotation rate; (b) measuring a bit freque

reproduced digital signal which is reproduced fromsaid disk with the

optical pickup, after the adjustnent of the rotation rate by said speed-

up/ sl ow- down si gnal ; mea)susls it tper hedsof ethéi 11Tr pylisachyt usdnbr ee-fast
frequency of a PLL nggﬂ%ﬂ]éﬂgkﬁ¥”“¥ﬁg!fﬂTlﬂegsﬁPgﬁEn£' ta 3s an oytput of

synchroni zation cl ock wh I's synchroni zed to said reproduce
si gnal based on the fiheeldTh Measjring  ciaguitppf yifgSheRIardd tei the

frequency informati oprdnn&f-Saicing| Otkc@eresot AAR §RaNepyarg . generating
a reference clock which 1s used for

repr oduced digiFhI si gnal ; (e)F%ﬁnné§$%§Q%C$ggﬁégﬁoag%gﬁ%é?ggzﬁu% sai d
synchroni zation cl oclectiftiaritdi srefef etise TiDCkeasusihgnedrcouditogioty In a
o/ sl ow- down s gnal AR SRS SRRRRLH TheT RS, pYBefseRLE o, mattarn
controlling the rotatliigh mtischofis heheli ddngeskepplsael inethev EFYcisignddf,i sy
by said reference cl (dtected in a detection period longer than 1 frame of
10 the EFM signal, and the period of the 11T pulse is
counted by the system clock having a constant frequency
to produce counted ‘data as peak value data. ‘
However, the peak value data generated in the
peak detection circuit 71 may not be the data which
15 indicates the period of the 11T pulse depending on
environments, such as dropout, etc. Therefore, by
means of a peak—valué averaging circuit 72, a minimum
peak~value detection circuit 73, and a false~detection
1 determination circuit 74, only the proper peak value
20 data (11T measurement data) may be produced.

' In the peak-value averaging circuit 72, given
samples of the peak value data from the peak detection
circuit 71 are averaged to produce average data. In
the minimum peak-value detection circuit 73, the

25 minimum data in the same samples as that for averaging
the peak value data in the peak-value averaging circuit
72;.is detectea. This average data and the minimum
data are applied to the false-detection determination
circuit 74. | '

30 In the false-detection determination circuit
74, the average data is cdmpared with the minimum data.
In this comparison, if the difference between the data
is equal to or less than a reference value output data



¢f9 reproducing the data based on said reference cl ock; (g)Tﬁpgﬁg@ﬁég

said neasured bit frequency by a given anmount of correction s ”md
the bit frequency of said reproduced digbtal signal to a speC|

frequency if there is a difference between said neasured bit

the specified bit frequency, and producing the corrected neasured bit
frequency as a correcting bit frequency information; and (h) correcting the

free-run frequency ofléaiéh&ﬂuﬁéaCalétpaaﬂeirhaataf eyaiae GJfOQ‘lhé)fdlsﬁéi'ence
ref erence-cl ock generation neans accor

corr fr equency
o Ton Coherel o {8 e arthan “Re FRaCtease. Nality e HErPUR A4t e

di fference betweens%ﬂétéxminﬁﬂla@ bhagégegquenagtand $mnjdauﬂnﬁmnatibﬂ of
frequency is |ess thq@} ven v
t

and further features °%?’és‘§$€a{ n%laﬁt %Xﬁ%agf”l dﬁe appar“-:'éc(%({I bﬁefthe

fol |l ow ng 5 proper l1llT-measurement data.

' Furthermore, if a maximum peak-value
detection circuit which may detect the maximum data is
installed, it is possible to determine whethef_data is
proper or not by comparing the average data, the

10. minimum data and the maximum data.

The 11T-measurement data is in inverse _
proportion to the linear velocity of the scan area of
the pickup 26 of the disk 26, and thus is in inverse
proportion to the bit-frequency of the EFM signal.

15 This llT-measurement data from the 11T
measuring circuit 39 is applied to the frequency-
setting circuit 40. In the frequency setting circuit
40, the bit frequency of the EFM signal is derived from
the 11T-measurement data and is produced as a setting

20 bit frequency, which is supplied to the PLL circuit 36.

- The éetting bit frequency is set to a free-run

‘fregquency of the PLL circuit 36. At that time, in the
§ frequency~setting circuit 40, reference clock control

data which indicates the frequency of the reference

25 clock for reading out, is also produced, and is
supplied to a reference-clock generation circuit 41. A
frequency which is indicated by the reference-clock
control data is in proportion to the setting bit
frequency.

30 The fregquency-setting circuit 40 and the CPU
46 construct the bit-frequency setting unit. When the
frequency-setting circuit 40 accepts a frequency-
correction command from the CPU 46, the frequency-



detail ed description when read in conjunction with the acconpan H
draw ngs. 5 FIG 1 shows time charts for expl ai Replaced
operation of a conventional CLV type €xROM reproduci ng devic ﬁ u II
shows a bl ack diagram for explaining a principle of the confi

according to the present 10 invention; FIG 3 is a block diagram show ng
a configuration of the CD-ROM reproducing device of a first enbodi nent

according to the presgittifyeitanit A& cértécesbk—.ﬁek sélt%ﬁhgmbi@\@ﬁl‘:éllgéﬂ@

configuration of an 11T-measuring circuit of first 0
is a block di agr am sH¥ P e ?%‘F%‘P‘i’%naﬁwléd%ﬁgn&f’e Eﬁﬁt L ISTEAS W SReRY
of the _ data. Further, in the frequency-setting circuit 40,

the free-run frequency control data which indicates the
5 corrected setting-bit frequency is generated, and the
reference~clock control data which is supplied to the
reference-clock generation circuit 41 is also generated
in proportion to the corrected setting-bit frequency.
The reference-clock generation circuit 41
10 (reference~clock generation unit) generates the
reference clock at the frequency which is indicated by
the reference-clock control data, and supplies the
reference clock to a signal processing circuit 42 and
the spindle-motor servo circuit 44. In the signal
15 processing circuit 42, the reference clock is used to
read out the data which has been demodulated. 1In the
spindle~motor servo circuit 44, the reference clock is
utilized as a reference to control the rotation rate of
the spindle motor 23.
20 The signal processing circuit 42 (reproduced
| data-generation unit) accepts the EFM signal from the
digitizing circuit 34, the synchronization clock from
- the PLL circuit 36, the synchronization indicating
signal from the synchronization detection circuit 37,
25 and the reference clock from the reference-clock
generation circuit 41.
In the signal processing c1rcu1t 42, when the
PLL circuit 36 is synchronized to the EFM signal, the
demodulation of the EFM signal is processed by using
30 the synchronization clock. By.the demodulation
processing, the EFM signal, which is constructed with
 data consisting of 14 bits,is transferred to data
consisting of 8 bits, and is stored in a buffer RAM



fia st enbodi nent; 20 FIG 6 is a flowhart for .explaining an
is time charts for explaining the seek dPeFation of the fi;gﬂ

operation procedure of the seek operation of the first enbo Wﬁi{ﬂs e Reﬁllard

and 25 FIG 8 is a block diagram show ng a confi
frequency-correction indicating circuit in a second enbodi ment according to
the present invention. First, a description will be given of the 30

princi ple of an Jopticatsiliekthlevsignatcprdeegstiogt kdngudder2 i n\Adittéwnrkheéy
referring to FIG 2. Jdfdadisbouft 2cREShEnERThOUEA LA Ynidie Al ixdln di sk
evice. In this device, froman optrcal dis in which digita
stored in the buffer RAM, is read out as read-out data
by using the reference clock. The read-out data is
5 sent to an external device.
The spindle-motor servo circuit 44 accepté
the synchronization clock and the reference clock.
Furthermore, speed-up/slow-down control data from the
CPU 46 is supplied to a speed-up/slow-down controller
10 45, and is transferred to a speed-up/slow-down control
voltage which is applied to the spindle-motor servo
circuit 44.
In the spindle-motor servo circuit 44, for
the reproducing operation, the synchronization clock
15 and the reference clock are respectively divided into
clocks having an almost the same frequency, the phases
of which are compared with each other. As a result of
the phase comparison, a CLV control voltage is
generated to perform CLV control, and is produced as
20 the rotation-rate control voltage. On the other hand,
for the seek operation, the speed-up/slow-down control
voltage which is supplied from the speed-up/slow-down
P . controller 44, is produced as the rotation-rate control
voltage. The CLV control in the reproducing operation
25 and the speed-up/slow-down control in the seek
operation are changeably switched by the CPU 46. .This
rotation-rate control voltage is applied to the
spindle-motor driver 24.
FIG. 5 shows a block diagram of a
30 configuration of the spindle-motor servo circuit 44.
The spindle-motof servo circuit 44 comprises dividers
101, 102, a phase-COmparator 103, a low-pass filter
104, a switch 105, and a summation circuit 106.
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recording denei Ty, o reproduced signal 1S generated by an o EeritE beR kopace
A digitizing unit 3 generates a .digitTz®¥ reproduced si gnal‘. j] nmﬁ m'ﬁi,’
A disk driving unit 4 rotates the optical disk based on a rot I
signal. A speed-up/slow down signal generation unit 6 generates a
speed- up/ sl ow-down sirgnal which is supplied to the disk driving unit 4
during transition of the 10  ophécalvpaskspron, alegediopaeathen and is
e e e et o g7 Sk R E Saha L6 BeblrBnbd Gt et on
respectively to be the signals having the almost same
frequency. The divided signals are supplied to the
5 phase comparator 103. The phase comparator 103
compares the phases of the signals coming from the
dividers 101, 102 to produce the phase error voltage.
The phase error voltage passes through the 1ow-pass
filter 104 and the switch 105 énd is applied to an
10 input port of the summation circuit 106. The speed-
up/slow~down control voltage coming from the speed-
up/slow-down controller 45 is applied to the other
input of the summation circuit 106. An output voltage
of the summation circuit 106 is supplied as the
15 rotation-rate control voltage to the spindle-motor
driver 24.
The dividers 101, 102, the phase comparator
103, and the low-pass filter 104 construct the linear-
velocity control unit. The CPU 46 and the speed-
20 up/slow-down controller 45 construct the speed-up/slow-
.down'signal generation unit. And the switch 105, the
summation circuit 106, and the CPU 46 construct the
switching unit.
In the normal reproducing operation, the
25 switch 105 is turned on by the switching signal from
the CPU 46, and the speed-up/slow-down control voltage
is set to 0 V by the speed-up/slow-down control data
from the CPU 46. Thus, the CLV control voltage
supplied from the low-pass filter 104 is sent as the
30 rotation~rate control voltage to the spindle-motor
driver 24. By the CLV control voltage, the rotation-
rate of the spindle motor 23 is controlled to maintain
the reference linear velocity which is determined by



measures a.bit frequency of the reproduced digital 15 S|gm§ksm§mﬁmaachlmxd
gener ates neasured-bit-frequency information which indicates
frequency, just after the adjustnent by?2the speed- up/slom#domE“aEE
bi t-frequency setting unit 8, if there 20 is a difference b

measured bit frequency and a specified bit frequency, the

nmeasured-bit-frequency information is corrected so as to adjust the bit
frequency of thelreprbuaceéférghbakcib@maEnaqudmcyspecified bit frequency

by a given amount of 25 corregtion I odugsd As;

setting-bit-frequency |nfornatlghe9h§hbag'ngu% correcting i)%nfﬁgﬁuﬁﬁﬁy In
t he difference betweeppPeratioasutbe ﬁmuthheéﬁéhéﬁaﬁ“fHQQEQﬁﬁK#Y|tthlt
frequency is less thaguatghiag Laghal Homidnd QW AWy afi tépw unit 8

directly produces the
5 speed-up/slow-down control voltage which is indicated
by the speed-up/slow-down control data from the CPU 46,
is applied to the summation circuit 106. Thus, the
speed-up/slow-down control voltage is sent as the
rotation~rate control voltage to the spindle-motor
10 driver 24. By the speed-up/slow-down control voltage,
the spindle-motor 23 is sped up or slowed down during
the transition of the pickup-26.
After the speed-up/slow-down operation, the
speed-up/slow-down control voltage is set to 0 V by the
15 speed-up/slow-down control data from the CPU 46. At
this timé, the spindle motor 23 is controlled to
‘maintain the rotation rate at the rate when the speed~-
up/slow-down operation finished, by the spindle~motor
driver 24 checking the FG pulses. After that, when the
20 PLL circuit 36 is synchronized to the EFM signal, the
switch 105 is turned on to be in the CLV control state.
And in the seek operation, the CPU 46 |
commands the pickup control section 27 to move the
pickup 26 to the target track. The CPU 46 may also use
25 an address data supplied from the signal processing
circuit during the reproducing operation, for
determining the track's position. '
Next, a description will be given of an
operation of the first embodiment of the CD-ROM
30 reprodﬁcing device, by referring to FIG. 6. In the
normal reproducing operation or the stand-by mode when
waiting for any commands from the external devices, the
CPU 46 turns on the switch 105, and supplies the speed-



30- neasured-bit-frequency information supplied fromthe E This Sheet Has Been Replaced
bit-frequency-information generation unit 7. A PLL circuit 10 i

a short tinme a synchronization clock ®whéh~i s phase synchroni z%ﬂﬂﬁﬁlﬁ“mmﬂ
t'he repl acenent sheet -9- the reproduced digital signal by

setting the bit frequency indicated by the setting-bit-frequency _
i nformation to a free-run frequency of the PLL circuit. A reference-clock
generation unit ® genepAstkewbdownacoatendndatal ¢ok the fapegpdnupy/ sdfowddadni s -
'n proportion to the hlefrequeney Lad ekedoied U Al laddBuency

I nformati on. The reference C
voltage to 0 V. Thus, during the reproduction

operation, the CLV control voltage is supplied as the
5 rotation~rate control voltage to the spindle-motor
driver 24, so that the spindle motor 23 is controlled
to maintain the reference linear velocity which is
determined by the reference clock. '
FIG. 6 shows a flowchart for explaining
10 procedures of the seek operation. When the CPU 46
receives the commands to seek the target address and to
reproduce from the external device, the seek operation
starts. |
At a step 101, the CPU 46 calculates a number
i5 of the tracks from the present address to the target
address. ' At a step 102, by using the calculated number
of the tracks, the rotation rate of the spindle motor
23 at the target track is calculated. Furthermore,
from the difference between the rotation rate of the
20 spindle motor 23 at the present track and at the target
track,'the speed-up control voltage or the slow-down
control voltage (the speed-up/slow-down control
voltage), and its supplying time are calculated.
After that, at a step 103, the CPU 46 turns
25 off the switch 105 of the spindle-motor servo circuit
44, and supplies the speed-up/slow-down control data to
the sﬁeed-up/slow-down controller 45 which produces the
speed~up/slow-down control voltage which is calculated
at the step 102. Thus, the CLV control operation is
30 deactivated, but the speed-up/slow-down control voltage
is applied to the spindle-motor driver 24 to start the
speed-up/slow~-down control of the spindle motor 23.
At. the same time, at a step 104, the CPU 46



-st used for reproducing the data fromthe reproduced di gitalThisisagelas Bb Replace
A linear-velocity control unit 12 supplies a result of compar
synchroni zation clock with the referenrcel-ock as a |inear- veLtanmammﬁ
signal to the disk drive unit instead of the speed-up/slow d

which the linear-velocity control 15 signal controls the rotation rate of
the disk to keep a linear velocity defined by the reference clock. A

switching unit 5jsel eohmaiss RARA PRI WortdV¥L %Qf@ioxﬁm No td8ast Li8te
of the optical pickup in the seek S!oeratlon and sel ects

| i near-velocity 20 SRYQ @nghite |T%°Y%|Wr JB‘ERIC%QI tothie
switching unit 5 prodm@dﬁﬁadﬁ@e@ﬁ ed mirgitR} tAre araisitdon rof etsenpickup

signal . Reproduced dag% 9 neratg% JﬂB sf%% J%%Egéﬁkrol of the spindle motor

5 23 is performed by the above speed-up/slow-down control
voltage. If the pickup 26 moves to the direction of
the outside of the disk 21, the spindle motor 23 is
controlled to slow-down, while if the pickup 26 moves
to the direction of the inside of the disk 21, the

10 sbindle motor 23 is controlled to speedup.

At a step 105, the CPU 46 monitors whether
the supplying time of the speed-up/slow-down control
voltage has passed or not, and if the supplying time
has passed, the CPU 46 proceeds to a step 106.

15 At the step 106, the CPU 46 supplies the
speed-up/slow-down control data to the speed-up/slow-
down controller 45, so as to -set the speed-up/slow-down
control voltage to 0 V. Therefore, the rotation-rate
control voltage which is supplied to the'spindleimotor

20 driver 24 becomes 0 V to stop supplying the speed-
up/siow-down control voltage. As has already beén
stated, by checking the FG pulses, the spindle-motor
driver 24 controls the spindle motor 23 to maintain its
rotation rate at the time when the speed-up/slow-down

25 control voltage stops being supplied.

At a step.107, after the CPU 46 detects that
the transition distance of the pickup 26 has reached
the number of the tracks calculated at the step 101,
the CPU 46 commands the pickup control section 26 to

30 stop the pickup transition, and activates the tracking
servo.

