| DESCRIPTION Disc-shaped Recording Medium, Cutting Apparatus for Same, and Disc drive
Technical Field The present invention generally relates to a disc-shaped recordi rig medium such as
an optical disc, a cutting apparatus for use in production of the disc-shaped recording medium and a
disc drive for recording and/or reproducing data to and/or from the disc-shaped recording medium,
and more particularly to a disc-shaped recording medium having a wobbled track as a pregroove
formed thereon. Background Art To record data to an optical disc which is a disc-shaped recording
medium, a guiding means is required for formingd a recording track. To this end, pregrooves are
preformed on the optical disc and the groove itself or a land, of which the cross section is trapezoidal,
between the prefonned grooves is used atthé RldSFdBY track. Address information has to be
recorded on an optical disc of this type to permit recording of data in a given position on a recording
track on the optical disc. In some cases, such address information is recorded on the optical disc by
wobbling a groove. Namely, a data recording track is preformed as a pregroove for example on the
optical Liise shape dHeetedan gy Mleotithe, Sfagnoeva joheing WebBled«amaspeasdifgleto the address
information. Thus, for recording or reproducing data to or from the optical 2 disc, an address to which
the data is to be written or from which the data is to be read
Technical Field
The present invention generally relates to a disc-shaped recording medium such
as an optical disc, a cutting apparatus for use in production of the disc-shaped
recording medium and a disc drive for recording and/or reproducing data to and/or
from the disc-shaped recording medium, and more particularly to a disc-shaped
recording medium having a wobbled track as a pregroove formed thereon.
Background Art
To record data to an optical disc which is a disc-shaped recording medium, a
guiding means is required for forming a recording track. To this end, pregrooves are
preformed on the optical disc and the groove itself or a land, of which the cross section
is trapezotdal, between the preformed grooves is used as the recording track.
Address information has to be recorded on an optical disc of this type to permit
recording of data in a given position on a recording track on the optical disc. In some
cases, such address information is recorded on the optical disc by wobbling a groove.
Namely, a data recording track is preformed as a pregroove for example on the optical

disc while the lateral wall of the pregroove is being wobbled correspondingly to the

address information. Thus, for recording or reproducing data to or from the optical



can be read from wobbling information provided as return light information, and the data can be
written to a desired position or read from a desired position without having to preform pit data or the
like indicating an address, for example, on the recording track. By additionally recording address
information as a wobbled groove, it will be unnecessary to discretely define an address area on a
track and record an address as pit data in such address area, for example. Therefore, the actual
capacity of the optical disc for recording data can be increased for the address area which is thus
made unnecessary. Absolute time (address) infdrmation represented by such a wobbled groove is
called ATIP (absolute time in pregroove) or ADIP (address in pregroove). Optical discs having such a
wobbletisgrouvedidrene tothdredn inctiade i€ D> REGDH Recor dabie )waD RV (GDaRevwritable)DVD-R,
CD-RW, DVD+RW, etc. In these types of optical discs, however, address information is additionally
recordedrebearead ibben grddienin @ foanaaodiffesenddbm oneutydexta antthenolbihesedtical discs. In
CD-R and CD-RW, the groove is wobbled according to a signal generated by making FM modulation

of addrkss infoboatione AT R iftrndios: dobedded ifr@nwoliblee g mave dormad o GRRICD-RW is
subjected to biphase modulation before the FM modulation as shown in FIG. 1. More specifically, the

biphase meslatigiissuchiaé ALPigaiaasiich as atdsddrers UhegldikentebaRgsH iR state
between "1" and "0" in each predetermined cycle by the
track.

By additionally recording address information as a wobbled groove, it will be
unnecessary to discretely define an address area on a track and record an address as
pit data in such address area, for exampie. Therefore, the actual capacity of the optical
disc for recording data can be increased for the address area which is thus made
unnecessary.

Absolute time (address) information represented by such a wobbled groove is
called ATIP (absolute time in pregroove) ér ADIP (address in pregroove).

Optical discs havéhg such a wobbled groove formed thereon include CD-R (CD-
Recordable), CD-RW (CD-Rewritable), DVD-R, CD-RW, DVD+RW, etc. In these
types of optical discs, however, address information is additionally recoraed as a
wobbled groove in a manner different from one type to another of these optical discs.

In CD-R and CD-RW, the groove is wobbled according to a signal generated by
making FM modulation of address information.

ATIP mnformation embedded in 2 wobbled groove formed on CD-R/CD-RW is

subjected to biphase modulation before the FM modulation as shown in FIG. 1. More

spectfically, the biphase modulation is such that ATIP data such as an address or the



biphase modulation and its ratio between average numbers of"i" and"0" is | : 1, and a wobbling signal
of 22.05 kFlz in average frequency are generated by the FM modulation of the ATIP data. A groove
defining a recording track is wobbled according to such an FM modulation signal. In DVD-RW which is
a phase-change recording-based rewritable version of DVD (digital versatile disc) and DVD-R which is
an organic dye change-based recordable version of DVD, wobbled grooves G are formed as
prefonnatted on the disc and a land prepit LPP is formed in a land between the grooves G, as shown
in FIG. 2. In this case, the wobbled groove is used to control the rotation of the disc and generate a
recording master clock or for similar purposes, and the land prepit is used to determine an accurate
recordifdkpasitharinditimechacuirecr varietyekinformatien labautithertiserl ey & apreraddress
etc. In this case, the pieces of address information themselves are recorded as land prepits LPP, not

as wobblpbafdheodidavon arlfdVRRAYDEMwRIEH s thedhasmbbaneeTECariple yersion ghpVD,

information such as an address is recorded as a groove wobbled based on the phase modulation

(PSK moduiainineosifhaidist PGS I3 3G bW FRIMAIRR TeRIeSaestbY PRASRe FM

modulation-based wobbles of the groove. As shown in FIGS. 3A to 3C, eight wobbles are taken as
one 4 ARIR UL Eaemef sAhgwahhles is phase-modulated for a positive wobble PW and

A groove defining a recording track is wobbled according to such an FM
modulation signal.

In DVD-RW which s a phase-change recording-based rewritable version of
DVD (digital versatile disc) and DVD-R which is an organic dye change-based
recordabie version of DVD, wobbled grooves G are formed as preformatted on the
disc and a land prepit LPP is formed in a land between the grooves G, as shown in
FIG. 2.

In this case, the wobbled groove is used to control the rotation of the disc and
generate a fecording master clock or for similar purposes, and the land prepit is used
to determine an accurate recording position in bits and acquire a variety of information
about the disc such as a pre-address etc. [n this case, the pieces of address information
themselves are recorded as land prepits LPP, not as wobbles of the groove.

In DVD-RAM which is the phase change recordable version of DVD,
information such as an address is recorded as a groove wobbled based on the phase
modulation (PSK modulation) on the disc.

FIGS. 3A to 3C show information represented by phase modulation-based

wobbles of the groove. As shown in FIGS. 3A to 3C, eight wobbles are taken as one



negative wobble NW to take place alternately in a predetermined order, so that the ADIP unit
represents a sync pattern or data "0" or "1". Mote that the positive wobble PW is a wobble whose
leading end is directed toward the inner circumference of the disc, and the negative wobble NW is a
wobble whose leading end is directed toward the outer-circumference of the disc. FIG. 3A shows a
sync pattern (ADIP sync unit). In this sync pattern, the former four wobbles (WO to W3) are negative
ones NW and the latter four wobbles (W4 to W?7) are positive ones PW. FIG. 3B shows an ADIP data
unit being the data "0". In this AD[P data unit, the leading wobble WO is a negative one NW as a bit
sync, it is followed by three wobbles WI to W3 as positive ones PW, and the latter four wobbles

includeAWOP wakbb ot dveod Resiiyh yvebibleduPMe dni bropuehble s BIBAMWIT Asdnegative
ones NW. Thus, the ADIP data unit represents data "0". FIG. 3C shows an ADIP data unit being the

data "liielutiie ADHBIdatAMNY, tike eladinglwakleMEe isFratgsiivee NWe A bty itis
followed by three wobbles WI to W3 as positive ones PW, and the latter four wobbles include two

wobbleg W6 anf Wg_[g%rﬁgggt%@g@ﬁﬁtgfwmgwegm&blepWG and W7 as positive ones PW. Thus,
the ADIP data unit represents data "1". These ADIP units represent together one channel bit, and a

predetermined aumHaeRE YA AR R HRliR TERERERtS SRACAERR OTdhgilikee rd HOWRYEL ihe above

wobbling techniques are not advantageous as follows:
toward the inner cucumference of the disc, and the negative wobble NW is a wobble

whose leading end 1s directed toward the outer-circumfecence of the disc.

FIG. 3A shows a sync pattern (ADIP sync unit). In this sync pattern, the former
tour wobbles (W0 to W3) are negative ones NW and the latter four wobbles (W4 to
W7) are positive ones PW.

FIG. 3B shows .ﬁn ADIP data unit being the data “0”. In this ADIP data unit,
the leading wobble W0 is a negative one NW as a bit sync, it is followed by three
wobbles W1 to W3 as positive ones PW, and the latter four wobbles include two
wobbles W4 and W5 as positive wobbles PW and two wobbles W6 and W7 as negative
ones NW. Thus, the ADIP data unit represents data “0”

FIG. 3C shows an ADIP data unit being the data “1”. In this ADIP data unit,
the leading wobble W0 is a negative one NW as a bit sync, it is followed by three
wobbles W1 to W3 as positive ones PW, and the latter four wobbles include two
wobbles W6 and W7 as negative ones NW and two wobbles W6 and W7 as positive
ones PW. Thus, the ADIP data unit represents data “1”.

These ADIP units represent together one channel bit, and a predetermined

number of such ADIP units represents an address or the like.



First, in case a groove is wobbled according to FM modulation data as in CD-R and CD-RW, the
stroke of a wobble of an adjacent track will cause a phase change of the FM waveform. Thus, in case
the track pitch is reduced, an address as ATIP data cannot be reproduced well. In other words, the
FM modulation data-based wobbling cannot suitably be used in case the track pitch is narrowed for an
improved recording density. Next, in case land prepits are formed as in DVD-R and DVD-RW, the
land prepits may possibly have a cross talk inte a read RF signal, causing a data error and mastering
(cutting) has to be done for the groove and land prepits (2-beam mastering). This is relatively difficult

to implementi faeher, inccaseva gropykrig webhlgdacear dingadvRSKdaia as i y:RW, the RF
component at the phase-change point of a PSK modulation wave may possibly have a crosstalk into a

read RF sigpadscaHsiagenCiiinletiakobisiedsioesrtiad i piansdlitipaidkhagsan exernely high
frequency component, the essential frequency band of a wobbling signal processing circuit system

will beyhighey. fiscleruEg Ok Ener lnvention BMRodineris ofdbe Rigsentds wephian RiQude ardisc-shaped

recording medium in which a groove is wobbled by a wobbling method suitable for an'6 increased

recorgipOraaPAc: AiThimBravedh e RadchRrprierisice @idbeg, res UGings MRdM pagating
apparatus for production of the disc-shaped recording medium, and
cannot be reproduced well. In other words, the FM modulation data-based wobbling
cannot suitably be used in case the track pitch is narrowed for an improved recording
density.

Next, in case land prepits are formed as in DVD-R and DVD-RW, the land
prepits may possibly have a cross talk into a read RF signal, causing a data error and
mastering (cutting) has to be done for the groove and land prepits (2-beam mastering).
This is relatively difficult to implement.

Further, in case a groove is wobbled according to PSK. data as in DVD-RW, the
RF component at the phase-change point of a PSK modulation wave may possibly
have a crosstalk into a read RF signal, causing a critical error.

Also, since the PSK phase shift point has an extremely high frequency
component, the essential frequency band of a wobbling signal processing circuit
system will be higher.

Disclosure of the Invention

Embodiments of the present invention provide a disc-shaped recording medium

in which a groove is wobbled by a wobbling method suitable for an



a disc drive compatible with the disc-shaped recording medium. Disclosed herein is a disc-shaped
recording medium having preformed thereon a spiral, wobbled track as a groove or land along which
data is recorded, wherein the wobble of the track is a series of predetermined signal units each
consisting of an FSK information bit part corresponding to a waveform resulted from FSK (frequency
shift keying) modulation of information bit and a single-frequency part corresponding to the waveform
of a single frequency. For the above disc-shapgd recording medium, two different frequencies are
used in the FSK modulation. One of the frequencies is the same as the single frequency while the

otherifraauentyeisodifferent remthe singpdieduensy.-Lhe s frasusngies A dnslichig selation that

each of them has an even humber of waves and an odd number of waves alternately ina

predefeumnined Qifien & hEXAMRI TR QINef edueRY NasIA FERENRhe HRERQL 144 S times

higher than that of the one frequency. In the FSK information bit part, a 2-Wave period of a frequency

as thg éi?@@iggggmiﬁ%rﬁﬁﬂpﬁ@&ﬁ@Qﬁag%ﬂ%‘ébpﬂti J%Q{ tion bit. The period length of the

FSK information bit part is an integral multiplé of the period of the single frequency. In the
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prede&esr}gﬁigf Grobbled track as a groove or land along which data is recorded, wherein the

wobble of the track is a series of predetermined signal units each consisting of an

FSK mformation bit part corresponding to a waveform resulted from FSK (frequency

shift keying) modulation of information bit and a single-frequency part corresponding

to the waveform of a single frequency.

For the above disc-shaped recording medium, two different frequencies are used
in the FSK modulation. One of the frequencies is the same as the single frequency
while the other frequency is different from the single frequency. These frequencies
are in such a relation that each of them‘ has an even number of waves and an odd
number of waves alternately in a predetermined cycle. For example, the other
frequency has a frequency 1.5 times or 1/1.5 times higher than that of the one
frequency.

In the FSK information bit part, a 2-wave period of a frequency as the single
frequency corresponds to one channel bit as information bit.

The period length of the FSK information bit part is an integral multiple of the

period of the single frequency. In the predetermined unit, the period length of the

single-frequency part is more than about 10 times of that of the FSK information bit



units corresponds to a time length in a recording unit of data to be recorded to the track. The channel
clock frequency of the data to be recorded to the track is an integral multiple of the single frequency.
The frequency as the single frequency is a one between a tracking servo frequency band and read
signal frequency band. The FSK information bit part is formed on the basis of a waveform resulted
from FSK modulation of information bit as address information. The FSK modulation for the FSK
information bit part uses two different frequencies.One of these frequencies is continuous in phase
with the other at the point of shift from one to the other. According to the above disclosure, the FSK
modulatiggeig. an MSK (minimum shift keying) modulation. In the FSK information bit part resulted from
MSK modulation of the information bit, a 4-wave period of the frequency as the single frequency

corresponds to AagFRaNNeh hit@stfrMAliosshik Imthincasel he Pk RferRatienhit-parkiesulted

from MSK modulation of the information bit includes two different frequencies of which the one is the

same as{hR SRR IRARNGY @@Hﬁ@%ﬁ%@ﬁrﬁ 3 Heoventy wdimes fahes thandbe sinolg frgguency.

The 4-wave period mcludes a period of four waves of the one frequency and a period of x waves of
the othegfrgguency and three waves of the one frequency. For example, x = 1.5. 8 According to a
first aspect of the present invention, there is provided a cutting apparatus comprising:

The channel clock frequency of the data to be recorded to the irack is an
integral multiple of the single frequency. The frequency as the single frequency is a
one between a tracking servo frequency band and read signal frequency band.

The FSK information bit part is formed on the basis of a waveform resuited
from FSK modulation of information bit as address information. The FSK modulation
for the FSK information bit part uses two different frequencies. One of these
frequencies is continuous in phase with the other at the point of shift from one to the
other.

According to the above disclosure, the FSK. modulation is an MSK (minimum
shift keying) modulation. In the FSK information bit part resulted from MSK
modulation of the information bit, a 4-wave period of the frequency as the singie
frequency corresponds to one channel bit as information bit. In this case, the FSK
information bit part resulted from MSK modutation of the information bit includes two
different frequencies of which the one is the same as the single frequency and the
other is a frequency x times higher than the single frequency. The 4-wave period
mcludes a period of four waves of the one frequency and a period of x waves of the

other frequency and three waves of the one frequency. For example, x = 1.5.



means for generating a series of predetermined signal units each composed of a signal part resulted
from FSK modulation of information bit and a signal part of a single frequency; means for generating a
drive signal on the basis of the signal supplied from the signal generating means; a laser source
means; means for deflecting laser light from the laser source means on the basis of the drive signal
from the drive signal generating means; and means for cutting a disc substrate by radiating the laser
light to the disc substrate through the laser light deflecting means to form, on the disc substrate, a
wobbled track including a series of predetermined units each composed of an FSK information bit part

based on a waygfgsrdiigsuiedirandpelk modid diescat thecltdornndiiae hitpoddsinglasfreguency part

based on the waveform of the single frequency. Disclosed herein is a disc drive for recording or
reprodugine, dala iaiiFRmthe aforementioned disc-shaped recording medium, the apparatus
including: a head means for radiating laser light to a track to generate a return light signal; 9 means

for extracting a,wahbling signakaleut wehhling ghihedaakdomndha felwnighieisna:anda wobbling

information decoding means for making FSK demodulation of the wobbling signal to decode

informa@ﬁéﬁﬁf?ﬁ?ﬂ%‘gﬁ%wﬁmﬁ@%i%la%iaﬁon of information bit and a signal part of a

single frequency;

means for generating a drive signal on the basis of the signal supplied from the
signal generating means;

a laser source means;

means for deflecting laser light from the laser source means on the basis of the
drive signal from the drive signal generating means: and

means for cutting a disc substrate by radiating the laser light to the disc
substrate through the laser light deflecting means to form, on the disc substrate, a
wobbled track including a series of predetermined units each composed of an FSK
information bit part based on a waveform resulted from FSK modulation of the
information bit and a single-frequency part based on the waveform of the single
frequency.

