| DESCRI PTI ON Di sc-shaped Recordi ng Medium Cutting Apparatus for Sane, and
Disc drive Technical Field The present invention generally relates to a

di sc-shaped recordi ng medi um such as an optical disc, a cutting apparatus
for use in production of the disc-shaped recording nediumand a disc drive
for recording and/or reproducing data to and/or fromthe disc-shaped
recordi ng nedium and nore particularly to a disc-shaped recording nedi um
havi ng a wobbl ed track as a pregroova formed thereon. Background Art To
record data to an optical disc which is a disc-shaped recording nmedium a

guiding neans 'is required for HhESORIPTEONCOrding track. To this end,
pregrooves are preforned on the optical disc and the groove itself or a
| and, of which the cross section is trapezoidal, between the preforned
grooves is used as the recording track. Address information has to be

recorded on an gptical disc of this type to permt recording of data in a
gi ven pbsT Bﬁd&"rcaf‘ﬁﬁ%gﬁ[ﬁﬁlﬁhgléﬁﬂg pametug fof amedand Disodsivee  cases,
such address information is recorded on the optical disc by wobbling a
groove. Nanely, a data recording track is preforned as a pregroove for

exanple on the optical disc while the lateral wall of the pregroove is

bei ng PshBid Feggr espondingly to the address information. Thus, for
recordi ng or reproducing data to or fromthe optical 2 disc, an address to
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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 WMch 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 itselfora land, of which the cross section
is trapezoidal, 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 examuple 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 fromwobbling information provided as return light information,
and the data can be witten to a desired position or read froma desired
position without having to preformpit data or the like indicating an
address, for exanple, on the recording track. By additionally recording
address information as a wobbl ed groove, it wll be wunnecessary to
discretely define an address area on a track and record an address as pit
data in such address area, for exanpte. Therefore, the actual capacity of
the optical disc for recording data can be increased for the address area

0 AL, MR, IRIEESRS AR o O L S BT

represenfed by su groove IS

P h h
hobb! Sa ok 55 BRt nEROTRE T EmeRER dis ket s ol RebbhHSERERoncidlfe °
(CD-Rewitable), DVD-R, CD RW DVD+RW etc. In these types of optical
di scsdataoimeberwritier et desiradpasiiomer iegd ficam e idesized positiedvasputdaningobbl ed

groove in a manner different fromone type to another of these opti cal

di scsto prefoimfpindgta@e iR/ likkdindicnnigean addrib)| i exaaple] o the récsidanal

generated by making FM nodul ati on of address information. ATIP information
enbed I n a wobbl ed groove fornmed on CD-R/ CD -RWi s subj ected to bi phase
nmodul at1on before the FM nodul ati on as shown in FIG |. Mre specifically,
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the 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) information represented by such a wobbled groove is
called ATIP (absolute time in pregroove) or ADIP (address in pregroove).
Optical discs haviﬁg such a wobbled groove formed thereon inctude 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 recor&ed 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 information embedded in a wobbled groove formed on CD-R/CD-RW is

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

specifically, the biphase modulation ts such that ATIP data such as an address or the



bi phase nodul ation and its ratio between average nunbers of"I" and"0" is |
: [, and a wobbling signal of 22.05 kflz in average frequency are
generated by the FM nodul ation of the ATIP data. A groove defining a
recording track is wobbled according to such an FM nodul ation signal. In
DVD- RWwhi ch is a phase-change recordi ng-based rewitable version of DVD
(digital versatile disc) and DVD-R which is an organi c dye change-based
recordabl e version of DVD, wobbled grooves G are forned as preformatted on
the disc and a land prepit LPP is formed in a | and between the grooves G

as sh ase,, e b nt rol
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siml ur pos and the |land prepit is used eterm ne .an accurate

¢ ecor dABASsHRALHIBHOR Agis gatin e %ﬁm‘ecraz:%vqnépps e Rns i L andut t he
di sc such as a pre-address etc. In this case, the pieces of address

i nf or matvabbling hsagsal o 22 &5 kiter ar dedrags fraqdermyepret gehdiBfehbly ds Wbl es of
the groove. In DVD-RAM whi ch is the phase change recordabl e versi on of DVD,

I nf or FRbAQIALISH O tls ATTIPag4sess 1S recorded as a groove wobbl ed based on the
phase nodul ation (PSK nodul ation) on the disc. FI GS. 3A to 3C show
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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
recordable 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.

[n this case, the wobbled groove is used to control the rotation of the disc and
generate a récording master clock or for similar purposes, and the land prepit is used
to determine an accurate recording position ini bits and acquire a variety of information
about the disc such as a pre-address etc. In 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 phaac
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 NWto take place alternately in a p redeterm ned order, so
that the ADI P unit represents a sync pattern or data "0" or "I". Note that
the positive wobble PW 'is a wobble whose |eading end is directed toward
the inner circurnference of the disc, and the negative wobble NWis a
wobbl e whose leading end is directed toward the outer-circunference of
the disc. FIG 3A shows a sync pattern (AD P sync unit). In this sync
pattern, the f on-ner four wobbles §WD to WB) are negative ones NWand the
| atter four wobbles (WH to W) are positive ones PW FIG 3B shows an ADI P
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ones NW Thus, the ADI P data uni t represents data "0". FIG 3C shows an
ADI P d45DHP umttrewﬁﬁgStmmqrmtem pt datarf 0o 18Dl P dat a uni t ,  the leading
wobble WD is a negative one NWas a bit sync, it is followed by three

wobbl es WL Ndte WatoghePgissifive dobBRSP R\s @%Bﬂ:@vdwsbqéawﬁgléhd%bme%ied ncl ude
two wobbles W and as negative ones NWand two wobblres Wb and W as
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of such ADI P n|ts represents an ress or the like, 5 However, the above
wobbl .‘%&f nggad infuesisd Qupsh Ma&casw@ plegge of the disc.
| FIG. 3A shows a sync pattern (ADIP sync unit). [n this sync pattern, the former
four wobbles (W0 to W3) are negative ones NW and the latter four wobbles (W4 to
W7) are positive ones PW.
FIG. 3B shows an ADIP data unit being the data “0”. In this ADIP data unit,
the leading wobble WO 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 WO is a negative one NW as a bit syng, 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 “}”.

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 wobbl ed according to FM nodul ati on 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

nodul ati on dat a- based wobbling cannot suitably be used in case the track
pitch is narrowed for an inproved recording denistity. Next, in case |and
prepits are formed as in DVD-R and RQVD-RW the land prepits may possibly
have a cross talk into a read RF signal, causing a data error and

mastering (cuttin has to .done .for the groovye and |and prepits (2-beam
nast eri ng)l.('IOWPHP%%?‘% as‘éYea‘tVPgEh?g(ﬁ?qlW%‘EﬁstarF OE%Y%(%%?QUW]‘[Q%E&YSW n case a
groove is wobbl ed according to PSK data_as in DVD-RW. the RF _conponent at
the phaseFistaid gsepgirnovefs eoliblekaseehding todiMuagdulgtion detsaninCDhBve a
crosstalk into a read RF signal, causing a critical error Also, since the
PSK phgsErRRW! theQitifke v wobsIS oTaRRIdyadenbtratl adil ensse a phageastenige dfhe

essential frequency band of a wobbling signal processing circuit system
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related art by providin novel angd | oved ,dj sc-s d ecordi ng nmedi um
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i ncreased recording capacity and inproved wite-read characteristics of the
r ecor cirmgt 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 tatk 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 proceséing circuit
system will be higher.

Disclosure of the Invention

Accordingly, the present invention has an object to overcome the above-

mentioned drawbacks of the related art by providing a novel and improved disc—shéped

'r'ecbrding medium in which a groove is wobbled by a wobbling method suitable for an



medium a cutting apparatus for production of the disc-shaped recording
medi um and a disc drive conpatible with the di sc-shaped recordi ng nmedi um
The above object can be attained by providing a disc-shaped recordi ng

medi um having preforned thereon a spiral, wobbled track as a groove or

| and al ong which data is recorded, wherein the wobble of the track is a
series of predeterm ned signal units each consisting of an FSK i nformation
bit part corresponding to a waveforgresulted from FSK (frequency shift
keyi ng) nodul ation of information bit and a single- frequency part
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FSK nodul ation. One of the frequencies is the sanmg as f.he sipgle frequency
whi | emedanetraiting epparatis fos penductioa of the Gasshapediesgrding magfigib ¢ndhese
frequencies are in such a relation that each of them has an even nunber of

vaves, dixd diveasshapaibitbevittothendiveshapdderesatdihg mediampr edet er.mi ned cycle. For
exanple, the other frequency has a frequency 1.5 tines or 1/1.5 tines
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requency as t si ngle” frequency corresponds to one

channel .bit i nfarmation bit. eriod | enqgt f t pf tion
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each consisting of an FSK infm_'mation 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 frequeﬁcy. |

For the above disc-shaped recording medium, two different ﬁequencies areused
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 frequenéy as the single
frequency corresponds to one channel bit as information bit.

The period lengtﬁ 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



According to the present invention, the integral nmultiple of the ,
predetert-nined units corresponds to a tinme 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
tracki ng servo frequency band and read signal frequency band. The FSK
information bit part is formed on the basis of a waveforrn resulted from
FSK nmodul ation of '"information bit as address information. The FSK

nmodul ation for the FSK information bit part uses two different
freq@@ﬁéies. One of these frequencies is continuous in phase with the

other at the point of shift fromone to the ot he(ﬁ.QﬁA&%ordi ng to the
present i icsordiog,to theprsrnmsyantiendhe inegrl mtp Aredefermingdi ng)
nodul ation. In the FSK information bit part resulted from MSK nodul ation

of t Ritsi SOk@IsEBRIO D alithe lehgthiaverecpaling dnafofl duta fro dguecoydeabtd the si ngl e
frequency corresponds to one channel bit as information bit. In this case,
the ESK, information bit part resulted from MSK nodul ati on of the

inforli'éﬁCFOn bit includes two different frequencies of which the one is the

Than the digrBsITRlIeRE ReaREey STas AHLR Bh Tead<T Y BaFk S B four
and shiepealmuBiplob tisiols freasisnecylherbrqueessgh dhe Ringle iSaUECyAsh. the
above object can be attained by providing a cuttihg appar at us ,
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 present invention, the FSK modulation is an MSK (minimuin
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
ﬁmmmpﬁmwm&mmm&mmWRMmMmMMbmIMMMmqmﬂﬂK
information bit part resulted from MSK modulation 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

includes 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.



i ncl uding according to the present invention: neans for generating a series
of predetennined signal units each conposed of a signal part resulted from
FSK nodul ation of information bit and a signal part of a single frequency;
means for generating a drive signal on the basis of the signal supplied
fromthe signal generating neans; a | aser source neans; neans for
deflecting laser light fromthe | aser source neans on the basis of the
drive signal fromthe drive signal generating means; and neans for cutting
a disc substrate by radiating the laser light to the disc substrate

through the | aser |ight .deflecting ng to form. on the.disc %ﬁs rate, a
wobbl ed t rAlsg, F[Ff‘cIabﬁV?l@bde%teP?ré?eo?&%‘?‘Saelf%Wﬁ@&“%rﬁ P%‘E%%p B% %%ed of an
FSK information bit part based on a waveformresulted from FSK. nodul ati on

of t hacludifgacoarding thithe preseat givegtiens r equency part based on the waveform
of the single frequency. Al so, the above object can be attained by

providi ng [ﬁeﬂ{s%rgéhé/rﬁtiﬁgra Jefie9 b praletarnined s@mat ungs dactacsraposed obm t he
af orenenti oned di Sc- shaped recordi ng nmedium according to the present
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signal; 9 nmeans for extracting a wobbling signal about wobbling of the
t r aclsinglefraqusncy; |

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 cach 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.