When the tracking servo is activated, the EFM
signal is obtained by the digitizing circuit 34. 1In
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. i
the reproduced data fromthe reproduced digital signal 25 ‘% Shsk A% BeliReplaced
synchroni zati on signal and the reference clock. In this confi
seek operation, in which the optical pi@Rup transits the tracﬁ!”mmg "mﬂ”
I's- shown as follows: 30 (a) the optical pickup 2
the target track, and during transition of the optical pickup 2 in the seek
operation, a speed-up/slowdown signal is supplied to the disk driving unit

4 to adjust -110 -the liZ-mehsurdngr aliccafitt Bo ,dithe 01O pulisse g measured
rotation rate,

from the EFM signal, and the 1lT-measurement data is
supplied to the frequency-setting circuit 40 and the
CPU 46.

5 : In the frequency-setting circuit 40, the bit
frequency is derived from the 1lT-measurement data as
the setting bit frequency, and which is set to the
free-run frequency of the PLL circuit 36. In this way,
the PLL circuit 36 may produce in a short time the

10 synchronization clock which is synchronized to the EFM
signal. '

_ At the same time, the frequency-setting
circuit 40 supplies the reference-clock control data to
the reference-clock generation circuit 41, in which

15 this control data indicates the frequency in proportion
to the setting bit frequency derived from the 11T-
measurement data. Thereby, the reference-clock
generation circuit 41 generates the reference clock in
proportion to the setting bit frequency.

20 In this way, after the transition of the
pickup 26, when the EFM signal is generated, the PLL
circuit 36 can be phase synchronized to the EFM signal

: in a extremely short time, and the reference clock can’
be simultaneously generated at the frequency

25 corresponding to the bit frequency of the EFM signal.

After the synchronization between the PLL
circuit 36 and the EFM signal, the signal processing
circuit 42 is capable of demodulating the EFM signal
and reading out the signal by using the synchronization

30 clock and the reference clock. |

The specified linear velocity, namely the
specified 11T-pulse data corresponding to the specified
bit frequency, is stored in the ROM inside the CPU 4s6.



the disk 1 with the 5 optical pickup 2 is neasured just -af

adj ustnment of the rotation rate by the 8feed- up/ sl ow down sig

mBasured bit frequency is set to a free-run frequency of the PLL circuit 10
through the bit-frequency setting unit 8, and a synchronization 10 cl ock
whi ch is synchronized to the reproduced digital signal based on the
free-run frequenty i sageaestepdios,atBeOCPUL 4Be det iviess WMe(ﬂIﬁnéﬁeﬂéb (d)

Ut 5. and a ref or onbebieen” tRECRLEAReRSrEeReRy, B Gl MR -
t he reproduced digit apudsgndatas gedecaflledlates &haadﬂﬁfeﬁennnnbatwanncﬁhe
the synchroni zation CEBEEi%&EB bie FeLRLBRACSY GnACKMRS rasured bit frequency
5 derived from the 1l1T-measurement data to produce the
frequency-correction value.

| : laced
(b) a bit frequency of a reproduced digital signal which is ¥ W“Bﬁﬁ[

At a step 109, by.the synchronization
indicating signal, the CPU 46 determines whefher the
PLL circuit 36 is in synchronization to the EFM signal

10 or not. If the CPU 46 detects that the PLL circuit 36
has been in synchronization to the EFM signal, at a
step 110, the switch 105 in the spindle-motor servo
circuit 44 is turned on. Thus, the CLV voltage which
is based on the reference'clock is supplied as the

15 rotation-rate control voltage to the spindle-motor
driver 24 to activate the CLV control.

As a result of the speed-up/slow-down control
of the spindle motor 23, if there is a difference
between the controlled rotation rdte and the proper

20 rotation rate at the target track, thereby the 11T-
measurement data is different from the specified 11T-
pulse data, and the reference clock is also deviated
from the specified frequency corresponding to the
specified linear velocity (i.e. the specified bit

25 frequency) according to the above difference.

As has already been stated, the spindle motor
23 is controlled to maintain a constant linear velocity
based on the reference clock derived from the 11T-
measurement data at the time when the speed-up/slow-

30 down control voltage stopped belng supplied.

Therefore, if the 1lT-measurement data deviates from
the specified 11T-pulse data, the linear velocity which
is being maintained also deviates from the specified



l-ifiear-vel ocity control signal is supplied to the disk 20 Lﬂhbs Has Bten Keplaced
I nstead of the speed-up/slowdown signal just after the synchr

the PLL circuit 10, and the rotation rFaks of the disk 1 is cont

Keeép a linear velocity defined by the reference clock, (f) the data Is
reproduced based on the 25 reference clock in the reproduced data

generation unit 11, (g) correcting the neasured bit frequency by a given
anmount of correcgion hRnbRe Rebhobigeguency setting unit 8 so as t o adj ust

the bit frequency of the 30 repro uced digital_signal_to specified bit
frequency if there is a differef8Uusdtiddn PERCSRISF &f lﬁts'cf%bcﬂdénc'ﬁpa?los*-ep
the specified bit fregusnaye asdspredeeriedctheneonionied vessei®s bidnce the

frequency as a command for the frequency correction from the CPU 46 is

5 supplied to the frequency-setting circuit 40, the
reference frequency and the.free-run frequency are
corrected, and thereby the rotation rate of the spindle
motor 23 is corrected to get the specified linear
velocity.

10 In these corrections to the reference clock
and the frée-run freguency, the setting bit frequency,
by which
the reference clock and the free-run frequency are
determined, is corrected by a small degree of one step

15 by the CPU 46.

| At the step 111{ the total amount of the
frequency correction until now at the step 112 is
subtracted from the frequency correction value which
has been calculated at the step 108, and the rest of

20 the frequency correction value is compared with a

 -defined frequency error. As a result of the
comparison,'when the rest of the frequency correction

; value is equal to or less than the defined frequency

error, the correction is ceased by the determination

25 that a further correction is unnecessary. At this
time, the seek operation is finished. oOn the other
hand, when the rest of the frequency correction value
is more than the defined frequéncy error, the frequency
correction at the step 112 is continued.

30 At the step 112, the CPU 46 supplies the
frequency correction command, which increases the bit
frequency by only the amount of the correction
corresponding to the one step, to the frequency-setting



¥ - setting bit frequency indicating correcting bit frequendy$smﬁdﬁghka
correcting the free-run frequency of the PLL circuit 10 and t

clock of the 5 ref erence-cl ock gener &% on unit 9 accordi ng [’!“l’
setting bit frequency, wherein the step (g) and the step (h) are r

until the difference between the setting bit frequency and the specified

bit frequency is less-than 10 a given value. The above-nenti oned
procedures enabl & fastcivyudir @oi.zatihois gmduret RbE the coiotrébtiend thus it

I's possible to reprOd%%Er%@%éﬁaf%&'%5“%&2“552“”ééghoétséiggted to be a small
) value such that the PLL circuit 36 and the spindle-
motor servo circuit 44 are not out of synchronization.

5 once the frequency-setting circuit 40
receives the frequency correction command, this circuit
increases the setting bit frequency, which is the base
for determining the reference clock and the free-run
frequency of the PLL circuit 36, by one step. Thus,

10 the free-run frequency which is indicated by the free-
run-frequency control data increases by the amount of
the correction of the bit fréquency, and the frequency
of the reference clock which is indicated by the
reference-clock control data increases in proportion to

15 ° the amount of the correction of the bit freguency.

In the frequency-setting circuit 40, after
the tran51tlon of the pickup 26, the value of the 11T~
measurement data which has been first supplied is
stored, and the _setting bit frequency which has been

20 derived from the stored 11T-measurement data is

_corrécted by one step whenever receiving the frequency
correction command. Therefore, thelllT-measurement
data which has been changed by the frequency correction
is not utilized.

25 At the step 112, the total amount of the
correction is updated by means that a correct amount of
the correctlon corresponding to one step is added to
the previous total amount of the correction.

At the step 113, after the frequency .

30 correction corresponding to one step, a given waiting

' time is set until the tracking of the spindle motor 23
is finished. Once the given waiting time passes, the
operation proceeds back to the step 111, and the
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15« _ Particularly, when there is a difference betngg: Gl fe laced -
frequency just after the transition of the pickup and a speci
frequency, the above additional procedurzd £(g) and (h)) mak m” I’
t'o*correct the difference. 20 In these operatio
bit-frequency setting unit 8 generates the setting-bit-frequency
I nformati on by neans of correcting the setting-bit- frequency information
by a given anounty of GHdALNAN, cof&dtidn dpseeshbefubi.t aki ng account of a
tracking 25 time of the rotatb?n rat e of the.ogt%caL d%sk, anq al so i%h
determined so that the PLL circuit®10’ vFPPYHotIBeChRT t§f fOr exXplaining the
synchroni zation. w t h tdeek efpeaxhtctsh dbfi tlaé cbhgrel, rapdodacthgt derdce of this
| i near-velocity contral_,unii wi |} $ t' gak: ity t
signal 30 conpared\éﬁgéﬁﬁﬂf ?uﬂw%#ﬁggéﬁggA% g% bﬁ Enﬁfhg%eg °%9%f%o

5 operation of the transition of the pickup 26, "ROTATION
RATE" indicates the rotation rate of the spindle motor
23, and "FREQUENCY" indicates the frequency of the
synchronization clock generated in the PLL circuit 36.
_ FIG. 7 shows an example of the seek operation
10 from the outside of the disk 21 to its inside. At time
t0, the pickup 26 starts to transit, and the speed-
up/slow-down control of the spindle motor 23
simultaneously starts by supplying the speed-up/slow-
down control voltage to the motor. At time tq, the
15 speed-up/slow-down control voltage stops being
supplied, and the pickup 26 simultaneously stops _
transiting. Just after the time ti1, the EFM signal is
generated by the digitizing circuit 34. And
sequentially, the 11T measurement data is generated by
20 the 11T-measuring circuit 39, and the bit frequency
- derived from the EFM signal is set to the free-run
frequency of the PLL circuit 36 by the frequency-

{ : setting circuit 40. And the reference clock

' corresponding to the 11T-measurement data is generated
25 by the reference-clock generation circuit 41.

In this way, the PLL circuit 36 can be
synchronized to the EFM signal in a extremely short
time from t, to t,. After the time t,, the signal
processing circuit 42 is capable of demodulating and

30 reading out the data.
‘Until the frequency correction by the CPU 46

starts, namely for the period from t, to t; (in
actuality, this period may be an extremely short time),



T
Next, a description will be given of a first enbodi ment of a GhkRY

reproduci ng devi ce according to the present invention, by referjj 5B laced
3. FIG 3 - 12 - 1. shows a config#&atton of the CD ROM rim I I
device.. In the CD-ROM di sk 21 (which is designated "di sk"” her

digital signals are recorded by an EFM systemw th a constant bit density
over the whole area. 5 Therefore, by using the CLV, the digital signals
may be reproducedl w tthe spintidet motiorr 23 .isA atirdiraelkled ngounaintahni the of

fo ts git gg' gy ”?Lgr . r23I3 nglngoﬁs%%@d ke rEReNc N Ml ar 4o 11001 QPR oh di SKaélelRinea
based of the reference clock. In FIG. 7, when the
pickup 26 stops transiting, the rotation rate of the
5 spindle motor 23 is less than the proper rotation rate,
so that for the period from t, to t; the reference
linear velocity which is less than the specified linear
velocity is being maintained.
For the period from t; to t,, as has already
10 been stated in FIG. 6, the free-run frequency of the
PLL circuit 36 and the frequency of the reference clock
are corrected by one step in response to the frequenéy-
correction command from the CPU 46. Therefore, the
rotation rate of the spindle motor 23 and the frequency
15 of the synchrbnization clock are corrected. At the
time t4, by these corrections, the rotation rate of the
spindle motor 23 may reach the proper rotation rate at
the target track. 1In the reproducing operation after
that, the spindle motor 23 is controlled to maintain
20 the specified linear velocity by the spindle-motor
servo circuit 44. |
As mentioned above, in the CD-ROM reproducing
device of the first embodiment, just after the
transition of the pickup 26, the free-run frequency
25 which is identical to the actual bit frequency is set
based on the 11T-measurement data, so that the PLL
‘circuit 36 can be synchronized to the EFM signal in a
extremely short time. And this device make it possible
to generate the reference clock, which may determine
30 the reference linear velocity of the disk 21, based on
the 11T-measurement data in a extremely short time.
The above reasons make it possible to begin
the reproducing operation of the data in a extremely



10- motor 23. The spindle notor 23 includes an FG pul se geris®he! HasiBen Re lac
whi ch FG pul ses are applied to the spindle-notor driver 24. Th
spi ndl e-notor driver 24 controls a rofaPof rate of the spi ndlﬁlmlmuw’,m"
dctording to a 15 rotation-rate control voltage (rotation-rat

signal) which is supplied froma spindle-notor servo circuit 44:. Wen the
spi ndl e-notor servo circuit 44 produces a rotation-rate control voltage of
0 V, the rotatioh ratshoftthimepafiter theotradsitimm mfaithesl picRdp 26, so
constant rotation ratenhysh Heborenbhe LaLkAGIMENIAP B ddfidvda dBhared

ntai ned by phas

constant rotation raté s nal requéncy conparison and
conpari son between a Ytthrthat sfgkhe sonvenddonaldidsvidrr a system cl ock

ed

and the FG pul se.
5
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control, so this device is capable a data transmission
rate the same as that of the conventional CD-ROM
reproducing device with the CLV system.

Furthermore, in this device, based on the

_11T-mea$urement data and the specified 11T-pulse data,

the free-run frequency and the frequency of the
reference clock are corrected in response to the
frequency correction command from the CPU 46. |
Therefore, it is possible to correct the linear
velocity to the specified linear velocity during data
reproduction. The above makes it possible to change
the data transmission rate to the specified data
transmission rate.

And, based on the frequency correction_value
which is pbtained from the 11T-measurement.data and the
specified 11T-pulse data, once the calculation

_procedure of the speed-up/slow-down control voltage and

the supplying time of this control voltage are
corrected, these corrections make it possible to
further reduce the degree that the rotation rate of the
spindle motor 23 at the finished time of the pickup
transition is different from the proper rotation rate.
This optimization of the speed-up/slow-down control
enables further reduction of the seek operation time.
In regard to the corrections of the
calculation procedure of the speed-up/slow-down control
voltage and the supplying time of this control voltage,
if, just after installing the disk 21 into the CD-ROM
reproducing device, at the time of reading out the TOC



_ {
control and a tracking control of a pickup 26 (an opti cal p|c pﬁmaQQQBanglmmd
21, are carried out in response to com s of a central 30 - ﬂ
unft (CPU) 46. The pickup control section 27 further produces

radial direction of the disk 21. - 13 - By the pickup

pi ckup 26 is CO”tr0||§@qh@n@§&§l§'@%&ﬁiéd‘%ﬁ%‘”lﬁfﬁhfhﬁé pdssfbtlef €6 ERRish
seek operation, the p|c up 2 1,scantrolled

seek control which noves the pi-ckup 26 in a radial direction oqiﬂmmlﬁum I|
tacho-pulse in relation to a distance which the pi ckup 26. noves in the
control section 27, fBﬁrﬁopﬁathﬁe@mﬁﬁuﬂlmnthﬁ abnpvel epxrectigngl arehe

he optlmlzatlon of the speed—up/slow-down control

before the actual access.

5 Furthermore, if, by the command from the CPU
46 to the frequency-setting circuit 40, the frequency
which is indicated by the free-run-fregquency control
data and the frequency which is indicated by the
reference-clock control data are respectively fixed to

10 a respective defined fregquency, the above enables this
device to be used for reproducing an audio CD (CD-Da).

FIG. 8 shows a schematic diagram of a '
frequency-correction indicating circuit 110 being
installed in the CD-ROM reproducing device of a second

15 embodiment according to the present invention. The
second embodiment has the same configuration as the
first embodiment except the fregquency-correction
indicating circuit 110 and the frequency-correction
procedure. ) i

20 ' The frequency-correction indicating circuit
110 comprises a threshold voltage'+Vsa, a comparator
l1la for comparing the phase error voltage which is
generated from the phase comparator 103 of the spindle- -
motor servo circuit 44 with the threshold voltage +Vsa,

25 a threshold voltage -Vsb, a comparator 111b for
comparing the above phase error voltage with the
threshold voltage -Vsb, and an OR gate 112 for
logically summing the output signals of comparators
11la, 111b. | .

30 The comparator 111a produces a high level
signal when the phase error voltage is larger than the
threshold voltage +Vsa, while the comparator 1l1lla -
produces a low level signal when the phase error



di stance which the pickup 26 has transited, by detecting the

Therefore, for the seek operation, the & tontrol s the pi.ck mm w Ui,l
transit 10 until the CPU may detect the distance fromthe pres

to the target track by the tacho-pulse. I'n another system it is also
possible to detect the transition distance of the pickup 26 by a tracking
error signal instlead ofoltage dehegudlseo Idr smaller thamhshgi thaesheld

applies a |aser beam tR,itheyd argll, ekl ééﬁeﬁ'ﬁgnal tﬁ@chﬁn%Q%a%‘étr 4hap

signal recorded on the disk 21 b detect| f a_ reflection of | aser beam

In"a digitizing circuRFUHRE ¢ highdanst)sigpal Vh@anHG-GGPS§|§ﬁ£°r

produced in the pickuprodtdde is a negative voltage which is less than the
5 threshold voltage -Vsb, while the comparator 11ilb

produces a low level signal when the phase error

8. transit to a target track. The CPU 46 is capabl e of L}jmh&tﬂﬁﬁe&%e laced ]

voltage is equal to or larger than the threshold
voltage -Vsb.