Disclosed herein is a disc drive for recording or reproducing data to or from
the aforementioned disc-shaped recording medium, the apparatus including:

a head means for radiating laser light to a track to generate a return light signal;



More specifically, the wobbling information decoding means includes a clock reproduction unit to
generate, by a PLL, a wobble reproduction clock on the basis of a signal corresponding to a
single-frequency part of the wobbling signal, an FSK demodulator to make FSK demodulation of the
wobbling signal corresponding to an FSK information bit part of the wobbling signal to provide
demodulation data, and a decoder to decode required information composed of the information hit
from the demodulation data supplied from the FSK demodulator. The FSK demodulator includes a
correlation detection circuit to make FSK demodulation by detecting a correlation between the

wobbling signalangha iglaxsienabrasuitasbiiom Selaying aftheoweRhing Sigal Ry. aRrgriag of the

wobble reproduction clock. The FSK demodulator includes also a frequency detection circuit to make
FSK demgdulai g%ﬁlﬁteéﬁﬂpg a number of rising edges or falling edges of the wobbling signal,
existent within oRe pefiod of the wobble reproduction clock. In case the FSK demodulator includes the
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reproduction unit to generate, by a PLL, a wobble reproduction clock on the basis of a
signal corresponding to a single-frequency part of the wobbling signal, an FSK
demodulator to make FSK demodulation of the wobbling signal corresponding to an
FSK information bit part of the wobbling signal to provide demodulation data, and a
decoder to decode required information composed of the information bit from the
demodulation data supplied from the FSK demodulator.
The FSK demodulator includes a correlation detection circuit to make FSK
demodulation by detecting a correlation between the wobbling signal and a delay
signal resulted from delaying of the wobbling signal by a period of the wobble
reproduction clock.
The FSK demodulator includes also a frequency detection circuit to make FSK
demodulation by detecting a number of rising edges or falling edges of the wobbling
signal, existent within one period of the wobble reproduction clock.
in case the IFSK demodulator includes the above correlation detection circuit

and frequency detection circuit, the decoder decodes the required information using

both the demodulation data demodulated by the correlation detection circuit and that



information from a logical sum of the demodulated data from the correlation detection circuit and that
from the frequency detection circuit when the PLL is stable in the clock reproduction unit. The decoder
includes a gate generator to generate a gate signal for the PLL, in the clock reproduction unit based
on the fact that it decodes sync information as one of the required information, and the PLL functions
on the basis of the gate signal to provide a PLL operation based solely on a part, corresponding to the
single frequency, of the wobbling signal. The aboyg disc drive further includes a spindle servo means
for making spindle servo control using the wobble reproduction clock, and means for generating an

encode %@W%@B?%Mﬁ%ﬁ@n‘@é%éﬁ%@@%ﬁ% slogkaadwhich i iade dsefifergacoding

data to be recorded. The wobbling information decoder also includés an MSK demodulator for making

MSK morsjalien ot Maituil arhiatan signal cprgsrending o il e matonaitpglof the

wobbling signal to generate demodulationdata. The MSK demodulator demodulates
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FSK (MSnl% Oi%ﬁ’a"f}ﬁgﬁl f}-Q&"gQBE{E‘ is%fxi%ﬂ(?f i{ﬁg”g&%%%&\éted data from the correlation detection
circuit and that from the frequency detection circuit when the PLL is stable in the
clock reproduction unit. |
The decoder includes a gate generator to generate a gate signal for the PLL in
the clock reproduction unit based on the fact that it decodes sync information as one
of the required information, and the PLL functions on the basis of the gate signal to
provide a PLL operation based solely on a part, corresponding to the single frequency.
of the wobbling signal.
The above disc drive further includes a spindle servo means for making
spindle servo control using the wobble reproduction clock, and means for generating
an encode clock synchronous with the wobble reproduction clock and which is to be
used for encoding data to be recorded.
The wobbiing information decoder also includes an MSK demodulator for
making MSK modulation of an MSK modulation signal corresponding to the FSK
information bit part of the wobbling signal to generate demodulation data. The MSK

demodulator demodulates the MSK. modulation signal in units of the 4-wave period

of the frequency as the single frequency to provide the modulation signal.



any crosstalk. Also, since the land such as the land prepits has no missing part, there will not take
place any influence of any land missing-part on data to be recorded. Since no pits are formed in the
land, mastering can be made with a single beam. Further, the wobbling has no high frequency
component as in the PSK. These embodiments, features and advantages of the present invention will
become more apparent from the following detailed gescrlptlon of the best mode for carrying out the
present invention when taken in conjunctlon with the accompanylng drawings. Brief Description of the

Drawings FIG. +cxplajgs a1l EM mosiaian:pserhwobhliog FIG, 2 exalains forming of land prepits.
S

FIGS. 3A, 3B an atlonr resented by phase-mo Ieso a groove. FIG. 4

Aisapl iew of |rtem Odl ent theo tical d| ¢.acecqrding to.the Rres nt.invention, having a
wobbledqgrgo%e 0??1)1fe ereon an g(aasz |§réesp§) |5fe35pec Sg \llllrel{/vso?ate% \élég Iiﬁs%nFlG 5

explains e un| h |caI disc a to the presen 12 nvention. FIG. 6 expl ms an
FSK information %r{npar%)otg I{Eéfb% ?ﬁﬁ ?ogvg Hthd afbﬁéﬁ? %18 CWH‘I i fgltﬁg?)?
invention Flgen7c§ X“?E‘a'? ?sas%r?cce%mglggkom%?pu%%lrgg ¢ %C\?vro b n}}% Tigel]?rleesl%?lluenced by
any crosstalk. Also, since the land such as the jand prepits has no missing part, there
will not take place any influence of any land missing-part on data to be recorded.
Since no pits are formed in the land, mastering can be made with a single beam.
Further, the wobbling has no high frequency component as in the PSK.

These embodiments, features and advantages of the present invention will
become more apparent from the following detailed description of the best mode for
carrying out the present invention when taken in conjunction with the accompanying
drawings.

Brief Description of the Drawings
FIG. 1 explains an FM modulation-based wobbling.
- FIG. 2 explains forming of land prepits.

FIGS. 3A, 3B and 3C show information represented by phase-moduiated
wobbles of a groove.

FIG. 4 A ts a plan view of a first embodiment of the optical disc according to the
present invention, having a wobbled groove formed thereon, and FIG. 4B is a partial
perspective view of the optical disc.

FiG. 5 explains a wobble unit on the optical dis¢ according to the present



invention. FIG. 9 explains a RUB structure. FIGS. 9A and 9B explain an address structure on the
optical disc according to the present invention. FIGS. IOA and IOB explain an address structure on
the optical disc according to the present invention. FIG. | 1 is a block diagram of the cutting apparatus
used for production of the optical disc according to the present invention. FIG. 12 is a block diagram
of the disc drive according to the present invention. FIG. 13 is a block diagram of the wobbling circuit
included in the disc drive according to the present invention. FIG. 14 is a block diagram of the
correlation detection circuit included in the dis&drive according to the present invention. FIGS. 15A to
15G show waveforms indicating points of time at which the correlation detection circuit is actuated.
FIG. 16 is a block diagram of the frequency detection circuit included in the disc drive according to the
preseﬁf‘[m@%ion. 13 FIGS. 17A to 17E show waveforms indicating points of time at which the

frequency dgtection circuit is actuated. FIGS. 18A F [ BAINOEWoRbles on a
second emt%g:fméﬁf(%lﬂﬂg %%’?cgaigd %%Ogcgé%lr%%lng\@ ﬁopﬁggg%?iﬁ%eéﬁﬁég
optical disc according to the present invention.

FIG. 7 explains an ECC block on the optical disc according to the present
ivention.

FIG. 8 explains a RUB structure.

FIGS. 9A and 9B explain an address structure on the optical disc according to
the present invention.

FIGS. 10A and 10B explain an address structure on the optical disc according

to the present invention.

FIG. 11 is a block diagram of the cutting apparatus used for production of the

optical disc according to the present invention.
FIG. 12 is a block diagram of the disc drive according to the present invention.

FIG. 13 is a block diagram of the wobbling circuit included in the disc drive

according to the present invention.

FIG. 14 is a block diagram of the correlation detection circuit included in the

disc drive according to the present invention.

FIGS. 15A to 15G show waveforms indicating points of time at which the

correlation detection circuit is actuated.

FIG. 16 is a block diagram of the frequency detection circuit included in the

disc drive according to the present invention.



FIGS. 19A to 19C explain a bit structure by wobbles on the second embodiment of the optical disc
according to the present invention. FIGS. 20A and 20B explain an address block for the RUB on the
second embodiment of the optical disc according to the present invention. FIGS. 2IA to 2 IC explain a
sync signal part on the second embodiment of the optical disc according to the present invention.
FIGS. 22A to 22E explain a sync bit pattern on the second embodiment of the optical disc according
to the present invention. FIGS. 23A and 23B explain a data part on the second embodiment of the
optical disc according to the present invention, +1GS. 24A to 24C explains an ADIP bit pattern on the
second embodiment of the optical disc according to the present invention. FIG. 25 is a block diagram

of the MSK r@gg@fg‘ﬁ&%”f&ﬁ%{ﬁﬂ%ﬁe o HoaadimsnebigQricalfisciaceaidingte the present

invention. F A and’2 K demodulation with the aid of wavefonns observed
when the len théﬁl_%gf.the WOBtleisdz?c;[ ucg¥§ window is L = 4. FIGS. 27A and 27B explain the MSK
demotiGitw Sy BF WAV SIS "observed when the length (L) of the wobble detection

indow is L 2, Mad Carryi nventian T tJ ' ' ibed
Porcbelon coESrIAQ 18 JHbASHIEHL B Aot L s BEARg BAPeLe Far e EaLing the

optical disc, and a disc . ) .
of the optical disc according to the present invention.

FIGS. 19A to 19C explain a bit structure by wobbles on the second embociiment

of the optical disc according to the present (nvention.

FIGS. 20A and 20B explain an address block for the RUB on the second
embodiment of the optical disc according to the present invention.

FIGS. 21A to 21C explain a sync signal part on the second embodiment of the
optical disc according to the present invention.

FIGS. 22.A to 22E explain a sync bit pattern on the second embodiment of the
optical disc according to the present invention.

FIGS. 23A and 23B explain a data part on the second embodiraent of the optical

disc according to the present invention.

FIGS. 24A to 24C explains an ADIP bit pattern on the second embodiment of
the optical disc according to the present invention.

FIG. 25 is a block diagram of the MSK demodulator used for the second
embodiment of the optical disc according to the present invention.

FIGS. 26 A and 26B explain the MSK demodulation with the aid of waveforms
dbéewed when the length (L) of the wobble detection window isL=4.

FIGS. 27A and 27B explain the MSK demodulation with the aid of waveforms



drive for recording and reproducing data to and from the optical disc. The description of the present
invention will be given in the following order: First embodiment: 1-1 Physical characteristics of the
optical disc 1-2 Wobbling method 1-3 Cutting apparatus 1-4 Disc drive Second embodiment: 2-1
Wobbling method 2-2 Demodulation First embodiment: 1-1 Physical characteristics of the optical disc
The physical characteristics of the optical disc according to the present invention and a wobbled track
formed on the optical disc will be described below: The optical disc according to the present invention
is included in the category of discs called "DVI%(data and video recording)" for example. It adopts a
novel wobbling method dedicated for DVR: 15 Table 1 shows the typical parameters of the first

embo iTéer% 9 ‘I;ﬁgg %ﬁgi al g‘ﬁiﬂ%@{g&n&é‘%m@@éﬁwwm@@ itable bLaser wavelength 405 nm

0
Best Mode for Carrying Out the Invention

The present invention will be described herebelow concerning its applications
to an optical disc, a cutting apparatus for use in producing the optical disc, and a disc
drive for recording and reproducing data to and from the optical disc.

‘The description of the present invention will be given in the following order:

First embodiment:

[-1  Physical characteristics of the optical disc

12 Wobbling method

1-3  Cutting apparatus

[-4  Disc drive

Second embodiment:

2-1  Wobbling method

2-2  Demodulation
First embodiment:
1-1  Physical characteristics of the optical disc

The physical characteristics of the optical disc according to the present

invention and a wobbled track formed on the optical disc will be described below:

The optical disc according to the present invention is included in the category

of discs cailed “DVR (data and video recording)” for example. It adopts a novel

wobbling method dedicated for DVR.



Numerical aperture (NA) 0.85 Disc diameter 120 mm Disc thickness 1.2 mm Diametrical position of
information 44 to 1t7 mm area Track pitch 0.30 m Channel bit length 0.086 m Data bit length 0.13 m
Capacity for user data 22.46 Gbytes Average rate of user data transfer 35 Mbits/sec Recording
method Phase-change/in-groove recording The first embodiment of the optical disc according to the
present invention is a one using the phase-change recording method for recording data thereto. The
disc has a diameter of 120 mm and a thickness of 1.2 mm. These diameter and thickness of the
optical disc according to the present invention are similar to those of CD (compact disc) and DVD
(digital versatile disc). Like the conventional similar types of discs, the first embodiment of the optical

disc has definggdtheteRina igatNaIPFamiingrar areRedid flabddiv aiearepu it iibdist6 the inner
circumference thereof The information area including these areas diametrically covers an area

rangingcggmiﬂé} {th&op}ejsgdpmvggﬁdﬁavelength of the laser light used for recording or reproducing
data is 405

Table |
Laser wavelength 405 nm
Numerical aperture (NA} 0.85
Disc diameter 120 mm
Disc thickness 1.2 mm
Diametrical position of information 44 t0 117 mm
area
Track pitch 0.30 pm
Channel bit length 0.086 pm
Data bit length 0.13 pm
Capacity for user data 22 .46 Gbytes
Average rate of user data transfer 35 Mbits/sec
Recording method Phase-change/in-groove recording

The first embodiment of the optical disc according to the present mvention is

a one using the phase-change recording method for recording data thereto. The disc

- has a diameter of 120 mm and a thickness of 1.2 mm. These diameter and thickness

of the optical disc according to the present invention are similar to those of CD
‘(compact disc) and DVD (digital versatile disc).

Like the conventional similar types of discs, the first embodiment of the optical

disc has defined thereon a lead-in area, program area and a lead-out area, counted from



nm. According to the present invention, the laser light is a so-called blue laser. To focus the laser light
radiated to the optical disc on the signal recording layer of the optical disc, there is used an objective
lens having a numerical aperture (NA) of 0.85. The track pitch of the recording track is 0.30 m, channel
bit length is 0.086 m, and the data bit length is 0.13 m. The optical disc has a capacity of 22.46
Gbytes for recording user data. User data can be transferred at an average rate of 35 Mbits per
second. Data is recorded by the groove recording method. Namely, a groove is already formed as a
recording track on the optical disc, and data is ggcorded in the groove. FIG. 4A illustrates, in the form
of a plan view, a first embodiment of the optical disc according to the present invention. The optical

disc isindicaied with anetesance Qo thisieptiagheise:e, ambosagddiiig ERave pietarmatted at
the innermost circumference side and a groove GV is fonned in a range from next to the embossed

pits ER 0 the;0uter Cireuutarencs sidg:@s RBAMY T 4i0eYe s formed spirally: from the inner

circumterence toward the outer circumierence of the optical disc. It should be noted that the groove

GV may be foiIe sRngrAisHinemanoial ubesirenl R blentsuabiAdmeN @Y represent

physical addresses. Is a schematic partial perspective View of an optical disc. The optical 17

G RS RASIBSHES R R e s s v taped ereon e
corres c?cqgi?ﬁflzy 15%& ﬂ%ﬂ?'r%ﬁf‘ft@%f‘%g H?esggt?@aﬁﬂisc on the signal recording layer of the
optical disc, there is used an objective lens having a numerical aperture (NA) of 0.85.
The track pitch of the recording track is 0.30 pm, channel bt length ts 0.086
wm, and the data bit length is 0. 13 pm. The optical disc has a capacity 0f22.46 Gbytes
for recording user data. User data can be transferred at an average rate of 35 Mbits
per secoud.
Data is recorded by the groove recording method. Namely, a groove is already
formed as a recording track on the optical disc, and data is recorded in the groove.
FIG. 4 A illustrates, in the form of a plan view, a first embodiment of the optical
disc according to the present invention. The optical disc is indicated with a reference
100. In this optical disc 100, embossed pits EP are preformatted at the innermost
circumference side and a groove GV is formed in a range from next to the embossed
pits EP to the outer circumference side, as shown. The groove GV is formed spirally
from the inner circumference toward the outer ciccumference of the optical disc. It
should be noted that the groove GV may be formed concentrically as another

embodiment. Wobbles of such a groove GV represent physical addresses.

FIG. 4B is a schematic partial perspective view of an optical disc. The optical



address or the like. A land L lies between two adjacent grooves GV. Data is recorded in the groove
GV as mentioned above. That is, the groove GV serves as a recording track. It should be noted that
alternatively, data may be recorded on the land L as a recording track or in the groove GV and on the
land L. The present invention provides an optical disc featured by a wobbling of the groove, which will
be described in detail later. Briefly, with the groove wobbled adaptively to a signal generated by FSK
modulation of an address or the like, the optical disc according to the present invention is suitably
usable as a high-density, large-capacity disc. Note that data is written or read to or from the optical
disc 100 being rotated at a CLV (constant linear velocity). The CLV rotation is also applied when data

is recgrded, in,te9EovRR Y- Ehatalosel thanyhhen ofwaiptiealoiiagrodus fopomevéudiof track wil

be larger as the groove goes toward the outer circumference of the optical disc. 1-2 Wobbling method

Next, ?85 [QwoRble thegrogve wilhe slaseried el G BasBawstiie stdajtiestiasahhiessnit on the

optical disc according to the present invention. The groove is wobbled to define a series of the wobble

unts SRR FIGHE.43 S, ash AaBHIENEN . arnsa h K iomaNon it part and

a singfe-f?equency part. The Single-frequency part des on bles of a wobbling frequency fwil.
For thgda?égstgﬁt%oﬁl\ég S\ a?rtxjc? led. 0 B lxRA £YE/E adjacent grooves GV. Data is recorded

in the groove GV as mentioned above. That 1s, the groove GV serves as a recording
track It should be noted that alternatively, data may be recorded on the land [ as a
recording track or in the groove GV and on the land L.

The present inveation provides an optical disc featured by a wobbling of the
groove, which will be described in detail later. Brietly, with the groove wobbled
adaptively to a signal generated by FSK modulation of an address or the like, the
optical disc according to the present invention is suitably usable as a high-density,
large-capacity disc.

Note that data is written or read to or from the optical disc 100 being rotated at
a CLV (constant linear velocity). The CLV rotation is also applied when data s
recorded in the groove GV. Therefore, the number of wobbles of a groove for one
turn of track will be larger as the groove goes toward the outer circumference of the
optical disc.