Also, the above object can be attained by providing a disc drive for recording
or reproducing data to or from the aforementioned disc-shaped recording medium
according to the present invention, the apparatus including according to the present

invention:

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



return light signal; and a wobbling information decodi ng neans for making
FSK denodul ation of the wobbling signal to decode information represented
by the, information bit. Mre specifically, the wobbling information
decodi ng nmeans includes a clock reproduction unit to generate, by a PLL, a
wobbl e reproduction clock on the basis of a signal corresponding to a
single-frequency part of the wobbling signal, an FSK denodul ator to nake
FSK denodul ati on of the wobbling signal corresponding to an FSK
information bit part of the mobbling signal to provide denodul ati on dat a,

and a decoder to decode re ed info tion 0S of the "information
bit froin me@ns %@Wﬁﬂgaﬁﬁ%@aﬂ&%‘gﬁf‘{ %L#tr%?hcﬁ %@&l@a@ﬁ%‘&ﬁmﬁf‘? TheI FSK

denodul ator includes a correlation detection circuit to make FSK
denmpdeharnilht bipndEtandt i ng a correl ati on between the wobbling signal and a
delay signal resulted fromdel aying of the wobbling signal by a period of

the wobbl g, \gbseﬁggﬂﬁbhﬁaﬁ@ﬁ a6kodinB endask foeaRitiy BSKI ddredwdasn afsbe a

frequency etection circuit to make FSK denodul ation by detecting a

nunber pof..rising edges (oF L1 Q. ‘ | : gnal , exi stent
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denodul at or i ncludes .t he aboye, .correl ati.on detection cir Cﬁlﬁe arld frequency
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bot h. the denodul ati on data denodul ated by the correl ati on detection
ci r cuicprahttionainittd getieratebhyas ®d.lhy whkble reprpdetipn sdecdcon dre basis oft .
Particul arly, the decoder decodes the
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 reiquiredrinfonnation 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, eﬁistent within one period of the wobble reproduction clock.

In case the FSK derﬁodulator 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



required information froma | ogical product of the denodul ated data from
the <correlation detection circuit and that fromthe frequency detection
circuit when the PLL is being pulled in the clock reproduction unit, and
it decodes the required information froma |ogical sum of the denodul ated
data fromthe correlation detection circuit and that fromthe frequency
detection circuit when the PLL is stable in the clock reproduction unit.
The decoder includes a gate generatgy to generate a gate signal for the PLL
in the clock reproduction unit based on the fact that it decodes sync

|nformat|on as, .o of the requi.red. info 1i t he, PLL f ons on
t he bdemedyptediy éﬁt@%‘?ﬂ%@etgﬁuo‘b?ﬁ%"&eﬁ gf%lgll_‘farb'pglr‘ (gﬁe a %‘Veégf‘& y on a
part, corresponding to the single frequency, of the mobblln gnal . The

di sc_ ebquired améomaatnn thoom He lpgiesk produoieokt tem dequxdatedndatadg@na thpi ndl e
servo neans for making spindle servo control using the wobble reproduction

C | oc kcorrélﬁﬂoigﬁéfb%t%ﬁrclﬂﬁneirﬂi i@ fisin ¢he dquehof Heytiohoarauswhkehlththe
| e reproduction clock d which is to be used for encoding data to be

recor The wo | [ dul at or
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FSK information bit part of _the, wob rat dul ation
dat a. infaenamer fraavplegic smef fhsylgme eﬁéﬁ’ﬁg R IC ﬂl%}aﬁﬁgp?ﬁ units
of the 4-wave period of the frequency as the Si n | e frequency to provide

the noidetintndnhst from theTirequaislyl detectins hisduidddpmethei RLLHe sprideantthenvent i on
Is such that a wobbled track is fort-ned as a serles of predeten-ni ned

uni t s.Reg tepdalitdbRangn FSK M on-nation
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 disc drive according to the present invention further includes a spindle
servo means for making spind[e 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 wobbling 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.



bit part and a single- frequency part based on the wavefo run of as ingle
-frequency. That is, since the FSK (MSK) is partial, the wobbling is little
i nfluenced by any crosstalk. Also, since the land such as the land prepits
has no mssing part, there will not take place any influence of any |and

m ssing-part on data to be recorded. Sincenopitsare forned in the |and,
mastering can be nmade with a single beam Further, the wobbling has no
high frequency conponent as in the fSK. These objects and other objects,
features and advantages of the present invention will becone nore apparent

fromthe .fol | ow det gj | ed.desqgr.i pi i ] . f I ng out
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drawi ngs. Brief Description of the awi ngs, Fl | explains_.an FM

modul taadkois foersed ane Beriehel Pfeﬂﬁﬁﬂfqﬂ&ﬁéﬂ“&ﬁ %hfleﬁ&#fiﬁgz ¥t b 3 gd&f%‘il%‘%@%. FI GS.
3A, 3B and 3C show information represented by phase-inodul ated wobbles of

a gr asiypart tha stirlé-Srequpn@npatt basedforetht wave fambelti stegle fodqueneyoptiatal  di sc
according to the present invention, having a wobbl ed groove forned

t her eg ,%mgg thd k&K Qﬁ&ﬁ iSpafiat, IR wo%liag%t&ﬂeei_n\ﬂiu%nbéﬁ b Ay @Rbésealk. di sc.

FI G exprarns a ni't "on the optical disc according to the present
12 Inygnt!on. t!EuﬁFLa%d s?;cﬁxa%ltﬁé 2nd Br&;sflé l'lansfﬁ)or rr}ﬁsts'ir?gn pgﬁ} (B2 LififnctQhps 1 N9 of

t he RV
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 objects and other objects, 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 inveation when taken in conjunction with the
accompanying drawings.

Brief Description of the Drawings

FIG. | explains an FM modulation-based wobbling.

FIG. 2 explains forming of land prepits.

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

FIG. 4A is 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 disc according to the present



optical disc according to the present invention. FIG 7 explains an ECC

bl ock on the optical disc according to the present invention. FIG R
explains a RUB structure. F[GS. 9A and 9B explain an address structure on
the optical disc according to the present invention. FIGS. 10A and | OB
explain an address structure on the optical disc according to the present
invention. FIG 1 1| is a block diagramof the cutting apparatus used for
production of the optical disc acggrding to the present invention. FIG 12
is a block diagramof the disc dri according to the present invention.
FIG 13 is a block diagramof the wobbling circuit included in the disc
dri vénveatioarding to the present invention. FIG 14 is a block diagram of
the correlation detection circuit included in the disc drive according to

the presep|Gi §eRpldi@an FSESnfdimation bi Gastofwetehlsfmetthei grabraoir§epoi nt's of
time at which the <correlation detection circuit is actuated. FIG 16 is a

bl ock di am o r ﬁﬁFe% kon circuit included in the disc
dri vepﬂﬁﬂ%[%‘f ﬁ%&{rgn%ntfg tgl?@g%%%ﬁtl nveﬁPan. 13 FIGS. 17A to 17E show

\é\?}/gfj?{ WFE '[&2{73%&}4@%3 o) Eb& Blocdkd 35 B opfieEdibh GocbLdify B The JiikS&td On
invention.
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 biock 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. 18A to 18F explain an MSK stream of wobbles on a second enbodi nent

of the optical disc according to the present invention. FIGS. 19A to 19C
explain a bit structure by wobbles on the second enbodi rent of the optical
di sc according to the present invention FIGS. 20A and 20B expl ain an
address bl ock for the RUB on the second enbodi nent of the, optical disc
according to the present invention. FIGS. 2IAto 21C explain a sync signal
part on the second enbodi nent of th optical disc according to the present
i nvention. FIGS. 22A to 22E explain™a sync bit pattern on the second
enbodi ment_of the optical disc cordi .o the present invention FlIGS.
23A and 2FHCS T 0 8 THarboBarevelarms dndiating bais At ane o e B i car
di sc according to the present invention. FIGS. 24A to 24C expl ains an ADI P
bit Heédienoy detddtionsammiidsachmdédent of the optical disc according to the
present invention. FIG 25 is a block diagram of the MSK denodul at or used

for the Sqﬁllﬁ_fsfé%Sﬁ%q(tilif%hiﬁfantmg[@méa@ﬂbfdbbbleaﬁﬁfars@bnngmﬁdammnesent
i nvention. FI'GS. 26A and 26B explain the MSK denodul ation with the aid of

wav ef bserved when the,l - t he wobbl e detection wndowis L
= 4. C%f@@%?%f‘iﬂﬁ‘a aﬁ%%%ﬁoaﬁhﬁ%{}g%wedg%}dul ation with the aid of
wavefon-ns 14 observed when the |l ength (L), ,qf th@wwobbl d%t %ctiop w ndow
is L = 2. FIgSstl 9Nuied Worxptapahihyrusitira yevoprighen Hig second embodimes

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. 21 A to 21C 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. 23 A and 23B explain a data part on the second embddiment ofthe optical
disc according to the present invention.

FIGS. 24 A 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. 26A and 26B explain the MSK demodulation with the aid of waveforms

| obéewed when the length (L) of the wobble detection window is L = 4.

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



The present invention will be described herebel ow concerning its
applications to an optical disc, a cutting apparatus for use in producing
the optical disc, -arid a disc drive for recording and reproducing data to
and fromthe optical disc. The description o f the present invention wll
be given in the following order: First enbodinent: 1-1 Physi cal
characteristics of the optical disc 1-2 Whbbling nethod 1-3 Cutting
apparatus 1-4 Disc drive Second 8§ odinent: 2-1 Wobbling nmethod 2-2
Denodul ation First enbodi nent: 1-1 Physical characteristics of the optical
di sc The physical characterisfics the optical di.s¢c according to the

pr es aservedwelen the lengthd ik %qu%i&ﬂetﬁﬁfr‘ﬁ%a“ﬂﬂo‘f’ﬂéioﬁ?i'cal disc will be

descri bed bel ow. The optical disc according to the present invention is
i ncl Elad Madé fe CatrgigerQuicthedinsestiaml | ed "DVR (data and vi deo recording)"
for exanple. It adopts a novel wobbling nethod dedicated for DVR ' 15

oL LR 1 BRI o cconie bt ot co
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:
I-1  Phystcal 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 “DVR (data and video recording)” for example. It adopts a novel

wobbling method dedicated for DVR!