The OR gate 112 produces the logical

10 summation of the outputs of the comparators 1llla, 11l1b,
as the frequency-correction indicating signal. For
example, if the phase error voltage is equal to or less
than the threshold voltage +Vsa, and is equal to or
larger than the threshold voltage —Vsb, the frequency-

15 correction indicating signal is to be a low level.
This frequency-correction signal is supplied to the CPU
46.

In this second embodiment, in the frequency

-J correction process at the'steps 111 to 113 of the seek

20 operation of the first embodiment in FIG. 6, the CPU 46

' supervises the frequency-correction indicating signal
after the frequency correction by one step, and
proceeds to the next frequency correction by one step
due to the frequency-correction indicating signal

25 falling down to the low level.

The thresholds +Vsa, -Vsb are set so that
when the'frequency difference between the
synchronization clock frequency (the current bit
frequency of the EFM signal) and the corrected bit

30 frequency (corresponding to the frequency of the
reference clock) is, even if the freguency correction
by one step is sequentially carried out, the value such
that the PLL circuit 36 and the spindle-motor servo



anplified and digitally wave-reformed to supply an EFM si 192 eePfasBeen Replaced
reproduced digital signal. Activation of the digitizing: CI lm lﬁ "II

controlled by the CPU 46, such that afté&@2 the pickup 26 re

si gnal by 25 tracki ng and focusing, the digitizing circu

activated. A PLL circuit 36 produces a synchronization clock which is
phase-|l ocked to the EFM signal supplied fromthe digitizing circuit 34. The
synchroni zati on 30 @h@ch1t54a mﬁeiﬂ%fﬂbuﬁldﬁusjﬁaﬁfbmﬁmﬂtlahe the
circuit conprises a v contra QSCi V p

conpar at or whi ch corrp% ggteﬁ’gyEﬁﬂrﬁe &O%ﬂd‘daw\?&}éq %19“51@%3%%5?3 at a

low level.

In the second embodiment, compared with the
5 first embodiment that the given waiting time is set
every time the frequency correction by one step is
carried out, it is possible to perform the frequency
correction in a further short time.
As described above, the present inventions
10 have the following features. '

After the transition of the optical pickup,
the PLL circuit can be synchronized to the reproduced
digital signal in a extremely short time. And the
reference clock for reading out the data can be

15 generated in a extremely short time based on the

measured-bit-frequency information, and the above makes

it possible to reproduce the data in a extremely short
time after the transition of the optical pickup, so

- that the seek operation time is reduced compared to the

20 conventlonal device.
'And the data is reproduced with the constant
linear veloc1ty, therefore it is possible to get the

same data transmission rate as that of the conventional

reproducing device with the CLV system.
25 Furthermore, based on the measured-bit-
- frequency information and the specified-bit-frequency
information, the free-run frequency of the PLL circuit
and the frequency of the reference clock are corrected,

so that these corrections enable the linear velocity of

30 the disk to be corrected to the specified linear
velocity, 'and thus the data transmission rate can be
adjusted to the specified data transmission r.te.

In addition, without extending the



114 - 1 filter coupled to the conparator, and an anpl i FhighestklasBeen Replaced
applifies a phase-error voltage from th | ow-pass filter :anci II H‘H“'o
the VCO etc. The free-run frequency of The VOO i s set by 5
free-run-frequency control data generated in a frequency-setting circuit
40. And in the VCO, the VCO clocks which is frequency-controlled based on
t he phase -error_voltage,, is generated. In the PLL circuit 36, the VCO

clock is 10 prodhced 3EIthelsyernfoaazanrynrangekoiwibe Phé miaeuityn and

frequency of the VCO ystiseht WekbeRdend EHECPRYEseR6R¥oY raPlye Fae te t he

bit-frequency of the EFM S{_ﬂgnal t&g synchroni Ziltl Qn cl ock, \?(hl ch,s, .

properly synchroni zedPRIFTHECRFRF sFRRat INRRY-BELOGHEYI entEgl unit, it is,

synchroni zati on det eqpossiilsle ctivtndr¥mally correct the linear velocity of the
5 optical disk to the specified linear velocity.

Further, the present invention is not limited
to these embodiments, but various variations and
modifications may be made without departing from the
scope of the present invention.
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det erm nes synchroni zati on between the synchronization cl ock
clock and produces a synchroni zati on indicating signal which mﬂlnmﬁmimm”m
whet her the state is synchronous or asyrsghronous. In further deta¢

fr ame- synchroni zation pattern consisting of a pulse pattern "11T/11T/2T". (T

I's a'bit period), is detected fromthe EFM signal, and the synchronization

bet ween the synchroni zation clock and the frane- synchronlz

measured to prodace the synchroni zatwgar & criaxd cating signal. In the

CD- ROM r eproduci ng devi ce according to this enbodi ment, @gﬂQMmﬁBam m@%e
data is carried out with a constant |inear velocity deflne

specification over the whole disk area except a short 30 t

seek operation. An 11T measuring circuit 39 (bit-frequency*

5
1. An optical disk device generating
reproduced data based on a reproduced digital siénal
which is derived by tracking a track on an optical disk
with an optical pickup, the device comprising:
10 bit-frequency-information generation means

for measuring a bit frequency of said reproduced
digital signal after transition of said optical pickup
in a seek operation, and for generating measured-bit-
frequency information which indicates a measured bit
15 frequency measured thereby;

bit~frequency setting means for correcting,
if there is a difference between said measured bit
frequency and a specified bit frequency, said measured-

.

bit-frequency information so as to adjust the bit

20 frequency of said reproduced digital signal to the

P . specified bit frequency by a given amount of
correction, and producing a corrected measured bit
frequency as setting-bit-frequency information; and

a PLL circuit for generating-a ' _

25 synchronization clock which is phase synchronized to
said reproduced digital signal and is used for
generatioﬁ of said reproduced data by means of setting
the bit frequency indicated by said setting-bit-
frequency information to a free-run frequency of the’

30 PLL circuit.



¥nformation generation unlt) det ects an 11T pul se, which is tnﬂmnr"uﬁ!"“m"l"'
pul se in the EFMM@@ggghﬁ nmeasures the per

pul se by using a %%k The:¥ﬁT'neasurenent data as an output

6f< the 11T neasur is supplied to the frequency-setting

circuit 40 and th FIG 4 shows a bl ock di agram of

the configuration of the 11T neasuring circuit 39. In a peak detection
circuit 71, the synchronization pattern 11T, which is the |ongest pulse in

the EFM signal, is detected in g, dqm%n:Pthgiléggﬁcagwgcéhgg élgiﬁgg oh 10
t he EFM signal, and the perlod of the 1 ulse is
aim 1, further compr1s1ng.
disk driving means for rotating.said 6ptical
5 disk based on a rotation control signal;
speed-up/slow-down signal generation means
for generating a speed-up/slow-down signal which is
supplied to said disk driving means during transition
of the optical pickup in said seek operation and is
10 used to adjust a rotation rate of said optical disk to
a target rotation rate; _
reference~clock generation means for
generating a reference clock, a frequency of which is
in proportion to said bit frequency indicated by said
15 setting-bit-frequency information, in which the
reference clock is used for reproducing the data from
said reproduced digital signal; and
linear-velocity control means for supplying a
result of comparison of said. synchronization clock with
20 said reference clock as a linear-velocity control
'signal to said disk drive means instead of said speed-
up/slow-down signal, in which the linear-velocity
control signal controls the rotation rate of the disk
to keep a linear velocity defined by said reference
25 clock.

30 3. The optical disk device as claimed in
claim 2, wherein said bit-frequency setting means
generates the setting-bit-frequency information by
means of correcting the setting-bit-frequency



eaunted by the sygiamehaGkeyiLAg @ constant frequency to pr jﬂlt‘ﬂ"ﬂﬂ!lﬁ]ﬂﬂl”"'
data as peak val ue . the Qe§§h!alue dat a gener at Te 0N *
detection circuit t m’g‘ m |’t he data I ch 15 i ndi cates the period of
t'he 11T pul se depe _ onnments, such as dropout, etc. Therefore,

by neans of a peak-value averaging circuit 72, a m ni num peak-val ue

detection circuit 73, and a false-detection determ nation circuit 74, only,

the proper peak val ue ?pforgataopiky pegdiyeamamoundt £ merrRcidyudgich nis

the peak-val ue averagi agterhsHel ¥g t8kiag SEuet If e RRAHInPItigndad# the
fromthe peak detection cirguit 71 are avéraged tqQ pr.oduce average data. In

the nini mum peak- val ue¥@ERELPRoR2LR, O the3o ads diskmidRAtnadkd® 45 the
same sanpl es as that faeterringtngot hhapeskivalpug, ddfrcdit Wil Pafit \d usut of
averaging CerU|t5 synchronization with said reproduced digital signal,
and so that said linear-velocity control means will
generate said linear-velocity control signal compared

with said synchronization clock.

10

4. A seek operation.method for moving an
optical pickup to a target track of a disk and
15 reproducing data on an optical disk device, comprising
the steps of: B
(a) moving said optical pickup to the target
track, and during transition of the optical pickup in
said seek operation, supplying a speed-up/slow-down
20 signal to disk driving means to adjust a rotation rate
of the disk to a target rotation rate;
(b) measuring a bit frequency of a reproduced
‘digital signal which is reproduced from said disk with
the optical pickup, after the adjustment of the
25 rotation rate by said speed-up/slow-down signal;
(c) setting said measured bit frequency to a
free-run frequency of a PLL circuit, and generating in
a short time a synchronization clock which is
synchronized to said reproduced digital signal based on
30 the free-run fregquency;
(d) supplying said measured bit frequency to
a reference-clock generation means, and generating a
reference clock which is used to reproducing the data



72 s deecied ﬂm gt o e, oo o RN

fal se-detection d rcuit '743 the average data i s torfpated®with
the mini num dat a. ison, if the difference between the data is
equal to or |ess than a reference value out put data - 16 - 1 S

determ ned as proper data, while if the difference is nore than the

ref erence val ue, % he d@ﬁ%ﬁﬂsakﬁEIQR¢QﬁnQ§dn¢K§ﬂtBllﬁhﬂ@ﬁhate data. For
determ nati on of the proper datqeffghﬁp@yfgﬁa5k§égu§tpggdggﬁgagisbheo§ said

proper 11T-nmeasurenent dat a.
synchronization clock with said reference clock as a

-linear=-velocity control signal to said disk driving
5  means instead of said speed-up/slow-down signal just
after the synchronization of said PLL circuit, and
controlling the rotation rate of the disk to keep a
linear velocity defined by said reference clock;
(f) reproducing the data based on said
10 reference clock;
(g) correcting said measured bit frequency by
a given amount of correction so as to adjust the bit
frequency of said reproduced digital signal to a
SPecified bit frequency if there is a difference
15 between said measured bit frequency and the specified
bit frequency, and producing the corrected measured bit
frequency as a correcting bit frequency; and
(h) correcting the free-run frequency of said
PLL circuit and the reference clock of said reference-
20 clock generation means according to said correcting bit
frequency;
wherein the step (g) and the step (h) are
repeated until a difference between said correcting bit
frequency and said specified bit frequency is less than
25 a given value.

30 5. An opti¢al disk device substantially as
hereinbefore described with reference to and as
illustrated in FIGS. 2 through 8 of the accompanying
drawings.



—pr=oper or not by conparing the average d3a§a the 10 m ni num

nexi num dat a. The 11T-neasurenent data is in inverse proportion to

|l i near velocity of the scan area of the pickup 26 of the disk 26, and thus
is in inverse proportion to the bit-frequency of the EFM signal. 15

This 11T-neasurerent data fromthe 11T neasuri nﬁ circuit 39 is applied to

Fyrthernore, if a maxinum peak-value detection circuit whic }@eBemqu:laced
maxi mum data is installed, it is possiblg to determne whet her u! ” Nl”",

the frequency- setting circuit 40. In the ;lmﬁml"mg circuit 40, the
bit frequency of the EFM signal is derlve surenent” data

and is produced as a setting 20 bi t frequency “whitch® i ¢ supplied to the
PLL circuit -36. The setting bit frequency is set to a free-run

5 6. A seek operation method Substantially as
hereinbefore described with reference to and as
illustrated in FIGS. 2 through 8 of the accompanying
drawings. '
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Replaced
the reference 25 clock for reading out32i3 al so produced, ﬂ[
t'oa reference-clock generation circuit 41. A frequency which is indica '
by the reference-clock control data is in proportion to the setting bit '

trequency of the PLL circuit 36. At that time, in the frequefft §
Ci¥cuit 40, reference c¢lock control data which indicates the m
a

frequency. 30 : The frequency-setting circuit 40 and the CPU 46
construct the bitl-frequency setting urABSTREER t he.frequency-setting

circuit 40 accepts a frequency- correction command fromthe CPU 46, the
frequency- 17 o
OPTICAL DISK REPRODUCING DEVICE

AND ITS SEEK OPERATION METHOD

An optical disk device generating reproduced
data based on a reproduced digital signal which is
derived by tracking a track on an optical disk 1 with
an optical pickup 2 is shown. A bit-frequency-

10 information generation unit 7 measures a bit frequency
of the reproduced digital signal after transition of
the optical pickup 2 in a seek operation, and generates
measured-bit-frequency information which indicates a
measured.bit frequency measured thereby. 1In a bit-

15 frequency setting unit 8, if there is a difference
between the measured bit ffequency and a specified bit
frequency, the measured-bit-frequency information is
corrected so as to adjust the bit fregquency of the

. reproduced digital signal to the specified bit

20 'frequency by a given amount of correction, and is
produced as setting-bit-frequency information. And a
PLL circuit 10 generates a synchronization clock which
is phase synchronized to the reproduced digital signal
and is used for generation of the reproduced data by

. 25 means of setting the bit frequency indicated by the
setting-bit~frequency information to a free-run
freqﬁéncy of the PLL circuit 10;

30



it
setti‘ng circuit 40 corrects the setting-bit frequency by a given frequency
. according to the 11T-nmeasurenent data. Further, in the frequency-setting
circuit 40, the free-run frequency control data which indicates the 5
corrected setting-bit frequency is genﬁ;?zed, and the reference-cl ock
control data-which is supplied to the r rence-cl otk generation circuit 41
ir's al so generated in proportion to the corrected setting-bit frequency. The
ref erence-cl ock generation circuit 41 10 (reference-cl ock generation
unit) generates the reference clock at the-frequency which is indicated by
the reference-.cl ock control data, and supplies the reference clock to a
signal processing circuit and the indl e-notor servo circuit 44. In the
signal 15 processi.ng cirelit 42, the*reference clock is used to read out

the data which has been defdul ated. T™h the
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[ 1

spi ndl e-notor servo circuit 44, the reference clock is utilized as a
reference to control the rotation rate of the spindle notor 23. 20

The signal processing circuit 42 (reproduced data generation unit) accepts
the EFM signal fromthe digitizing ci rgﬁk 34, the synchronization clock
fromthe PLL circuit 36, the synchroni on indicating signal fromthe
synchroni zati on detection cir qett— 25 d the reference clock fromthe
ref erence-cl ock generation ci rcgcnsm. In t i gnal processing circuit 42,
when the PlLlgyeypcuit 36 is syidc §ygized to tpe EFNIsignaI, t he denodul ati on
of the EFM s§&§Rl|is processe H%% S t h@ synchroni zati on cl ock. By
t he denodul br ocessi ngN the &FM
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& .
consisting of 8 bits, and is stored in a buffer RAM 1 I nside the
signal processing circuit 42. After the denodul ation, the denodul ated data
whi ch has been stored in the buffer RAM is read out as read-out data by

using the reference clock. The read-ou:lg tais 5 sent to an external
devi ce. The spindl e-notor servo circui 4 accepts the synchronization
clock and the reference clock. Furthernore, speed-up/gl down control data
fromthe CPU 46 is supplied to J§pRs @ down nt~ol ler 10 45, and
is transferred to a speed-up/sl gcm QBI vol tade which is applied to
t he spi ndl e- nUoOT—Servo TrTTUf 32 oS S
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$ . - .
In the spindle-notor servo circuit 44, for the reproduci ng operation, the
synchroni zati on cl ock 15 and the reference clock are respectively divided
into clocks having an al nost the sanme frequency, the phases of which are
conpared with each other. As a result qof tff phase conparison, a CLV
control voltage is generated to perfor control, and is produced as 20
the rotation-rate control voltage. On the other hand, for the seek
operation, the speed-up/slow down cogtrah voltage which is supplied from -
the speed-up/ sl ow down controller 4452 i%%produced as the rotation-rate
control voltage. The CLV control in #he Teproducing operation 25 and the
speed- up/ sl ow-down control in the sé@k eration are changeably sw tched by
the CPU 46. This rotation-rate contrgl |tage is applied to the

spi ndl e-notor driver 24. .
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' LY
FIG 5 shows a bl ock diagramof a 30 configuration of the spindle-notor
servo circuit 44. The spindle-notor servo circuit 44 conprises dividers
101, 102, a phase conparator 103, a lowpass filter 104, a switch 105, and
a sunmation circuit 106. 19 The dividers 101, 102 divide the

synchroni zation cl ock and the referenc®£Rock respectively to be the
signal s having the al nost sane frqguency. The divided signals are supplied
to the 5 phase conparator 103. =d&he ph§§€ conpar at or 103 conpares the
phases of the signals com ng fromgg]e di vi&@rs 101, 102 to produce the

hase error voltage. _ x XX
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The phase error voltage passes through the | owpass filter 104 and the
switch 105 and is applied to an 10 Il nput port of the summation circuit
106, The speed- up/slowdown control voltage conmng fromthe speed-
. up/ sl ow-down controller 45 is appliedbgp the other input of the summation
circuit 106. An output voltage of the~su tion circuit 106 is supplied as
the 15 rotation-rate control voltage to the spindle-notor driver 24. The
di viders 101, 102,  the phase conparator 103, and the | ow pass filter 104
construct the linear- velocity contr unit. _The CPU 46 and the speed- 20
up/ sl ow-down controller 45 construcfg% p€8d- up/ sl ow - down si gna
generation unit. And the switch 105, t su tion circuit 106, and the CPU