[-2  Wobbling method

Next, how to wobble the groove will be described:
FIG. S shows the structure of a wobble unit on the optical disc according to the

present invention. The groove is wobbled to define aseries of the wobble units shown



corresponding to the frequency fw 1. This single-frequency part provides a series of 65 wobbles of the
frequency fw | for example. It should be noted that the single- frequency wobble of the frequency fw |
is also called "monotone wobble". On the other hand, the FSK information bit part includes wobbles
resulted from FSK modulation of ADIP information, made using two different frequencies, of which the
one is the same as the frequency fwl of the monotone wobble and the other is a frequency fw2 other
than the monotone-wobble frequency. The time length of the FSK information bit part corresponds to
a length of six monotone wobbles. It is just an example that the single-frequency part has a period of
65 monotone wobbles while the FSK information bit part has a period of six monotone wobbles as

above; andit should be aeted hatberinaleirRAMSRG RAILINAN Rve mBsHadiRiBOimpapotone

wobbles, for example. However, it is effective for a reduction of the adverse effect of crosstalk as well

as for easigr A0 QUIKFLLRLL 106Kng o i eAliR e e e s BBk S swfcientl

Iongert ant n bit part. For example, the single-frequency part should preferably be

more thaw@%ﬁ(@g&g&g' g9t getid e Ue S S mlomaleRLealt Therlprey ifcase he

FSK infor 0 have a period 0six monotone wobbles, the single- frequency part

should be set to ave a d of more-t ﬁ%mﬁ 8”{? \Q{g?P!:?sq (9[ 0 lélggga Qf;me, s that the

single- ?Péﬁ‘f?é’r? BLten uI n(&/‘er e St to have a period o an monotone wob Ies.

D eRblevSir e e LR I RE LERIERTY RYRSTIRH L PIBREIRR B8 Wile
frequency wobble of the frequency fwl is also called “monotone wobble™. On the
other hand, the FSK information bit part includes wobbles resulted from FSK
modulation of ADIP information, made using two different frequencies, of which the
one is the same as the frequency fwl of the monotone wobble and the other is a
frequency fw2 other than the rﬁonotone-wobbl&: frequency. The time length of the FSK
information bit part corresponds to a length of six monotone wobbles.

It is just an example that the single-frequency part has a period 0of 65 monotone
wobbles while the FSK information bit part has a pertod of six monotone wobbles as
above, and it should be noted that the singie-frequency part may have a period of 60
monotone wobbles, for example. However, it is effective for a reduction of the
adverse effect of crosstalk as well as for easier and quicker PLL locking for the
reduction that the single-frequency part is sufficiently longer than the FSK information
bit part. For example, the single-frequency part should preferably be more than about
10 times longer in period than the FSK information bit part. Therefore, in case the

FSK information bit part is set to have a period of six monotone wobbles, the single-

frequency part should be set to have a period of more than 60 monotone wobbles



as permissible ranges of the crosstalk, PLL locking time, etc. One FSK information bit part having a
period of six monotone wobbles represents one information bit as ADIP data. As shown in FIG. 5, an
address or the like as ADIP data is represented by information bits from ADIP units O to N as the FSK
information bit parts discretely positioned alternately with single-frequency parts. Because of the
address structure of the ADIP data which will be described in detail later, the frequency fwl of the
monotone wobble is 478 or 957 kHz, for example. On the other hand, the other frequency fw2 used
for the FSK modulation is 1.5 times higher thaggdhe frequency fw1l, for example. That is, the frequency
fw2is 717 or 1435.5 kHz. However, the values of the frequencies fwl and fw2 are not limited to the

abOVe’f‘H%%ﬂ%%%P&%%n%%%@?ﬂﬁgf@%ageﬁey o2 AN DRk Be tienas highes thatothe frequency

fw 1. In addition, the frequencies fwland fw2 should preferably be in such a relation that even and

odd nym P&ﬁﬁ%ﬁ%@%ﬁ%@éﬁgﬁ‘%ﬂ’g{%sbomégﬁéﬁwl@%m,&%eg&tﬁfmE{ea\@yﬁ%gge-case the

frequency IS 1.5 times er than the frequency fwl as above, the period of six wobbles of the
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relati_o _ _ es made in the pre_det_ermined cycle. I_f this _ _
s Boh T USHAR AP A B Bl e SoRALEON s EGIC information bt part eomposed of
the wobbles reeu e fram e e S ation. o ihe ADE-BlPoraliRn kliestSte wobbles
represents one information bit as ADIP data. As shown in FIG. 5, an address or the
like as ADIP data is represented by information bits from ADIP units 0 to N as the
FSK information bit parts discretely positioned alternately with single-frequency parts.
Because of the address structure of the ADIP data which will be described in
detaiil later, the frequency fwl of the monotone wobble is 478 or 957 kHz, for
example. On the other hand, the other frequency tw2 used for the FSK modulation is
1.5 times higher than the frequency fwl, for example. That 1s, the frequency fw2 1s
717 or 1435.5 kHz. However, the values of the frequencies fwl and fw2 are not
limited to the above-mentioned ones. For example, the frequency fw2 may be 1/1.5
times higher than the frequency fwl. In addition, the frequencies fwi and ﬁ%fZ should
preferably be in such a relation that even and odd nurmbers of waobbles are made with
both the frequencies in a predetermined cycle. In case the frequency fw2 is 1.5 times
higher than the frequency fwl as above, the period of six wobbles of the frequency
fwl will correspond to that of nine wobbles of the frequency fw2, which meets the

above relation for the even and odd numbers of wobbles made in the predetermined

cycle. If this requirement is met, the FSK demodulation can be made more easily in



using the two different frequencies fwl and fw2, will be described below with reference to FIG. 6. It
should be noted that in the following description, the frequencies fw | and fw2 are in a relation of 1 :
1.5. In the FSK information bit part having the period of six monotone wobbles, a period of two
monotone wobbles is taken as one channel bit. Therefore, in one FSK information bit part (one ADIP
unit), three channel bits form together one information bit. The FSK modulation is made so that the
frequency fw 1 is a channel bit "0" while the frequency fw2 is a channel bit "I". That is, in the period of
two monotone wobbles of the frequency fwl, t6 wobbles of the frequency fw 1 is "0" while three
wobbles of the frequency fw2 is "1". Such three channel bits in one FSK information bit part represent
informgisodi Ritdrsuchvhichlivsidrisydessaboddanesyidatata "0" and data " 1. Three channel bits being
"1", "1" and "I", respectively, represent a cluster sync. In this case, nine wobbles of the frequency fw2
are included Thserifinaiparindebsiscmeddigrnibabi esfasshiovbin Fi&. Godpmsedhennel bits
being "1" "1" and "0", respectively, represent a secondary sync. In this case, six monotone wobbles of

the frequienmbiee Reiinsdudedrniseriesiinpadeiliadosl idurhpohbDidheénlabhies; @ndféeqedod of two
monotone wobbles, following the period of four monotone wobbles, includes two wobbles of the

frequengydvhd s ahEBRalbitheing:ids. 1R apdRFwD)' welpBstivelyribpdebens Waiaitl'". In this
case, a series of three wobbles of the frequency fw2 is included in a period of two monotone wobbles,
and a pariod of foure rapngtong wRBhIES Hiollgying the ZivekbFResReh N dedesdasnvahbles of the
frequencies fwl and fw2 are i a relation of [ : L.5.
In the FSK information bit part having the period of six monotone wobbles, a
period of two monotone wobbles is taken as one channel bit. Therefore, in one FSK
information bit part (one ADIP unit), three channel bits form together one information
bit. The FSK modulation s macie so that the frequency fw [ is a channel bit “0” while
the frequency fw2 is a channel bit “1”. That s, in the period of two monotone wobbles
of thé frequency fwl, two wobbles of the frequency fwl is “0” while three wobbles of
the frequency fw2 is “1”. Such three channel bits in one FSK information bit part
represent information bits such as cluster sync, secondary sync, data “0” and data 1.
Three channel bits being “17, “1” and “1”, respectively, represent a cluster sync. In
this case, nine wobbles of the frequency fw2 are included in series in a period of six
‘monotone wobbles, as shown in FIG. 6. Three channel bits being “17, “1”” and “07,
respectively, represent a secondary sync. In this case, six monotone wobbles of the
frequency fw2 are included in series in a period of four monotone wobbles, and a

period of two monotone wobbles, following the period of four monotone wobbles,

includes two wobbles of the frequency fwl. Three channel bits being “1”. “0” and



frequencyfwl. Three channel bits being "1","0"and"1", respectively, represent data "1". In this case,
three wobbles of the frequency fw2 are included in series in a first period of two monotone wobbles, a
period of two monotone wobbles, following the first period, includes two wobbles of the frequency fw
1, and a series of three wobbles of the frequency fw2 is included in the last period of two monotone
wobbles. As above, one FSK information bit part, that is, one ADIP unit as shown in FIG. 5,
represents one information bit, and such ADIP information bits are gathered to form address
information. Address information representing dle address on the disc is of 98 bits, for example. In
this case, 98 ADIP units partially laid as a wobbled groove are gathered to form address information.
This withfrieepbe dederibgadatert widbs fEférénah to daks Sa Sands16f hhtbis wolilnldsnenthan integral
multiple of wobble units each being a predetermined unit of wobbling corresponds to the time length
of a dafasreeeisiy 0nl ike he¢ddardedaiehgfavachodbiedatasbbbesing dnipisrcalled RidB (recording
unit block). One RUB includes an integer number of addresses. In the following, there will be _

describggfyampleepbrRe adiicsainthee RiUBisedpvvaddiesadesnfone RUBbIsespratively. As
above, the address is information included in the 98 ADIP units. In case one 22 address is included

one RYBaSRSIAN OF Bduokibladilibis ouasponds (0 apelionoaheradala ispecasded:As one RUB.
In case two addresses are included in one RUB, a section of 196 wobble units corresponds to a
section-ywhergs Jala IS CeRrIEdABIORE of the frequency fw? are included in series in a first
period of two monotorne wobbles, a period of two mornotone wobbles, following the
first period, includes two wobbles of the frequency fwl, and a series of three wobbles
of the frequency fw2 is included in the last period of two monotone wobbles.
As above, one FSK information bit part, that 1s, one ADIP unit as shown in FIG.
5, represents one information bit, and such ADIP i.nfonnation bits are gathered to form
address information. Address information representing one address on the disc is of
98 bits, for example. In this case, 98 ADIP units partially laid as a wobbled groove are
gathered to form address information. This will further be described later with
reference to FIGS. 9 and 10.
In this embodiment, an integral multiple of wobble units each being a
predetermined unit of wobbling corresponds to the time length of a data recording unit
to be recorded along a track. The data recording unit is called RUB (recording unit
block). One RUB includes an integer nwnber of addresses. In the following, there
will be described examples of one address in one RUB and two addresses in one RUB,
respectively.

As above, the address is information included in the 98 ADIP units. In case one



RUB. First,. the structure of an ECC (error correction code) block of data to be recorded will be
described with reference to FIG. 7 for explanation of RUB as a unit of the to-be-recorded data. One
ECC block is also called "cluster”. It is one block formed by adding an error correction code to data to
be recorded. As shown in FIG. 7, the ECC block is composed of 495 rows of recording frame of
1932T (where T is a channel clock period of the data). One ECC block is of 64 kbytes. For example,
the ECC block consists of data and parity as shown in FIG. 7. The " 19327 corresponds to 28
monotone wobbles of the frequency fw | (= 95%2kHz) or 14 monotone wobbles of the frequency fwl (=
478 kHz). More specifically, 69 channel clock periods T of data (with the frequency fwl of 957 kHz), or

138 chaneet Gloslk ReAdSE RidBtaa(vathithedfefiendbly dnofsAd@ tddppradsrespand tmmone
monotone wobble period of the frequency fwl. The channel clock frequency of the data is 66.033 kHz

which,cperespands t0.95d:4dHz ¥ AORUE7 8 kkase 13 dhhtdseshechanndbdogiofieduelity of the data

is an integral multiple of the monotone wobble frequency, which means that an encoded clock for data

recordi@%@%h%ﬂ'%%&%@%ﬁ@ Fomearupbble dackienradiveedii therBidr fiadme srnotone

wobble of 23 a wobbled groove. Addition of a run-in and run-out to the ECC block shown in FIG. 7
yieldsIQU%UB (recording unit block) as shown in FIG. 8. RUB is composed of a guard GD and

First, the structure of an ECC (error correction code) block of data to be
recorded will be described with reference to FIG. 7 for explanation of RUB as a unit
of the to-be-recorded data.

One ECC block is also called “cluster”. It is one block formed by adding an
ertor correction code to data to be recorded. As shown in FIG. 7, the ECC block is
composed of 495 rows of recording frame of 19327 (where T is a channel clock period
of the data). One ECC block is of 64 kbytes. For example, the ECC block consists of
data and parity as shown in FIG. 7.

The “1932T” corresponds to 28 monotone wobbles of the frequency fw 1 (=957
kHz) or 14 monotone wobbles of the frequency fwl (=478 kHz). More specifically,
69 channel clock periods T of data (with the frequency fwl of 957 kHz), or 138
channel clock periods T of data (with the frequency fwl of 478 kHz), correspond to
one monotone wobble period of the frequency fwl. The channel clock frequency of
the data is 66.033 kHz which cérresponds to 957 kHz x 69 or 478 klHz x 138. That
is, the channel clock frequency of the data is an integral multiple of the monotone
wobble frequency, which means that an encoded clock for data recording can easily

be generated from a wobble clock reproduced by the PLL from a monotone wobble of



preamble PrA as a run-in of 1932T at the beginning of the ECC block, and a postamble PoA and
guard GD as a run-out of 1932T at the end of the ECC block, as shown in FIG. 8. Therefore, the RUB
is a block of 1932Tx497 rows, which is a unit for data recording. One or two pieces of address
information as ADIP information correspond to such a RUB. First, an example of one address
corresponding to one RUB will be described with reference to FIGS. 9A and 9B and Table 2. In case
one address corresponds to one RUB, the frequency fw | of the monotone wobble is 478 kHz. The
period of one wobble corresponds to 138T. In #his case, since one recording frame of 1932T of RUB
corresponds to a period of 14 wobbles, one RUB will correspond to a period of 14x497 (= 6958)

monoto‘%%@gglé%ﬁeshown in FIG. 9A. In case one address corresponds to one address, the
perioc?s 0 onotone wobbles is taken as one address (ADIP) block. Since an address is formed

from a block of B%11% 5 3hpE: AGuaRblRHRIShLOE loid ik 3 RevidipfiazsEMdoklene wobbles as

shown in FI ne wobble unit will have a length corresponding to a period of 71 monotone

wobblge, ] batis ane Rl NS EamPRRPR MM Inmplioadimag wibenaiiod s of six

monotone u ADIP unit, and 65 monotone wobbles. One information bit as shown
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PoA and guard GD as a run-out of 19327T at the end of the ECC block, as shown in
FIG. 8. Therefore, the RUB is a block of 1932T=497 rows, which is a unit for data
recording. One or two pieces of address information as ADIP information correspond
to such a RUB. First, an example of one address corresponding to one RUB will be
described with reference to FIGS. 9A and 9B and Table 2. In case one address
corresponds to one RUB, the frequency fw | of the monotone wobble is 478 kHz. The
period of one wobble corresponds to 138T. In this case, since one recording frame of
1932T of RUB corresponds to a period of 14 wobbles, one RUB will correspond to a
period of 14x497 (= 6958) monotone wobbles as shown n FIG. 9A. In case one
address corres;::)onds to one address, the periods of 6958 monotone wobbles is taken
as one address (ADIP) block.
Since an address is formed from a block of 98 bits as above, 98 wobble units
will be laid in a period of 6958 monotone wobbles as shown i FIG. 9B. One wobble
unit will have a length corresponding to a period of 71 monotone wobbles. That is,
one wobble unit is composed of an FSK information bit part whose period 1s of six

monotone wobbles included in an ADIP unit, and 65 monotone wobbles.

One information bit as shown in FIG. 6 1s taken from each of 98 ADIP units to



Total 98 bits Description Primary sync | bit Cluster Sync Auxiliary bits 9 bits Cluster address 24 bits (3
bytes) Auxiliary data 40 bits (5 bytes) ECC 24 bits (3 bytes) The top one bit is sync information. It
corresponds to a cluster sync. The next 9 bits are auxiliary information bits. The further 24 bits (3
bytes) define a value of cluster address. The next 40 bits (5 bytes) are auxiliary information bits. The
last 24 bits (3 bytes) form an ECC for the address information. In case two addresses are included in
one RUB, the address information of 98 bits is composed as shown in FIG. 10 and Table 3. Table 3
Total 98 bits Description Primary sync | bit h clester sync Auxiliary bits 9 bits '/z cluster address 24
bits (3 bytes) 2 addresses per cluster Auxiliary data 40 bits (5 bytes) 25 ECC 24 bits (3 bytes) In the
abovefoaseadiecfremfonmation of i@ bisndtbrdwobidbidedsn kizadis spanberorsmnesbble
corresponds to 69T. In this case, since one recording frame

as shown in Table 2: '

Table 2
Total 98 bits Description
| Prumary sync [ bt Cluster sync
Auxiliary bits 9 bits

24 bits (3 bytes)
40 bits (5 byies)

Cluster address

Auxiliary data

ECC 24 bits (3 bytes)

The top one bit is sync information. It corresponds to a cluster sync. The next
9 bits are auxiliary information bits. The further 24 bits (3 bytes) define a value of
cluster address. The next 40 bits (5 bytes) are auxiliary information bits. The last 24
bits {3 bytes) form an ECC for the address information.

[n case two addresses are included in one RUB, the address information of 98

bits is composed as shown in FIG. 10 and Table 3.

Table 3
Total 98 bits Description
Primary sync 1 bit Y2 cluster sync
Auxiliary bits 9 bits

Y cluster address

24 bits (3 bytes})

2 addresses per cluster

Auxiliary data

40 bits (5 bytes)




1932T of RUB corresponds to a period of 28 wobbles, one RUB will correspond to a period of 13916
(= 28 x 497) monotone wobbles as shown in FIG. LOA. In case two addresses are included in one
RUB, a period of 6958 monotone wobbles, being a half period of one RUB, is one address (ADIP)
block. Since an address is formed from a 98-bit block in this case as well, 98 wobble units will be
included in a period of 6958 monotone wobbles, being a half period of one RUB. One wobble unit
corresponds to the length of a period of 71 monotone wobbles, as shown in FIG. | OB. Therefore, an
FSK information bit part having a period of six monotone wobbles, being an ADIP unit, and 65
monotone wobbles form together one wobble unit as shown in FIGS. 9A and 9B. One information bit
is taken from of 98 ADIP unit r ss information of 98 bits. The bits included in the
address info rﬁgﬁlgn are.as.show %oll):tl ~E§1 %Eﬁe top-one bitis-syne-fermation—It corresponds to a
cluster sync for a half cluster. The next 9 bits are auxiliary information bits. The further 24 bits (3
bytes) define an address value of the half cluster. The next 40 bits (5 bytes) are auxiliary information
bits. The last 24 bits (3 bytes) form an ECC for the address information. 26 The wobbling method
adopted in tHa Presheninventichtis seercydyelinddhn menaseve. e biscts e idbpliddifethod in

the present invention is featured as follows: For wobbling of a track, a predetermined wobble unit is
formegdrom ah 8&Kwobble corresponds to 69T. In this case, since one recording frame

1932T of RUB corresponds to a period of 28 wobbles, one RUB will correspond to a
period of 13916 (= 28 x 497) monotone wobbles as shown in FIG. [0A. In case two
addresses are included in one RUB, a period of 6958 monotone wobbles, being a half
period of one RUB, is one address (ADIP) block. Since an address is formed from a
98-bit block in this case as well, 98 wobble units will be included in a period 0f 6958
monotone wobbles, being a half period of one RUB. One wobble unit corresponds to
the length of a period of 71 monotone wobbles, as shown in FIG. 10B.