Tabl e I Laser wavel engt h405 nm Nunerical aperture (NA)O.85 Disc dianmeter120
mm Di sc thicknessl.2 nm D anetrical position of information 44 to 117 mm
area Track pitch0.30 m Channel bit |length0.086 pmData bit |engthO.13 um
Capacity for user data22.46 Cbytes Average rate of user data transfer35
Moi t s/ sec Recordi ng net hodPhase- change/ i n-groove recording The first

enbodi nent of the optical disc according to the present inventionis a one
usi ng the phase-change recordi ng nefqiod for recording data thereto- The
disc has a dianeter of 120 mm and a thickness of 1.2 mm These dianeter

and thick ORLI: | ' k | l.on are
il ar t ot tngdhgh AT BRGR patlieeRESRRE PR chidiEcRE SRR ol Rafdiel> ]
Li ke the conventional simlar types of discs, the first enbodi nent of the
opt i cagcordingdorihe PERSERhdYerH@leon a | ead-in area, program area and a

| ead- out area, counted from 16

Table |
Laser wavelength 405 nm
Numerical aperture (NA) 0.85
Disc diameter 120 mm
Disc thickness 1.2 mim
Diametrical position of information 44 to 117 mm
area
Track pitch 1030 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 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 vgrsatile disc).
Like the conventional similar types of discs, the first embodiment of the optical

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



the inner circunference thereof The information area including these areas
dianetrically covers an area ranging from44 nun to 117 nm The wavel ength
of the laser light used for recording or reproducing data is 405 nm
According to the present invention, the laser light is a so-called blue ,
| aser. 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 nunerical aperture (NA) off.85. The track pitch of the recording
track is 0.30 .nm channel bit length is 0.086 m and the data bit |length

is 0.13 The. i.cal di h - 4 di
225 1 TS S B, SSRGS T R 70,

second. Data is recorded by the roovg recorﬂbng nmet hod. Nanely, a groove
i s al dewustrically peversanarea Eggig o ddungnto he/ Wi cal disc, and data is
recorded in the groove- FIG 4A illustrates, in the formof a plan view, a

first enmbofthewnivelhptthef thetlasallight asedforaecomding or tepeoguasgdatd vt i on.
The optical disc is indicated with a reference 100. In this optical disc

100, ~mg§§§&g§;&g B &igrﬁn@gerﬁgﬁga{tm, o8 LAk iRt sN0S5 BRAEd bhid faset emonce si de

and a Qr : _ range fromnext to the enbossed pits EP to
From tétas fiReoeE R SAEHED B i Riscott 4 SRNELIR el Enedadft b B i o
disc. It should be noted that the groove GV may. be forned canc ically
as anoptieal dismythartenensed apehieetivelens baNing ypewsdcakaperase 2@&&0@%@4 cal
addresses. FIG 4B is a schematic partial perspective view of an optical
di sc. The Phtitek piith of the recording track is 0.30 wm, chanoel bit length is 0.086
pm, émd 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 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 recorded in the groove.
FIG.4A illustrate.s, 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 circumference 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



disc is indicated with a reference 1. As shown, the optical disc | has a
groove GV forned thereon. The lateral wall of the groove GV are wobbl ed
adaptively to address information or the like, that is, correspondingly to
a signal generated based on an address or the like. Aland L |ies between
two adj acent grooves GV. Data is recorded in the groove GV as nentioned
above. That is, the groove GV serves as a recording track. It should be
noted that alternatively, data nay pe recorded on the land L as a

recording track or in the groove GY and on the land L. The present

| nvengi.o rf? R{)dg&’dgggéyi?@ a&QITé'an e 9 Sf%i i (g%ﬁc%l Wbl hAag adroble GYroove,

whi ch™ W' | e etall later. Briefly, wth the groove wobbl ed

adapt Lvely, to a signal ner.at by FSK-pdul ation (of a r t he
e, Farel dhgredpart e tetePdouof g Braovho ootk BhbORARePR At 3 r ol
usabl e as a _high-density, [large-capacity disc. Note that data is witten
or r emdotmateon Pr ¢he dike, Hptiis.atorspondowihép mysigplaganerated laasea\pre @Bnst ant
| i near velocity). The CLV rotation is also applied when data is recorded

i n t hgddregomahSike. Fkndlolie bdtheen iwdadjntnymidolves Gf. Bagr saveodded one
turn of track will be larger as the groove goes toward the outer

Gi r CU{HO tg{?iq%gﬁob\} ne me%&%bé@%b@%c'fg&fs iﬁb%bog OPsBALsNR recBfinp0 Wobbl e

the g be descri e structure of a wobble. unit
nobbl act oltcbpriskbe ndfef et BfempvalyaRk TAY be SO e Bl HE oFoun,
each wobble unit is conposed of an FSK information bit part
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. Brefly, with the groove wobbled
a&aptively 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 [00 being rotated at
a CLV (constant linear velocity). The CLV rotation is also applied when data is
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.
1-2 Wobbling method
Next, how to wobble the groove will be described:

FIG. 5 shows the structure of a wobble unit on the optical disc according to the

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



and a stingle-frequency part. The single-frequency part includes only
wobbl es of a wobbling ftequency fW. For this part, the groove is
wobbled in a fixed cycle corresponding to the frequency fwt. This single-
frequency part provides a series of 65 wobbles of the frequency fwt for
exanple. It should be noted that the single- frequency wobble of the
frequency fwl is also called "nonotone wobble”. On the other hand, the
FSK information bit part includes bles resulted from FSK nodul ati on of
AD[ P information, made using two ditfferent frequencies, ofwhich the one is

1 cueniles neAsshent e 1REDIRbitisRoRRaneT Bt Y Eo% RURAShR STE RS g o

the FSK information bit part corresponds to a.length of six nonofone
wobb! asd a|smgls-ﬁaqs:cnay1pesd:arfbhuesrtnlgéﬁ-flteﬂetes%hga@-m@@a@ér@ l¢558t' 8 peri od
of 65 nonotone wobbles while the FSK information. bit part has a. period

of si ¥oBBRRE TrRyeAbY! fasl . aForahdy partante igrosvoud avdbbledtnd fhatd cyde
si ngl e-frequency part may have a period of 6 O nonotone wobbl es, for

eXANDl SroddRHANES o dab fiyRALE BtV eTHlie Sirfuld FbaERG DAL prbifideadRiies o T ect of

ier and quicker PLL 7l ocking for the reduction

that the single-freqguency rt s sufficiently. langer. than e.. K

i nf or patThdlepf ﬂ}fa&’?ﬂ“@b"ﬂp g‘k’;néﬁf 5,’(2"@&6'3?58?@@?’38‘3%%@3%%&@ %lﬁglﬁ-d
preferably be nore than about 10 tinies. |longer in pe%}i&BE A h@n hhe FSK
i nf or fraqiiencybivobbler of thenGeqiancy, fw hiscalse celled “momofefiorekblon Bnithpart is
set to have a period of six nonotone wobbles, the single- frequency part
shoul gkhbe e, tthe NESIE RfoRAdtsh bit parteiddiadesé®obbhat ocsnaltedbfioas FSKQ  Thi s

does not means that the single-frequency part should never be set to have a
Peri od dulation 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
wc;bbles while the FSK information bit part has 2 period of six monotone wobbles as
above, and it should be noted that the single-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 fonger 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.



of | ess than 59 nonotone wobbles. Practically, however, the period of the
single- frequency part should property be set with considerations given to
requi renents such as pennissible ranges of the crosstalk, PLL | ocking
time, etc. One FSK information bit part having a period of six nonotone
wobbl es represents one information bit as ADIP data. As shown in FIG 5,
an address or the |ike as ADIP data is represented by information bits
from ADIP units O to Nas the FSKginformation bit parts discretely
positioned alternately with single-frequency parts. Because of the address

structure, of the AD at a l.ch w |l ri | | r, the
freq utﬁ&ﬁOPWOtlBFa?srfga St %‘WP‘@Y P g‘%ﬁg@ﬂo rnegggbi%zt t gﬁ%‘?éépéﬁgﬁpl e. On
t he other hand, the other frequency _f\{iz Hsed for, the .FaK dul.at"?on is 1.
5 ti neledss ghar 59 menateae wolldewnPyastisally, hpwever the periofod thessinglss
frequency fW2 is 711 or 1435.5 kHz. However, the values of the frequencies

fw  apdqfidiyasaet stajuld pidpetkelt sat wiklecadxiderations gorado oompsrerfontssuahpl e, t he
frequency f may be 111.5 tinmes higher than the frequency fw l. In

addi t} oferd D8uld SRHELGE AR SHHEANSIRoRAipHie, Bicel erabl y e In such a

rel at even~an d nunbefs of wobbles are made with both the
frequencieg i predeterm ned cycle.. I n case .t f 1S.1. 5
tinmes hi gééﬁrkﬁ%n‘ Wé“?ﬁ‘%g’éh&‘?&f bawgg %6’8&‘?,‘1 Fﬁé%g‘?‘?@}%‘? ‘@F?ﬂ"\%%m es of
the frequency fwl wll cprrgé\sBond to that of .ni EE} \lgobbiaga of thE

f r equeapryset@onavhiformatéen bittase\DEP ghata. r 85 showh 1 &0t Re2R FOAISSSPIABE nunbers
of wobbles nmade in the predetermned cycle, If this requirenent is net,
the Ffie 48D dat:0R represbatedageinformatias bty fiam ZMDIR heitsi0do Nrswbewhi ch

w |l be described in detail |ater.