46 construct the s%tbeggr%;ﬁﬁfy
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In the nornmal reproducing operation, the 25 ‘switch 105 is turned on by
the switching signal fromthe CPU 46, and the speed-up/sl owdown contro
voltage is set to O V by the speed-up/slowdown control data fromthe CPU
46. Thus, the CLV control voltage sugeyzed fromthe lowpass filter 104 is
sent as the 30 rotation-rate control4 9oltage to the spindle-notor driver
24. By the CLV control voltage, the rotation- rate of the spindle notor 23
is controlled to maintain the reference linear velocity which is determ ned
by - 20 -1 t he reference-clock frequency. Wen the pickup 26
transits in the seek
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operation, the switch 105 is turned off by the switching signal fromthe
CPU 46, and the 5 speed- up/ sl ow-down control voltage which is- indicated
by the speed-up/sl owdown control data fromthe CPU 46, is applied to the
summation circuit 106. Thus, the speed'yqésIOMFdomn control voltage is sent
as the rotation-rate control voltage t% the spindl e-notor 10 driver 24.
By the speed-up/sl owdown control voltage, the spindle-nmtor 23 is sped up
or slowed down during the transition of the pickup 26. After the '
speed- up/ sl ow- down operation, the speed-up/slowdown control voltage is set
to O V by the 15 speed- up/ sl ow-down control data fromthe CPU 46. At
this time, the spindle notor 23 is controlled to nmaintain the rotation rate

at the rate when the speed- up/slow down operation finished, by the
spi ndl e- not or _ -
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“driver 24 checking the FG pul ses. After that, when the 20 [PLL CiTTUit—36—
1s synchronized-to the EFM signal, the switch 105 is turnedion to be in the '
CLV control state. And in the seek operation, the CPU 46 coimmuands the

pi ckup. control section 27 to nove the pickup 26.to the target track. The

CPU 46 may al so use 25 an address data supplied fromthe signal

processing circuit during the reprbduci ng operation, for determning the
track!s position. Next, a description will be given of an operation of the
first enbodi menOPDICATNBISEORRERIDIOING DEPICE] AND NEISUSKEN CPERATION IMETHOD]  t O

FIG 6. |In the -normal reproducing operation or the stand-by node when . .

wai ting ford any commands f{Tivenphesenteinubentidonc eenartedl iPtrdbatesnsooant he -

switch 105, andéﬂﬁ%&éfa {£ﬁ’§£§?gdu01ng device and its seek operatlon
method, and more particularly, to an optical disk
device for reproducing an optical disk of a constant-
5 linear—velocity‘(CLV) recording System of CD-ROM,\etc;,
and its seek operation method for transiting tracks of
the disk by transition of the optical pickup.
In the optical disk which is called CD-ROM,
(which will be designated "disk" hereinbelow), a
10 digital signal is genérally'recorded by a modulation

system-which is called eight-to-fourteen modulation
(EFM); in the same way as a compact disk (CD) for audio
devices. :
In.the CD-ROM, a time length for one bit and
15 one frame, and a recording length on the_disk, in an
inside tracking part thereof, is the same as that in an
outside tracking part of the disk. Therefore, in a
convehtionél.CD-RbM'reproducing-device, a rotation rate
of the disk is changed in relation EQ a position in a
20 radial direction of the disk so that a pickup could
_scan the dlsk whereby each scanned position moves at a
constant 11near velocity. o
As mentioned above, in the CD-ROM reproducing
device with the CLV system, the rotation rate of the
25 disk needs to be controlled to a proper rotation rate
correspondlng to the p051t10n 1n the rad1a1 direction
of the disk. To meet the need, when the optical pickup
seeks a target address, the rotation rate of a spindle
motor must be changed from the rotation rate for -the
30 present addréss to that for the target address.
FIG. 1 shows time charts .for explaining the
seek operation in the conventional CD-ROM reproducing
device with the CLV system.
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-T21 111 up/ sl ow-down control data to the speed-up/slow down controller
to set the speed-up/slowdown control voltage to O V. Thus, during the
reproduction operation, the CLV control voltage is supplied as the 5 —
rotation-rate control voltage to the spindle-notor driver 24, so that the
spindle motor 23 is controlled to_mgintain the reference linear velocity
which is determned by the referencé clock. FIG 6 shows a flowhart for
expl ai ning 10 procedures of the seek operation. Wen the CPU 46 receives
t he commands ‘'to seek the target address and to reproduce fromthe external

device, the seek operation starts. ) )
I In the conventional CD-ROM reproducing

dévice, for accessing any address on the disk to
) réproduce the data at the address, after the optical
pickup is reached near the target track, the rotation
5 rate of the disk is controlled by use of the EFM signal
which is read out from the data near the target track.
Therefore, for the seek operation for which the optical
pickup is transited to access the other track, it
takes the transition time of the pickup and the control
10 time of the disk to reach the proper disk rotation
rate, and there is thus the problem of a long time
required for the seek operation. ,
An example of the above-mentioned operation
is shown as EX. 1 in FIG. 1. At time t,, the pickup
15 starts to transit. At time t;, the pickup stops
transiting. After that, the rotation rate of the disk
is adjusted to the specified linear velocity by the EFM
signal which is read out. From time t;, the data.can
be reproduced by synchronizing to the EFM signal being
20 read out. Therefore, it takes a long time (t; to t;)
to achieve the proper disk rotation rate, which thus
causes the seek time to increase. )
' Alternatively, systems in which the disk
rotation rate is controlled during transition of the
25 pickup, have been proposed. For example, disk rotation
‘rates for positions in the radial direction of the disk
can be previously memorized. Thereby, during the seek
operation, the disk rotation rate can be controlled to
- the proper rotation rate for the target track during
30 the transition of the optical pickup. For another
-example, the disk rotation rate can be speeded up/slow
down by the time corfespdnding to the distance of the
pickup transition.
This is the replacement sheet
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At a*gtep 101, the CPU 46 cal cul ates a nunber 15 of the.tracks fromthe
present address to the target address. At a step 102, by using the
cal cul at ed nunber of the tracks, the rotation rate of the spindle notor 23
at the target track is calculated. Furthernore, ‘fromthe difference between
the rotation rate of the 20 spindle notor 23 at the present track and at
the target track, the speed-up contfol voltage or the slow down contro

vol tage (the speed-up/slowdown control voltage), and its supplying tine
are calculated. After that, at a step 103, the CPU 46 turns 25 of f the
switch 105 of the spindle-notor servo circuit 44, and supplies the :
speed- up/ sl aw down control Hewevén,t fiersphedpuppssewttiatn thentdadla ead e

whi ch produces ”i‘;‘?)rézpc? s/ Jﬁ(‘* Q?M@PESHEEQt:iXB' £RIENENERN <3 gHIC Ul
at the step 102. us, e control operation is
has been read out by the optical pickup after the
transition of the optical pickup, the disk rotation

5 rate can be adjusted to within a few percent of the
proper rotation rate for the target track during the
transition, but there is still a problem that the seek
time is increased by the adjusting time to exactly
achieve the proper rotation rate. '

10 An example of the above-mentioned operation
is shown as an EX. 2 in FIG. 1. In this exanple, the
rotation rate is controlledq during the pickup
transition during the time ty to t,. However, after
the time t,;, the disk rotation rate is further

15 ~controlled to the specified linear velocity by using
the EFM signal which 'has been read out, and at the time
t, the data can be reprbduced with synchronization to
the EFM signal which has been read out. Therefore, in
this operation it takes time t, to t, for adjusting the

20 disk rotation rate within a few percent of the proper
rotation rate, so that the seek time is increased by
that time.

- Furthermore, a system in which the disk is
contreolled with a constant angular velocity (CAV)

25 instead of the CLV is also proposed. However, in this
system, the difference of the bit rate between the
inside track and the outside track of the disk is 2.5
times at a maximum value, and if the upper limit of the
data transmission speed is equivalent to that of the

30 CLV system, there is a problem that the average of the
data transmission speed is decreased.

It is an object'of this invention to provide
an optical disk device which is capable of reducing the

This is the replacement sheet
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7 i
30 deactivated, but the speed-up/slow down control voltage is apptied-ta

the spindle-notor driver 24 to start the speed-up/slow down control of the
spindle notor 23. At the sane tine, at a step 104, the CPU 46 - 22 - ' |
commands t he pickup control section 27 to deactivate the tracking servo and
to nove the pickup 26 to the target address. During the transition of the
pi ckup 26, the speed-up/sl ow down~céntrol of the spindle notor 5 23 is
perforned by the above speed-up/slowdown control voltage. If the pickup 26
noves to the direction of the outside of the disk 21, the spindle notor 23
Is controlled to slowdown, while if the pickup 26 noves

1 seek time in the seek operation without degradation of

the data transmission speed, in which the disadvantages
-described above are eliminated.
Accordlng to one aspect of the present

5 invention, there is provided an optical disk device,
wherein the optical disk device generates reproduced
data based on a reproduced digital signal which is
derived by tracking a track on an optical disk with an
optical pickup, the device comprises bit-frequency-

10 information generation means for measuring a bit
frequency of the reproduced digital signal after
transition of the optical pickup in a seek operation,
and for generating measured-bit-frequency information
which indicates a measured bit frequency measured

15 thereby, bit-frequency setting means for correcting, if
there is a difference between the measured bit
frequency and a specified bit frequency, the measured-
bit-frequency information so as to adjust the bit
frequency of the reproduced digital signal to the

20 specified bit frequency by a given amount of
correction, and for producing a corrected measured bit
frequency as setting-bit~frequency information, and a
PLL circuit for generating a synchronization clock
which is phase synchrbnized to the reproduced digital

25 signal and is used for generation of the reproduced
data by means of settlng the bit frequency indicated by
the settlng-blt-frequency information to a free-run
frequency of the PLL circuit.

According to another aspect of the present

30 invention, there is provided the above optical disk
device further comprising disk driving means for
‘'rotating the optical. disk based on a rotation control
sighal, speed-up/slow-down signal generation means for

This is the replacement sheet
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td the direction of the inside of the disk 21, the 10 spimndtemotor 2377S
controlled to speedup. .At a step 105, the CPU 46 nonitors whether the
supplying tine of the speed-up/slowdown control voltage has passed or not,
and if the supplying tine has passed, the CPU 46 proceeds to a step 106. 15
At the step 106, the CPU 46 supplies_the speed-up/slowdown control data to
t he speed-up/ sl ow down control l er4%,”so as to set the speed- up/ sl ow down
control voltage to O V. Therefore, the rotation-rate control voltage which
is supplied to the spindle-notor 20 driver 24 becones 0O V to stop
supplying the speed- up/slowdown control voltage. As has already been . .
stated, by cBecki ggneratiBhg A sspeedtep tploidt@ownt signalvwhigh dsntrols the

EBLQS'_ 5p7§f or 23 \SugPiildfo | ite @18k QPIVIG Abah8Cabi TRgVRRANEIRion of
the optical pickup in the seek operation and is used to
adjuét a rotation rate of the optical disk to a target

5 rotation rate, reference-clock generation means for
generating a reference clock, a frequency of which is
in proportion to the bit frequency indicated by the
setting-bit-frequency information, in which the
reference clock is used for reproducing the data from

10 the reproduced digital signal, and linear-velocity
control means for supplying a result of comparison of
the synchronization clock with the reference clock as a
linear-velocity control signal to the disk drive means
instead of the speed-up/slowrdOWn signal, in which the

15 linear-velocity control signal controls the rotation
rate of the disk to keep a linear velocity defined by
the reference clock.

According to still another aspect of the
'present invention, there is provided the bptical disk

20 reproducing device, wherein the bit-frequency setting
means generates the.setting-bit~frequency information
by means of correcting the setting-bit-frequency
information by a given amount of correction, which is
determined by taking account of a tracking time of the

25 rotation rate of the optical disk, and also is
determined so that the PLL circuit will not be out of
synchfonization with.the repfoduced digital signal, and
so that the'linear-velocity control means will generate
the linear-velocity control signal compared with the

30 - synchronization clock.

According to the optical disk device
described above, during the transition of the optical
pickup the rotation rate of the optical disk is

This 1s the replacement sheet
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25 control vol tage stops being supplied. At a step 107, after—rﬁ‘—CPU—_———__—

detects that the transition distance of the pickup 26 has reached the
nunber of the tracks calculated at the step 101, the CPU 46 ‘commands the

pi ckup control section 26 to 30 stop the pickup transition, and activates
the tracking servo. \Wen the tracki mg-servo is activated, the EFMsignal is
obtained by the digitizing circuit 34. In - 23 - 1  the 11T-neasuring
circuit 39, the 11T pulse is neasured fromthe EFM signal, and the

11T- measurenent data is supplied to the frequency-setting circuit 40 and

the 1 adjusted to the target rotation rate by the speed-
up/slow~down signai,'and after the adjustment of the
rotation rate by the speed-up/slow~down signal the
measured bit frequency of the reproduced digital_signal

5 is set to the free-run frequency of the PLL circuit, so
that the PLL circuit can be synchronized to the
reproduced digital signal in a extremely‘shbrt time.
And the reference clock for reading out the data and
determining the reference linear velocity can be

10 generated in an extremely short time based on the
measured bit frequency information. The above makes it
possible to reproduce the data in an extremely short
time after the transition 6f the optical pickup, so
that the seek operation time is reduced compared to the

15 conventional device.

Since the data is reproduced with the
constant linear velocity, it is possible to get th
same data transmission rate as that of the conventional
reproducing device with the CLV system.

20 Furthermore, based on the measured-bit-
frequency information and the specified-bit-frequency
information, the free-run frequency of the PLL circuit
and the frequency of the reference clock are corrected,
so that these corrections enable the linear velocity of

25 the disk to be corrected to the specified linear
velocity, and thus the data transmission rate can be
adjusted to the.specified data fraﬁsmission rate.-

-In addition, without extending the
acquisition frequency range of the PLL circuit, and

30 without extending_the phase error range for the
operation of the linear-velocity control means, it is
p0551b1e to normally correct the linear velocity of the
opt1ca1 disk to the spec1f1ed linear velocity.

eet
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chu 46. 5 . In the frequency-setting circuit 40, the bit
frequency is derived fromthe 11T-neasurenent data as the setting bit
frequency, and which is set to the free-run frequency of the PLL circuit
36. In this way, the PLL circuit 36 may produce in a short tine the 10
synchroni zati on cl ock which is sypcyrgnized to the EFM signal. At the sane
time, the frequency-setting circuit® 40 supplies the reference-clock control
data to the reference-clock generation circuit 41, in which 15 this
control data indicates the frequency in proportion to the setting bit
frequency derived fromthe | T- measurenent data. Thereby, the

ref erence- clock gener ati on Q§heriebracke rndt Earther, Epatures efothke n

proportion to theregehthdmidnfi&YURITY be apparent from the following
detailed description when read in conjunction with the
accompanying drawings.

5 ~ FIG. 1 shows time charts for explaining a
seek operation of a conventional CLV type CD-ROM
reproducing device;

FIG. 2 shows a block diagram for explaining a
principle of the configuration according to the present

10 invention;

FIG. 3 is a block diagram showing a
.configuration of the CD-ROM reproducing device of a
first embodiment according to the present invention;
' FIG. 4 is a block diagram showing a

15 configuration of an 11T-measuring circuit of the first
embodiment; i

; FIG. 5 is a block diagram showing a
configuration of a spindle-motor servo circuit of the
, first embodiment; _

20 FIG. 6 is a flowchart for explaining an
operation procedure of the seek operation of the first
embodiment;

FIG. 7 is time charts for explaining the seek
operation of the first embodiment; and

25 FIG. 8 is a block diagram showing a
configu;ation of a frequency-correction indicating
circuit in a second embodiment according to the present
invention. '

First, a description will be given of the

30 principle of an optical disk device according to the
present invention, by referring to FIG. 2. FIG. 2
shows a basic configuration of the optical disk device.
In this device, from an optical disk 1 in which digital

-
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26 In this way, after the transition of the pickup—26,when the
EFM signal is generated, the PLL circuit 36 can be phase synchronized to
the EFM signal in a extrenely short tinme, and the reference clock can be

si mul t aneously generated at the frequency 25 corresponding to the bit
frequency of the EFM signal. After ghe synchronization between the PLL
circuit 36 and the. EFM signal, the signal processing circuit 42 is capable
of denodul ating the EFM signal and reading out the signal by using the
synchroni zation 30 clock and the reference clock. The specified |inear

LeR Ly DA SRy PR SRS ERRY Bt vien o
constant recording density, a reproduced signal is
generated by an optical pickup 2. A digitizing unit 3
generates a digitized reproduced signal.