Therefore, an FSK information bit part having a period of six monotone
wobbles, being an ADIP unit, and 65 monotone wobbles form together one wobble
unit as shown in FIGS. 9A and 9B.

One information bit is taken from each of 98 ADIP units to form address
information of 98 bits. The bits included in the address information are as shown in
FIG. 10. The top one bit is sync information. It corresponds to a cluster sync for a
half cluster. The next 9 bits are auxiliary information bits. The further 24 bits (3
bytes) define an address value of the half cluster. The next 40 bits (5 bytes) are

auxiliary information bits. The last 24 bits (3 bytes) form an ECC for the address

formation.



information bit part corresponding to a waveform resulted from FSK modulation of information bit and
a single-frequency part corresponding to the waveform of a single frequency fw | and such wobble
units are continuously connected in series. That is, the FSK information bit part having actual
information bit embedded therein will partially exist on a wobbled track (groove). The partial existence
of the FSK information bit part permits to considerably reduce the adverse effect of crosstalk even
when the track pitch is narrow. Two different frequencies fw 1 and fw2 are used in the FSK modulation
to form the FSK information bit part. The frequeficy fwl is the same as the frequency of the monotone
wobble, and the frequency fw2 is 1.5 times higher than the frequency fw | for example as mentioned
above. Thus;Tthesedtddingneiechtd adupfed iarelia pocivat mizitwthhtedcvoiigrimbed an even
number of wobbles and an odd number of wobbles alternately in a predetermined cycle. In the FSK
informationiit partradisabhle: pesisid ofkthacianbionchwobbleris ionerthanns! finastfarmation bit.
The period of the FSK information bit part corresponds to the period of six wobbles, namely, to a
periodgaygsponding to an integral multiple of the monotone wobble period. These features contribute
to an 27 easier FSK modulation. In the wobble unit, the period length of the single-frequency part is

more than. ahqui LOUimeS lengecihantaes hifawipbymation pilrated Rusnthe $Ffciently long

period of the single- frequency part in relation to that of the FSK information bit
information bit part corresponding to a waveform resulted from FSK modulation of

information bit and a single-frequency paft corresponding to the waveform of a single
frequency fw1 and such wobble uaits are continuously connected in series. That is,
the FSK information bit part having actual information bit embedded therein will
partially exist on a wobbled track (groove). The partial existence of the FSK
information bit part permits to considerably reduce the adverse effect of crosstalk even
when the track pitch is narrow.

Two different frequencies fw [ and fw2 are used in the FSK modulation to form
the FSK information bit part. The frequency fwl is the same as the frequency of the
monotone wobble, and the frequency fw2 is 1.5 times higher than the frequency fwl
for example as mentioned above. Thus, these frequencies fwl and fw2 are insuch a -
relation that each of them has an even number of wobbles and an odd number of
wobbles alternately in a predetermined cycle,

fn the FSK information bit paﬁ, a 2-wobble period of the monotone wobble is
one channel bit as information bit. The period of the FSK information bit part

corresponds to the period of six wobbles, namely, to a period corresponding to an

integral multiple of the monotone wobble period. These features contribute to an



part can. facilitate the reduction of adverse effect of crosstalk. In a relation between the wobbling and
recorded data, the integral multiple of the predetermined units corresponds to a time length of RUB
being a recording unit of data to be recorded on the track. An integral number of addresses, one or
two, as ADIP information will be included in one RUB. These features lead to matching between the
wobbled groove and data to be recorded in the groove. The channel clock frequency of the data to be
recorded to the track is an integral multiple of the single frequency fwl of the monotone groove. Thus,
an encode clock for the data recording can easily be generated by dividing the wobble clock
generated based on the wobbling. The frequency fwl of the monotone wobble is 478 or 957 kHz for
exampleias [Ehovgedhisdmaguency is of a frequency band between the tracking servo frequency band
(near 10 kHz) and read signal frequency band (several or more MHz). This feature makes it possible

to separate apaiRXiTABKADIR infaETRIRRRIEsesail Dyinghbilequuitegutanysinterferére between
the servo signal and read signal. The aforementioned FSK modulation is an MSK (minimum shift

keying %ﬁtommfgék‘?oﬁrgé Mo ylation e FERURS R he ik adulatios, encnadiilationtindex H is 28

defined and two frequericies fl and f2 are used. The modulation index is H = Ifi - f21/fb where fb is a

part can facilitate the reduction of adverse effect of crosstalk.

[n a relation between the wobbling and recorded data, the integral multiple of
the predetermined units corresponds to a t_ime length of RUB being a recording unit
of data to be recorded on the track. An integral number of addresses, one or two, as

ADIP information will be included in one RUB. These features lead to matching

between the wobbled groove and data to be recorded in the groove.

The channel clock frequency of the data to be recorded to the track is an
integral multiple of the single frequency fwl of the monotone groove. Thus, an
encode clock for the data recording can easily be generated by dividing the wobble

clock generated based on the wobbling.

The frequency fwl of the monotone wobble is 478 or 957 kHz for example as
above. This frequency is of a frequency band between the tracking servo frequency
band (near 10 kHz) and read signal frequency band (several or more MHz). This
lfcature makes it possible to separate and extract ADIP information represented by
wobbles without any interference between the servo signal and read signal.

The aforementioned FSK modulation is an MSK (minimum shift keying) as one

of the FSK modufation techniques. In the FSK medulation, a modulation index H is



According to the present invention, the two different frequencies fw t and fw2 are continuous in phase
with each other at the point of shift from one to the other in the FSK information bit part. Thus, the
FSK information bit part will not have any high frequency component as in the wobbling by the PSK.
1-3 Cutting apparatus Next, the cutting apparatus used for producing the disc having a wobbled track
formed thereon will be described. The disc producing process generally consists of a so-called
mastering process and a replicating process. The mastering process covers the steps of production
down to completion of a stamper for use in thexgeplication process, and the replication process coves
the steps of productions in which the stamper is used for mass production of optical discs as the

replica;abineiSIANRES: MrEsResHicalbndrthemastdrintherocedal stipalishbkglast sybbtrate is
applied with photo resist, the photo resist layer is exposed to a laser beam to form pits and grooves in

the ph@gfg?&ﬁkl@yﬁ{ (this:|s thesaeallef d uting a0 this e mbntlitaest. piTsanacdtilatioportion of the

photo re ayer, corresponding to the embossed area at the innermost circumference side of the

disc, 29, And 2 aRRIRIGOVE I8 4 IngRasion fAKERRANERGAR INraeve ards Batlador the pits in

the embossed area Is prepared in a process called "premastering”. After completion of the cutting, the
photo uﬁlbsklayer is subjected to

According to the present invention; the two different ﬁ'equencieé fwl and fw2
are continuous in phase with each other at the point of shift from one to the other in
the FSK information bit part. Thus, the FSK information bit part will not have any
high frequency componeat as in the wobbling by the PSK.

1-3  Cutting apparatus

Next, the cutting apparatus used for producing the disc having a wobbled
track formed thereon will be described.

The disc producing process generally consists of a so-cailed mastering process
and a replicating process. The mastering process covers the steps of production down
to completion of a stamper for use in the replication process, and the replication
process coves the steps of prpd’uctions in which the stamper is used for mass
production of optical discs as the replica of the stamper.

More specifically, in the mastering process, a polished glass substrate ts applied
with photo resist, the photo resist layer is exposed to a laser beam to form pits and
grooves in the photé resist layer (this is the so-called “cutting”).

{n this embodiment, pits are cut in a portion of the photo resist layer,

corresponding to the embossed area at the nnermost circumference side of the disc,



predetermined processes such as development, and information is transcribed to the metallic surface
by electrofonning for example to form a stamper necessary to replicate the disc. Next, the stamper is
used to transcribe information to the resin substrate by the injection process for example to form a
reflecting layer on the resin substrate, and then a final product is finished by making processes such
as shaping of the substrate into a desired disc. Referring now to FIG. 11, the cutting apparatus
according to the present invention is illustrated in the form of a block diagram. As shown, the cutting
apparatus includes an optical system 70 in whish a laser beam is radiated to a glass substrate 71
having a photo resist layer formed thereon to cut the photo resist layer, a drive system 80 to rotate the

glass sHRSIAiEhble@BeLB R RIRCE§59¢I60 oearyeridipgtdate iptocdetateabe recorded and
control the optical system 70 and drive system 80. The optical system 70 includes a laser source 72

which is an Hested fasef{orp RxamplRe anabossid-opbsalsypecpnticd! modulptor?ss(AglMiito modulate
(on/off) the laser beam coming from the laser source 72 based on the data to be recorded, an

acousteg 'galegm »optical deflector (AOD) 74 to deflect the laser beam coming from 30 the laser
source 72 based ort a wobbling signal, a prism 75 to bend the optical axis of a modulated laser beam

from the optisg deflesignZdo fnd eiblestvflenad Sifoeprusiae todporulaiagdasar heam reflected
prism 75 and radiate the converged laser beam to the photo resist surface on the glass
SUbStrgE'%(Z::Jfémdned processes such as development, and information is transcribed to the
metallic surface by electroforming for example to form a stamper necessary to
replicate the disc.

Next, the stamper is used to transcribe information to the resin substrate by the
injection process for example to form a reflecting tayer on the resin substrate, and then
a final product is finished by making processes such as shaping of the substrate into
a desired disc.

Referring now to FIG. L1, the cutting apparatus according to the present
invention is illustrated in the form of a block diagram. Asshown, the cutting apparatus
includes an optical system 70 in which a laser beam is radiated to a glass substrate 71
having a photo resist fayer formed thereon to cut the photo restst layer, a drive system
80 to rotate the glass substrate 71, and a signal processor 60 to convert mput data into
data to be recorded and control the optical system 70 and drive system 80.

The optical system 70 includes a laser source 72 which is an He-Cd laser for
example, an acousto-optical type optical modulator 73 (AOM) to modulate (on/oft)

the laser beam coming from the laser source 72 based on the data to be recorded, an

acoust&optical'type optical deflector (AOD) 74 to deflect the laser beam coming from



The drive system 80 includes a motor 81 to rotate the glass substrate 71, an FG 82 to generate an FG
pulse for detection of the rotation speed of the motor 81, a sliding motor 83 to slide the glass substrate
71 radially thereof, and a servo controller 84 to control the rotation speed of the motor 81 and sliding
motor 83, tracking of th objective lens 76, etc. The signal processor 60 includes a formatting circuit 61
to form input data by adding an error correction code or the like to source data from a computer for
example, and a logical operation circuit 62 to form data to be recorded by making a predetermined
processing of the input data from the formatting@ircuit 61. The signal processor 60 also includes a
data generator 63, parallel/serial converter 64 and a sign converter 66 to generate a wobbling signal

for woltling et greeve .7 Thasidna apraddsser 6huthepasynifesideinclih6omisalestiond of the
signal from the logical operation circuit 62 and that from the sign converter 66 and output it as one

contingqys EigMRl Mka ke ChismittG8 tspddve degloptinal adulader 78jandaplieat Géflector 74 on
the basis of the signal from the synthesis circuit 65. Further, the signal processor 60 includes a clock

ge”er%&{v%%%&ﬂtﬁ!énﬁw@tlm@%&e%mlEélﬁé@f@tealqﬁ'@gh@nevatmmmﬁ@iﬁtézt@@@@m@eaystem
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controller 67 to control the servo 31 controller 84, data generator 63, etc, on the basis of the master

clock W eupplipdyfioph s KIogk sensERIandhe e asiataack NICK supplied from the dlock
generator 91 is divided by N in a frequency divider 92 to provide a bit clock "bit Ck". The bit clock "bit
Ck" is dividee-y gight 10 aJFeYBEAERAVALHRIP PIQYESAOVR glass substrate 71, an FG
82 to generate an FG pulse for detection of the rotation speed of the motor 81, a
sliding motor 83 to slide the glass substrate 71 radially thereof, and a servo countroller
84 to control the rotation speed of the motor 81 and shding motor 83, tracking of th
objective lens 76, etc.
The signal précessor 60 includes a formatting circuit 61 to form input data by
adding an error correction code or the like to source data from a computer for
example, and a logical operation circuit 62 to form data to be recorded by making a
predetermined processing of the input data from the formatting circuit 61. The signal
processor 60 also includes a data generator 63, parallel/serial converter 64 and a sign
converter 66 to generate a wobbling signal for wobbling a groove.  The signal
processor 60 further a synthesis circuit 65 to select one of the signal from the logical
operation circuit 62 and that from the sign converter 66 and output it as one
continuous signal, and a drive circuit 68 to drive the optical modulator 73 and optical
deflector 74 on the basis of the signal from the synthesis circuit 65. Further, the signal

processor 60 includes a clock generator 91 to supply a master clock MCK to the

logical operation circuit 62 etc., and a system controller 67 to control the servo



clock "byte Ck". The byte clock "byte CK" is supplied to a circuit system where it is required. When
cutting the photo resist layer on the glass substrate 71, the servo controller 84 in the cutting apparatus
according to the present invention controls the motor 81 to rotate the glass substrate 71 at a constant
linear velocity and the sliding motor 83 to slide the rotating glass substrate 71 for a spiral track to be
formed with a predetermined track pitch. At the same time, the outgoing laser beam from the laser
source 72 is passed to the optical modulator 73 and optical deflector 74 where it will be modulated
based on the data to be recorded, and the lasg beam thus modulated is radiated from the objective
lens 76 to the photo resist surface on the glass substrate 71. Thus, the photo resist is exposed based

on the.daia,ABF S10QNE: FHG4HING B)e @mbpshecharead dhe innasn ot cirduiiterensel gide of the
disc, the input data having the error correction code or the like added thereto by the formatting circuit

61, namely e a@;@(t%a?efgaﬁr@ﬂ totthe embessedieavRURh assead of-datatit suppplied to the

logical operation circuit 62 where it is formed as data to be recorded. 32 At the timing of cutting the

e L e R O e AL tme wha it arc 16 be formed.
and toofft-state af agimeneiN e Rre igde dUmeduened ding o e dafrdoibe resprded.

clock “byte Ck”. The byte clock “byte CK” is supplied to a circuit system where it is

required.

When cutting the photo resist layer on the glass substrate 71, the servo
controller 84 in the cutting apparatus according to the present invention controls the
motor 81 to rotate the glass substrate 71 at a constant linear velocity and the sliding
motor 83 to slide the rotating glass substrate 71 for a spiral track to be formed with a
predetermined track pitch.

At the same time, the outgoing laser beam from the laser source 72 is passed to
the optical modulator 73 and optical deflector 74 where it will be modulated based on
the data to be recorded, and the laser beam thus modulated is radiated from the
objective lens 76 to the photo resist surface on the glass substrate 71. Thus, the photo
resist is exposed based on the data and groove.

For cutting the embossed area at the innermost circumference side of the disc,
the input data having the error correction code or the like added thereto by the

formatting circuit 61, namely, the data to be recorded to the embossed area, such as

control data, is supplied to the logical operation circuit 62 where it is formed as data

to be recorded.



With the above operations, an exposed portion corresponding to an embossed pit is formed on the
glass substrate 7 L At a time of cutting the groove area, the system controller 67 controls the
sequential outputting of data supplied from the data generator 63 and corresponding to the FSK
information bit part and singe-frequency part. For example, the data generator 63 generates a series
of data "0" on the basis of the byte clock "byte Ck" for a period corresponding to the single frequency.
Also, for a period corresponding to the FSK information bit part, the data generator 63 generates
necessary data correspondingly to each of ADIP units forming together the aforementioned address
block. That is to say, the data generator 63 generates channel bit data corresponding to a cluster

sync, secongamy syigidate Qitang datadiboasediateac theedpbmtiretoceude E s1oprAbEdOf course,
the data generator 63 generates the above data "0" or"1" in such a predetermined order that data

collegiefEaupithechDif gitsiwihiosmmehslisstércaddbsss Takidane cdditioAdl avfermkiithe The data
output from the data generator 63 is formed into a serial data stream corresponding to the bit clock

"bit Cl i, ihe Aaialielserial conyerien 64 and sipnlisistortheodigriconvdriend 6o THE sige converter

66 uses the so-called table lookup process to select a sine wave of a 33 predetermined frequency

gion”eﬁg’ﬁ'lﬂi?@béﬁgéf}ﬁm@ sHPRIied, RpshoutRktsldinfesefheeddan eofesinetondreiponding to the
gle frequency, the sign converter 66 will continuously output sine waves of the frequency fwl. Also,
for a period \gorrespondling tg,thafoal Ifampsicn b pesh tharaigposativgrterbbenibesitpdt either
pit is formed on the glass substrate 71.
At a time of cutting the groove area, the system controller 67 controls the
sequential outputting of data supplied from the data generator 63 and corresponding
to the FSK information bit part and s‘inge*ﬁequency part. For example, the data
generator 63 generates a series of data “0” on the basts of the byte clock “Byte Ck™ for
a period corresponding to the single frequency. Also, for a period corresponding to
the FSK information bit part, the data generator 63 generates necessary data
correspondingly to each of ADIP units forming together the aforementioned address
block. That is to say, the data generator 63 generates channel bit data corresponding
to a cluster sync, secondary sync, data “0” and data “1” at a time corresponding to
each FSK period. Of course, the data generator 63 generates the above data“0” or “{”
in such a predetermined order that data Vcoliected from the ADIP units will form a
cluster address value and additional information. The data output from the data
generator 63 is formed into a serial data stream corresponding to the bit clock “bit Ck”

in the parallel/serial converter 64, and supplied to the sign converter 66. The sign

converter 66 uses the so-called table lookup process to select a sine wave of a



a waveform of the frequency fw2 or a one of the frequencies fwl and fw2 as shown in FIG. 6
correspondingly to the content represented by the FSK information bit part, namely, any one of the -
cluster sync, secondary sync, data "0" and data " I". The synthesis circuit 65 supplies the drive circuit
68 with a signal output from the sign converter 66, that is, a signal of the single frequency or an
FSK-modulated signal of the frequencies fw | and fw2, as a wobbling signal. The drive circuit 68 will
control the optical modulator 73 to on-state in order to form a groove. Also, the drive circuit 68 will
drive the optical deflector 74 correspondingly taihe wobbling signal. Thus, the laser beam is wobbled,
namely, a portion exposed as a groove is wobbled. With the aforementioned operations, an exposed

portion coRpsRMRdIN e RRlPlecgspavelindbymed be ttatglasppliestrated loatpatding. to a format.
Thereatfter, the glass substrate 71 is subjected to development, electroforming, etc. to produce a

stampep. ANdhestameeids bsadipniaiuce tiealnieindrtipnatdiste dighDisawriveréxt, there will

be described the disc drive according to the present invention to record data to the aforementioned

optical disc.and ranre C&ﬁl@{@ i6rordaddn he apligpégisma4 Referrmigaovotodigerldd the disc

drive according to the present invention is schematically illustrated in the form of a block diagram. The

2 4 A, MO AR e o) e
a waveform of the frequency fw2 or a one of the frequencies fwl and fw2 as shown
in FIG. 6 correspondingly to the content represented by the FSK information bit part,
namely, any one of the cluster sync, secondary sync, data “0” and data “1”.