FSK information bit parts discretely positioned altemately 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 than the frequency fwl, for example. That is, the frequency fw2 is
717 or 1435.5 kHz. However, the values of the frequencies fwl an& 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 fwl and fw2 should
preferably be in such a relation that even and odd numbers of wobbles 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



The infori-nation bit represented by the FSK inforination bit part
conposed of the wobbles resulted fromthe FSK nodulation of the AD P
informattion, effected u sing the two different frequencies fW and fw2,
WM be described belowwith reference to FIG 6. It should be noted that
"in the follow ng description, the -frequencies fwl and fW2 are | it a
relation of I : 1. 5 1In the FSKinformation bit part having the period of
si X nonot one wobbl es, a period of 4yw nonotone wobbles is taken as one
channel bit. Therefore, in one FSK information bit part (one AD P unit),

three h@gnaﬂﬁ)\’@ﬁ%ﬁ ?J[fpbteo&%ﬂﬁé&l flﬂ?ethﬂflé’cwat ion Di L. The FSK nodul ation

IS ma reguency a channel bit "0" while the
frequency fw2 a channel bit " 1", .th eriod of t not one
wobtl o5 oThe informaie hyrepiFsentedly e SV BrAHEn BGaIE ARy bRt BEe  or
white three wobbles of the frequenci/ fW2 is "I". Such three channel bits

i n ongheRSKbbles aesdtadofrom the &K 1110dp aswanof thef ADHR: indermation,sefferidas
cluster sync, secondary sync, data "0" and data" 1". Three channel bits

bei ngusm% the twddiffedent fréqERRIs BPL Yand' A2 Caaitthe dedariticd belne with thi s
case e wobbles of the Trequency fW2 are included inn series in a perlod

Of s! ?ﬁﬁ@%&ﬁ?f@ §§ EL?FL %fﬁ;bé Ry | tﬂat:: b5thé- foT?QﬁﬁgC&@s'&Pﬁluow tifebel ng

represen a secondary”sync. *I'n this case,
SIX nonot one mobbleé of t he

{g fW2 are included in series in a
per i ofreanences fwibasd dwe %bbla&at al ‘pél’l od of two nonotone wobbl es,

foll ow ng the period of four nonotone wobbles, includes two vvobbl es of t he
frequency hithe FBKmfomhmlmal bibpars hpeingghe period @f senmopotonegwobplespact i vel v,
represent data "0". In this case, a series of three wobbles of the
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 fw1 is a channel bit “0” while
the frequency fw2 is a channel bit “I”. That is, in the period of two monotone wobbles
of th;; frequency fw1, 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 “1”, “I”’ 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 “[’_’..“O” and



frequency fw2 is included in a period of two nonotone wobbles, and a period
of four nonotone wobbles, follow ng the 2-wobbl e period, includes four
wobbl es of the frequency fw 1. 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 nonotone
wobbl es, a period of two nonotone wobbles, followng the first period,

i ncludes two wobbl es of the frequengy fw 1, and a series of three-wobbles
of the frequency fw2 is included in the |last period of two: nonotone

wobbl eg @F&é&ﬂéﬁv 2 Fesﬁ%daﬁf‘qrmﬁm s, zP@éxtles bheHreb Svolibies P fReuni t as

shown I resents one i nf ormatlon and such ADIP i nfornmation

bits at h dto r,m addr |nfor dres i nf or

repr eg‘@ﬂf‘g ‘Sa‘Hﬁlr”é]gg 134 ﬂeﬁ‘é’ §3’° [50‘6‘? °“§s¥" (ti‘l%s ag Pe%?é%ﬁ‘éfo% this
case, 98 ADI P units partially laid as a wobbl ed groqgve are gathered to

f or m atuvatese ivrrhblemtiolawingithe drwpbblgrpariad, jaclydse doweavabhiles of
reference to FIGS. 9 and 10. In this enbodinment, an integral multiple of

wobbl greqakiicy Rk Mt thamnel bite Yeingr 1/ TeT amdi Tl”gfespmhbxleljng‘epmrseas@mds to
the tine length of a data recordi ng unit to be recorded al ong a track. The

data &e€o [ ¢l ncl udes
an int g’gep{j{m%gbegry (E)I?fe ag(?deﬂs[gscejgﬂﬂllé (ﬁfcﬂ?' g[fﬁgvfn ﬁé‘,{dmﬁéedr){er{(g\'/ﬁm{mgeﬁggsscrl bed
exanpl es of .one address i ne RUB. and.two addresses, in 0O

e popenodf PG oS bt ARRtioRLor SR E Rl VR seR g isdhss an p
units. I n case one 22 address is included one RUB, a section of 98 wobbl e
uni t sficsiipeciodomsbudes twoswebblenof the frequency fwl, and a series of three-wobbles

of the frequency fw?2 is included in the last period of two.monotone wobbles.

As above, one FSK inforimation 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 one address on the disc is of
98 bits, for example. [n 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 number 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



where data is recorded as one RUB. In case two addresses are included in
one RUB, a section of 196 wobble units corresponds to a section where data
is recorded as 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 fornmed by addi ng an
error correction code to data to begrecorded. As shown in FIG 7, the ECC
bl ock is conposed of 495 rows of recording frame of 1932T (where T is a

channel, cl ack peri nd fr ey N | For
examptrSsiis g Gag R F sp@icyor B Fdetle BOBTolEsRak ottt AN ") 1
" 1932T" corresponds to 28 m)noE[one wobbl of the.freg&inc f)go[hé: 957
) voherelatmiarendedanoneRIgp. Theass ey addiyssesiars inclade it gne [iE.
specifically, 69 channel clock periods T of data (wth the frequency fw

of 957sdetiah.ofdI96L38bble mits eorebpuidspera sition vdierddata sueeordedas orgjuency
fw. of 478 kHz), correspond to one nonotone wobbl e period of the _
freq% fw . The channel clock frequency of the data is 66.033 kHz which
corresponds to 957 kHz x 69 or 478 kHz x 138. That is, the channel clock

frequency of the datg is an i | wohbl e
f requency,'l:o' i E}H’ AEUALTS ﬂgtanaﬁégé%h%gy%&%@iﬁ} gIr)d%)gp gd%gtgr ?%gt can easily
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of the to-be-recorded data.

One ECC block is also called “cluster”. It is one block formed by adding an
ervor 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 Tis 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 I (=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 kiz), or 138
channel clock periods T of data (vﬁth the frequency fwl of 478 kHz), correspond to
one monotone wobble period of the frequency fwi. The channel clock frequency of
the data is 66.033 kHz which cbrresponds to 957 kHz x 69 or 478 kHz 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



Addition of a run-in and run-out to the ECC bl ock showmn in FIG 7 yields a
RUB (recording unit block) as shown in FIG 8. RUB is conposed oa guard GD
and preanble PrA as a run-in of 1932T at the begi nning of the ECC bl ock,
and a postanble PoA and guard CGD as a run-out of 1932T at the end of the
ECC bl ock, 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 corysespond to such a RUB. First, an
exanpl e of one address corresponding to one RUB will be described with

ref erenc o, FIGS. 9A and 9B and Table 2. In case one address corresponds
to oﬁbwﬁghﬁd&HEOV?equency fw of the nonotone wobble is 478 kHz. The
peri od of one wobble corresponds to 138T,. thi g case, sjinge .0 recordi ng
frame of Addiritnoff RuUB-oLARd EWUHYS t@ éhQaEEéjr Bwﬁo‘ﬁ‘% \}&)Eibe?, Y'Spfg RUB will
correspond to a period of 14x497 (= 6958) nonot one wobbl es as shown in

FIG ROBB ¢r8c&ﬂ @iiebloelysesiovaoin BKp @& RUBASs compaded e guardGldandds of
6958 nonot one wobbl es is taken as one address (ADI P) bl ock. Since an

ggdlr gﬁl%a{rﬁl%ﬁ%ﬁggg% angpi @?g@%t%e Bégihh&%mh@mcebio%ﬁ, ARPRbestible Wil |

nonot one” wobbl es as shown in Fi 9B (One

wobble unit wll__have a | engt espondi,n i ot one
wobbl BeA apdguard GD gs@ %m‘g’ﬂ'r@t[f a ‘@‘Bﬁﬁ‘gsogdﬁ‘gf@g@qgg% % %trzcgrwa{g?@n bi t
part whose period is of six npnotone wobbl es included i.n an.AgP unit, and
65 NOFIG.che Thetefors thaREB 1 oblask oinl HIZ 49 Tstasvi whickiiza wsit oodatan £ om
each of 98 ADIP units to 24 form address information of 98 bits. The bits

i ncl ugedrdifg! DR tk6 pRoced bPaddresinfarmeation 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 in FIG. 9.A. In case one
address corresbonds to one addres's,.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 in 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 is of six
‘monotone wobbics included in an ADIP unit, and 65 monotone wobbles.

One information bit as shown in FIG. 6 is taken from each of 98 ADIP units fo



as shown in Table 2: Table 2 Total 98 bitsDescription Primary synct

bitC uster sync Auxiliary bits9 bits Custer address24 bits (3 bytes)
Auxiliary data40 bits (5 bytes) ECC24 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 val ue of
cluster address. The next 40.bits (5 bytes) are auxiliary information bits.
The last 24 bits (3 bytes) form an2&£CC for the address information. In
case two addresses are included in one RUB, the address information of 98
bits AW GF ¢ JBar

bi tng(itg??%@‘Qosﬁ&ﬁ” mary sgl?]g(;Pﬁﬁl t 1%91%:}803[%[2‘?& gi/ﬁrg aggg‘i”ﬁ'gg‘ﬂﬁ s9 SI ts '/z
cl uster addres % (3 bytes)2 addresses per cluster Auxiliary data40

bits ASSEWRY th

Table 2
Total 98 bits Description
: Primary sync L 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. [t 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 czise 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 _ | ¥ cluster sync
Auxiliary bits 9 bits |
Y cluster address 24 bits (3 bytes) 2 addresses per cluster
Auxiliary data 40 bits (5 bytes)




24 bits (3 bytes) In the above case, the frequency fw 1l of the nonotone
wobbl e is 957 kHz. The period of one wobble corresponds to 69T. In this
case, since-one recording frame 1932T of RUB corresponds to a period of 28
wobbl es, one RUB will correspond to a period of 13916 (= 28 x 497)

nonot one wobbl es as shown in FIG [OA 1In case two addresses are included
in one RUB, a period of 6958 nonot one wobbl es, being a half period of one
RUB, is one address (ADI P) block. Sqice an address is formed froma 98-bit
block in this case as well, 98 wobble units will be included in a period of
6958 nonqtonewobbtes; bginmga arf peri o of one RUB. One bbl € unit
correspondECGG the |engt h26bita(3duitesdd of T1 nonot one wobbl es| as shown in
FIG 10B. Therefore, an FSK information bit part having a period of six
nonot one wobbl es, being an ADI P unit, and 65 nonot one wobbl es form

t oget her one wobble wunit as shown in FIGS. 9A and 9B. One information bit
Is taken from each of 9 | P units t orm addr ess, ., | nf tionpf 98

b t 5. The T the apaws GasathatresonRard<d the e torohbls ST The A

10. The -top one bit is sync information. It corresponds to a cluster sync
for apetied bf ohesratble ToeraspandOtd69T. dnethiusase, amngeiaeoraeardiog fiame. The
further 24 bits (3 bytes) define an address value of the half cluster. The

next ?@323? bERUB BYhBSPorRisto agjb%iddi@ﬂ% ivobbleRRbhORUB Wil chirespaad t@4 bits (3
bytes) forman ECC for the address information. 26 The wobbling met hod

adopt Sgﬁci)& of T§9 Pé %‘—S 9%x hgyfﬂlhthbn@%om‘éQ a9 SRGWh IR 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, beiﬁg a halfperiod 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 fast 24 bits (3 bytes) form an ECC for the address

information.