5 A disk driving unit 4 rotates the optical
disk based on a rotation control signal.

A speed-up/slow-down signal generation unit 6
generates a speed-up/slow-down signal which is supplied
to the disk driving unit 4 during transition of the

10 optical pickup in a seek operation and is used to
adjust a rotation rate of the optical disk 1 to a
target rotation rate. -

A bit—frequency-iﬁformation generation unit 7
measures a bit frequency of the reproduced digital

15 signal, and generates measured-bit-frequency
information which indicates a measured bit frequency,
just after the adjustment by the speqd-up/slow-down
signal.

In a bit-frequency setting:unit 8, if‘there

20 is a difference between the measured bit frequency and
a specified bit frequency, the measured-bit-frequency
information is corrected so as to adjust the bit
frequency of the reproduced digital signal to the
specified bit frequency by a given amount of

25 correction, and is produced as setting-bit-frequency
information indicating a correcting bit frequency. 1In
the difference between the measured bit frequency and
the specified bit frequency is less than a given value,
the bit-frequency setting unit 8 directly produces the

30 measured-bit-frequency information supplied from the
bit-frequency-information generation unit 7.

A PLL circuit 10 generates in a short time a
synchronization clock which is phase syncﬁronized to

This is the replacement sheet.
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- 24 -1 At a step 108, the CPU 46 derives the difference between the——

11T- measurenent data and the specified 11T- pul se data, and cal cul ates the

di fference between the specified bit frequency and the nmeasured bit

frequency 5 derived fromthe 11T-neasurement data to produce the

frequency-correction value. At a_sigep 109, by the synchronization o

I ndi cating signal, the CPU 46 determ nes whether the PLL circuit 36 is in

synchroni zation to the EFM signal 10 or not. |If the CPU 46 detects that

the PLL circuit 36 has been in synchronization to the EFM signal, at a step
circuit 44 is turned on

%ﬁgé,tPﬁes v %?%g%gﬂﬁsgﬂcgg gégégghnsﬁae% g#@iEﬁ@@ﬁﬂQfW§?EF§H%pFP%d as
t he bit frequency indicated by the setting-bit-frequency
information to a free-run frequency of the PLL circuit.
' A reference-clock generation unit 9 generates

5 a reference clock, a frequency of which is in
proportion to the bit frequency indicated by the
setting-bit-frequency information. The reference clock
is used for reproducing the data from the'reproduced
digital signal.

10 A linear-velocity control unit 12 supplies a
result of comparison of the synchronization clock with
the reference clock as a lineaf-velocity control signal
to the disk drive unit instead of the speed-up/slow-
down signal, in which the linear-velocity'cqntrol

15 signal controls the rotation rate of the diék to keep a
linear velocity defined by the reference clock.

A switching unit 5 selects the speed-up/slow-
down signal during transition of the optical pickup in
the seek operation, and selects the lineaf-velocity

20 control signal while data is being reproduced. The
switching unit 5 produces the selected signal as a
rotation-rate control signal.

Reproduced data generation unit 11 generates
the reproduced data from the reproduced digital signal

25 by using the synchronlzatlon signal and the reference
clock.

In this cohfiguration, tﬁé-seek operétion, in
which the optical pickup transits the track of the disk
is shown as follows:

30 (a) the optical pickup 2 is moved to the
target track, and during transition of the optical
pickup 2 in the seek operation, a speed-up/slow-down
signal is supplied to the disk driving unit 4 to adjust

This is the replacement sheet
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activate the CLV control. As a result of the speed-up/slowdown control of
the spindle notor 23, if there is a difference between the q ntrol | ed
rotation rate and the proper 20 rotation rate -at the target track,
thereby the 11T- neasurenent data ipp different fromthe specified 11T-
pul se data, and the reference clock is also deviated fromthe specified
frequency corresponding to the specified |inear velocity (i.e. the
specified bit 25 frequency) according to the abovF di fference. As has

al ready been st | e [ LS.cQntro n a )
consta%t I?hearq%?ﬁ%%%?goﬁgggggoﬁg?ﬁgeréﬁg#e%cg%bFbgkﬁgg%fdg%#%giﬁﬁthe 117-
measur enent dat £3%®i he ti me when the speed-up/slow 30 down contro

vol tage stopped being suppfbfda bit frequency of a reproduced digital
signal which is reproduced from the disk 1 with the

15 rotation-rate control voltage to the spindl e-notor driﬁEr 24 to

5 optical pickup 2 is measured just after the adjustment
of the rotation rate by the speed-up/slow-down signal,

(c) the measured bit frequency is set to a
free-run frequency of the PLL circuit 10 through the
bit-frequency setting unit's, and a synchronization

10 clock which is synchronized to the reproduced digital
signal based on the free-run frequency is generated in
a short time in the PLL circuif 10, |

(d) the measured bit frequency is supplied to

the reference-clock generation unit 9, and a reference
15 clock which is used to reproduce the data from the
reproduced digital signal is generated,

(e) a resulF of comparison of the
synchronization clock with the reference clock as a
linear-velocity control signal is supplied to the disk

20 driving unit 4 instead of the speed-up/slow-down signal
just after the synchronization of the PLL circuit 10,
and the rotation rate of the disk 1 is controlled to
keep a linear velocity defined by the reference clock,

(f) the data is reproduced based on the

25 reference clock in the reproduced data generation unit
11,

(9) éorrecting the measured bit frequency by
a given amount of correction in the bit-frequency
setting unit 8 so as to adjust the bit frequency of the

30 reproduced.digital signal to a specified bit frequency
if there is a difference between the measured bit
fréquency and the specified bit frequency, and
producing the corrécted measured bit frequency as a
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T%eref%re, I f the 11T-neasurenent data deviates fromthe sp%ETTTéd‘**-————____

11T-pul se data, the linear velocity which- is being maintained al so
deviates fromthe specified - 25 -1 | i near velocity. Sequenti al
procedures of a step 111 to a step 113 are used to correct the |inear

vel ocity. Once the conmand for theiftr equency correction fromthe CPU 46 is
5 supplied to the frequency-setting circuit 40, the reference frequency
and the free-run frequency are corrected, and thereby the rotation rate of
the spindle notor 23 is corrected to get the specified linear velocity.

1 setting bit frequency indicating correcting bit
frequency, and

(h) correcting the free-run frequency of the
PLL circuit 10 and the reference clock of the

5 reference-clock generation unit 9 according to the
setting bit frequency, -

wherein the-;Eep (g)'and the step (h) are
repeated until the difference between the setting bit
frequency and the specified bit frequency is less than

10 a given value. ' .

The above-mentioned procedures enable fast
synchronization of the PLL circuit 10, and thus it is
possible to reproduce the data in an extfemely short
time.

15 Particularly, when there is a difference
between the bit frequency just after the transition of
the pickup and a specified bit frequency, the above
additional procedures ((g) and (h)) make it possible to
correct the difference. |

20 In these operations, the bit-frequency
setting unit 8 generates the setting-bit-frequency
information by means of correcting the setting-bit-
frequency information by a given amount of correction,
which is determined by taking account of a tracking

25 time of the rotation rate of the optical disk, and also
is determined so that the PLL circuit 10_will'not be
out of synchronization. with the reproduced.digital
signal, and so that the linear-velocity control unit 12
will generate the linear-velocity control signal

30 compared with the synchronization clock.

Next, a description will be given of a first
embodiment of a CD-ROM reproducing device according to
the present invention, by referring to FIG. 3. FIG. 3
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16 In these corrections to t his Shee ck'and the free-run
frequency, the setting bit frequency, by erence cl ock and the
free-run frequency are determned, is co degree of one

step 15 by the CPU 46. At the step 111, the total anDunt of t he frequency
correction until now at the step 112 3% Subtracted fromthe frequency
correction val ue which has been cal cul ated at the step 108, and the rest of
20 the frequency correction value is conpared with a defined frequency
error. As a result of the conparison, when the rest of the frequency
correction valtue i shoysah COndaQuaa;ndnuoﬁIﬁthQDTRQMernne@uylagrdﬁVlFﬁe

~correction is CeasﬁﬁséﬁetE%-%%h?ﬁ?éﬁﬂéfnkdgichtiE“déhIéﬁé@@& sgELpetion is

-unnecessary. At t _
y hereinbelow), digital signals are recorded by an EFM

system with a constant bit density over the whole area.

5 Therefore, by using the CLV, the digital signals may be
reproduced with a constant bit rate.

A disk driving unit consists of a splndle
motor 23 and a spindle-motor driver 24.
The optical disk 21 is rotated by the spindle

10 motor 23. The spindle motor 23 includes an FG-pulse
generator, in which FG pulses are applied to the
spindle-motor driver 24.

The spindle-motor driver 24 controls a
rotation rate of the spindle motor 23 according to a

15 rotation-rate control voltage (rotation-rate control
signal) which is supplied from a spindle-motor servo
circuit 44. When the spindle-motor servo circuit 44
produées a rotation-rate control voltage of 0 V, the
rotation rate of the spindle motor 23 is maintained at

20 a conétant rotation rate just before the voltage change
to the 0 V. This constant rotation rate is maintained
by fréquency compafison and phase comparison between a
reference signal obtained by dividing a system clock
and the FG pulse.

25 In a pickup control section 27, a focus
control and a tracking control of a pickup 26 (an
optical pickup), and a seek control. which moves the
pickup 26 in a radial'direction of the disk 21, are
carried out in response to commands of a central

30 processing unit (CPU) 46. The pickup control section
27 further produces a tacho-pulse in relation to a
distance which the pickup 26 moves in the radial
direction of the disk 21.
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tfne, t he seek operation is finished. On the other hand, when the rest of

the frequency correction value is nore than the defined frequency error,
the frequency correction at the step 112 is continued. 30 | . At
the step 112, the CPU 46 supplies the frequency correction conmand, which
I ncreases the bit frequency by only_the amount of the correction
corresponding to the one step, to~thé frequency-setting. - 26 - circuit
40. This amount of the correction corresponding to the one step is
selected to be a small value such that the PLL circuit 36 and the spindle-
notor servo circuit 44 are not out of synchronization. - .
1 By the pickup control section 27, for normal

reproduction of the digital signal, the pickup 26 is

controlled to move along a track on the disk 21, and

for the seek operation, the pickup 26 is controlled to
5 transit to a target track.

The CPU 46 is capable of recognizing the
distance which the pickup 26 has transited, by
detecting the tacho-pulse. Therefore, for the seek
operation, the CPU controls the pickup 26 to transit

10 until the CPU may detect the distance from the present
track to the target track by the tacho-pulse.

In another system, it is also possible to
detect the transition distance of the pickup 26 by a

: tracking error signal instead of the tacho-pulse.
15 The pickup 26 applies a laser beam to the
target track of the disk 21, and reads out the signal
recorded on the disk 21 by detecting a reflection of
the laser beam.
In a digitizing circuit_34'(digitizing unit),
20  the read-out signal produced in the pickup 26 is
| amplified and digitally wave-reformed to supply an EFM
signal as a reproduced digital éignal. Activation of
the digitizing circuit 34 is controlled by the CPU 46,
such that after the pickup 26 reproduces the signal by
25 tracking and focusing, the digitizing circuit 34 is
activated.

A PLL circuit 36 produces a synchronization
clock which is phase-locked to the EFM signal supplied
from the digitizing circuit 34. The synchronization

30 clock is a bit clock of the EFM signal.

The PLL circuit comprises a voltage-
controlled oscillator (VCO), a phase comparator which
compares the EFM signal and a VCO clock, a low-pass
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5 Once the frequency-setting circuit 40 receiy

correction command, this circuit increases the setting bit frequency, which
is the base for determning the reference clock and the free-run frequency
of the PLL circuit 36, by one step. Thus, 10 the free-run frequency which
is.indicated by the free- run-frequgncy control data increases by the
~ampbunt of the correction of the bit frequency, and the frequency of the
reference clock which is indicated by the reference-clock control dat a
increases in proportion to 15 the anount of the correction of the bit

b okup 26 the vartucor tREPISS. LR eRd GRnnarancl wind FRSBBIALERFst
suppl i ed is storedhiahdamp2iséesi ag phiaiseeaquancio Mdgd teombera 28w-pass
derived fromthe gipeed 144 BRARYIELEAL 43 S veo, etc. -

' The free-run freguency of the VCO is set by

5 free-run-frequency control data generated in a
frequency-setting circuit 40. And in the VCO, the VCO
clocks which is frequency-controlled based on the phase
-error voltage, is generated.

In the PLL circuit 36, the VCO clock is

10 produced as the synchronization clock. When the free-
run frequency of the VCO is set within a frequency-
acquisition range to the bit-frequency of the EFM
signal, the synchronizatioﬂ clock, which is properly
synchronized to the EFM signal, may be supplied.

15 A synchronization detection circuit 37
determines synchronization between the synchronization
clock and the EFM clock and produces a synchronization
indicating signal which indicates whether the state is
synChronous or asynchronous. In further detail, a

20 frame~synchronization pattern consisting of a pulse
pattern "11T/11T/2T". (T is a bit period), is detected
from the EFM signal, and the synchronization between
the synchronization clock and the frame-synchronization
pattern is measured to produce the synchronization

25 indicating signal. _

In the CD-ROM reproducing device.according to
this embodiment, reproduction of the data is carried
out with a constant linear velocity defined by the
specification over the whole disk area except a short

30 time after the seek operation.

An 11T measuring circuit 39 (bit-frequency-
information generation unit) detects an 11T pulse,
which is the longest pulse in the EFM signal, and
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corrected by one step whenever receiving the frequency correction commnd
Therefore, the 11T-nmeasurenent data whi ch has been changed by the frequency
correction is not utilized. 25 At the step 112, the total

anount of the correction is updated by neans that a correct anount of the
correction corresponding to one stepg s added to the previous total anount
of the correction. At the step 113, after the frequency 30 correction
corresponding to one step, a given waiting tine is set until the tracking
of the spindle nmotor 23 is finished. Once the given waiting time passes,

the operati0f proﬁ&&QﬁrBSC%h%9p5¥%é§‘3%5%%% fY%*ﬁJf%e by using a fast
: system clock. The 11T-measurement data as an output 6f
the 11T measuring circuit 39 is supplied to the
frequéndy-setting circuit 40 and the CPU 46.

5 FIG. 4 shows a block diagram of the
configuration of the 11T measuring circuit 39. In a
peak detection circuit 71, the synchronization pattern
11T, which is the longest pulse in the EFM signal, is
detected in a detection period longer than 1 frame of

10 the EFM signal, and the period of the 11T pulse is
counted by the system clock having a constant frequency
to produce counted ‘data as peak value data.

However, the peak value data generated in the
peak detection circuit 71 may not be the data which

is indicates the period of the 11T pulse depending on
envirgnments, such as dropout, etc. Therefore, by
means of a peak-value averaging circuit 72, a minimum
peak-value detection circuit 73, and a false-detection
determination circuit 74, only the proper peak value

20 data (11T measurement data) may be produced.

In the peak-value averaging circuit 72, given
samples of the peak value data from the peak detection
circuit 71 are averaged to produce average data. In
the minimum peak-value detection circuit 73, the

25 minimum data in the same samples as that for averaging
the peak value data in the peak-value averaging circuit
72;“is detected. This average data and the minimum
data are applied to the false-detection determination
circuit 74. _

30 In the false-detection determination circuit
74, the average data is compared with the minimum data.
In this comparison, if the difference between the data
is equal to or less than a reference value output data
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- 27 - frequency correction is continued. FIG 7 shows tinecharts—for
expl ai ning the seek operation of the CD-ROMreproducing devig¢e of this
enbodi ment. "PI CKUP TRANSI TI ON' indicates on/off 5 operatijon of the
transition of the pickup 26, "ROTATION RATE" indicates the rotation rate of
the spindle nmotor 23, and "FREQUENCY" indicates the frequency of the
synchroni zati on cl ock generated im t¥fe PLL circuit 36. FIG 7 shows an
exanpl e of the seek operation 10 fromthe outside of the disk 21 to its
inside. At tinme to, the pickup 26 starts to transit, and the speed-

up/ sl ow down control of the spindle nmotor 23 simultaneously starts by
suppl yi ng the speid-dptermimedows gaiped dadd,agfhiletde ORE0A:fAbrEhER

[err], the 15 spgefopn/ BhaW AU CH Rl VdALE, SERRSBELAE data is
determined as inadequate data. For determination of
the proper data, the average data is produced as the

5 proper llT-measurement data.

Furthermore, if a maximum peak-value
detection circuit which may detect the maximum data is
installed, it is possible to determine whether data is
proper or not by comparing the average data, the

10 minimum data and the maximum data.

| The 1llT-measurement data is in inverse
proportion to thellinear velocity of the scan area of
the pickup 26 of the disk 26, and thus is in inverse
proportion to the bit-frequency of the EFM signal.