The synthesis circuit 65 supplies the drive circuit 68 with a signal output from
the sign converter 66, that is, a signal of the single frequency or an FSK-modulated
signal of thé frequencies fwl and fw2, as a wobbling signal. The drive circuit 68 will
control the optical modulator 73 to on-state in order to form a groove. Also, the drive
circuit 68 will drive the optical deflector 74 correspondingly to the wobbling signal.
Thus, the laser beam is wobbled, namely, a portion exposed as a groove is wobbled.
With the aforementioned operations, an exposed portion corresponding to a wobbled
groove is formed on the glass substrate 71 according to a format. Thereafter, the glass
substrate 71 is subjected to development, electroforming, etc. to produce a stamper,
and the stamper is used to produce the aforementioned discs.

1-4  Disc drive

Next, there will be described the disc drive according to thél present

invention to record data to the aforementioned optical disc and reproduce data

recorded in the optical disc.



For recording or reproducing data to or from the optical disc 100, the optical disc 100 is set on a
turntable 7 and rotated by a spindle motor 6 at a constant linear velocity (CLV). A signal recording
area on the optical disc 100 being rotated is scanned by a laser light emitted from an optical pickup |
to read pit data written to a track formed on the optical disc 100 and ADIP information embedded as
wobbles of the track. The pits recorded as data on the track formed as a wobbled groove are so-
called phase-change pits, and pits formed in the inner circumference-side embossed area are
so-called embossed pits. The optical pickup | hias disposed therein alaser diode 4 as a laser source, a
photodetector 5 to detect a return light from the optical disc 100, an objective lens 2 to converge and
focus the lasgefighi:anitbe apticEBGise, 16O danddaivopticalrsystetn thotpsivewh)nyaatiisteishe laser
light to the recording layer of the optical disc 100 through the objective lens 2 and guide a return

compapephRfibaipsenightdiom the feeerding biaydr duthephotddeteatalby&urtgendelbptical pickup
| incorporates a monitoring detector 22 to detect a part of output light from the laser diode 4. The laser

diode 4, emits Asprcalled-blur iaser of 40pivalidiveNelenatasTine pumesepl apedub(hA) of the

optical disc is 0.85. 35 The objective lens 2 is supported by a biaxial mechanism 3 movably in both

i;a:jcigi@goqgt%g‘gggﬁ%ﬁ)giﬁ%igg@mm\gm{qﬁlemﬁ&yg,li{%emjrely movable by a sled mechanism 8

For recording or reproducing data to or from the optical disc 100, the optical
disc 100 is. set on a turntable 7 and rotated by a spindle motor 6 at a constant linear
veiocity (CLV). A ségnai recording area on the o-pticai disc 100 being rotated is
scanned by a laser light emitted from an optical pickup | to read pit data written to a
track formed on the optical disc 100 and ADIP information embedded as wobbles of
the track. The pits recorded as data on the track formed as a wobbled groove are so-
called phase-change pits, and pits formed in the inner circumference-side embossed |
area are so-called embossed pits.

The optical pickup | has disposed therein a laser diode 4 as a laser source, a
photodetector 5 to detect a return light from the optical disc 100, an objective lens 2
to converge and focus the laser light on the optical disc 100, and an optical system (not
shown) to radiate the laser light to the recording layer of the optical disc 100 through
the objective lens 2 and guide a return component of the laser light from the recording
layer to the photodetector 5. Further the optical pickup | incorporates a monitoring

detector 22 to detect a part of output light from the laser diode 4. The laser diode 4

emits a so-called blue laser of 405 nm in wavelength. The numerical apérture (NA)

of the optical disc 1s 0.85.



The laser diode 4 provided in the optical pickup | is driven by a drive signal from a laser driver 18 to
emit the laser light. Information carried by the return light from the optical disc 100 is detected by the
photodetector 5 where it is converted into an electrical signal corresponding to the light intensity of the
detected light and supplied to a matrix circuit 9 including a current-voltage conversion circuit, matrix
calculation/amplification circuit, etc. to generate necessary signals by matrix calculation of current
outputs from a plurality of photo acceptance units in the photodetector 5. The necessary signals
include a high frequency signal (read data sigdal) corresponding to read data, a focus error signal FE
and tracking error signal TE for use to make servo control, etc. Further, the necessary signals include
a groove wollingbgignate lamel i e pusiopead bignabRiRadseshyrasfor3 detatidy of Wwobbles of a
groove. The read data signal output from the matrix circuit 9 is supplied to a binarization circuit 11,

focus gHekisigaatifbarthifatikingietror signal TE are supplied to a servo circuit (servo processor) 14,
and push-pull signal P/P is supplied to a FSK demodulator 24. The push-pull signal P/P as a groove

wobbling signalftidhepiaiis ciisWwh@ral isqusisiedsed sieal walathiingsair Guitdystisno Edreposed of the
FSK demodulator 24, and a wobble PLL 25 and address decoder 26. Specifically, an address is
extraciggifiamidbe gysh-pull signal P/P and a wobble clock WCK used to decode the ADIP
information is supplied to other relevant circuit systems. The wobbling circuit system

The laser diode 4 provided in the optical pickup 1 is driven by a drive signal
from a laser driver 18 to emit the laser light.

Information carried by the return light from the optical disc 100 is detected by
the photodetector 5 where it is converted into an electrical signal corresponding to the
light intensity of the detected light and supplied to a matrix circuit 9 including a
current—voltagé conversion circuit, matrix calculation/amplification circuit, etc. to
generate necessary signals by matrix calculation of current outputs from a plurality
of photo acceptance units in the photodetector 5. The necessary signalé include a high
frequency signal (read data signal) corresponding to read data, a focus error signal FE
and tracking error signal TE for use to make servo control, etc. F urther, the necessary
signals include a groove wobbling signal, namely, a push-pull signal P/P as a signal for
detection of wobbles of a groove.

The read data signal output from the matrix circuit 9 is supplied to a
binarization circuit 11, focus error signal FE and tracking error signal TE are supplied
to a servo circuit (servo processor) 14, and push-pull signal P/P is supplied to a FSK
demodulator 24.

The push-pull signal P/P as a groove wobbling signal from the matrix circuit 9



will be described in detail later. The read data signal from the matrix circuit 9 is binarized in the
binarization circuit 1 | and then supplied to an encoder/decoder 12 which functions as a decoder
during data reading and as an encoder during data writing. When reading data, the encoder/decoder
12 makes demodulation of run-length limited code, error correction, de-interleaving, etc. to provide
read data. For reading data, the encoder/decoder 12 generates, by PLL processing, a read clock
synchronous with the read data signal, and decodes the data on the basis of the read clock. At each
time of data reading, the encoder/decoder 12 wil cumulate the data decoded as above into a buffer
memory 20. As a read output from the disc drive 30, data buffered in the buffer memory 20 is read out

and tr@yﬁfgg@age&\m terfatRild alsaineiudedc isdhp oied dfith 80 $cdaneiedntoadexadhal host
computer 40 and transfers data to be recorded, read data and various commands between the disc

drive 30,a0, 708t comMAHEr AR RYriNG daa Peading:cided itiatandeddcad anckstaceetirithe buffer

memory 20 will be transferred via the interface 13 to the host computer 40. It should be noted that a

read C@n@rﬁﬁgfﬂ%ﬁﬂﬁo‘%[ g gommangdi andveibisl-comaanys konmdbe hosdeontputereAQ\dpBupplied to a
troller

system co via the interface 13. On the other hand, data to be recorded from the host
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from then er@ace e buffer memory 20 where it will be buffered. In this case, the

wiil be described in detail later.

The read data signal from the matrix circuit 9 is binarized in the binarization
circuit |1 and then supplied to an encoder/decoder 12 which functions as a decoder
during data reading and as an encoder during data writing. When reading data, the
encoder/decoder 12 makes demodulation of run-length limited code, error correction,
de-interleaving, etc. to provide read datei.

For reading data, the encoder/decoder 12 generates, by PLL processing, a read
clock synchronous with the read data signal, and decodes the data on the basis of the
read clock. At each time of data reading, the encoder/decoder 12 will cumulate the
data decoded as above into a buffer memory 20. As a read output from the disc drive
30, data buffered in the buffer memory 20 is read out and transferred.

-An interface 13 also included in the. disc drive 30 is connected to an external
host computer 40 and transfers data to be recorded, read data and various commands
between the disc drive 30 and host computer 40. During data reading, read data
decoded and stored in the buffer memory 20 will be transferred via the interface 13 to
the host computer 40. It should be noted that a read command and write command

and other commands from the host computer 40 are supplied to a system controller 10



encoder/decoder t2 encodes the buffered data to be recorded by adding an error correction code,
interleave and sub code, and encoding the data as data for write to the optical disc 100. There is also
provided an encode clock generator 27 to generate an encode clock which will be a reference clock
for data encoding when data recording is made. The encoder/decoder 12 will use the encode clock for
making the above encoding operations. The encode clock generator 27 generates the encode clock
from the wobble clock WCK supplied from the wobble PLL 25. As mentioned above, the channel
clock of the data to be recorded is of 66.033 kkiz, for example, which is an integral multiple of the
frequency fw | of the monotone wobble. Since the wobble PLL 25 generates a clock of the frequency

fw | OLEQ%H@(P[%HH@@V\{gbme, or a clock having a frequency which is an integral multiple of the
frequency fw I, as a wobble clock WCK, the encode clock generator 27 can easily generate an

encode clockhygividing hedreauerspeftie melblieaodie VK comepata ts banebontel generated
through the encoding by the encoder/decoder 12 is adjusted in waveform in a write strategy 21 and

then ngé‘ééat%é"ﬂ%% rdrive.pYse Gurie.date WRATA) tithadases BEvecdBldha weite Bivategy 21 wil

make recording compensation, that is, it will make a fine adjustment of optimum recording power

for the, recording layer, charactesisti hapgietibe: lasardightutieesd. velagity ehsecdrding, etc. and
also é&]ﬁé?&%rga\%vgv}é chr:\EEoefaﬁ?Zﬁgrtsg}aﬁ%?pulse. The laser driverl 18 supplies the laser diode 4 with

the laggégcriit\e/r elé:lgge?upfueendcodes the buffered data to be recorded by adding an ertor

correction code, interleave and sub code, and encoding the data as data for write to the
optical disc 100.

There is also provided an encode clock generator 27 to generate an encode
clock which will be a reference clock for data encbding when-data recording is made.
The encoder/decoder 12 will use the encode clock for making the abox_re encoding
operations. The encode clock generator 27 penerates the encode clock from the
wobble clock WCK supplied from the wobble PLL 25. As mentioned above, the
channel clock of the data to be recorded is of 66.033 kHz, for example, which is an
integral multiple of the frequency fw! of the monotone wobble. Since the wobble PLL
25 generates a clock of the frequency fwl of the monotone wobble, or a clock having
a frequency which is an integral multiple of the frequency fwl, as a wobble clock
WCK, the encode clock generator 27 can easily generate an encode clock by dividing
the frequency of the wobble clock WCK. |

The data to be recorded generated through the encoding by the encoder/ decoder
12 is adjusted in waveform. in a write strategy 21 and then sent as a laser drive pulse

(write data WDATA) to the laser driver 18. The write strategy 21 will make a



as write data WDATA to drive the laser diode 4 for emission of laser light. Thus, a pit (phase-change
pit) will be fanned on the optical disc 100 correspondingly to the data to be recorded. There is also
provided an APC (auto power control) circuit 19 to control the laser driver 18 to keep a constant laser
output power without being influenced by the ambient temperature or other factors while monitoring
the laser output power on the basis of an output from the monitoring detector 22. The APC circuit 19
is supplied with a target value of the laser output from the system controller 10 to control the laser
driver 18 to attain the target value. The servo gjgcuit (servo processor) 14 generates various servo
drive signals from the focus error signal FE and tracking error signal TE supplied from the matrix

circuiggc)cgm{ Lindmnlemment sesyesonakatiansiiarmradilisatiynthef setvmuaincuitcdddgegerates a
focus drive sighal FD and tracking drive signal TD correspondingly to the focus error signal FE and

wacking SUOFSIoA TudiithURpiesAnamie ashiaxigholilertOoT hlzcblaxial ier liGwill drive the
focus*coil and tracking coil in the “biaxial mechanism 3 in the optical pickup 1. Thus, the optical pickup
1, matrix cireuit 9. serve pragessol dkdPiaial civerA6anehbisednt maehaltism utyen together a 39
trackip{a)f 8%\70%5%?%%@&%%@30 loop. Also, the servo circuit 14 turns off the tracking servo loop in
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as write data WDATA to drive the laser diode 4 for emission of laser light. Thus, a
pit (phase-change pit) will be formed on the optical disc 100 correspondingly to the
data to be recorded.

There is also provided an APC (auto power control) circuit 19 to control the
laser driver 18 to keep a constant laser output power without being influenced by the
ambient temperature or other factors while monitoring the laser output power on the
basis of an output from the monitoring detector 22. The APC circuit 19 1s supplied
with a target value of the laser output from the system controller 10 to control the laser
driver 18 to attain the target value.

The servo circuit (servo processor) 14 generates various servo drive signals
from the focus error signal FE and tracking error signal.TE supplied from the matrix
circuit 9 in order to implement servo operations. More specifically, the servo circuit
14 generates a focus drive signal FD and tracking drive signal TD correspondingly to
the focus error signal FE and tracking error signal TE, and supplies them to a biaxial
driver 16, Thié biaxial driver 16 will drive the focus coil and tracking coil in the
biaxial mechanism 3 in the optical pickup 1. Thus, the optical pickup 1, matrix circuit

9 servo processor 14, biaxial driver 16 and biaxial mechanism 3 form together a



The servo processor 14 generates a sled drive signal on the basis ofa sled error signal as a lowpass
component of the tracking error signal TE and under the access control of the system controller 10,
and supplies the signal to a sled driver 15. The sled driver 15 will drive the sled mechanism 8
correspondingly to the sled drive signal supplied from the servo processor 14. The sled mechanism 8
includes a mechanism (not shown) formed from a main shaft to support the optical pickup 1, sled
motor and transmission gear, etc. As the sled motor in the sled mechanism 8 is driven by the sled
driver 15 correspondingly to the sled drive signf, the optical pickup | is sledded accordingly. There is
also provided a spindle servo circuit 23 to control the spindle motor 6 to rotate at a CLV. The spindle
servo eirckit:2 3 gonelates andpfodie sworsitpa . SPEsbyae gy the wbBHidwisskol thkegenerated
by the wobble PLL 25, namely, information about a current rotation speed information of the spindle
motortfadiids Gerveaking ivithriofoematioadojtapredeeandntd @ thersfetencempeetieSince during
data reading, the read clock (reference clock for decoding) generated by the wobble PLL 25 in the
encodry/gdepesielde hifuimipdnataliahoub the: binxesitdotatiohtsphect by thauspigdiecopioc®, the spindle
error signal SPE can also be 40 generated by comparing the read clock with the information about the
predegﬁgwlr@}eg tg:wﬁgfﬁ@ﬂqglgqeﬁgk ihempinele servo circuit 23 generates a spindle drive signal

corresponding to the spindle error signal SPE and supplies the signal to a spindle motor driver 17.

The servo processor 14 generates a sled drive signal on the basis of a sled error
signal as a lowpass component of the tracking error signal TE and under the access
control of the system controller 10, and supplies the signal to a sled drver 15. The
sled driver 15 will drive the sled mechanism 8 correspondingly to the sled drive signal
supplied from the servo processor 14. The sled mechanism 8 includes a mechanism
(not shown) formed from a main shaft to support the optical pickup 1, sled motor and
tranéinission gear, etc. As the sled motor in the sled mechanism 8 is driven by the sled
driver 15 correspondingly to the sled drive signal, the optical pickup 1 is sledded
accordingly.

There is also provided a spindle servo circuit 23 to control the spindie motor 6
to rotate at a CLV. The spindle servo circuit 23 generates a spindle error signal SPE
by acquiring the wobble clock WCK generated by the wobble PLL 25, namely,
information about a current rdtation speed information of the spindle motor 6, and
comparing it with information aboﬁt a predetermined CLV reference speed.