t he above. In effect, the wobbling nethod in the present invention is
featured as follows: For wobbling of a track, a predetenm ned wobble unit
is formed froman FSK information bit part corresponding to a waveform
resulted from FSK nodul ation of information bit and a single-frequency
part corresponding to the waveformof a single frequency fwl and such
wobbl e units are continuously connected in series. That is, the FSK
information bit part having actual p&formation bit enbedded therein wll
partially exist on a wobbled track (groove). The partial existence of the

FSK_ 1 nf o FRE Al EfHodRRIDBHAPidt easiilahalHtion plUssen dsscatbedriae ef f ect

of crossta even he t ack pitch is narrow. Two different
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the nonotone wobble, and the frequency fw2 is 1.5 tines higher than the
frequéslbows:w 1 for exanple as nentioned above. Thus, these frequencies fw
| and fw2 are in such a relation that each of them has an even nunber of

wobbl es anpoaRobiting witekadk a prodéteanirad wobise anyt is foamed édenannFSiEd cycl e.
In the FSK information bit part, a 2-wobble period of the nonotone wobbl e

Qﬁpﬁﬂﬁm}ﬁhég@) géErEﬁHcﬁlHFE?echH JWefocTﬁ]%cﬁ%u%@fFSM%gmahawmt i on

corres riod of six wobbles, nanely, to a period
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frequency fwl and such wobble units are continUOus[y connected in series. That ts,
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 fwl 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.

in_the FSK information bit part, 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



In the wobble unit, the period length of the single-frequency part is nore
than about 10 tines longer than that of the FSK infonmation bit part.
Thus, the sufficiently 1long period of the single-frequency part in
relation to that of the FSK information bit part can facilitate the
reduction of adverse effect of crosstalk. In a relation-between the
wobbl i ng and recorded data, the integral multiple of the predeterm ned
units corresponds to a tine lengthxyf RUB being a recording unit of data
to be recorded on the track. An integral nunber of addresses, one or two,

as ADI P idaf ' will be included in one RUB. These features lead to

mtctﬁaﬁ&r@gmlﬁﬂ)&mbbl ed groove and data to be recorded in the groove.

The channel ¢l oc requency of .the data to.b ecorded . L is an

i nt egral rﬁ}ltﬁPM bﬁf‘f u’t‘qﬁéﬂgipﬁﬁlf)g l?‘i‘@gﬁ%ﬂt}? S'f‘\ﬁfe'gtm’tlﬁ%cyn%%%tl%&'?l%rt@%lj\l(/e.' Thus,

an encode clock for the data recording can easily be generated by dividing
mbuﬁwg{ ﬁﬁ%éﬁfé

t he ok ¢0 tishedongartbaatied of daelS brinfdrmalie Trives, Wé‘;ﬂtXw of the
monot one wobble is 478 or.957 kHz for exanple as above. This frequency is

of a lBﬁgiLHﬁBﬁ)beﬁé‘Qingﬁ-ﬁeq&ﬁdye%atrt actdlaiorser that &f éauESiCynfovanatioprtsar 10
kHz) and'read signal frequency band (several or nore MHz). This feature

kel R RRATAG % SRR A) 5 A0Sy LEREH PORuAC or it o0 reor ecented by
e 0L L S, B A0 RSB TR Q2 0
His 28 defined and two frequencies fl and fz _are used: Thginn;olﬂﬁlt ation
i ndexthe predetetthined-units corresponds to a time [ength of RUB being a recording
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
feature 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 modulation techniques. In the FSK modulation, a modulation index H 1s



f2J/fb. where fb is a transmssion rate of a signal to be nodul ated. The
nmodul ation index is normally 0.5 - Hs 1.0. An FSK whose nodul ati on i ndex
His 0.5 is called "MSK'. According to. the present invention, the two
different frequencies fw 1l and fw2 are continuous in phase with each ot her
at the point of shift fromone to the other in the FSK information bit
part. Thus, the FSK information bit part will not have any high frequency
conponent as in the wobbling by the,SK. 1-3 Cutting apparatus Next, the
cutting apparatus used for producing the disc having a wobbled track

fornme hereon wi |l be desqghi beds, The diss r i engrally
consi g’?én‘?}i agggggfgﬁqug&cmgleqq(ﬂg %rgouéggs%@nlgggﬁlﬁ Q%Pﬁg‘gg’ﬁ%kgr gg‘ess. The
mast er i nfg process covers the steps.of, produgtion ‘ﬂovvn JFB corrglﬁ.i on of a
st anpé2]/thovhare dbiin a thansreissipe satedf Heigaake bemodHateds plig Appdilation,cess
coves the steps of productions in which the stanper is used for nass

pr odugideRis dbr@Blly 028 <dil xcb.0asAn FEK ehbse modislativn sidanpdis ONbisecalled
specifically, in the mastering process, a polished glass substrate is

appliag,I mi,th photo resist, the photo resist |ayer is exposed to a | aser
beam t §or'm pits and grooves in the photo resist layer (this is the
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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 procesé 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 productions 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 is applied
with photo resist, the photo resist layer is exposed to a laser beam to form pits and
grooves in the photo resist layer (this is the so-called “cutting’).

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

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



- Dare for the pits in the enbossed area is prepared in a process call ed.
rcpremastering After conpletion of the Cutting, the photo resist |ayer is
subjected to -predeterm ned processes such as devel opnent, and infornmation
is transcribed to the netallic surface by electroformng for exanple to
forrn a stanper necessary to replicate the disc. Next, the stanper is used
to transcribe '"information to the resin substrate by the injection process
for exanple to forrn a reflectingdgayer on the resin substrate, and then

a final product is finished by making processes such as shaping of the

substrate i . . a desi.red .disc. Referrj the cutting
appar%ﬁ"ij% “ﬁ’g’i’gﬁ?chg‘iﬂ?v?és Flﬁtemﬁr%%rgﬂﬁ cﬁ%&\;@ﬁ{@@gt%gh&?%&%\{%ﬁegd in the form of
a bl ock diagram As shown, the cutting apparatus jncludes an ogh%&al

syst em 70 Parewfiorbhey pitssuy thie SMR0SSPHATER 48 RIGPATYYt 482 RIFSEFHL " havi ng
a photo resist layer fornmed thereon to cut the photo resist |ayer, a drive

syst etyeBfdsteinpdt ate the gl ass substrate 7 1, and a ~signal processor 60 to
convert input data into data to be recorded and control the optical system

70 and d”x&eﬁéé@gﬁgbﬂ& Jff“?hé)%dtﬁﬁé, S tgtid Oreisiae | lagep i@ babjectedousce 72
- or

which is an aser exanpl e, an acousto-optical type optical

modul ator 73. to nodul ate (on/off). . I ' romthe
Iaser'P@é&%@%@ﬁF%ﬁmf as ggYéoP%[%BL arngclg?%[lﬁ ﬁ)glnlsqg%({)ggg@répggtt?%al type
optical deflector (ACD) 74 to deflect the | aser beam com ng fTom 30 the
| aser metallic surface due ¢lastrofomming| fosgexamplg) to foan ;& sfarspet, nﬁgﬁ’ﬁfaf}hé‘)opt i cal
axi s of '

replicate the disc.

Next, the stamper is used to transcribe information to the resin substrate by the
injection process for example to form areflecting 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 ablock 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 resistrlayer formed thereon to cut the photo resist layer, a drive system
80 to rotate the glass substrate 71, and a signal processor 60 to convert input 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/off)
the laser beam coming from the laser source 72 based on the data to be recorded, an

acousto-optical type optical deflector (AOD) 74 to deflect the laser beam coming from



a nodul ated | aser beam fromthe optical deflector 74, and an objective | ens
76 to converge the nodul ated | aser beamreflected at the prism 75 and

radi ate the converged |aser beamto the photo resist surface on the gl ass
substrate 71. The drive system 80 includes a notor 81 to rotate the gl ass
substrate 71, an FG 82 to generate an FG pul se for detection of the ‘
rotation speed of the notor 81, a sliding notor 83 to slide the gl ass
substrate 71 radially thereof, and gyservo controller 84 to control the
rotation speed of the notor 81 and sliding notor 83, tracking of th

obj ecty v e 6+ T i e ¥ HABS tidg
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processing of the input data fromthe formatti ng circuit 61. The signal
pr ocesewvergOthe modilatddldses baamatHegedat theqmisa 73 pad aadiate thecoavergsdver t er
64 and a sign converter 66 to generate a wobbling signal for wobbling a

gr 00V gyger E@ﬁn%bwphow:%ﬁ@ﬁmh&ooﬁ tie $1ags subsyratdiesi s circuit 65 to sel ect
one of the signal fromthe logical opération circuit 62 and that fromthe

. 66 and : | . : .
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the bagsis of the signal framthe syntgefis_ circuit 5. Further, the signal
proce84dp gsoeraie andey rules Bndyesiéon b the fotabiog insed of Mg matogBdeR MK to

the | ogical operation circuit 62 etc., and a systemcontroller 67 to
cont r slidingencter 83 t8 tlidethetgladsisabs@4dte Tartadiabnthertady agda setwo cantrallee basi s
of the master clock MCK supplied
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 proceséing 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

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



fromthe clock generator 91. The master clock MK supplied fromthe cl ock
generator 91 is divided by N -in a frequency divider 92 to provide a bit
clock "bit CV. The bit clock "bit CVis divided by eight 'in a frequency
divider 93 to provide a byte clock "byte CV. The byte clock "byte CK" is
supplied to a circuit systemwhere -it is required. Wen cutting the photo
resist |layer on the glass substrate 71, the servo controller 84 in the
cutting apparatus according to the pyresent invention controls the notor 8

1, to rotate the glass substrate 7 1 at a constant | inear velocity and the
slidi ' = ' I &l el ral
e ack e, Rl EerrhidP 6106 BRThL RS T3l RSO R MK RIS 12 (e

out goi.ng | ase eam fromthe ser source 72 i assed, t the optical
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the data to be recorded, and the |aser beamthus npdul ated is radiated from
the pieratordd is dhadebby B inrrefrphuensy divider 92upaeedes hihelogkabtt Gibstrate 7
1. Thus, the photo resist is exposed based on the data and groove. For

cut t i THe bie:166PYss €k dE dividéd bheighmarafisquaicydivider 93ae modrleaf bytee di sc,
the input data having the error correction code or the |ike added thereto
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circuit 62 where it is fornmed as data to be recorded. 32 At the tining of
cuttiF?él“E‘I‘?Q- enbossed area, the data to be recorded is supplied

When cutting the photo resist layer on the glass substrate 71, the servo
controller 84 in the cutting apparatus according to the present invention coutrols 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 opticél 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 1s formed as data

to be recorded.



to the drive circuit 68 via the synthesis circuit 65. The drive circuit 68
controls the optical nodulator 73 to on-state at a tinme when bits are to
be fortned, and to off-state at a tinme when no bits are to be fortned,
according to the data to be recorded. Wth the above operations, an exposed
portion corresponding to an enbossed pit is fortned on the gl ass
substrate 71 At atinme of cutting the groove area, the systemcontroller
67 controls the sequential outputtipng of data supplied fromthe data
generator 63 and corresponding to the FSK infortnation bit part and
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generates channel bit data corresponding to a cluster sync, secondary
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course, the data generator 63 generates the above data IVl or"™ P in such
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data _generator 6 ‘i? f or red ir;zto a serial data stream corresponding to the
bit qibisormpgdo gl35sisHasts el /serial converter 64, and supplied to
the sign converter 66. The sign converter 66 uses the -called table
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correspondingly to the data Supplied, and outputs it.