15 This 11T-measurement data from the 11T
measuring circuit 39 is applied to the frequency-
setting circuit 40. In the frequency setting circuit
40, the bit frequency of the EFM signal is derived from
the llT-measurement data and is produced as a setting

20 bit frequency, which is supplied to the PLL circuit 36.
The setting bit frequency is set to a free-run
frequency of the PLL circuit 36. At that time, in the
frequency-setting circuit 40, reference clock control
data which indicates the frequency of the reference

25 clock for reading out, is also produced, and is
supplied to a reference-clock generation circuit 41. 2
frequency which is indicated by the reference-clock
control data is in proportion to the setting bit
frequency. - ' :

30 The frequency-setting circuit 40 and the CPU
46 construct the bit-frequency setting unit. When the
frequency-setting circuit 40 accepts a frequency-
correction command from the CPU 46, the frequency-
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sdpplied, and the pickup 26 simultaneously stops transiting—Just after the——
time [err], the EFM signal is generated by the digitizing cL:cuit 34. And

sequentially, the 11T measurenment data is generated by 20 t he
11T-measuring circuit 39, and the bit frequency ‘derived fromthe EFM signal
.is set to the free-run frequency of .the PLL circuit 36 by the frequency-

. setting circuit 40. And the referenéd ¢l ock corresponding to the

. 11T- measurenent data is generated 25 by the reference-clock generation
“circuit 41. In this way, the PLL circuit 36 can be synchronized to the EFM
~signal in a extrenely short time fromf[err] to [err]. After the tinme [err],
'the signal ptocessehbingreireuib 19 eapxpcesothgemediing hitarfremuency

‘reading out the dgyaa ¢ivéh EPEqhEeRBYCHEE%oTARNBCIHPREHY 1 rfddsdlement
data. Further, in the frequency-setting circuit 40,
the free-run frequency control data which indicates the

5 corrected setting-bit frequency is generatéd, and the
reference-clock control data which is supplied to the
reference-clock generation circuit 41 is also generated
in proportion to the corrected Setting-bit frequency.

The reference-clock generation circuit 41

10 (reference~-clock generation unit) generates the
reference clock at the frequency which is indicated by
the reference-clock control data, and supplies the '
reference clock to a signal processing circuit 42 and
the spindle-motor servo circuit 44. In the signal

15 processing circuit 42, the reference clock is used to
read out the data which has been demodulated. In the i
spindle-motor servo circuit 44, the reference clock is
utilized as a reference to.control the rotation rate of
the spindle motor 23. | '

20 The signal processing circuit 42 (reproduced
data generation unit) accepts the EFM signal from the
digitizing circuit 34, the synchronization clock from
the PLL circuit 36, the synchronization indicating
signal-from the synchronization detection circuit 37,

25 and the reference clock from the reference-clock
generation circuit 41. ' _ _

In the signal processing circuit 42, when the
PLL circuit 36 is synchronized to the EFM signal, the
demodulation of the EFM signal is processed by using

30 the synchronization clock. By the demodulation
processing, the EFM signal, which is constructed with

- data consisting of 14 bits,is transferred to data
consisting of 8 bits, and is stored in a buffer RAM
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starts, nanely for the period fromt2 to t3 (in actuality, this '

be an extrenely short tine), - 28 -1 the spindle notor 23 is

controlled to naintain the constant reference linear velocity which is

determ ned based of the reference clock. In FIG 7, when the pickup 26

stops transiting, the rotation rate of the 5 spindle notor 23 is |ess

than the proper rotation rate, soO 18at for the period from[err] to [err]

the reference linear velocity which is less than the specified |inear

velocity is being maintained. For the period fromt3 to t4, as has already

10 been stated in FIG 6, the free-run frequency of the. :
1 inside the signal processing circuit 42. After the

demodulation, the demodulated data which has been
stored in the buffer RAM, is read out as read-out data
by using the referenceé clock. The read-out data is

5 sent to an external device.

The spindle-motor servo circuit 44 accepts
the synchronization clock and the reference clock.
Furthermore, speed-up/slow-down control data from the
CPU 46 is supplied to a speed-up/slow-down controller

10 45, and is transferred to a speed-up/slow-down control
voltage which is applied to the spindle-motor servo
circuit 44. . _

In the spindle~-motor servo circuit 44, for

_ the reproducing operation; the synchronization clock

15 and the reference clock are respectively divided into

| clocks having an almost the same frequency, the phases
of which are compared with each other. As a result of
the phase comparison, a CLV control voltage is

_ generated to perform CLV control, and is produced as

20 the rotation-rate control voltage. On the other hand,
for the seek operation, the speed-up/slow-down control
voltage which is supplied from the speed-up/slow-down
controller 44, is produced as the rotation-rate control
voltage. The CLV control in the reproducing operation

25. and the speed-up/slow-down control in the seek
operation are changeably switched by the CPU 46. This
rotation-rate control voltage is applied to the
spindle-motor driver 24.

FIG. 5 shows a block diagram of a

30 configuration of the spindle-motor servo circuit 44.
The spindle-motor servo circuit 44 comprises dividers
101, 102, a phase comparator 103, a low-pass filter -
104, a switch 105, and a summation circuit 10s.
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5 ki
PLL circuit 36 and the frequency of the reference clock are
one step in response to the frequency- correction command fromthe CPU 46.
Therefore, the rotation rate of the spindle notor 23 and thT frequency 15
of the synchronization clock are corrected. At the tine t4l by these
corrections, the rotation rate of- tjge spindle notor 23 may reach the proper
-rotation rate at the target track. In the reproducing operation after that,
the spindle notor 23 is controlled to maintain 20 the specified linear
velocity by the spindle-notor servo circuit 44. As mentioned above, in the

Cransition 5t the pi ckup 2ane A3 vidsls APET LA BeCn (s 1 denti ca
- to the actual bisynchyepieptiions etlduks ethdorcheharelfif-emas uckoekt data, So
that the PLL respectively to be the signals having the almost same
frequency. The divided signals are supplied to the
5 phase comparator 103. The phase comparator 103
compares the phases of the signals coming from the
dividers 101, 102 to produce the phase error voltage.
The phase error voltage passes through the low-pass
filter 104 and the switch 105 and is applied to an
10 input port of the summation circuit 106. . The speed-
up/slow-down control voltage coming from the speed-
up/slow-down controller 45 is applied to the other
input of the summation circﬁit 106. An outpﬁt voltage
of the summation circuit 106 is supplied as the
15 rotation-rate control voltage to the spindle-motor
driver 24.
The dividers 101, 102, the phase comparator
103, and the low-pass filter 104 construct the linear-
velocity control unit. The CPU 46 and the speed- |
20 up/slow~down controller 45 construct the speed-up/slow-
down signal generation unit. And the switch 105, the
summation circuit 106, and the CPU 46 construct the
switching unit.
" In the normal reproducing operation, the
25 switch 105 is turned on by the switching signal from
the CPU 46, and the speed-up/slow-down control voltage
is set to 0 V by the speed-up/slow-down control data
from the CPU 46. Thus, the CLV control voltage
supplied from the low-pass filter 104 is sent as the
30 rotation-rate.control voltage to the spindle-motor
driver 24. By the CLV control voltage, the rotation-
rate of the spindle motor 23 is controlled to maintain
the reference linear velocity which is determined by
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5 ¥ . . . . . .
circuit 36 can be synchronized to the EFM signal in a extreﬁefy—§ﬁ6Tf~?TﬁE?—~’—

And this device nmake it possible to generate the reference ¢l ock, which may
determine 30 the reference linear velocity of the disk 21, based on the
11T- measurenent data in a extrenely short tine. The above reasons nake it

. possi ble to begin the reproducing operation of the data in a extrenely -
29 - short time after the transitiorR®f-the pickup 26, so that a very short
“seek tine may be achi eved conpared with that of the conventional device.
“And, the data is reproduced by the CLV 5 control, so this device is
~capabl e a data transmi ssion )

5 1 the reference-clock frequency.

When the pickup 26 transits in the seek
operation, the switch 105 is turned off by the
switching signal from the CPU 46, and the

5 speed-up/slow-down control voltage which is indicated
by the speed-up/slow-down control data from the CPU 46,
is applied to the summation circuit 106. Thus, the
speed-up/slow-down control voltage is sent as the.
rotation-rate control voltage to the.spindle-motor

10 driver 24. By the speed-up/slow-down control voltage,
the spindle-motor 23 is sped up or slowed down during
the transition of the pickup 26.

After the speed-up/slow-down operation, the
speed-up/slow-down control voltage is set to 0 V by the

15 speed-up/slow-down control data from the CPU 46. At
this 'time, the spindle motor 23 is controlled to
maintain the rotation rate at the rate when the speed-
up/slow-down operation finished, by the spindle-motor
driver 24 checking the FG pulses. After that, ﬁhen the

20 PLL circuit 36 is synchronized to the EFM signal, the
switch 105 is turned’'on to be in the CLV control state.

And in the seek operation, the CPU 46
commands the pickup control section 27 to move the
pickup 26 to the target track. The CPU 46 may also use

25 an address data supplied from the signal processing
circuit during the reproducing operation, for
determining the track's position. .

Next, a descriptioh will be given of an
operation of the first embodiment of the CD-ROM

30 reproducing device, by referring to FIG. 6. In the
normal reproducing operation or the stand-by mode when
waiting for any commands from the external devices, the
CPU 46 turns on the switch 105, and supplies the speed-
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rate the sane as that of the conventional CD- ROM reproduci ng device with
the CLV system Furthernore, in this device, based on the 11T-neasurenent

data and the specified 11T-pul se data, - 10 the free-run frequency and the
frequency of the reference clock are corrected in response to the frequency
correction command fromthe CPU 46, Therefore, it is possible to correct

the linear velocity to the speciTi%ﬁ Tinear velocity during data 15
reproduction. The above nakes it possible to change the data transm ssion
rate to the specified data transm ssion rate. And, based on the frequency
correction value which is obtained fromthe 11T-nmeasurenent data and the 20

- speci fi ed MT- pHR/Slan-downeonteot aflatip atPokhpr Speedrupdslowedown -

speed- up/ sl ow dwhtaU T ¥8!d&PetRBUspeed-up/slow-down control
voltage to 0 V. Thus, during the reproduction
operation, the CLV control voltage is supplied as the
5 rotation-rate control voltage to the spindle-motor
driver 24, so that the spindle motor 23 is controlled
to maintain the reference linear velocity which is
determined by the reference clock.
FIG. 6 shows a flowchart for explaining
10" procedures of the seek operation. When the CPU 46
receives the commands to seek the target address and to
reproduce from the external device, the seek operation
starts.
At a step 101, the CPU 46 calculates a number
15 of the tracks from the present address to the target
address. At a step 102, by using the calculated number
of the tracks, the rotation rate of the spindle motor
23 at the target track is calculated. Furthermore,
from the difference between the rotation rate of the
20 spindle motor 23 at the present track and at the target
track, the speed-up centrol voltage or the slow-down
control voltage (the speed-up/slow-down control
voltage), and its supplying time are calculated.
; After that, at a step 103, the CPU. 46 turns
‘25 off the switch 105 of the spindle-motor servo circuit
44, and supplies the speed-up/slow-down controi data to
the sbeed-up/slow-down controller 45 which produces the
speed-up/slow-down control voltage which is calculated
at the step 102. Thus, the CLV control operation is
30 deactivated, but the speed-up/slow-down control voltage
is applied to the spindle-motor driver 24 to start the
speed-up/slow-down control of the spindle motor 23.
At the same time, at a step 104, the CPU 46
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the sﬁpplying time of this control voltage are corrected, Lnese,ge#Feﬁf%Uﬁ§"J'

make it possible to further reduce the degree that the rotation rate of the
25 spindle notor 23 at the finished tinme of the pickup transition is
different fromthe proper rotation rate. This optinization 'of the —
speed- up/ sl ow- down control enables further reduction of the seek operation
time. In regard to the corrections 28f t he 30 cal cul ati on procedure of the
speed- up/ sl ow- down control voltage and the supplying time of this control
voltage, if, just after installing the disk 21 into the CD-RONIreprodUC|ng
device, at the tinme of reading out the TOC - 30 - -
1 commands the pickup control section 27 to deactivate

the tracking servo and to move the pickup 26 to the
target address. During the transition of the pickup
26, the speed-up/slow-down control of the spindle motor

5 23 is performed by the above speed-up/slow-down éontrol
voltage. If the pickup 26 moves to the direction of
the outside of the disk 21, the spindle motor 23 is
controlled to slow-down, while if the pickup 26 moves
to the direction of the inside of the. disk 21, the

10 spindle motor 23 is controlled to speedup.

At a step 105, the CPU 46 monitors whether
the supplying time of the speed-up/slow-down control
voltage has passed or not, and if the supplying time
has passed, the CPU 46 proceeds to a step 106.

15 At the step 106, the CPU 46 supplies the
speed~up/slow-down control data to the speed-up/slow-
down controller 45, so as to set the speed-up/slow~-down
control voltage to 0 V. Therefore, the rotation-rate
control voltage which is supplied to the spindle-motor

20 driver 24 becomes 0 V to stop supplying the speed-
up/slow-down control voltage. ‘As has already been.
stated, by checking the FG pulses, the spindle-motor
driver 24 controls the spindle motor 23 to maintain its
rotation rate at the time when the speed-up/slow-down

25 control voltage stops being supplied.

At a step 107, after the CPU 46 detects that
the transition distance of the pickup 26 has reached
the number of the tracks calculated at the step 101,
the CPU 46 commands the pickup control section 26 to

30 stop the pickup transition, and activates the tracking
servo. |

When the tracking servo is activated, the EFM
signal is obtained by the digitizing circuit 34. 1In
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1 part of the disk 21, the above corrections are sequertiatty carried

out, it may be possible to finish the optim zation of the,

speed up/ sl ow-down control before the actual access. 5

Furthernore, if, by the conmand fromthe CPU 46°to the frequency setting
circuit 40, the frequency which is indicated by the free-run-frequency
control data and the frequency whicB3i's indicated by the reference-clock
control data are respectively fixed to 10 a respective defined frequency,
t he above enables this device to be used for reproducing an audio CD
(CD-DA). FIG. 8 shows a schematic diagram of a frequency-correction

I ndi cating clrcuithdlDibPenagsupihgl cddcuitt Be, CEhROVITe puddieciig m,s\macbf

a second 15  embagdifep) aﬁﬁﬁrg#gga . égﬁ gﬁ@sﬁﬁk—hgﬂgﬂféﬁént_HgiégﬁQ”d

enbodi nent has the Sange configu
supplied to the freguency-setting circuit 40 and the

CPU 46.

5 In the frequency-setting circuit 40, the bit
frequency is derived from the 1l1T-measurement data as
the setting bit frequency, and which is set to the
free-run frequency of the PLL circuit 36. In this way,
the PLL circuit 36 may produce in a short time the

10 synchronization clock which is synchronized to the EFM
signal.

At. the same time, the frequency-setting
circuit 40 supplies the reference-clock control data to
the reference-clock generation circuit 41, in which

15 this control data indicates the frequency in proportion
to the setting bit frequency derived from the 11T-
measurement data. Thereby, the reference-~clock
generation circuit 41 generates the reference clock in
proportion to the setting bit frequency.

20 In this way, after the transition of the
pickup 26, when the EFM signal is generated, the PLL
circuit 36 can be phase synchronized to the EFM signal
in a extremely short time, and the reference clock can
be simultaneocusly generated at the frequency

25 corresponding to the bit frequency of the EFM signal.

After the synchronization between the PLL
circuit 36 and the EFM signal, the signal processing
circuit 42 is capable of demodulating the EFM signal
and reading out the signal by using the synchronlzatlon

30 clock and the reference clock.

The specified linear velocity, namely the
specified 11T-pulse data corresponding to the specified
bit frequency, is stored in the ROM inside the CPU 46.
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first embodi ment except the frequency-correction indicatingcircurt—1io—and
the frequency-correction procedure. 20 The freqguency-correction
indicating circuit 110 conprises a threshold voltage +Vsa, E conpar at or
111a for conparing the phase error voltage which is generatéd fromthe

. phase -conparator 103 of the spindle- notor servo circuit 44 with the
~threshold voltage +Vsa, 25 a thre2fotd voltage -Vsb, a conparator Illb

- for conparing the above phase error voltage with the threshold voltage

. -Vsb, and an OR gate 112 for logically sunm ng the output signals of _
conparators 111a, -111b. 30 The conparator 111a produces a high
| evel signall whent ke sthgsel @8 ) othy otbBgLe i Get 2V88T thBagikkerkheashol d

vol tage +Vsa, Vw“ﬂé%ﬁegi(¥Hgmqf$-me§é&rement data and the specified 11T-
pulse data, and calculates the difference between the
specified bit frequency and the measured bit frequency
5 derived from the 11T-measurement data to produce the
frequency-correction value.

7
s

At a step 109, by the synchronization
indicating signal, the CPU 46 determines whether the
PLL circuit 36 is in synchronization to the EFM signal

10 or not. If the CPU 46 detects that the PLL circuit 36
has been in synchronization to the EFM signal, at a
step 110, the switch 105 in, the spindle-motor servo
circuit 44 is turned on. Thus, the CLV voltage which
is based on the reference clock is supplied as the

15 rotation-rate control voltage to the spindle-motor
driver 24 to activate the CLV control.

As a result of the speed-up/slow-down control
of the spindle motor 23, if there is a difference
between the controlled rotation rate and the proper

20 rotation rate at the target track, thereby the 11T-
measurement data is different from the specified 11T-
pulse data, and the reference clock is also deviated
from the specified fregquency corresponding to the
specified linear velocity (i.e. the specified bit

25 frequency) according to the above difference.

As has already been stated, the spindle motor
23 is controlled to maintain a constant linear velocity
based on the reference clock derived from the 11T-
measurement data at the time when the speed-up/slow-

30 down control voltage stopped being supplied.

Therefore, if the llT-measurement data deviates from
the specified 11T-pulse data, the linear velocity which -
is being maintained also deviates from the specified
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pFoduces a low | evel signal when the phase error - 31 - ynLLage*%§7§iEﬂf"~

to or smaller than the threshold voltage +Vsa. On the other. hand, the
conparator 111b produces a high | evel signal when the phase error voltage

is a negative voltage which is less than the 5 - -threshold voltage -Vsb, —
whil e the conparator 111b produces a | ow | evel signal when the phase error

- voltage is equal to or |arger t harm t4% T hreshol d vol tage -Vsb. The OR gate

112 produces the | ogical 10 summation of the outputs of the conparators

111a, 111b, as the frequency-correction indicating signal. For

1 linear velocity.