Since during data reading, the read clock (reference clock for decoding)

generated by the wobble PLL 25 in the encoder/decoder 21 is information about the

current rotation speed of the spindle motor 6, the spindle ervor signal SPE can also be



According to the spindle drive signal supplied from the spindle servo circuit 23, the spindle motor
driver |7 applies a three-phase drive signal, for example, to the spindle motor 6 to cause the latter to
rotate at a CLV, The spindle servo circuit 23 also generates a spindle drive signal correspondingly to
a spindle kick/brake control signal supplied from the system controller 10 to cause the spindle motor
driver 17 to start, stop, accelerate or decelerate the spindle motor 6. Operations of the
above-mentioned servo system and write/read system are controlled by the system controller 10
formed from a microcomputer. The system contfoller 10 makes various control operations according
to commands supplied from the host computer 40. For example, in case the system controller 10 is
suppligg yithea FRacsapaFiandifertahsiotiotdtiata edordest iorthb optidet giscl¢@omomdhe host
computer 40, it will first control the seek operation for access to a given address. Namely, the system
contro(tgr 1Q givesdecqmuapnd to the servo circuit (servo processor) 14 which will thus cause the
optical pickup | to access a target address specified by a seek command. Thereafter, the system

controller 10 ?ﬂ@tg‘g&a?&@a&wiRﬂﬁfazﬂagérf@fd{@@§fg5iaac@t&an@s§m1ifm;@a;msdm9mao the host
computer 40. Thus, data is read from the optical disc 100, decoded, buffered and otherwise 41
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corrunand from the host computer 40, the system controller 10 will cause the optical pickup Ito move
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spindle motor driver |7 applies a three-phase drive signal, for example, to the spindle
motor 6 to cause the latter to rotate at a CLV. The spindle servo circuit 23 also
generates a spindle drive signal correspondingly to a spindle kick/brake control signal
supplied from the system coutroller 10 to cause the spindle motor driver 17 to start,
stop, aéceierate or decelerate the spindle motor 6. N

Operations of the above-mentioned servo system and write/read system are
controiled by the system controller 10 formed from a microcomputer. The system
controller 10 makes various control operations according to commands supplied from
the host computer 40. For example, in case the system controller 10 is supplied with
a read command for transfer of a data recorded in the optical disc 100 from the host
computer 40, it will first cﬁntrol the sesk operation for access to a given address.
Namely, the system controller 10 gives a command to the servo circuit (servo
processor) 14 which will thus cause the optical pickup 1 to access a target address
specified by a seek command. Thereafter, the system controller 10 controls necessary

operations for transfer of data in a specified data section to the host computer 40.

Thus, data is read from the optical disc 100, decoded, buffered and otherwise



computer 40 as mentioned above. The write data WDATA is supplied from the write strategy 2 1 to
the laser driver 18 as above, the data recording is effected. The disc drive 30 shown as an example in
FIG. 12 is connected to the host computer 40. However, the disc drive according to the present
invention is not connected to the host computer 40 as the case may be. In such a case, a control
panel and display will be provided and the data input/output interface will be different in construction
from that shown in FIG. 12. That is, the data recording and reproduction are to be made according to
corresponding operations of the control panel py the user and there should be provided various data
input/output terminals. The disc drive according to the present invention may be constructed in many

other fﬁg@é%sgg%?@'ﬂp CRORILGIRY AS @& disedsiesadideied fordateretbrding or reproduction.

Next,q e wobbling circuit system included in the disc drive according to the present invention will be

described. Ref é?i{%%lr%gy%ltof%.éBCg]ﬁinliﬂgnW@Hg insahematicaly iHostthedistha form of a
.13's

block diagram. ows the construction of the FSK demodulator 24, wobble PLL 25 and
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includedy ass arator 32, correlation detection circuit 33, frequency detection
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computer 40 as mentioned above. The write data WDATA is supplied from the write
strategy 21 to the laser driver I8 as above, the data recording is effected.

The disc drive 30 shown as an example in FIG. 12 is connected to the host
computer 40. However, the disc drive according to the present invention is not
connected to the host computer 40 as the case may be. Insuch a case, a control panel
and display will be provided and tile data input/output interface will be different in
construction from that shown in FIG. [2. That s, the data recording and reproduction
are to be made according to corresponding operations of the control panel by the u_ser.
and there should be provided various data input/output terminals.

The disc drive according to the present inveation may be constructed in many
other forms, and can be constructed as a disc drive dedicated for data recording or
reproduction.

Next, the wobbling circuit system included in the disc drive according to the
present invention will be described.

Referring now to FIG. 13, the wobbling circuit is schematically illustrated in the
form of a block diagram. FIG. 13 shows the construction of the FSK demodulator 24,

wobble PLL 25 and address decoder 26 included in the wobbling circuit system. As



9 is supplied to the bandpass filter 3 1 of the FSK demodulator 24. The bandpass filter 31 has such a
characteristic as passing two different frequencies, that is, the two frequencies fwl and fw2 used in the
aforementioned single-frequency part and FSK information bit part. A signal component of the
frequencies fwl or fw2 passed through the bandpass filter 31 is binarized in the comparator 32. The
binarized push- pull signal P/P is supplied to the wobble PLL 25, correlation detection circuit 33 and
frequency detection circuit 34. The wobble PLL 25 is designed as a PLL to make phase comparison
with respect to the binarized push-pull signal R4 and generate a wobble clock WCK synchronous
with the push-pull signal P/P. However, a push-pull signal P/P for a period corresponding to the FSK

informatin, bityark okthgawRIRsRILiS Matkessby dgalpaignliGABE,fompergae Sgnal

" generation circuit 37 which will be described in detail later, whereby a push-pull signal P/P

corre | manerangvablleRithe siealetltauieoai partdisadkedatibass iheritobble clock
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31 has such a characteristic as passing two different frequencies, that is, the two
frequencies fwl and fw2 used in the aforementioned single-frequency part and FSK
information bit part. A signal component of the frequencies fwl or fw2 passed
through the bandpass filter 31 is binarized the comparator 32. The binarized push-
pull signal P/P is supplied to.the wobble PLL 25, correiatioﬁ detection circuit 33 and
frequency detection circuit 34. The wobble PLL 25 is designed as a PLL to make
phase comparison with respect to the binarize.d push-pull signal P/P and generate a
wobble clock WCK synchronous with the push-pull signal P/P. However, a push-pull
signal P/P for a period corresponding to the FSK information bit part of the wobble
unit is masked by a gate signal GATE from the gate signal generation circuit 37 which
will be described in detail later, whereby a push-pull signal P/P corresponding to the
monotone wobble of the single-frequency part is locked. Thus, the wobble clock
WCK has the single frequency fwl itself or a frequency having aratio of integrals with
the single frequency fwl.

Note that the single-frequency part of the aforementioned wobble unit has a

period sufficiently longer, for example, more than 10 times longer, than that of the



The wobble clock WCK thus generated is supplied to various circuits in the FSK demodulator 24 and
also to the address decoder 26, where it will be used for FSK demodulation and decoding of the ADIP
information. Also, as having been. described with reference to FIG. 12, the wobble clock WCK is
supplied to the end clock generator 27 and spindle servo circuit 23, where it will be used as above. In
this case, since the wobble clock WCK is of a high accuracy with less residual jitter, the encode clock
has an improved accuracy, the stability of recording operation is increased, and the stability of spindle
servo control is also improved. The correlatiorygetection circuit 33 and frequency detection circuit 34
are both to demodulate channel data embedded as an FSK information bit part of the wobble unit.

Therefalie. iatleaskAREHI fhese TiisHite A3 andidsinay besifetidetiliothenFSK demodulator 24.

However, when both these correlation detection circuit 33 and frequency detection circuit 34 are

provided in the K dEmaduinion Ao e dasbRlaaman effectidhink willtislesariieliater. The

correlation detection circuit 33 makes FSK demodulation by detecting a correlation over two periods
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FSK demodulator 24 and also to the address decoder 26, where it will be used for FSK
demodulation and decoding of the ADIP information. Also, as having been described
with reference to FIG. 12, the wobble clock WCK is supplied to the end clock
generator 27 and spindle servo circuit 23, where it will be used as above. Inthis case,
since the wobble clock WCK is of a high accuracy with iess residual jitter, the encode
clock has an improved accuracy, the stability of recording operation is increased, and
the stability of spindle servo control is also improved.

The correlation detection circuit 33 and frequency detection circuit 34 are both
to demodulate channel data embedded as an FSK information bit part of the wobble
unit. Therefore, at least one of these circuits 33 and 34 may be provided in the FSK
demodulator 24. However, when both these correlation detection circuit 33 and
frequency detection circuit 34 are provided in the FSK demodulator 24, there takes
place an effect which will be described later. The correlation detection circuit 33
makes FSK demodulation by detecting a correlation over two periods of the wobble

clock WCK, and demodulates the channel data. The frequency detection circuit 34

makes FSK demodulation by counting edges in one period of the wobble clock WCK,



monotone wobbles as shown in FIG. 4, and they are supplied to the discrimination circuit 35. The
discrimination circuit 35 ANDs or Offs channel bit values supplied from both the correlation detection
circuit 33 and frequency detection circuit 34 and provides the ANDed or ORed channel bit value as a
FSK-demodulated channel bit value. The discrimination circuit 35 supplies the channel bit value thus
calculated to the sync detection circuit 36. The sync detection circuit 36 detects a sync on the basis
of periodicity of the supplied channel bit value. As shown in FIG. 6, the cluster sync includes channel
bit values " 1", "1" and "1". Also, in the FSK irddrmation bit part of three channel bits, the top channel
bit is always "1", as shown in FIG. 6. On the other hand, in a period corresponding to the
singlednelalenoyiyiatesttie EBurzrioduldied ahmstnatising ane opervagss ot trmaeaflas e first "1
after a series of the channel bit values "0" will be at the top of the FSK information bit pat, and the
periodde@udiigcstaht'1 3 willfeeegeivajede toc aquesiociiof Xwebblecutis Bibdétedting Sunim periodicity,
it is possible to know the period of each wobble unit, and when a series of three channel bits "1", "1"
and "1¢,d%, dgtgcted dveuveidandifdt casrbadetatnitted thatthel wabieauriibist thee tBS dne 45 of 98
wobble units forming together a cluster sync, that is, one ADIP information. The sync detection circuit

36 thug,getasiswyRBEMIRG and-sSrpplids d Syrcchignal SYdoi thegatecsignpt dedesdtioncircuit 37
and address decoder 26. The gate signal generation circuit 37 generates a gate signal GATE on the

basis gf {08 eWACwobbles as shown in FIG. 4, and they are supplied to the discrimination
ciecutt 35.

The discrimination circuit 35 ANDs or ORs channel bit values supplied from
both the correlation detection circuit 33 and frequency detection circuit 34 and
provides the ANDed or ORed channel bit value as a FSK-demodulated channel bit
value. The discrimination circuit 35 supplies the channel bit value thus calculated to
the sync detection circuit 36. The sync detection circuit 36 detects a sync on the basis
of periodicity of the supplied channel bit value.

As shown in FIG. 6, the cluster sync includes channel bit values “’17, “1” and
“1”. Also, in the FSK information bit part of three channel bits, the top channel bit 1s
always “1”, as shown in FIG. 6. On the other hand, in a period corresponding to the
single-frequency part, the FSK-demodulated channel bit value is always “0”.
Therefore, the first “1” after a series of the channel bit values “0” will be at the top of
the FSK information bit pat, and the period including such “I”” will be equivalent to
a period of a wobble unit. By detecting such periodicity, it 1s possible to know the
period of each wobble unit, and when a series of three channel bits “17, “I7 and “I”

is detected in a wobble unit, it can be determined that the wobble unit is the top one



signal SY supplied from the sync detection circuit 36. That is, since the period of a wobble unit is
known from the timing of the sync signal SY, the period of the FSK information bit part in the wobble
unit can be known by counting clocks of the frequency fw | on the basis of the sync signal SY. Thus, a
gate signal GATE to mask the period of the FSK information bit part is generated to control the phase
comparing operation of the wobble PLL 25. Note that although it has been described in the foregoing
that the discrimination circuit 35 ANDs or ORs the channel bit values from both the correlation
detection circuit 33 and frequency detection cirgslit 34, the discrimination circuit 34 will AND such
channel bit values for a period down to the pull-in of the wobble PLL 25 to locking, made based on the

aforereaRopBH W GHHAIFS R t§ SIgRRGATE titerived deormlie defocteatiymc. As the
channel bit values supplied from both the correlation detection circuit 33 and frequency detection

circuit 34 areph\NDRed agAbAYEn thR QNI bk Vabies havs obraved selinbilipplighershuthe sync can

be detected with an improved accuracy and less error. On the other hand, after the PLL is pulled in
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guarde_ ased 4¢ _ er_lodl specially, by OR_ing the c_hannel _bit_values supplied from both the
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imprO\e‘/.?gdngﬁl.@ig%/pplied from the sync detection circuit 36. That 1s, since the period of a
wobble unit is known from ihe timing of the sync signal SY, the period of the FSK
information bit part in the wobble unit can be known by counting clocks of the
frequency fwl on the basis of the sync signal SY. Thus, a gate signal GATE to mask
the period of the FSK information bit part is generated to control the phase comparing
oéeration of the wobble PLL 25.
Note that although it has been described in the foregoing that the discrunination
circuit 35 ANDs or ORs the channel bit values from both the correlation detection
circuit 33 and frequency detection circuit 34, the discrimination circuit 34 will AND
such channel bit values for a period down to the pull-in of the wobble PLL 25 to
locking, made based on the aforementioned sync detection and the gate signal GATE
derived from the detected sync.
As the channel bit values supplied from both the correlation detection circuit
33 and frequency detection circuit 34 are ANDed as above, the channel bit values have
improved reliability, whereby the sync can be detected with an improved accuracy and

less error. On the other hand, after the PLL is pulled in based on the sync detection,

the operation should be shifted from AND to OR since the sync can be guarded based



The discrimination circuit 35 acquires an FSK-demodulated channel bit value by ORing the channel
bit values supplied from both the correlation detection circuit 33 and frequency detection circuit 34
after the wobble clock WCK becomes stable owing to the pull-in of the PLL, then makes discrimination
between the data "0" and "1" as information bit of the FSK information bit part ofeach wobble unit
represented by three channel bits, and supplies the information bit to the address decoder 26. The
address decoder 26 can acquire address information of 98 bits having previously been explained with
reference to Tables 2 and 3 by acquiring information bits with reference to the timing of the sync
signal SY, thus decodes an address value Dad embedded as a wobbled groove, and supplies the
addregg yalysdRiie PYp@smaen Bl ORic: The cloaratatitit detectosupipbigid IBamrbakk the FSK
demodulation is constructed as shown in FIG. 14. The push-pull signal having been binarized by the

CoMPAALR[3% 8NAWEIT GirdR IS SUBRsldqi R deleyeectivd Karand diép toismepfifihts of
exclusive OR (EX- OR) gate 113. The output of the delay circuit 112 is connected to the other input of

the EX-OR 13444 aﬁ Qm%b&%& Slask VHGKaist Sipplied taa bt measudingleitebiy 114 ATREPIT

measuring circuit I1 [ measures one period of the wobble clock WCK and controls the delay circuit 112

to provide & delay efualig.nanpiathabibrovelbisiabEVCK. Therefore, the EX-OR 113 makes
ogical operation between the push-pull signal and
The discrimination circuit 35 acquires an FSK-demodulated channel bit value

by ORing the channel bit values supplied from both the correlation detection circutt
33 and frequency detection circuit 34 after the wobble clock WCK becorues stable
owing to the pull-in of the PLL, then makes discrimination between the data “0” and
1" 26 information bit of the FSK information bit part of each wobble unit represented
by three channel bits, and supplies the information bit to the address decoder 26. The
address decoder 26 can acquire address information of 98 bits having previously been
explained with reference to Tables 2 and 3 by acquiring information bits with
reference to the timing of the sync signal SY, thus decodes an address value Dad
embedded as a wobbled groove, and supplies the address value to the system controller
i0.

The correlation detection circuit 33 to make the FSK demodulation is
constructed as shown in F1G. 14.

The ﬁush—pull signal having been binarized by the comparator 32 shown in F1G.
13 is supplied to a delay circuit 112 and also to one of inputs of exclusive OR (EX-

OR) gate 113. The output of the delay circuit 112 is connected to the other input of

the EX-OR 113.



the push-pull signal delayed by the period of IT. The output from the EX-OR 113 is subjected to
extraction of lower frequency components in a lowpass filter 114 and binarized in a comparator 115.
The binarized signal from the comparator 115 is delivered as a latched output at a D-flip-flop 116 at
the timing of the wobble clock WCK. The latched output provides an output "0" or "I" as a channel bit
in units of a period of two monotone wobbles, and is supplied to the discrimination circuit 35. The
operating wavefonns of the correlation detection circuit 33 are shown in FIGS. I5A to 15G. Note that
the operating waveforms include push-pull siggals to be supplied for a period of the FSK information
bit part as the cluster sync. That is, the period shown as the FSK information bit pat in an input

push-pull sigpal shoumdn.FiG. REBKs adipprigedseries ehairanimbbies.dt the frediiendiTfw2, shown
as the cluster sync in FIG. 6. FIG. 15A shows the wobble clock WCK. The EX-OR 113 is supplied with

a_binarized Pyl st VR ILELG 128 8pehihe SinaszescRuSEpUHsignatirehiosie in FIG.
15C, %ﬁ%ﬂllﬁﬁggépg#lggg%ﬁ%\%%gbwg%&e clock period in the delay circuit 112. Supplied with these

push-pul ignaley e £ O it RTAYIHCS, AR UIPURABTOWD IR Gyl EllislomiUKLs shaped by

the lo %5‘ Sitet ve a 48 waveéform including only the lower frequency components as
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wobblg clock Wl st E9n3 SR EELSIPE LS APRIPGARRTRIOR 113 is
subjected to extraction of lower frequency components in a lowpass filter 114 and
binarized in a comparator [15. The binarized signal from the comparator LE5 1s
delivered as a latched output at a D-flip-flop 116 at the timing of the wobble clock
WCK. The latched output provides an output “0” or “17 as a chahnel bit in units of
a period of two monotone wobbles, and is supplied to.the discrimination circuit 35.

The operating waveforms of the correlation detection circuit 33 are shown in
FIGS. 15A to 15G. Note that the operating waveforms include push-pull signals to be
supplied for a period of the FSK information bit part as the cluster sync. That is, the
period shown as the FSK information bit pat in an input push-pull signal shown in FIG.
15B is a binarized series of nine wobbles of the frequency w2, shown as the cluster
sync in FIG. 6.