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, 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 “1”
in such a predetermined order that data 'collected 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



Therefore, for a period corresponding to' the single frequency, the sign
converter 66 w !l continuously output sine waves of the frequency fwL

Al so, for a period corresponding to the FSK infornmation bit part, the
sign converter 66 will Qutput either a waveformof the frequency fW2 or a
one of the frequencies fwl and fW as shown in FIG 6 correspondingly to
the content represented by the FSK i nformation, bit part, nanely, any one
of the cluster sync, secondary synci3 data "'0" and data " |". The synthesis
circuit 65 supplies the drive circuit 68 with a signal output from the
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the optical deflector 74 correspondingl¥ to the wobbling signal. . Thus, the
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optical disc. 34 Referring nowto FIG 12, the disc drive according to the
pr es amdmélyy any boe of she cluster sync, secondary sync, data “0” and data “[”.
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
controi 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 thé_ present

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

recorded in the optical disc.



schematically illustrated in the formof a block diagram The disc drive is
generally indicated with a reference 30. An optical disc 100, constructed
as expl ai ned above, is used as a recording nediumw th the disc drive 30.
For recording or reproducing data to or fromthe optical disc 100, the
optical disc 100 is set on a turntable 7 and rotated by a spindle notor 6
at a constant linear velocity (CLV). A signal recording area on the
optical disc 100 being rotated is msicanned by a laser light emtted from an
optical pickup | to read pit data witten to a track formed on the optical

di sc 100 agggfgﬁ?g nh{}{ ﬁ%eF@;li(ﬁﬂ?@HEegg% ReoVRRBIS thePpreséiicinieatibn idhe pits

recorded a 0 orned as a wobbl'ed groove are so- called

phase-change pits, and,pits formed | hg_inner—gir erence:si. enbossed
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a laser diode 4 as a | aser source, a_photodetector, 5 to detect a return
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the laser light on the optical disc 100, and an optical system (not shown)
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disc is 0.85. 35 The objective lens 2 is supported hy a.biaxial ,nmechanism
3 novedlbyity (CB3Hh A signal recording area on the optical disc [06 being rotated 1s

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 o 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 1 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 iens 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 is 0.85.



tracking and focusing directions. The optical pickup | is entirely novable
by a sled nechanism 8 radially of the optical disc 100. The | aser diode 4
provided in the optical pickup | is driven by a drive signal froma |aser
driver 18 to emt the laser light. [nformation <carried by the return |ight
fromthe optical disc 100 is detected by the photodetector 5 where it is
converted into an electrical signal corresponding to the Ilight intensity
of the detected light and supplied 39 a matrix circuit 9 including a
current-vol tage conversion circuit, matrix cal cul ation/anplification

circuit, S‘!’ﬁe o[)ﬁ?:tig@ rl@ﬁ?? ‘35;. gﬁﬁ@@%&% ?‘y 2 AP nREh RS X ntR b 3 bk Of

current outputs'troma p phot o acceptance units 1n the

phot odet ect or &, The Becessary signals include a high frequency signal

(r eadtrackias and dgryseg AMEHO™i ng to read data, a focus error signal FE and
tracking error signal TE for use to nake servo control, etc. Further, the
necessary The gptital piclapudies altglebome\f@hlmbb/iaﬂe@ﬂ@@hﬂ[}lswam(&?uﬁ oféBa- pul |
signal P/P as a signal for detection of wobbles of a groove. The read data
si gnabp@ediRidc foem the matrix circuit 9 is supplied to a binarization

ci rcui? 11, focus error signal FE and tracking error signal TE are supplied
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[nformation 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 cutputs from a plurality
of photo acceptance units in the photodetector 5. The necessary signa[é 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. Further, 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—pljll 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



a wobble PLL 25 and address decoder 26. Specifically, an address is
extracted from the push-pull signal PFP and a wobble clock WK used to
decode the ADIP information is supplied to other relevant circuit systens.

The wobbling circuit system wll be described U-1 detail later. The read
data signal fiomthe matrix circuit 9 is binarized in the bmarization
circuit | I and then supplied to an encoder/decoder 12 which functions as a

decoder during data readi ng and asi;@n encoder during data witing. Wen
readi ng data, the enc' Gder/decode t2 nmakes denodul ati on of run-|ength

i mi teéﬁgg%gg%f@%@% f@gg;gggtgggcw@%gé@awmswdém&mmro@mdanaead data

For generates, by PLL processing, a
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buffer nenory 20 is read out and transferred. An interface 13 al so included
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a systemcontroller 10 37 via the interface 13
circuit 11 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 cotrection,
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 tﬁne of data reading, the encoder/decoder 12 will cumulate the
data decoded as above into a buffer memory 20. As aread 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 computér 40 are supplied to a system controller 10



On the other hand, data to be recorded fromthe host conputer is
transferred fromthe host conputer 40 during data witing. The data to be
recorded is sent from the interface 13 to the buffer nmenory 20 where it
will be buffered. In this case, the encoder/decoder 1.2 encodes the
buffered data to be recorded by adding an error correction code,

I nterl eave and sub code, and encoding the data as data for wite to the
optical disc 100. There is also prgyided an encode cl ock generator 27 to
generate an encode clock which will be a reference clock for data encodi ng
when dat,a recardi I s made. The encoder/decoder 12 will use the encode
cIocR“?Ehcqﬁhﬁﬁﬁﬁlgﬁe above encodi ng operations. The encode cl ock generator

27 generates the encod | ock, from t.he .wobb] e, cl ock ' omt he
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There is also provided an encode clock generator 27 fo 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
dpcratioﬁs. 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 kHz, for example, which is an
integral multiple of the frequency fw1 of the monotone wobble. Sincé 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 frequcr;cy 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



power for the recording | ayer characteristic, spot shape of the |aser

light, linear velocity of recording, etc. and al so adjust the waveonu of
the |l aser drive pulse. The laser driver 18 supplies the |aser diode 4 with
the |l aser drive pulse supplied as wite data WODATA to drive the | aser
diode 4 for emssion of laser light. Thus, a pit (phase-change pit) wll be
formed on the optical disc 100 correspondingly to the data to be recorded.
There is also provided an APC (aut oygoower control) circuit 19 to control
the laser driver 18 to keep a constant |aser output power w thout being

i nf | by the _anbiant . : hl \gor i
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detector 22. The APC circuit 19 is supplied, with.a target.val ye of th
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to attain the target value. The servo circuit (servo processor) 14
genergdlgsityof icvosding) sto. sd wBosidjustlthe wavofnrimef thedasereatiey pelsgnal FE and
tracking error signal TE supplied fromthe matrix circuit 9 in order to
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processor 14, biaxial driver 16 and bi axi al nmechanism 3 formtogether a 39
t ][?cﬂ]getg ts8 bevvecdorded. and focus servo |oop. Also, the servo circuit 14 turns
i 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

arﬁbient temperature or other factors while monitoring the laser output power oo the

basis of an output from the monitoring detector 22. The APC ciccuit 19 is supplied

with a target value of the laser output from the system controller L0 to control the laser

driver. 18 to attain the target value.

The servo circuit (servo processor) 14 generates various servo drive signals

from the fo-cus 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. This 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



tracking servo loop in response to a track junp conmand fromthe system
controller 10 to provide a junp drive signal to the biaxial driver 16,

t hereby causing the optical pickup 1 to junp fromone track to another.
The servo processor 14 generates a sled drive signal on the basis of a sled
error signal as a | owpass conponent of the tracking error signal TE and
under the access control of the systemcontroller 10, and supplies the
signal to a sled driver 15. The sl®d driver 15 will drive the sled
mechani sm 8 correspondingly to the sled drive signal supplied fromthe
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spindle servo circuit 23 generates a spindle error signal SPE by acquiring

the vieRbs 10bgaknpfebiontetatiet yothbe wobbl e PLL 25, namely, information
about' a current rotation speed information of the spindle nmotor 6, and

SO0, e ] SO IR T MG B rensngaog e

Since duri erence clock for decoding)
AP0t 35 ki COMPORBR S B R ST HAI Tofdy Bet M SRR e or v or
ot Sl TS ke 1 11
-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
tranémission 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 spindle 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 rétation speed information of the spindie 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 error signal SPE can also be



CLV reference speed The spindle servo circuit 23 generates a spindle drive
signal corresponding to the spindle error signal SPE and supplies the
signal to a spindle notor driver 17. According to the spindle drive signa
supplied fromthe spindle servo circuit 23, the spindle notor driver 17
applies a three-phase drive signal, for exanple, to the spindle notor 6 to
cause the latter to rotate at a CLV. The spindle servo circuit 23 al so
generates a spindle drive signal cogpespondingly to a spindle kick/brake
control signal supplied fromthe systemcontroller 10 to cause the spindle
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6. O ns ove-nenti1oned servo systemand wite/read systemare
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syst efal ¥ SRHCEIICSPEES nakes vari ous control operations according to
commands supplied from the host conputer 40. For exanple, in case the

syst em conflihelspendle Seive cuqupt 2 genvrates aspirdlg debiermgrplicorraspardmgrtoof a
data recorded in the optical disc 100 fromthe host conputer 40, it wll
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the optical disc 100, decoded, buffered and otherw se 41 _processed and a
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generates a spindle drive signal correspondingly to a spindle kick/brake control signat
‘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
countrolled 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 1s supplied with
a read command for transfer of a data recorded in the optical disc 100 from the host
computer 40, it Wili first control the seek 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



Supplied with a wite corni-nand frorn the host conputer 40, the system
controller 10 will cause the optical pickup | to nove to an address where
data is to be witten. Then, the encoder/decoder 12 encodes the data
transferred fromthe host conputer 40 as nentioned above. The wite data
WDATA is Supplied fromthe wite strategy 2 1 to the |laser driver 18 as
above, the data recording is effected. The disc drive 30 shown as an
exanple in FIG 12 is connected tog4tthe host conputer 40. However, the disc
drive according to tile present invention is not connected to the host
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conpar at orTk2disc drive 30 shown as an example in FIG. 12 1s connecte
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. [2. That is, the data recording and reproduction
are to be made according to corresponding operations of the control panel by 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 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 iltustrated in the

form of a block diagram. FIG. 13 shows the construction of the FSK demodulator 24,