Sequential procedures of a step 111 to a step
113 are used to correct the linear velocity. Once the
command for the frequency correction from the CPU 46 is

5 supplied to the freguency-setting circuit 40, the
reference frequency and the free-run frequency are
corrected, and thereby the rotation rate of the spindle
motor 23 is corrected to get the specified linear
velocity. . ,

10 In these corrections to the reference clock
and the free-run frequency, the setting bit frequency,
by which . '
the reference clock and the free~run frequency are
determined, is corrected by a small degree of one step

15 by the CPU 46.

‘ At the step 111, the total amount of the
frequency correction until now at the step 112 is
subtracted from the. frequency correction value which
has been calculated at the step 108, and tﬁe rest of

20 the frequency correction value is compared with a
defined frequency error. As a result of the
comparison, when the rest of the frequency correétion
value is equal to or less than the defined frequency
error,'fhe correction is ceased by the determination

25 that a further correction is unnecessary. At this
time, the seek operation is finished. On the other
hand, when the rest of the frequency correction value
is more than the defined frequency error, the frequency
correction at the step 112 is continued.

30 At the step 112, the CPU 46 supplies the
frequency correction command, which increases the bit
frequency by only the amount of the correction |
corresponding to the one step, to the frequency-setting

;mmbﬂmWMmWMMSMm
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exanpl e,- if the phase error voltage is equal to or |ess tharthe—threshoted———
voltage +Vsa, and is equal to or |arger than the threshold voltage -Vsb,

t he frequency- 15 correction indicating signal is to be a lowlevel. This
frequency-correction signal is supplied to the CPU 46. In this second

enbodi ment, in the frequency correchigon process at the steps 111 to 113 of

the seek 20 operation of the first enbodinent in FIG 6, the CPU 46

supervi ses the frequency-correction indicating signal after the frequency
correction by one step, and proceeds to the next frequency correction by

one SLoP, duey Lo e LLERURY BRELESAN B SR IIAlaRe, (LN

frequency dlffereooerbspmﬂdnnghto the one step is selected to be a small
value such that the PLL circuit 36 and the spindle-
motor servo circuit 44 are not out of synchronization.

5 once the ffequency-setting circuit 40
receives the frequency correction command, this circuit
increases the setting bit fregquency, which is the base:
for determining the reference clock and the free-run
frequency of the PLL circuit 36, by one step. Thus,

10 the free-run frequency which is indicated by the free-
run-frequency control data increases by the amount of
the correction of the bit frequency, and the frequency
of the reference clock which is indicated by the
reference-clock control_data increases in proportion to

15 the amount of the correction of the bit frequency.

In the frequency-setting circuit 40, after
the transition of the pickup 26, the value of the 11T-
measurement data which has been first supplied is
stored, and the setting bit frequency which has been

20 derived from the stored 11T-measurement data is
corrected by one step whenever receiving the frequency
correction command. Therefore, the 1l1T-measurement
data whichrhas been changed by the frequency correction
is not utilized.

25 At the step 112, the total amount of the
correction is updated by means that a correct amount of
the eorreetion corresponding to one step is added to
the previous total amount of the correction.

At the step 113, after the frequency

30 - correction corresponding to one step, algiven_waiting
time is set until the tracking of the spindle motor 23
is finished. Once the given waiting time passes, the
operation proceeds back to the step 111, and the
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synchronlzatlon cl ock frequency (the current bit frequency of“rﬁe’EfWr——”'-~P

signal) and the corrected bit 30 frequency (corresponding to the

frequency of the reference clock) - even if the frequency correction by .
one step is sequentially carried out, the value such that the PLL circuit

36 and the spindle-notor servo - -282- 1 circuit 44 are not out of

- synchroni zation, the frequency-correction indicating signal could be at a
low | evel . In the second enbodi nent, conpared with the 5 first

enbodi nent that the given waiting time is set every tine the frequency

correction Qy OngrghfiBnky . correction is continued. .

FIG. 7 shows timecharts for explaining the
seek operation of the CD-ROM reproducing device of this
embodiment. "PICKUP TRANSITION" indicates on/off

5  operation of the transition of the pickup 26, "ROTATION
RATE" indicates the rotation rate of the spindle motor
23, and "FREQUENCY" indicates the frequency of the
synchronization clock generated in the PLL circuit 3s6.

FIG. 7 shows an example of the seek operation

10  from the outside of the disk 21 to its inside. At time
t0, the pickup 26 starts to transit, and the speed-
up/slow-down control of the spindle motor 23
simultaneously starts by suéplying the speed-up/slow-
down control voltage to the motor. At time t,, the

15 speed-up/slow-down control voltage stops being
supplied, and the pickup 26 simultaneously stops
transiting. Just after the time tl, the EFM signal is
generated by the digitizing circuit 34. Aand
sequentially, the 11T measurement :data is generated by

20 the 11T-measuring circuit 39, and the bit frequency
derived from the EFM signal is set to the free-run
frequency of the PLL circuit 36 by the fragquency-
setting circuit 40. And the reference clock
corresponding to thelllT-measurement'data is generated

25 by the reference-clock generation circuit 41.

In this way, the PLL circuit 36 can be .
synchronized to the EFM signal in a extremely short
time from t; to t,. After the time t,, the signal
processing circuit 42 is capable of demodulating and

30 reading out the data. .

Until the frequency correction by the CPU 46

- starts, namely for the period from t, to t, (in
actuality, this period may be an extremely short tine),
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carried out, it is possible to performthe frequency correction in a

further short tinme. As described above, the present inventions 10 have
the following features. After the transition of the optical !pi ckup, the PLL
circuit can be synchronized to the reproduced digital signal in a extrenely
short -tinme. And the reference clockagor reading out the data can be 15
generated in a extrenely short tinme based on the neasuredrbit-frequency

i nformati on, and the above makes it possible to reproduce the data in a
extrenely short tinme after the transition of the optical pickup, so that

the seek opegrati ti | r 2 nti Qna
devi ce. Andithe ggfhsggl#g%%o ué%g %?t giﬁ%n%%%%ggﬁtgPiH§§B¥§&%bgﬁF§,
therefore it i s FOdStand mefipnende linear velocity which is determined

based of the reference clock. In FIG. 7, when the
pickup 26 stops transiting, the rotation rate of the

5 spindle motor 23 is less than the proper rotation rate,
so that for the period from t, to t; the reference:
linear velocity which is less than the -specified linear
velocity is being maintained. |

For the period from t; to t,, as has already

10 been stated in FIG. 6, the free-run frequency of the
PLL circuit 36 and the frequency of the reference clock
are corrected by one step in response to the frequency-
correction command from the CPU 46. Therefore, the
rotation rate of the spindle motor 23 and the frequency

15 of the synchronization clock are corrected. At the
time t4, by these corrections, the rotation rate of the
spindle motor 23 may reach the proper rotation rate at
the target track. In the reproducing operation after
that, the spindle motor 23 is controlled to maintain

20 the specified linear velocity by the spindle-motor
servo circuit 44.

As mentioned above, in the CD-ROM reproducing
device of the first embodiment, just after the
transition of. the pickﬁp 26, the free-run frequency

25 which is identical to the actual bit frequency is set
based on the ll1T-measurement data, so that the PLL
circuit 36 can be synchronized to the EFM signal in a
extremely short time. And this device make it possible
to generate the reference clock, which may determine

30 the reference linear velocity of the disk 21, based on
the 1lT-measurement data in a extremely short time.

The above reasons make it possible to begin:
the reproducing operation of the data in a extremely
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same data transm ssion rate as that of the conventional reproducing device
with the CLV system 25 : Furthernore, based on the neasured-bit-
frequency information and the specified-bit-frequency information, the
free-run frequency of the PLL circuit and the frequency of the reference
clock are corrected, so that thesexgotrections enable the |inear velocity
of 30 the disk to be corrected to the specified linear velocity, and thus
the data transm ssion rate can be adjusted to the specified data

transm ssion rate. In addition, wthout extending the -33- 1

acquisition freguenty didle et RO SAL N &n 8P%ne pickup 26, so
that a very short seek time may be achieved compared
with that of the conventional device.
And, the data is reproduced by the CLV-

5 control, so this device is capable a data transmission
rate the same as that of the conventional CD-ROM
reproducing device with the CLV systemn.

Furthermore, in this device, based on the
llT-measurement data and the specified 11T-pulse data,
10 the free-run frequency and the frequeney of the
reference clock are corrected in response to the
frequency correction command from the CPU 46.
Therefore, it is possible to correct the linear
velocity to the specified linear velocity during data
15 reproduction. The above makes it possible to change
the data transmission rate to the specified data
transmission rate. i
And, based on the frequency correction value
which is obtained from the 11T-measurement data and the
20 specified 11T-pulse data, once the calculation _
procedure of the speed-up/slow-down control voltage and
the supplying time of this control voltage are
corrected, these corrections make it possible to
further reduce the degree that the rotation rate of the
25 spindle motor 23 at the finished time of the pickup
transition is different from the proper rotation rate.
This optimization of the speed-up/slow-down control
enables further reduction of the seek operation time.
. In_regardfto the corrections of the
30 calculation procedure of the speed-up/slow-down control
voltage and the supplying time of this control voltage,
if, just after installing the disk 21 into the CD-ROM
reproducing device, at the time of reading out the TOC
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wi t hout  extendi ng the phase-error range for the operation of,fﬁE““““—-——~——_
| i near-vel ocity control unit, it is possible to normally corjrect the |inear
velocity of the 5 optical disk to the specified linear velocity.

Further, the present invention is not limted to these enbodi nents, but

various variations and nDdificatL09§ may be made w thout departing fromthe
scope of the present invention. 10 15 20 25 30 :

1 part of the disk 21, the above corrections™ are
sequentially carried out, it may be possible to finish
the optimization of the speed-up/slow-down control
before the actual access.

5 Furthermore, if, by the command from the CPU
46 to the frequency-setting circuit 40, the frequency
which is indicaﬁed by the free-run-frequency control
data and the frequency which is indicated by the
reference-clock control data are respectively fixed to

10 a respective defined frequency, the above.enables this
device to be used for reproducing an audio CD (CD-DA).

FIG. 8 shows a schematic diagram of a

frequency-correction indicafing circuit 110 being

: installed in the CD-ROM reproducing device of a second

15 embodiment according to the present invention. The

i second embodiment has the same configuration as the
first embodiment except the frequency-correction |
indicating circuit 110 and the frequency-correction
procedure.

20 The frequency-correction indicating circuit
110 comprises é threshold voltage +Vsa, a comparator
11ia for comparing the phase error voltage'which is
generated from the phase comparator 103 of the spindle-
motor servo circuit 44 with the threshold voltage +Vsa,

25 a threshold voltage -Vsb, a comparator 111b for
domparing the above phase error voltage with the
threshold voltage -Vsb, and an OR gate 112 for
logically summing the output signals of comparators
111a, 111b.

30 | The comparator llla produces a high level
signal when the phase error voltage is larger than the
threshold voltage +Vsa, while the comparator 1lila
produces a low iével signal when the phase error
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- 34 - CLAIMB 1. An optical disk device generating reproduceddatabased——
on a reproduced digital signal which is derived by tracking a track on an
optical disk with an optical pickup, the device conprising:
bit-frequency-information generation nmeans for measuring a bit frequency of
sai d reproduced digital signal after transition of said optical pickup in a

. seek operation, and for generatinhg3keasured-bit-frequency i nformation which
indicates a measured bit frequency neasured thereby; bit-frequency setting
means for correcting, if there is a difference between said measured bit
frequency and a specified bit frequency, said nmeasured-bit-frequency

i nfformati od so &oltagedjisstedurl btd ér esmehyr othani dheephedstd i gita

[ ef j ' t._of correcti and
ot oduci ng & cor peatey et ed Bl O ot hifl SPRE befppt e amp
i nformati on; an®r@dmCescia huigh flevekmigna hgvizenyhber phaseat ieawoa ock which
i s phase synchr q@lzeded Gs5ai %éfé&%%@é@é t@hishopal 128 khaysedd or
generatlonsof S%h%e%%@ﬁ%ﬁ%ﬁffLaéﬁEié%%j“ﬁﬂ?ﬁe the comparator 111b

produces a low level signal when the phase error

voltage is equal to or larger than the threshold

voltage -Vsb.

N The OR gate 112 produces the logical

10 summation of the outputs of the comparators 1ila, 111b,

as the frequency-correction indicating signal. For

example, if the phase error voltage is equal to or less

than the threshold voltage +Vsa, and is equal to or

larger than the threshold voltage -Vsb, the frequency-
15 correction indicating signal is to be a low level.

This frequency-correction signal is supplied to the CPU

46. i

In this second embodiment, in the frequency

borrection process at the steps 111 to 113 of the seek
20 operation of the first embodiment in FIG. 6,'the CPU 46
supervises the frequency-correction indicating signal
after the frequency correction by one step, and
proceeds to the next frequency correction by one step -
due to the frequency-correction indicating signal
25 falling down to the low level.

The thresholds +Vsa, -Vsb are set so that
when the'frequency difference Between the
synchronization clock frequency (the current bit
frequency of the EFM signal) and the corrected bit

30 frequency (corresponding to the frequency of the
reference clock) is, even if the frequency correction
by one step is sequentially carried out, the value such
that the PLL circuit 36 and the spindle-motor servo

| el
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e
of éét}ing the bit frequency indicated by said setting-bit-{nequency

information to a free-run frequency of the PLL circuit. 2. - The optical

di sk device as clained in claim1l, further conprising: disk driving means
for rotating said optical disk based on a rotation control signal

speed- up/ sl ow down si gnal genenﬂ3£n1neans for generating a

speed- up/ sl ow- down signal which i's" supplied to said disk driving nmeans
during transition of the optical pickup in said seek operation and is used
to adjust a rotation rate of said optical disk to a target rotation rate;

r ef er ence- clock eneration neans for generatin gba.reference clock, a

frequency Yof WHESHE 44 ALHAAL AR cP%aﬁXPCHT n}zattABy FR8i cat ed by sai d

setting-bit-fregeeendyydiridtion amhicfhmtmﬂsi@ﬁaleéeﬁmacaech@c& is used
for reproducin thﬁﬁgagg fromsaid reproduced digital signal; and

| i near-vel ocit ‘means for supplying a result of conparison of said
synchroni zati on clock\Mtﬂnsﬁheiseﬂaﬂdﬂumbmﬂxmﬂnhs aompaeed wélthc the

control signal ai lna qgﬁp nﬁg

speed- up/ ?I oW vvn sFS“n%d%h“e V‘{ tc‘h'{ |near- |OCI élgor?terol si gnal

controls the r@veryorkime &he ﬁnﬁgu#nﬂytQP&@E&#%P@lhEaPHQeS ept ySdef i ned
carried out, it is possible to perform the frequency

correction in a further short time.

As described above, the present inventions

10 have the following features. -

After the transition of the optical pickup,
the PLL circuit can be synchronized to the reproduced
digital signal in a extremel§ short time. And the
reference clock for reading out the data can be

15 generated in a extremely short time based on the
measuredrbit-frequency information, and the above makes
it possible to reproduce the data in a extremely short
time after the transition of the optical pickup, so
that the seek operation time is reduced compared ‘to the

20 conventional device.

And the data.is reproduced with the constant
linear velocity, therefore it is possible to get the
same data transmission rate as that'of the conventional
reproducing device with the CLV system.

25 Furthermoré, based on the measured-bit-
frequency information and the specified-bit-frequency
information, the free-run frequency of the PLL circuit
and the frequency of the reference clock are corrected,
so that these.corrections enable the linear Velocity of

30 the disk to be corrected to the specified linear

' velocity, 'and thus the data transmission rate can be
adjusted to the specified data transmission r.te.

In addition, without extending the
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EANLE 3

by said reference cl ock. - 35 - 3. The optical di sk device—as—etatned
inclaim2, wherein said bit-frequency setting neans generates the
setting-bit-frequency i nformation by means of correcting the setting-
bit-frequency information by a given amount of correction, which is

determ ned by taking account. of _aszgracking tinme of the rotation rate of the
optical disk, and also is determned so that said PLL circuit will not be
out of synchronization with said reproduced digital signal, and so that
said linear-velocity control nmeans will generate said |inear- velocity

trol I t d h t A
opor ati on et ot Fare £ Ph o xRBUEP R AFaRBR AR Fe el Gtk s i sk
~and reprodu0|ngwubbaubnexhengnngathélphadeveteprcammgeyﬁq;tﬁnesteps of :
()  moving saish@phtssh BECKHE &gnhgﬁ-ba&%&tg %‘fm%ld AHEE NG L rapsTtion

~of the optical pickup In sai eration
- speed- up/ sl ow %PbﬂaFotB°§m§R1Hrerﬁscﬁe§h§ llnear VelOCltY of the
5 optical disk to the specified linear velocity.

Further, the present invention is not limited
to these embodiments, but various variations and
modifications may be made without departing from the
scope of the present invention.