FIG. 15A shows the wobble clock WCK. The EX-OR 113 is supplied with a
binarized push-pull signal shown in FIG. 15B and the binarized push-pull signal,
shown in FIG. 15C, which has been delayed by one wobble clock period in the delay
circuit 112, Supplied with these push-pull signals, the EX-OR 113 provides an output

as shown in FIG. 15D. This output is shaped by the lowpass filter 114 to have a



demodulated channel bit value to the discrimination circuit 35. The explanation is made here taking
the FSK information bit part of the cluster sync as an example. So, the waveform for the period
corresponding to the FSK information bit pat is "H" for a 6-wobble clock period as shown. That is, the
channel bits will take values of "I", "1" and "I" in units of the 2-wobble clock period (period of two
monotone wobbles). Namely, there will be provided a waveform shown as an address bit of the
cluster sync in FIG. 4. If the waveform is an FSK infonnation bit part indicating data "0" or "I", the
waveform for this period will be as shown as adgress bits of data "0" or "I" in FIG. 4. As having been
described above, the optical disc according to the present invention uses the two different frequencies

fwl and, fwe daryvaehiam @ SRgk i [eleavR edhienko@omnsyifeitiad shimeasigier 158 sl frequency

fwl, for example. The frequenmes fwl and fw2 are in such a relation that each of them shows an even
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binarized push-pull signal’and the binarized push-pull signal delayed by one wobble clock period of

;gre ;Le Aot f(‘;ei' a&@ RS hasedQ seshiist foraliwabhlaparialdbafreuenty du2, namely,

part ¢ rre ondlng 49 to the channel bit value "I", as will be seen by

comparsn AbTdERRRPART HRf: aUR R RpdliQm eRD ﬁ@b{&fﬁ%@m@g to the

XC-OR'logic tor example that the demodulation can of course be done by the EX-
OR IO%elgga/v f t50 &1¥nnaqebllto ga(f (%Be[hat'ﬂamnmmatlon circutt 35. The explanation is

made here taking the FSK information bit part of the cluster sync as an example. So,

the waveform for the périod corresponding to the FSK information bit pat is"‘H” for
a 6-wobble clock period as shown. That is, the channel bits will take values of “1”
“1” and “1” in units of the 2-wobble clock period (period of two monotone wobbles).
Namely, there will be provided a waveform shown as an address bit of the cluster sync
in FIG. 4. If the waveform is an FSK information bit part indicating data “0” or “17,
the waveform for this period will be as shown as address bits of data “0” or “1” in FIG.
4.

As having been described above, the optical disc according to the present
invention uses the two different frequencies fwl and fw2 for wobbling a track or
groove. The frequency fw2 is 1.5 times higher than the frequency fwl, for example.
The frequencies fwl and fw2 are in such a relation that each of them shows an even
number of waves and an odd number of waves in a predetermined cycle. In such a
case, the binarized push-pull signal and the binarized push-pull signal delayed by one

wobble clock period of the frequency fwl are in opposite phase to each other for a

wobble part of the frequency fw2, namely, for an FSK-modulated part correspounding



The frequency detection circuit 34 also included in the FSK demodulator 24 to make FSK
demodulation is constructed as shown in FIG. 16_ The push-pull signal binarized in the comparator 32
shown in FIG. 13 is supplied to a rising edge count circuit 121 which counts a number of rising edges
of a push-pull signal in every cycle of the wobble clock WCK. Correspondingly to the result of
counting, the rising edge count circuit 121 provides an output "0" or " 1". The output of the rising edge
count circuit 121 is connected to one of inputs of an OR gate 123, and also to a D-flip-flop 122. The
signal supplied to the D-flip-flop 122 is delayed#ne clock in the D-flip-flop 122 by the latch output at
the time of the wobble clock WCK, and supplied to the other input of the OR gate 123. The OR output

from the OR pate 123 1< an Quiput 10" " iiBo#niss Pi@Perion ok s@onotone
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wobbl supp e discrimination circuit 35. The operating waveforms of the frequency

e aretis ARSI EIOS IR IAE JThE epeising Wivelarmsielide s pul

o ] . :
or a perio the FSK information bit part as the cluster sync. That is, the
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17A shows the wobblﬁ clock WCK. The ri |§§ edggr{:ount circuit 121 counts a number of rising edges

of a pUsh- RASHHAISH 8YERY SUETSPHEWBBBIE "8bck WCK. In FIG. 17B, each rising edge is shown

with a small %I"rifel:efreAc?uSe%?:g ggtg]ction circuit 34 also included in the FSK demodulator 24 to

make FSK demodulation is constructed as showu i FIG. 16.

The push-pull signal binarized in the comparator 32 shown in FIG. 13 is
supplied to a rising edge count circuit 121 which counts a number of rising edges of
a push-pull signal in every cycle of the wobble clock WCK. Correspondingly to the
result of counting, the rising edge count circuit 121 provides an output “0” or “1”. The
output of the rising edge count circuit 121 is connected to one of inputs of an OR gate
123, and also to a D-flip-flop 122. The signal supplied to the D-flip-flop 122 15
delayed one clock in the D-flip-flop 122 by the latch output at the time of the wobble
clock WCK, and supplied to the other input of the OR gate 123. The OR output from
the OR gate 123 is an output “0” or “1” as a channel bit in units of a period of two
monotone wobbles, and supplied to the discrimination circuit 35,

The operating waveforms of the frequency detection circuit 34 are shown in
FIGS. 17A to 17E. The operating waveforms include push-pull signals to be supplied
for a period of the FSK information bit part as the cluster sync. That is, the period
shown as the FSK information bit pat in an input push-pull signal shown in FIG. 17B

is a binarized series of nine wobbles of the frequency fw2, shown as the cluster sync



FIGS. 17B and 17C, the rising edge count circuit 121 provides an output "0" when one rising edge has
been counted within one wobble clock period while providing an output "1" when two such edges have
been counted. The signal shown in FIG. 17C, thus provided as the output, and a signal shown in FIG.
17D, delayed a period IT by the D-flip-flop 122, are ORed by the OR gate 123 to provide an output as
shown in FIG. 17E. The signal thus generated is supplied as an FSK-demodulated channel bit value
to the discrimination circuit 35. The explanation is made here taking the FSK information bit part of the
cluster sync as an example. So, the waveform f@r the period corresponding to the FSK information bit
pat is "H" for a 6-wobble clock period as shown. That is, the channel bits will take values of"1", "1" and
"I'" in upits[of the 2- wobble clock period.(period of two monotone wobbles). Namely, there will be
provided a waveform shown as an address bit of the cluster sync in FIG. 4. If the waveform is an FSK

information btjpart maicating datawabble ¢lottle Wabisforfinéorighig pdgecbwilbbe aswsihdin as address
bits of data "0" or "I" in FIG. 4. Also, in the frequency detection circuit 34, the two different frequencies

fwl anghfu.are Hagskion vaBklind atiaek armrseyr el dueoaies byiodnd fnRearedbbisich a

relation that each of them shows an even number of waves and an odd number 51 of waves in a

predetgrmipect-ayCle, Fies 148 RS damaALiRion cRovRsHXDE danfl diciee Meresimpimcircuit
construction as shown in FIG. 16. Note that the abeve counting of rising edges may be replaced with
countiwgg f?}lﬁ‘ gnecfj%é‘, the rising edge count circuit 121 provides an output “0” when one

rising edge has been counted within one wobble clock period while providing an

output “1” when two such edges have been counted. The signal shown in FIG. 17C,

thus provided as the output, and a signal shown 1 FIG. 17D, delayed a period 1T by

the D-flip-flop 122, are ORed by the OR gate 123 to provide an output as shown in

FIG. 17E. The signal thus generated is supplied as an FSK-demodulated channel bit

value to the discrimination circuit 35. The explanation is made here taking the FSK

information bit part of the cluster sync as anexample. So, the wavetorm for the period

corresponding to the FSK information bit pat is “H” for a 6-wobble clock period as

shown. That 1s, thcr channel bits will take values of “1”, “1” and “1” in units of the 2-

wobble clock period (period of two monotone wobbles). Namely, there will be

provided a waveform shown as an address bit of the cluster sync in FIG. 4, if the

waveform is an FSK information bit part indicating data “0” or “1”, the waveform for

this period will be as shown as address bits of data “0” or “1” wn FIG. 4.

Also, in the frequency detection circuit 34, the two different frequencies fwl

and fw?2 are used for wobbling a track or groove. The frequencies fwl and fw2 are in

such a relation that each of them shows an even number of waves and an odd number



Second embodiment: 2-1 Wobbling method Next, the second embodiment of the present invention will
be described. It should be noted that the second embodiment also concerns a disc called "DVR" for
example and the physical characteristics of the optical disc are similar to those having previously
been described with reference to Table | and FIGS. 4A and 4B. The cutting apparatus for use to
produce the optical disc and the disc drive for playing the optical disc are also basically similar to
those having previously been described concerning the first embodiment. So, the components of the
second embodiment, also used in the first embgdiment, will not be described any more. Only the
wobbling method and associated demodulating method, different from those in the first embodiment,
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described an exam the constrtiction of a demodulation circuit used in the disc drive included in

the second embodiment and.cor i ! iﬁrp@mdp@tor 24 shown in FIG. 12. FIGS. 18A
T S e R e e

to 18F%h wavetorms of w h are when there are used an MSK (minimum key

shifting) modylation alsp in¢luded in the afg i 2 K adulation methed for grodulating an
address of a %bﬁ%%ég 6’\§’e0 % Oau\r/lvé%l(g%@?é%t%gr?v%r?ﬁg %f L = 4 for demodulation of the
address, It should be noted that "L" indicates the length of the wobble detection window and "L = 4"

mean EtH‘eH& Zétection unit corresponds to a period of four monotone wobbles. When data

Second embodiment:
2-1  Wobbling method

Next, the second embodiment of the present invention will be described.
It should be noted that the second embodiment also concerus a disc called “DVR” for
example and the physical characteristics of the optical disc are similaf to those having
previously been described with reference to Table | and FIGS. 4A and 4B. The
cutting apparatus for use to produce the optical disc and the disc drive for playing the
optical disc are also basically similar to those having previously been described
concerning the first embodiment. So, the components of the second embodiment, also
used in the first embodiment, will not be described any more. Only the wobbling
method and associated demodulating method, different from those in the first
embodiment, will be described herebelow. In the explanation of the demodulating
method, there will also be described an example of the construction of a demodulation
circuit used in the disc drive included in the second embodiment and corresponding
to the FSK demodulator 24 shown in FIG. 12.
FIGS. 18A to 18F show the waveforms-of wobbles which are when there are

used an MSK (minimum key shifting) modulation also included in the aforementioned



waveform (channel bit) as address information to be recorded to a wobbled groove is the waveform
(data) in FIG. 18D, the data is pre-encoded to provide pre-code data as shown in FIG. BE. For
example, the data is pre-encoded so that the pre-code data is set "I" at the time of logical inversion of
the data. The MSK modulation is done using the pre-coded data to form a stream as an MSK
modulation signal as shown in FIG. 18F. According to the second embodiment, two different
frequencies fw | and fw2 are used for the MSK modulation. The frequency fwl is the same as a carrier
frequency for the MSK modulation as shown inglG. 18C. The frequency fw2 is 1.5 times higher than
the frequency fwl (it has a wavelength equal to 2/3 of that of the frequency fw | ), for example. As

h in.FIG. f 15 | j [
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carrier frequency correspands tp a pre-cod ta "0" hqw F rl 1.5 wobbles
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frequency fwl). The. monotone bit includes 56 mopagtone wobbles. FIG.,19B sh an ADIP bit has
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wave form (channel bit) as address information to be recorded to a wobbled groove is
the waveform {data) in FIG. 18D, the data is pre-éncoded to provide pre-code data as
shown in FIG. 18E. For example, the data is pre-encoded so that the pre-code data
is set “1”” at the time of logical inversion of the data. The MSK modutation is done
using the pre-coded data to form a stream as an 'MSK modulation signal as shown in

FIG. 18F.

According to the second embodiment, two different frequencies twi and fw2
are used for the MSK modulation. The frequency fwl is the same as a carrier
frequency for the MSK modulation as shown in FIG. {8C. The frequency fw21s 1.5
times higher than the frequency fwl (it has a wavelength equal to 2/3 of that of the
frequency fwl), for example. As shown in FIG. 18A for example, 1.5 wobbles of the
frequency fw2 1.5 times higher than the carrier frequency correspond fo a pre-code
data “1”, while one wobble of the frequency fwl the same as the carrier frequency
corresponds to a pre-code data “0” as shown in FIG. 18B. A period of 1.5 wobbles of
the frequency fw?2 corresponds to a period of one wobble of the frequency fwl (=
carrier frequency).

FIGS. 19A to 19C show streams each of a wobble waveform including an MSK-



information bit part. That is, the MSK information bit part is the pre-code data MSK- modulated with the
frequencies fwl and fw2. The MSK information bit part includes address information- The other 44
monotone wobbles in the ADIP bit are a series of 44 wobbles of the single frequency (= frequency
fwl). FIG. 19C shows a sync bit having also a period of 56 monotone wobbles, of which 28 monotone
wobbles form together a sync unit. The pre-code data is MSK-modulated with the frequencies fw |

and fw2 as above. Sync information is represented by the pattern of the sync unit. The other 28
monotone wobbles in the sync bit are a series gf;28 wobbles of the single frequency fwl (= carrier
frequency). The ADIP bit, monotone bit and sync bit correspond to one bit which will form an address

block (RGARIBIER) PEIRIF0E RisASRb add ARsnfarmlonmABR) andoritich il disbilesced below.
According to the second embodiment, one RUB (recording unit block) being a unit of datarecording
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described wit ceto FIGS. 7 and 8, "RUB" is a data unit consisting of one ECC block having a

run-in and run-out added thereto d this fase. APARMBIASIHALS ASS frRMSSIGIeIRYEBhAS Shown in
FIG. 26}&,“8988&?’6’8 co?rs’ésrtf?orﬁd(?ln%gﬁ one RUB includes three ADIP address blocks. One address

block 54 izicomppsec g Bits 32.ARIG A3 s aliows MSHGAR Siatbibe ADIR itsRd monotone

bit cor%%% "to a perio monotone wobbles, one address block corresponds to a period of
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modulated with the frequencies fwl and fw?2. The MSK information bit part includes
address information. The other 44 monotone wobbles in the ADIP bit are a series of
44 wobbles of the single frequency (= frequency fwl). FIG. 19C shows a sync bit
having also a period of 56 monotone wobbles, of which 28 monotone wobbles form
together a sync unit. The pre-code data is MSK-modulated with the frequeacies fwl
and fw? as above. Sync information is represented by the pattern of the sync unit.
The other 28 monotone wobbles in the sync bit are a series of 28 wobbles of the single
frequency fwl (= carrier frequency). The ADIP bit, monotone bit and sync bit
correspond to one bit which will form an address block (of 83 bits) being one piece of
address information (ADIP) and which will be described below.

According to the second embodiment, one RUB (recording unit block) being a

unit of data recording includes three ADIP addresses, as shown in FIGS. 20A and 20B.
As having previously been described with reference to FIGS. 7 and 8, “RUB” is a data
unit consisting of one ECC block having a run-in and run-out added thereto. In this

case, one RUB includes 498 frames (498 rows). As shown in FIG. 204, a section

corresponding to one RUB includes three ADIP address blocks. One address block



19. The sync bit and ADIP bit are formed to have MSK-modulated waveform wobbles. FIG. 20B
shows the structure of one address block. The address block of 83 bits includes a sync signal part of
eight bits and a data part of 75 bits. The sync signal part of eight bits includes four sync blocks each
of one monotone bit and one sync bit. The data part of 75 bits includes 15 units each of one
monotone bit and four ADIP bits. The monotone bit, sync bit and ADIP bit referred to herein have
previously been described with reference to FIG. 19. The sync bit and ADIP bit provide a wobble
having an MSK-modulated waveform. First, the gtructure of the sync signal part will be described with
reference to FIGS. 2IA and 21B. As shown in FIGS. 2IA and 21B, the sync signal part is fonned from
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19. The sync bit and ADIP bit are formed to have MSK-modulated wave form
wobbles.

FIG. 208 shows the structure of one address block. The address block of 83
bits includes a sync signal part of eight bits and a data part of 75 bits. The sync signal
part of eight bits includes four sync biocks each of one monotone bit and one sync bit.
The data part of 75 bits includes 15 units each of one monotone bit and four ADIP
bits. The monotone bit, sync bit and ADIP bit referred to herein have previously been
described with reference to FIG. 19. The sync bit and ADIP bit provide a wobble
having an MSK-modulated waveform.

First, the structure of the sync signal part will be described with referénce to
FIGS. 21A and 21B.

As shown in FIGS. 21 A and 2 1B, the sync signal part is formed from four sync
blocks “0”, “17, “2” and “37. Of the four sync blocks, the one “0” is formed from one
monotone bit and sync “0”. The sync block “1” is formed from one monotone bit and
sync “1”, the sync block “2” is formed from one monotone bit and sync “27, and the
sync block “3” is formed from onie monotone bit and sync “3”.

In each sync block, the monotone bit is a waveform of 56 wobbles of the single



monotone wobbles, and 28 monotone wobbles. The sync units are different in pattern from each
other. FIGS. 22B, 22C, 22D and 22E show a wobble waveform pattern in a sync unit and a data
pattern as address information corresponding to the wobble pattern. As shown in FIGS. 18D and 18F,
one channel bit as the channel information corresponds to a period of four monotone wobbles. A
channel bit stream as the address information is pre-encoded into a pre-code data as shown in FIG.
18E to provide an MSK-modulated wobble waveform pattern. First, the sync bit "0" forms a channel bit
data stream "1010000" in the sync unit as shoglgn in FIG. 22B. Namely, it provides wobbles
corresponding to a pre-code data stream” 1000100010001000000000000000". More specifically, the
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sync hit "0"
corres PRSP REY SO requency fw2 while a part corresponding to "0" is one
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corresponding to a pre-code data . : .
1510{10(20%6 wobbles, and 28 monotone wobbles. The sync units are different n pattern

from each other. FIGS. 22B, 22C, 22D and 22E show a wdbble waveform pattern in
a sync unit and a data pattern as address information corresponding to the wobble
pattern. As shown in FIGS. 18D and [8F, one channel bit as the channel information
corresponds to a period of four monotone wobbles. A channel bit stream as the
address information is pre-encoded into a pre-code data as shown in FIG. 18E to
provide an MSK-modulated wobble waveform pattern.

First, the sync bit “0” forms a channel bit data stream “1010000” in the sync
unit as shown in FIG. 22B. Namely, it provides wobbles corresponding to a pre-code
data strearm < 1000 1000 1000 1000000000000000”. More specifically, the sync bit “0”
provides an MSK-modulated wobble pattern that a part of the pre-code data
corresponding to “1” is 1.5 wobbles of the frequency fw2 while a part corresponding
to “0” is one wobble of the frequency fwl.