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



correlation detection circuit 33, frequency detection circuit 34,
discrimnation circuit 35, sync detection circuit 36 and a gate signal
generation circuit 37. The push-pull signal P/P supplied as a wobbling
signal fromthe matrix circuit 9 is supplied to the bandpass filter 3 1
of the FSK denodulator 24. Tile bandpass filter 31 has Such a
characteristic as passing two different frequencies, that 'is, the two
frequencies fw and fW2 used in the2aforenentioned single-fregUeticy part
and FSK information bit part. A signal conponent of the frequencies fW or

f W d - ek t ' {183 1Z esbmpdratdre 3gonpar at or
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25, correlatign detectiaon,gigcuit 33, and. freqt : ' ' it 34.
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respect to the binanized push-pull signal P/P and. erate a wobble clock
WCK M sinodetestii circuitomnsha gaﬂe|51grsal@ﬁa¢faﬁpp.clm€g§72r, a push-pul |

signal P/P for a period corresponding to the FSK information bit part of
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generation circuit 37 which wll be described "in detail |ater, whereby a
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Therefore, the PLL can easily be pulled in. )
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 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 itselfor a frequency having a ratio 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 wobbl e PLL 25 nmakes phase conparison solely with the nonotone wobbl e

of the frequency fWL on the basis of the gate signal GATE. So, the residual
jitter of the wobble clock WCK generated as above is considerably reduced.
The wobbl e cl ock WCK t hus generated is supplied to various cirCUtS in the
FSK denodul ator 24 and al so to the address decoder 26, where it will be
used for FS K denodul ati on and decodi ng of the ADIP information. Al so, as
havi ng been described wth referenge to FIG 12, the wobble clock WK is
supplied to the end clock generator 27 and spindle servo circuit 23.,

where_jt . | -1. be.use above ' ; | t he wobbl e cl ock WCK
i's o?F %HPM@H&@V‘QW%@EW@%’ ﬂ?‘%gﬁrﬁi&ﬁ% ?%lgﬁfgre ,a{l%gqghcode cl ock has an
i mproved accurac the stability of recording operation is incr ed, and
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denodat it drefi@nog fwd atnathe basid dfthe gatnsig®r G ATEor Sevtthorrepiduabitter of t he
wobbl e wunit- Therefore, at |east one of these circuits 33 and 34 may be
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and operations of the correlation
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 correlation detection circuif 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,



detection circuit 33 and frequency detection circuit 34 will be described

| ater. From each of these circuits' 33 and 34, there are extracted channel
bit data about the FSK- nodul ated wobble, that is, "0" and "I" as channel
bits in units of a period of two nonotone wobbles as shown in FIG 4, and
they are Supplied to the discrimnation circult 35. The discrimnation
circuit 35 ANDs or ORs channel bit values supplied from both the
correlation detection circuit 33 anglyfrequency detection circuit 34 and
provi des the ANDed or ORed channel bit value as a FSK-denodul ated

chann | ! ' | | | ' nel bit
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bit values .... I", "I" and "I". Also, in the FSK_ information bit part of
t hr eecadhosfithksdeirsyity A3 andPdc Heetaaire bitracted chanasgldit datagboshnFBK-FI G 6.
On the other hand, in a period corresponding to the single-frequency part,

the F%dﬁﬁfté@%tﬁﬂ@fthamam’e lanBlit1"Va deanngl bltsasurify' of a Pericdf of ewot he
first "I'" after a series of the channel bit values "0" will be at the top
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I's possible to know the period of each vvobbl e unit, and when a series of

thr eec&pilthddl bits CX | ~ 17 44111 and "I" is detected in a wobble unit,
it can be determned that the wobble unit is the top one 45 of 98 wobble
uni ts f or niThe discgiminatiom cirbuié 38r AbYcor ORatchiapnelobié valags Bupph@d feQion.

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 chanoel 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.

[k 133 £1 l 7

As shown in FIG. 6, the cluster sync includes channel bit values 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 chamnel 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 ts possible to know the

period of each wobble unit, and when a series of three channel bits “17, “1” and “1”

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



The sync detection circuit 36 thus detects a sync timng and supplies a
sync signal SY to the gate signal generation circuit 37 and address
decoder 26. The gate signal generation circuit 37 generates a gate signal
GATE on the basis of the sync signal SY supplied fromthe sync detection
circuit 36. That is, since the period of a wobble unit is known fromdie
timng of the sync signal SY, the period of the FSK information bit part
in the wobble unit can be known by gounting clocks of the frequency fwl
on the basis of the sync signal SY. Thus, a gate signal GATE to mask the

peri ng@é wWobbld 'Itéo gérgpﬁgggg%géb«,} gﬁgﬁf siyglc%ﬁﬂs?bﬁg ADIE afot@latibhe phase

conpafing “opera 5. Note that although it has been
descri bed ,H"ll t he f,oregoin tlgtg:% tthe i.scrimnatj.on ci rcuit[-35 AND s or ORs
the channelt%syns deigEEOR e L% thusdetgsts & syacoiming apd SYRPUST A SXTE 33 and
frequency detection circuit 34, the discrimnation circuit 34 will AND
such sigaalrY toithe gatemgndlgengrasian eicuibdn and addeessdecorder 36. (The swBbl e PLL
25 to | ocking, nade based on the aforenentioned sync detection and the

gat e gppmdderefdifon SRtV 8T ddnemtcha det eiinatl GATE, orhshé basishdithelsyhtt val ues
supplied fromboth the correlation detection circuit 33 and frequency

mpr oo Y sbtio frof e B o BRidTECitic BOT G i e R oA v
basecMEHbRRIS ktareR G SRS U HBF Y RoAEAbE T (BE PSRo MR AND (o
OR since the sync can be guarded based 46 on periodicity. Especially, by
ORi nginfohmeatodrabitepatbiin thel webblouwpit iced. be kaawpodeh conating 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
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 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



correlation detection circuit 33 and frequency detection circuit 34,

m ssing of the detection due to a drop-but of the channel bit val ue can be
reduced, whereby the AD IP infon-nation can be decoded with inproved
reliability. The discrimnation circuit 35 acquires an FSK-dernodul at ed
channel - -bit value by ORin g the channel bit values supplied fromboth the
cot Tel ation detection circuit 33 and frequency detection circuit 34 after
t he wobbl e cl ock WCK becomes stableqgowing to the pull-in of the PLL, then
makes di scrim nation between the data "0" and " V as information bit of

chann o PP, ety S L e S e

The address decoder 26 ca acq(HJire addr es 1.nfor.mati%é) of. 98 bi tt havi ng
pr evi curEelptipe slgtection aireil nj 3 f’&ﬂﬂ?'&%aefe{i 191 5 iggH A;n'a"%s%%/o cﬁﬁi ring
U-1fonnation bits with reference to the timng of the sync signal SY, thus
decodésteatiordas eesdrop-ot dlable clartred bt dakue cambetsblecedgrdeveby BgscABBp! i es
the address value to the systemcontroller to. The correl ation detection

ci VC% orrtatidiPe k& dbBsadSkitiameslad idiability. constructed as shown in FIG

14. e push-pull signal having been binarized by the conparator 3 2 shown

in FIG is-supplied to a. I o [ LnNput s of
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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 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
10.

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

The i)ush—pull sfgnal having been binarized by the qomparator 32 shownin FIG.
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.



measuring circuit 111 neasures one period of the wobble clock WX and
controls the delay circuit 112 to provide a delay equal to one period of
t he wobbl e cl ock WCK.  Therefore, the EX-OR 113 makes | ogical operation
bet ween the push-pull signal and the push-pull signal delayed by the
period of IT. The output fromthe EX-OR 113 is subjected to extraction of
| ower frequency conponents in a |lowass filter 1 14 and binarized in a
conmparator 115. The binarized signajy fromthe conparator 115 is delivered
as a latched output at a D-fIip-rop 116 at the timng of the wobble clock

WCK. The I che u t ch Thit in
units of  CheRRPER SRk SR RRARIIELFET mEseRing ‘i‘ﬁ%‘%ﬁ.‘i‘d‘ o
discrimnation circuit 35. The o r 1 EO% on
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operating waveforms include push-pull signals to be supplied for a period

of t hgelapiircait dri@etoi provide a datay eaiat keond peried ofythe wobde clack WieK. peri od
shown as the FSK information bit pat in an input push-pull signal shown in

FI G ZEs ﬁlﬁké@@) | Bhativalbetesemthefishtpeisignayand?, shown
as thrgﬂ%{éggt%é@e%s};ﬁg% n Fl G glgglaG plSA{l shows the \/\%ﬁbl% cf%?k WCK. The

and 1478 Rishenai Rt s q?f@\c?ng'l 4T RO B R IR RO 2 Been
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15D. This output is shaped by the | owpass filter 114 to have a 48
wav ef binatized i auchmpamabory 1 hie Thevkinatized signa) frampbecampaatahbhp isn FI G
o Z:l?vered 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 “1” as a chaﬁnel 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 i an input push-pull signal shown in FIG.
ISB is a binarized series of nine wobbles of the frequency fw2, shown as the cluster
sync in FIG. 6. |
FIG. 15A shows the waobble 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 1 12. 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



bi narized in the conparator 115 to have a wave forrn as shown in FIG 15F.
This signal is supplied to the Dflip-flo p 116 fromwhich it is
delivered as latched at the tine of the wobble clock WCK. Thus, a signal
shown in FIG t5G w Il be supplied as an FSK- denodul ated channel bit
value to the discrimnation circuit 35. The explanation is mnade here
taking the FSK information bit part of the cluster sync as an exanple- So,
the wavef orm for the period correspgnding to the FSK iformation bit pat is
"H'" for a 6-wobble <clock period as shown. That is, the channel bits wll

B L e e T

wavef orm_ shown as an address bit of t clusjer s EE@ FJgﬁi . Lf the
wavef binarized smthecgrmparater kb fdhpvsiawagtormags %‘ffﬁlf% t isgignaly ¢ he
waveform for this period will be as shown as address bits of data "0' or
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to the present invention uses the two different frequencies fW and f W
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push-pul |l signal and the Dbinariz d push- ﬁyll si gnal delﬁged b e wobble
cl ockimpeeihsge taking eher il idpepation Ft Rtk of FelpHer NCHACABNREC Pt her for
a wobble part of the frequency M nanely, for an FSK-nodul ated part
cor r egpondiéfordidor tiee péréod temespondistg toathed”SKl infoamativi bitpatdeehl 't&v
conparison of Fi GS. 15B and 15C.

a 6-wobble clock period as shown. That is, the channel bits will take values of “17,

“1” and “1” in units of the 2-wabble clock period (period of two monotone wobbles).