10

15
20
25
30
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to adjust a rotation rate of the disk to I aTigs Shed?

measuring a bit frequency of a reproducecjm‘n Im["[m nylmwl ch naSBeenReplaced
reproduced fromsaid disk with the optical* picckup, nars er» m’”m ”H,I m |
the rotation rate by said speed- up/slow down signal; (c) sett

nmeasured bit frequency to a free=ryggp Lrequency of a PLL circuit, and
generating in a short tinme a synchronization clock which is synchronized to
said reproduced digital signal based on the free-run frequency; (d)

suppl ying neasured bit frequency information to a reference-clock

_ generation]peans and generailﬁﬁh f cl ock which is used for

. reproduci ng the data fron1sa|d——J£e%£U§%§£@ digital signal; (e) supplylng
~a result of conparison of said synchronization clock with said reference
~clock as a linear-velocity control signal to said disk driving neans

. instead of said speed- up/slowdown signal just after the synchroni zation
~of said PLL circuit, and controlling the rotation rate of the disk to keep
a linear vgJocity defined by said reference clock; (f) reproducing the
dat a based on said reference cl ock; égl ﬁ %e timg sai d ne%§ured bi t
frequency by a given ampunt- ohncoPFE 185 a8Vibeadphsrats

reproduced data based on a reproduced digital signal

which is derived by tracking a track on an optical disk
with an optical pickup, the device comprising:

10 bit-frequency-information generation means
for measuring a bit frequency of said reproduced
digital signal after transition of said optical pickup
in a seek operation, and for generating measured-bit-
frequency information which indicates a measured bit

15 frequency'measured'thereby;

bit-frequéncy setting means for correcting,
if there is a difference between said measured bit
frequency and a specified bit fréquency, said measured-
bit-fregquency information so as to adjust the bit

20 frequency of said reproduced digital signal to the
spec1f1ed bit frequency by a given amount of
correctlon, and producing a corrected measured bit
frequency as settlng-blt-frequency information; and

a PLL circuit for generating a

25 synéhronization clock which is phase synchronized to
said reproduced digital signal and is used for
generatioh of said reproduced data by means of setting
the bit frequency indicated by said setting-bit-
frequency information to a free-run frequency of the

30 PLL circuit.
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the specified bit frequency, and produci ng*thé corr'ect’ed neasu

~frequency as a correcting bit frequency information; and (h) c

~free-run fregquency of said PLL circuit and the reference clock of said

ref erence-cl ock generation means” at®ofding to said correcting bit frequency
- information; wherein the step (g) and the step (h) are repeated until the
~difference bet ween sai d correcting bit frequency and said specified bit
frequency is less than a given val ue. - 36 -1 I nformation by a given
anount of dorrection, which is determ ned by taking account of a tracking

t f th t at t f I d
hat Said PLL cirout w2 ndi bRt Ea] BLK a8bicdl 38 biadRlRN Tned <0

claim 1, further comprising:
disk driving means for rotatlng said optical

the bit frequency of said reproduced digi “Tm“mlummﬁ enlg st Hok Been Re laced :
frequency if there is a difference betvvee\ Bmm ‘rﬂi _

5 disk based on a rotation control signal;
speed-up/slow-down signal generation means
for generating a speed-up/slow-down signal which is
supplied to said disk driving means during transition
of the optical pickup in said seek operation and is
10 used to adjust a rotation rate of said optical disk to
a target rotation rate;
reference-clock geperation means for
generating a reference clock, a frequency of which is
in proportion to said bit frequency indicated by said
15 setting-bit-frequency information, in which the
reference clock is used for reproducing the data from
said reproduced digital signal; and
linear-velocity control means for supplying a
result of comparison of said synchronization clock with
20 said reference clock as a linear-velocity control
signal to said disk drive means instead of said speed-
up/slow-down signal, in which the linear-velocity
control signal controls the rotation rate of the disk
to keep a linear velocity defined by said reference
25 clock.

30 3. The optical disk device as claimed in
claim 2, wherein said bit-frequency setting means
generates the setting-bit-frequency information by -
means of correcting the setting-bit-frequency
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5 synchroni zation with said reprod e -si nal , and.so that said
| i near-vel ocity control neans wil | g-e:mi ’ ugmﬂ’ M\ Hr-vel OGM
signal conpared with said synchronizati*Onc " A seek operation :

met hod for noving an optical pickup to a target track of a disk and 15
reproduci ng data on an optical drsBedevice, conprising the steps of: (a)
novi ng said optical pickup to the target track, and during transition of
the optical pickup in said seek operation, supplying a speed-up/slow down
20 signal to disk driving neans to adjust a rotation rate of the disk to
a target rojati ofpEst-Ratibh %Ug‘i%rﬁamohnftr%mﬂﬁ%éﬁtﬁ:ﬂ,emm%

digital signal which is reproduced fromsaid disk with_ ]
determined by taking account of a tracking time of the

rotation rate of the optical disk, and also is
determined so that said PLL circuit will not be out of
5 synchronization with said reproduced digital signal,

and so that said linear-velocity control means will
generate said linear-velocity control signal compared
with said synchronization clock.

1o

4. A seek operation'method for moving an

optical pickup to a target track of a disk and
15 reproducing data on an optical disk device, comprising
the steps of: | ) _

(a) moving said!optical pickup to the target
track, and during!transition of the optical pickup in

- said seek operation, supplying a speed-up/slow-down
20 signal to disk driving means to adjust a rotation rate
of the disk to a target rotation rate;

(b) measuring a bit frequency of a reproduced
digital signal which is repréduced from said disk with
the optical pickup, after the adjustment of the

25 rotation rate by said speed-up/slow-down signal;

(c) setting said measured bit frequency to a
free-run frequency of a PLL circuit,.and generating in
a short time a synchronization clock which is
synchronized to said reproduced digital signal based on

30 the free-rin frequency;

(d) supplying said measured bit'frequency to
a reference-clock generation means, and generating a
reference clock which is used to reproducing the data
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t he optical pickup, af he adj ustnent of the 25 rotatipn‘raie by —said*
speed- up/ sl ow down si gbﬁl‘lmmul‘ﬂ’mm said measured bit frequency to a
free-run frequency of ay ) d generating in a short tine a
synchroni zati on clock which is synchroni zed to said reproduced digital

si gnal based on 30 t he free-run_jggqqency; (d) supplying said neasured
bit frequency to a reference-cl ock generation neans, and generating a

ref erence clock which is used to reproducing the data - 37 -1 from
said reproduced digital signal; (e) supplying a result of conparison of
sai d

1 from said.reproduced digital signal;

(e) supplying a result of comparison of said
synchronization clock with said reference clock as a
-linear-velocity control signal to said disk driving

5 means instead of said speed-up/slow-down signal just
after the synchronization of said PLL circuit, and
controlling the rotation rate of the disk to keep a
linear velocity defined by said reference clock;

(f) reproducing the data based on said

10 reference clock;

(g) correcting said measured bit frequency by
a given-amount of correction so as to adjust the bit
frequency of said reproducéd digital signal to a
specified bit frequency if there is a difference

15 between said measured bit frequency and the specified
bit frequency, and producing the corrected measured bit
frequency as a correcting bit frequency; and

(h) correcting the free-run frequency of said
PLL circuit and the reference clock of said reference-

20 clock generation means according to said correcting bit
frequency; .

wherein the step (g) and the step (h) are
repeated until a difference between said correcting bit
freguency and said specified bit frequency is less than

25 a given value.

30 5. An optical disk device substantially'as
hereinbefore described with reference to and as
illustrated in FIGS. 2 through 8 of the accompanying
drawings.
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synchroni zati on cl'ock wth-said-reference clock as a linear-velocity
control signal [ i jving 5 neans i nstead of said

speed- up/ sl ow c”“"'@lﬂlﬁ"]’i’!ﬂm fter the synchronization of said PLL

circuit, and cortrel | tngs ot at "oA8rate of the disk to keep a |inear J
vel ocity defined by said reference clock; (f) reproducing the data based on
“said 10 reference clock; (g) correcting said neasured bit frequency by a

gi ven anmount of correction so as to adjust the bit frequency of said

reproduced dilgital signal to a specified bit frequency if there is a

difference 15 bet ween saiLd nmeasured bit frequency and the specified bit

frequency, and producing the corrected neasured bit frequency as a
correcting bit frequency; and (h) correcting the free-run frequency of said

5 ' 6. A seek operation method substantialiy as
hereinbefore described with reference to and as
illustrated in FIGS. 2 through 8 of the accompanying
drawings.
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PLL CIrCUIt and the reference cl ock of salrd”1 dbmu& mde|OCk
generation neans according to said correculn I y mheréTﬁ“TTﬁ?
step (g) and the step (h) are repeated until betmeen sai d
correcting bit frequency and said specified bit frequency is less than

a given value. 30 5. An opti8&at di sk device substantially as
her ei nbef ore described with reference to and as illustrated in FIGS. 2
t hrough 8 of "t he acconpanyi ng draw ngs. 5 . 6. A seek

operation nethod substantially as hereinbefore descrlbed with reference to
and as

OPTICAL DISK REPRODUCING DEVICE AND ITS SEEK OPERATION METHOD
ABSTRACT

An optical disk device generating reproduced data based. on a reproduced digital signal
which is derived by tracking a track on an optical disk (1) with an optical pickup (2) is shown.
A bit-frequency;informatidn generation unit (7) measures a bit frequency of the reproduced
digital signal after transition of the optical pickup (2) in a seek operation, and generates
measured-bit-frequency information which indicates a measured bit_ frequency measured
thereby. In a bit-frequency setting unit (8), if there is a differehce between the measured bit
frequency and -a specified bit frequency, the measured—f:it—freiluency information is corrected
50 as to adjust the bit frequency of the reproduced digital signal to tilé specified bit frequency

| by a given amount of correction, and is produced as setting-bit-frequency information.

Fig. 3.
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|IIustrated in FIGS. 2 through 8 of the acconpanying dramnnos 10 15 2025
30 This is the replacenent sheet

1 shows a configuration of the CD—ROM_reproduéing device.
In the CD-ROM disk 21 (which is designated "disk"
hereinbelow), digital signals are recorded by an EFM
system with a constant bit density over the whole area.

5 Therefore, by using the CLV, the digital signals may be
reproduced with a constant bit rate. _

A disk driving unit consists of a spindle
motor 23 and a spindle-motor driver 24.
~ The optical disk 21 is rotated by the spindle

10" motor 23. The spindle motor 23 includes an FG-pulse
generator, in which FG pulses are applied to the
spindle-motor driver 24.

The spindle-motor driver 24 controls a
rotation rate of the spindle motor 23 according to a

15 rotation-rate control voltage (rotation-rate control
signal) which is supplied from a spindle-motor servo
circuit 44. When the spindle-motor servo circuit 44
produces a rotation-rate control voltage of 0 V, the
rotation rate of the spindle motor 23 is maintained at

20 a constant rotation rate just before the voltage change
to the 0 V. This constant rotation rate is maintained
by frequency compafison and phase comparison between a
reference signal obtained by dividing a system clock
and the FG pulse. ' o

25 In a pickup control section 27, a focus
control and a tracking control of a pickup 26 (an
optical pickup), and a seek control which moves the
pickup 26 in a radial direction of the disk 21, are
carried out in response to commands of a central

30 processing unit (CPU) 46. The pickup control section
27 further produces a tacho-pulse in relation to a
distance which the pickup 26 moves in the radial
direction of the disk 21.
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~ OPTICAL DISK REPRODUCING DEVICE AND ITS SEEK OPERATION METHOD

ABSTRACT

~ An optical disk device generating reproduced data based on a reproduced digital
signal which is derived.by tracking a track on an optical disk (1) with an optical pickup (2)
is shown. A bit-frequency-information generation unit (7) measures a bit frequency of the
reproduced digital signal after transition of the optical pickup (2) in a seek operation, and
generates measured-bit—fr'equencj information  which -indicatcs a measured bit frequency
measured thereby. In a bit-frequency setting unit (8), if there is a difference between the
measured bit frequency and a speéiﬁed bit frequency, the mea§ured-bit-frequency
information is corrected so as to adjust the bit frequency-of the reproduced digital signal to
the specified bit frequency by a given amount of correction, and is prociuced as settinngit-
frequency information.

Fig. 3
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According to another aspect of the invention there is disclosed a seek operation method for
moving an optical pickup to a target track of a disk and reproducing data on an optical disk
device, comprising the steps of:

(2) moving said optical pickup to the target track, and during transition of the optical
pickup in said seek operation, supplying a speed-up/slow-down signal to disk driving means
to adjust a rotation rate of the disk to a target rotation rate;

(b) measuring a bit frequency of a reproduced digital signal which is reproduced from
said disk with the optical pickup, after the adjustment of the rotation rate by said speed-
up/slow-down signal;

(c) setting the measured bit frequency to a free-run frequency of a PLL circuit, and
generating in a short time a synchronization clock which is synchronized to said reproduced
digital signal based on the free-run frequency;

(d supplying measured bit frequency information to a reference-clock generation means,
and generating a reference clock which is used for reproducing the data from said
reproduced digital signal;

(¢) supplying a result of comparison of said synchronization clock with said reference
clock as a linear-velocity control signal to said disk driving means instead of said speed-
up/slow-down signal just after the synchronization of said PLL circuit, and controlling the
rotation rate of the disk to keep a linear velocity defined by said reference clock;

() reproducing the data based on said reference clock;

(g) correcting said measured bit frequency by a given amount of correction so as to adjust
the bit frequency of said reproduced digital signal to a specified bit frequency if there is a
difference between said measured bit frequency and the specified bit frequency, and
producing the corrected measured bit frequency as a correcting bit frequency information;
and

(h) correcting the free-run frequency of said PLL circuit and the reference clock of said

reference-clock generation means according to said correcting bit frequency information;
wherein the step (g) and the step (h) are repeated until the difference between said

correcting bit frequency and said specified bit frequency is less than a given value.
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CLAIMS

1.  An optical disk device generating reproduced data based on a reproduced digital
signal which is derived by tracking a track on an optical disk with an optical pickup, the
device comprising:

bit-frequency-information generation means for measuring a bit frequency of said
reproduced digital signal after transition of said optical pickup in a seek operation, and for
generating measured-bit-frequency information which indicates a measured bit frequency
measured thereby; _

bit-frequency setting means for correcting, if there is a difference between said
measured bit frequency and a specified bit frequency, said measured-bit-frequency
information so as to adjust the bit frequency of said reproduced digital signal to the
specified bit frequency by a given amount of correction, and producing a corrected
measured bit frequency as setting-bit-frequency information; and

a PLL circuit for generating a synchronization clock which is phase synchronized to
said reproduced digital signal and is used for generation of said rebroduced data by means
of setting the bit frequency indicated by said setting-bit-frequency iinformation to a free-run
frequency of the PLL circuit. |

2.  The optical disk device as claimed in claim 1, further comprising:

disk driving means for rotating said optical disk based on a rotation control signal;

speed-up/slow-down signal generation means for generating a speed-up/slow-down
signal which is supplied to said disk driving means during transition of the optical pickup in
said seek operation and is used to adjust a rotation rate of said optical disk to a target
rotation rate;

reference-clock generation means for generating a reference clock, a frequency of
which is in proportion to said bit frequency indicated by said setting-bit-frequency
information, and in which the reference clock is used for reproducing the data from said
reproduced digital signal; and

linear-velocity control means for supplying a result of comparison of said
synchronization clock with said reference clock as a linear-velocity control signal to said
disk driving means instead of said speed-up/slow-down signal, and in which the linear-
velocity control signal controls the rotation rate of the disk to keep a linear velocity defined
by said reference clock.
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3.  The optical disk devite as claimed in claim 2, wheréiti said bit-frequency setting
means generates the setting-bit-frequency information by means of correcting the setting-
bit-frequency information by a given amount of correction, which is determined by taking
account of a tracking time of the rotation rate of the optical disk, and also is determined so
that said PLL circuit will not be out of synchronization with said reproduced digital signal,
and so that said linear-velocity control means will gencraie said linear-velocity control
signal compared with said synchronization clock.

4. A seek operation method for moving an optical pickup to a target track of a disk and

reproducing data on an optical disk device, comprising the steps of: _

(a) moving said optical pickup to the target track, and during transition of the optical

pickup in said seek operation, supplying a speed-up/slow-down signal to disk driving means

to adjust a rotation rate of the disk to a target rotation rate;

(b) measuring a bit frequency of a reproduced digital signal which is reproduced from

said disk with the optical pickup, after the adjustment of the rotation rate by said speed-

up/slow-down signal;

(c) setting the measured bit frequency to a free-run frequency of a PLL circuit, and

generating in a short time a synchronization clock which is synchronized to said reproduced

digital signal based on the free-run frequency;

(d) supplying measured bit frequency information to a reference-clock generation means,

and generating a reference clock which is used for reproducing the data from said .

reproduced digital signal;

) supplyiné a result of comparison of said synchronization clock with said reference

clock as a linear-velocity control signal to said disk driving means instead of said speed-

up/slow-down signal just after the synchronization of said PLL circuit, and controlling the

rotation rate of the disk to keep a linear velocity defined by said reference clock;

(f) reproducing the data based on said reference clock;

(2) correcting said measured bit frequency by a given amount of correction so as to adjust

the bit frequency of said reproduced digital signal to a specified bit frequéncy if there is a

difference between said measured bit frequency and the specified bit frequency, and

producing the corrected measured bit frequency as a correcting bit frequency information;

and

(h) correcting the free-run frequency of said PLL circuit and the reference clock of said

reference-clock generation means according to said correcting bit frequency information;
wherein the step (g) and the step (h) are repeated until the difference between said

correcting bit frequency and said speéiﬁed bit freqﬁency_is less than a given value.
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