The sync bit “1” forms a channel bit data stream “1001000” in the sync unit as
shown in FIG. 22C, and provides a wobble waveform corresponding to a pre-code data
stream <1000 100000001000 1000000660007,

The sync bit “2”" forms a channel bit data stream “1000100” in the sync unut as



stream " 1000100000000000000010001000". The four patterns of the sync bits are laid in each sync
block. Thus, when the disc drive can detect any of the four patterns of sync units in the sync signal
part, a synchronism can be attained between the sync units. Next, the structure of the data part of the
address block will be described with reference to FIGS. 23A and 23B. As shown in FIGS. 23A and
23B, the data part is formed from 15 ADIP blocks "0" to "14". Each of the ADIP blocks is of 5 bits. The
five bits of each ADIP block include one monotone bit and four ADIP bits. Similarly to the sync block,
the monotone bit in each ADIP block providessg waveform of a series of 56 wobbles of the single
frequency representing the carrier, as shown in FIG. 24A. Since one ADIP block includes four ADIP
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The four patterns of the sync bits are faid in each sync block. Thus, when the
disc drive can detect any of the four patterns of sync units in the sync signal part, a
synchronism can be attained between the sync units.

Next, the structure of the data part of the address block will be described with
reference to FIGS. 23A and 23B.

As shown in FIGS. 23A and 23B, the data part is formed from |5 ADIP blocks
“(" 1o “14”. Each of the ADIP blocks is of 5 bits. The five bits of each ADIP block
include one monotone bit and four ADIP bits. Similarly to the sync block, ‘the
monotone bit in each ADIP block provides a waveform of a sertes of 56 wobbles of
the single frequency representing the carrier, as shown in FIG. 24A. Since one ADIP
block includes four ADIP bits, fifteen ADIP blocks form together address information
of 60 ADIP bits. One ADIP block is composed of an ADIP unit having a period of 12
monotone wobbles, and 44 monotone wobbles. FIG. 24B show a wobble waveform
pattern with the ADIP bit having a value “1”, and a data patten as address information
corresponding to the wobble waveform. FIG. 24C shows a wobble waveform pattern

with the ADIP bit having a value “0”, and a data pattern as address information



waveform corresponding to a pre-code data stream "1000t0000000". More specifically, the ADIP
bit"1" provides such an MSK-modulated wobble pattern that a part of the pre-code data corresponding
to "I" is 1.5 wobbles of the frequency fw2 while a part corresponding to "0" is one wobble of the
frequency fw 1. As shown in FIG. 24C. The ADIP bit "0" forms a channel bit data stream "010" in the
ADIP unit, namely, it provides a wobble waveform corresponding to a pre-code data stream
"000010001000". The above wobbling method according to the present invention is characterized as
follows: Wobbling is a sequence of ADIP bit ar?ﬁ sync bit having waveforms, respectively, derived
from MSK modulation of the information bit, and a monotone bit providing the single-frequency part
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waveform corresponding to a pre-code data stream “100010000000".  More
specifically, th.e ADIP bit “1” provides such an MSK-modulated wobble pattern that
a part of the pre-code data corresponding to “J” is 1.5 wobbles of the frequency fw2
while a part corresponding to “07 is one wobble of the frequency fwl. As shown in
FIG. 24C. The ADIP bit “0” forms a channei bit data stream “010” in the ADIP unit,
namely, it provides a wobble waveform corresponding to a pre-code data stream
“000010001000™.

The above wobbling method according to the present invention is characterized
as follows:

Wobbling is a sequence of ADIP bit and sync bit having waveforms,
respectively, derived from MSK modulation of the information bit, and a monotone
bit providing the single-frequency part based on the waveform of the single frequency
fwl (carrier frequency). Namely, the MSK-modulated parts in which the actual
information bit is embedded will discretely be laid on a wobble track (groove). The
discrete presence of the MSK-modulated parts contributes to a considerable reduction
of adverse affect of crosstalk even with a narrow track pitch. The MSK modulation

uses the two different frequencies fwl and fw2. Of these different frequencies, the



predetermined cycle. In the MSK information bit part, the period of four monotone wobbles is one
channel bit (in case it corresponds to the length (L = 4) of the wobble detection window) forming the
information bit. The period length of the MSK-modulated part of the ADIP bit is a period of 12
monotone wobbles, that is,a period being an integral multiple of the cycle of the monotone wobble.
These features will facilitate the FSK demodulation. In the disc drive which will be described later, the
MSK demodulation can be easier because the demodulation is done in units of a period of a plurality
of wobbles, for example, a period of four monafgne wobbles. The relation between the wobbling and
data to be recorded is such that an integral number (three, for example) of addresses as ADIP
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predetermined cycle.
In the MSK information bit part, the period ot four monotone wobbles is one
channel bit {in case 1t corrésponds to the length (L = 4) of the wobble detection
window) forming the information bit. The period length of the MSK-modulated part
of the ADIP bit is a period of 12 monotone wobbles, that s, a peried being an integral
multiple of the cycle of the monotone wobble. These features will facilitate the FSK
demodulation. In the disc drive which will be described later, the MSK demodulation
can be easier because the demodulation is done in units of a period of a plurality of
wobbles, for example, .a period of four monotone wobbles. The relation between the
wobbling and data to be recorded is such that an integral number (three, for example)
of addresses as ADIP information are used per RUB to provide matching between the
wobbled groove and data to be recorded. In the MSK information bit part, the phases
are continuous at the point of shifting between the frequencies fwl and fw2. Thus, the
wobbling by the MSK modulation will not include any high frequency component as
in the wobbling by the PSK modulation.
2-2  Demodulation

The demodulation corresponding to the wobbling method in the second



FIG. 13 will be described with reference to FIG. 25_ For the MSK demodulation, there are provided
bandpass filters 151 and 152, multiplier 153, adder 154, accumulator 155, sample and hold circuit 156
and a slicer 157 as shown in FIG. 25. It should be noted that the components such as wobble I'LL 25,
address decoder 26 and encode clock generator 27, etc. included in the second embodiment are
similar to those shown in FIG. 12 and so will not be described any more. The output from the circuit
shown in FIG. 25 (output from the slicer 157) is supplied to the discrimination circuit 35 included in the
FSK demodulator 24 shown in FIG. 13. Namely, it is assumed that the discrimination circuit 35, sync
detection circuit 36 and gate signal generation circuit 37 shown in FIG. 13 are similarly provided

downsfre Pt [ GiAPwAl RS bRuli AL BB 3oRPIIRd s AdNsb Rlingdsignal from
the ma Hg‘%@‘&ﬁ %ﬁ%#ﬂ%%slﬁﬁk%ﬁ éach of the bandpass filters 151 and 152 in FIG. 25. The

bandpgss fiterdied has sueha epraclasialicas allowlieduriey handcanesmandiage the

freque to pass through it. The bandpass filter 151 extracts a wobble component, that

is, MSK-modulated wave, Qn the other hand, t ilt gh Q¥yahand

Chara G S o e B S B B o extracts
the carrier companent. The adder 153 multiplies outputs from. the P i nd 1.52. The
produé{etﬁB‘i‘rﬁ)fh%“é?dﬂ%é@?iﬁ@%‘ﬁegﬁ%éﬁ%#ﬁ(}%gla%%ﬁrgglé?o&f are@%%%gﬁéﬁtgg adder 154.

The agsymylelor 155 5 leqred by clpar G0 GG s of a perod offour

For the MSK demodulation, there are provided bandpass filters 151 and 52,
multiplier 153, adder 154, accumulator 155, sample and hold circuit 156 and a shicer
157 as shown in FIG. 25. It should be noted that the components such as wobble PLL
25, address decoder 26 and encode clock generator 27, etc. included in the second
embodiment are similar to those shown in FIG. 12 and so will not be described any
more. The output from the circuit shown in FIG. 25 (output from the slicer 157} is
supplied to the discrimination circuit 35 included in the FSK demodulator 24 shown
in FIG. 13. Namely, it is assumed that the discrimination circuit 35, sync detection
circuit 36 and gate signal generation circuit 37 shown in FIG. 13 are similarly provided
downstream of the circuit shown in FIG. 25.

A push-pull signal P/P supplied as a wobbling signal from the matrix circuit 9
in FIG. 12 is supplied to each of the bandpass filters 151 and 152 in FIG. 25. The
bandpass filter 151 has such a characteristic as to allow frequency bands
corresponding to the frequencies fwl and fw?2 to pass through it. The bandpass filter
151 extracts a wobble component, that is, MSK-modulated wave. On the other hand,

the bandpass filter 152 has such a narrow-band characteristic as to pass only the



wobbles (in case L = 4) or a period of two wobbles (in case L = 2). Therefore, the accumulator 155 will
provide an integrated value for the period of four or two wobbles. The output from the accumulator
155 is held in the sample and hold circuit 156. The sample and hole circuit 156 samples and holds the
signal at the timing of a hold control signal SHOLD. The output from the sample and hold circuit 156 is
binarized by the slicer 157 formed as a comparator. The binarized data output is a channel bit data
forming address information, and supplied to a downstream circuit, namely, to the discrimination
circuit 35 as shown in FIG. 13. In the discriminagign circuit 35, the data is discriminated to have a
value as an ADIP bit or sync bit. The ADIP bit thus discriminated is supplied to the address decoder
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wobbles (in case L = 4) or a period of two wobbles (in case L =2). Therefore, the
accumulator 155 will provide an integrated value for the period of four or two
wobbles.

The output from the accumulator 153 is held in the sample and hold circuit 156.
The sample and hole circuit 156 samples and holds the signal at the timing of a hold
control signal sHOLD. The output from the sample and hold circuit 156 is binarized
by the slicer 157 formed as a comparator. The binarized data output is a channel bit
data forming address information, and supplied to adownstream circuit, namely, to the
discrimination circuit 35 as shown in FIG. 13. In the discrimination circuit 35, the data
is discriminated to have a value as an ADIP bit or sync bit. The ADIP bit thus
discriminated is supplied to the address decoder 26 shown in FIGS. 12 and 13 where
it will have the ADIP address thereof decoded. The sync bit will be processed in the
sync detection circuit 32 in FIG. 12 in the same manner as described with reference
to FIG. 12.

The MSK demodulation will be described with reference to waveforms shown

in FIGS. 26 A and 26B. The waveforms are ones developed when the length L of the

wobble detection window is L = 4.



hold circuit 156 (h (L=4)). Multiplication in the multiplier 153 of the wobble waveform MSK (L = 4) as
shown in F[G.26A by the carrier frequency (BPF out) provides the signal (Demod out) as shown in
FIG. 26B. The accumulator 155 and adder 154 provide the signal (Int (L=4)) integrated in units of four
wobbles. The integrated signal-(Int (L=4)) is sampled and held in the sample and hold circuit 156 in
units of four wobbles as well to provide the output (h (L=4)). The waveform of the output (h (L=4)) is
binary-sliced by the slicer 157 to detect a channel bit data yet to pre-code FIGS. 27A and 27B show
waveforms developed when the length L of the gyobble detection window is L = 2. As in FIGS. 26A
and 26B, pre-code data, wobble waveform MSK (L = 2), carrier frequency (BPF out), output from the
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hold circuit 156 (h (L=4)). Multiplication in the multiplier 153 of the wobble
waveforin MSK (L = 4) as shown in FIG.26A by the carrier frequency (BPF out)
provides the signal (Demod out) as shown in FIG. 26B.  The accumulator 155 and
adder 154 provide the signal (Int (L=4)) integrated in units of four wqbbies_ The
integrated signal (Int (L=4)} is sampled and held in the sample and hold circuit 156 in
units of four wobbles as well to provide the output (h (L=4)). The waveform of the
output (h (L=4)) is binary-sliced by the slicer 157 to detect a chanael bit data yet to
pre-code.

FIGS. 27A and 27B show waveforms developed when the length [ of the
wobble detection window is L. = 2. As in FIGS. 26A and 26B, pre-code data, wobble
waveform MSK (L = 2), carrier frequency (BPF out), output from the adder 153
{Demod out), output from the accumulator 155 (int (L=2)) and an output from the
sample and hold circuit 156 (h (L=2)) are shown in FIGS. 27A and 27B.
Multiplication in the multiplier 153 of the wobble waveform MSK (L. = 2} by the
carrier frequency (BPF out) provides the signal (Demod out) as shown in FIG. 26B.

The accumulator 155 and adder 154 provide the signal (Int (L=2)) integrated in units

of two wobbles. The integrated signal (Int (L=2)) is sampled and held in the sample



can be increased to a period of a plurality of wobbles, whereby the MSK demodulation can be done
easily and accurately. As will be seen through comparison between the integrated signal (Int) and
sampled and held signal (h) shown in FIGS. 26A and 26B and FIGS. 27A and 27B, respectively, the
length (L = 4) of the wobble detection window will provide an integrated area 2 times larger than that
provided by the length (L = 2), and thus the signal will be 2 times larger. The noise when L = 4 will not
be 2 times larger than that when L = 2 but s2 times larger. Thus, when L = 4 in total, the
signal-to-noise (S/N) ratio will be better by 3 dBsthan with L = 2. Therefore, the bit error with L =4 is
smaller than that with L = 2. Therefore, since the length of the wobble detection window is increased
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demodulation and ADIP decoding are more reliable. In the foregoing, the present invention has been
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can be increased to a period ofa plurality of wobbles, whereby the MSK demodulation
can be done easily and accurately.

As will be seen through comparison between the integrated sigﬁa! (Int) and
sampled and held signal (h) shown in FIGS. 26A and 26B and FIGS. 27A and 27B,
respectively, the length (L = 4) of the wobble detection window will provide an
integrated area 2 times larger than that provided by the length (L. = 2), and thus the
signal will be 2 times larger. The noise when L = 4 will not be 2 times larger than that
when L = 2 but 2 tumes larger.

Thus, when L =4 in'total, the signal-to-noise (S/N) ratio will be better by 3 dB
than with L = 2. Therefore, the bit error with L = 4 is smaller than that with L. =2,
Therefore, since the length of the wobble detection window is increased owing to the
wobbling method according to the present invention, it will be understood that the
MSK demodulation and ADIP decoding are more reliable.

In the foregoing, the present invention has been described concemning the
embodiments of the disc, cutting apparatus for use to produce the disc and the disc

drive in which the disc is used as a recording medium. However, the present invention

is not limited to such embodiments but may be modified in various forms without



series of predetermined signal units each consisting of an FSK information bit part and a
single-frequency part corresponding to the waveform of a single frequency. Since FSK-modulated (or
MSK-modulated) parts are thus discretely formed, the influence of a crosstalk from adjacent wobbled
tracks is reduced, which is very suitable for an improvement of the recording density with a smaller
track pitch. That is, the present invention is suitably usable as the wobbling method for a
large-capacity disc. The cutting apparatus according to the present invention includes means for
generating a series of predetermined signal unis each composed of a signal part resulted from FSK
modulation of information bit and a signal part of a single frequency. Namely, the one-beam cutting

methoddgrnthe: Feapteskindbgecutling rpanains dativse de fineduse thdistzahapedmedatding medium
intended for a larger recoding capacity. The disc drive according to the present invention is a
high-pestarepasica ppRRatis in which infonmation such as an address can be extracted from the
wobbled groove formed on the disc-shaped recording medium. More particularly, the clock
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the basis of a signal corresponding to a single frequency part of a wobbling signal, having a waveform
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processing thedata to be recorded, and making spindle servo control based on the wobble

reprodéje%tigsnoc[_lo{g}%dretegrﬁ‘li&ed signal units each consisting of an FSK information bit part
and a single-frequency part corresponding to the waveform of a single ffequency.
Since FSK-modulated (or MSK-modulated) parts are thus discretely formed, the
influence of a crosstalk from adjacent wobbled tracks is reduced, which is very
suitabie for an improvement of the recording density with a smaller track pitch. That
is, the present invention is suitably usable as the wobbling method for a large-capacity
disc.

The cutting apparatus according to the present invention includes means for
generating a series of predetermined signal units each composed of a signal part
resulted from FSK modulation of information bit and a signal part of a single
frequency. Namely, the one-beam cutting method can be adopted in the cutting
apparatus for use to produce a disc-shaped recordiﬁg medium intended for a larger
recoding capacity.

The disc drive according to the present invention is a high-performance
apparatus in which information such as an address can be extracted from the wobbled

groove formed on the disc-shaped recording medium. More particularly, the clock

reproduction unit can easily and accurately genexjaté, by the PLL, a wobble



can operate based on a gate signal generated on the basis of the sync detection to provide a stable
PLL operation only with a signal corresponding to the single- frequency part of the wobbling signal.
Thus, the PLL permits a quicker pull-in to locking and a more accurate clock reproduction. Further, the
wobble formed on the disc-shaped recording medium according to the present invention includes a
single-frequency part of which the length is sufficiently longer than that of the FSK information bit part.
So, easy pull-in to locking of the PLL using the single-frequency part is possible. The FSK
demodulation of a signal corresponding to the &SK information bit part of the wobble can be attained
easily and accurately owing to the correlation detection or frequency detection. 65 CLAIMS 1. A

cuttingrgppaliattis celoplisinghoieais d0a ganerbting s peri¢tmgfitpreseleiminagisignapunitsfeach
composed of a signal part resulted from FSK modulation of information bit and a signal part of a
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signal generating means; a laser source means; means for deflecting laser light from the laser source

means,ga e §asis %@%néf%g%aéﬁmémo@[{%fsm&@n@rqﬁmm%%@%m@@ for cutting
a disc substrate by radiating the laser light to the disc
and making spindie servo conirol based on the wobble reproduction clock. The PLL
can operate based on a gate signal generated on the basts of the sync detection to
provide a stable PLL operation only with a signal corresponding to the single-
frequency part of the wobbling signal. Thus, the PLL peutmits a quicker pull-in to
tocking and a more accurate clock reproduction.

Further, the wobble formed-on the disc-shaped recording medium according to
the present invention includes a single-frequency part of which the length is
suffictently longer than that of the FSK information bit part. So, easy pull-in to
locking of the PLL using the single-frequency partis possible. The FSK demodulation

of a signal corresponding to the FSK information bit part of the wobble can be attained

easily and accurately owing to the correlation detection or frequency detection.



substrate through the laser light deflecting means to form, on the disc substrate, a wobbled track
including a series of predetermined units each composed of an FSK information bit part based on a
waveform resulted from FSK modulation of the information bit and a single-frequency part based on
the waveform of the single frequency.

65

CLAIMS

1. A cutting apparatus comprising:

means for generating a series of predetermined signal units each composed of a
signal part resulted from FSK modulation of information bit and a signal part of a
single frequency;

means for generating a drive signal on the basis of the signal supplied from the
signal generating means;

a laser source means;

means for deflecting laser light from the laser source means on the basis of the
drive signal from the drive signal generating means; and

means for cutting a disc substrate by radiating the laser light to the disc
substrate through the laser light deflecting means to form, on the disc substrate, a
wobbled track including a series of predetermined units each composed of an FSK
information bit part based on a waveform resulted from FSK modulation of the
information bit and a single-frequency part based on the waveform of the single

frequency.