Namely, there will be provided a waveforim 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” 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 .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. Insucha

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 corresponding



Thus, the FSK denodul ation can easily be done owng to the XC-OR logic for
exanple. It should be noted that the denodul ati on can of course be done by
the EX- OR logic as well as any other |ogical operation. The frequency
detection circuit 34 also included in the FSK denodul ator 24 to make FSK
denodul ation is constructed as shown in FIG 16. The push-pull signal

bi narized in the conparator 32 shown in FIG 13 is supplied to a rising
edge count circuit 121 which counts4§ nunber of rising edges of a
push-pull signal in every cycle of the wobble clock WCK. Correspondingly to

the result of counting, the risjing edge count. circui royi an

out puto the chaanel gft.va‘hll’%d 1%313‘18&&{1?@? %?‘Fﬂagy i@[‘l‘?@“@ﬁﬁé’%&ﬁ%ﬁ@ﬂat&gl i s
connected to one of inputs of an OR gate 123, and also to a D-flip-flop
122_ Thasstlgn&SKs dppladethtion cdre emsity bp-ddnspownm: ke theeX@y@R bgicciasck in
the D-flip-flop 122 by the latch output at the tinme of the wobble clock
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sync. That is, the period shown as the FSK information bit pat in an input
push- pudie ESIgriematubation is ceh@rudiéd asishowntnddfi. 46d series of nine wobbl es
of the frequency fw2, shown as the cluster sync 50 in FIG 6.
The push-pull signa!l 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 “I””. 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 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 dctection circuit 34 are shown in
FIGS. 17A to 17E. The operating waveforms include push-i)ull 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



FIG 17A shows the wobbl e clock WCK. The rising edge count circuit 121
counts a nunber of rising edges of a push-pull signal in every cycle of the
wobbl e clock WCK. In FIG 1713, each rising edge is showmm with a small
circle, As seen from FIGS. 17B and 17C, the rising edge count circuit 121
provi des an output "0" when one rising edge has been counted w thin one
wobbl e cl ock period while providing an output "1" when two such edges have
been counted. The signal shown in Fk@ 17C, thus provided as the output,
and a signal shown in FIG 17D, delayed a period IT by the D-flip-flop
122, $%§H§R§d by the OR gate 123 to provide an output as shown in FIG

17E. Signal thus generated is supplied as an FSK-denodul at ed channel

bit value] i.scrim natj.on.cif ¢yt 3 The expl anatipn.is- e here
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the waveformfor the period corresponding to the FSK information bit pat
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will take values of" 1", "1" and "1" in units of the 2- wobble clock period

(peri QbR WML, TPRIG OIS \Wabk kging edyanie khiowh hettea winkll cele phosdetefiom
wavef orm shown as an address bit of the cluster sync in FIG 4. If the
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"I in FIG 4. Al 5o, uency degtectign cirguit..34, the two
di 11 oRHRE P andeen Pupcdaiihitong woRREFodk piHBHI VRIS Dobdfs &R gr oove.
The frequencies fw 1l and fw2 are in such a relation that each of_ them
shows ocatpuvdii whetbero stchedges hame baen eadntadnide ssanal showay st B/ C,
predeterm ned cycle. Thus, the FSK denodul ati on can easily be done
thus provided as the output, and a signal shown in FIG. 17D, delayed a period LT by
the D-flip-flop 122, are ORed by the OR gate 123 to provide an output as shown in
FIG. L7E. The signal thus generated is supplied as an FSK-demodulated channel bit
vélue to the discrimination circuit 35. The explanation is made here taking the FSK
information bit part of the cluster sync as anexample. 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 tal_<e 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” in 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



by the very sinple circuit construction as showmn in FIG |b. Note that the
above counting of rising edges nmay be replaced with counting of falling
edges. Second enbodi ment: 2-1 Wbbling nmethod Next, the second enbodi nent
of the present invention will be described. It should be noted that the
second enbodi nent al so concerns a.disc called "DVR' for exanple and the
physi cal characteristics of the optical disc are simlar to those having
previously been described with refeggnce to Table 1 and FIGS. 4A and 4B.
The cutting apparatus for use to produce the optical disc and the disc

drive pl ayi n e_.optical Y. t hose
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conponents of the second enbodi nent, aI SO, used n the first enbodi nent,
will bytheecgesmpldetcuwsgonsructioonsshav ipb dﬁ; met hod and associ at ed
denodul ati ng nethod, different fromthose in the first enbodinment, wll be
descri bed |Netekel e abdvetdoaneplofnaingeadgds thinebel eepldot ditviithgroumtingaxf, t her e
will also be descri bed an exanple of the construction of a denodul ation

ci rcu'%iﬂg ésp the disc drive included in the second enbodi ment and

corre %) 5 to the FSK denodul ator 24 shown in FIG 12. FIGS. 18A to 18F
show t he vvg %"H{ f wobbl es which are when there are wused an MSK

(m ni mum kege ?‘i“bﬂé’ﬁm FRdul ati on al so included in the aforenentioned 52
FSK nodul ati on net hod for nodul ati ng an address of a wobbl ed groove and a
wobbl e 2-1  Wobbling method

Next, the second embodiment of the present invention will be described.
[t should be noted that the second embodiment also concerns 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‘dcscribed an example of the construction of a demodulation
circuit used in the disc drve 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



detection wi ndow of L = 4 for denodul ati on of the address. It should be
noted that ';L" indicates the length of the wobble detection w ndow and
"L.= 4" neans that the detection unit corresponds to a period of four
nonot one wobbl es. When data waveform (channel bit) as address information
to be recorded to a wobbl ed groove is the wave for in (data) in FIG 18D,
the data is pre-encodea to provide pre-code data as shown in FIG 18E

For exanple, 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 nodul ation is done

usi ng e pre-coded data to .fop-n a stream-as an [ Lgnal as
shownF mpqi@athgp_letﬁgig}rdpﬂ%ulpﬂng it aaéﬁeéﬁa %Wg’&’ﬁ 0@? %aéi‘?&eb?%nt
frequencies fwl and fW are used for the MSK nodulation. The, frequency
fw idetebtios svindew of leazrd fardemodigating pitle addresssk W‘Lﬁ Seingtedbthalhown i n
FIG 18C. The frequency fW2 is 1-5 tinmes higher than the frequency fW (it

has a«paygeliengs thekugth sPthe/Bolsletdeasctivh windowf aediibrcd” nfeans that ther
exanple- As shown in FIG 18A for exanple, 1.5 wobbles of the frequency

Ve demohifiTilcARRLOdARN BepEADA | & FCARRARRME WIBRRONdVhen At 0. code

dat a requency TWL the same as the carrier

per | owasg oo chapr s Ogs adfss faanenien tp e el I AAOCAadeds of one
wobbl e of the frequency fWL carrier frequency). FIGS 19A t 9C show
st r eattss wavdfonh (data)d b FEG WEBI3f the datis| prarengoded tovmrovade PWD@QFF HAaBart -
FIG 19A shows a rnonotone bit which is a, series of wobbles of a
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 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 fwl 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. 18C. The frequency fw2is 1.5
times higher than the frequency fwl (it has a wavelength equal to 2/3 of that of the
frequency fwl), for exémple- As shown in FIG. 18A for example, 1.5 wobbles of the
frequency fw2 1.5 times higher than the carrier frequency correspond to a pre-code
data “1”, while one ;vobble of the frequency fwl the same as the carmier frequency
corresponds to a pre-code data “0” as shown in FIG. 18B.-A period of 1.5 wobbles of
the frequency fw2 corresponds to a period of one wobble of the frequency ftwl (=
carrier frequency).

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



single frequency (which is the frequency fw) . The nonotone bit includes
56 nonotone wobbles. FIG 19B shows an ADIP bit has also a period of 56
nonot one wobbles. The ADIP unit being of t2 of the 56 nobnotone wobbles is
an MSK information bit part. That is, the MSK information bit part is the
pre-code data MSK- 1-nodulated wth the frequencies fwl and fW2. The MSK
I nformation bit part -includes address infornmation. The other 44 nonotone
wobbles in the ADIP bit are a series,of 44 wobbles of the single frequency
(= frequency fWIl). FIG 19C shows a sync bit having also a period of 56

i ¢ el pae BT ad JAsho v RIS PNty et B Hotles PP ang

as above. Sync information is represented byrthe pattern of th C unit.
The otingle fi@qemat ¢whickobbtles fraqueney dyHd. bifheaprongtans ibis inglu bbl es of
the single frequency fW (= carrier frequency) The ADIP bit, nonotone

bit apgheyste Wobbles OPIES 19BkHow LA ADIP bibhadalsold périvdro 66 addnetoaebl ock
(of 83 bits) being one piece of address information (AD P) and which wll

be desdl @Ee)%d BRLOUDIASRAF deftth bP 10NGF SRECTH RitRALhERALbIENGs BlBMSFecor di ng

ng a un| a recording 1 ncludes three ADI P addresses,

as shown in _FIGS. 20A,and avi revi ou been Chli Wi th
ot o1 CHoEmproRbiegarty T s tho wgi mpigagafidn B RSt pl el BREVSRS Lo
bl ock having a run-in and run-out added thereto. In thi s case, one RUB
i ncl udeslulasd withathedeequensies dwd jand A 2s idwMSK mtermaen byt pasiinclides

corresponding to one RUB includes three ADI P address bl ocks- One address
bl ock 38drest nfeANRASEITIRE o8¢ Bt ifoRstoAPWR b in the AtVbiti ave Al Brick ®f si nce

the ADIP bit and
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 fwl
and fw?2 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. 20A, a section

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



nonot one bit correspond to a period of 56 nonotone wobbl es, one address

bl ock corresponds to a period of 4648 (= 83 x 56) nonot one wobbl es. The
nonotone bit, sync bit and AD[P bit are as having previously been
described with reference to FIG 19, The sync bit and ADIP bit are
fort-ned to have MBK- nodul at ed wavef orm 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 data part of 75 bits. The sync signal
part of eight bits includes four sync bl ocks each of one nonotone bit and

one sync bit. = T dat a of 75 bits i.n d 15 unit ch. of .one

Tonot Sneompesestaf Khbits apellibata. B dhorgnit S1E° 55, sines fhe ArFE R ad’ R i
referred to herein have previously been described with reference to FIG
19. Theomyowe bittcoarsspondIts operipd ofi e monebiid wobbbas wge addusis biogll at ed
waveform First, the structure of the sync signal part will be described

Wi th pehegRiteR tha pdriddof 4648 (2183 25B) mishothieywyobblds| Bhe ohbtomechig 1 B,

the sync signal part is formed fromfour sync blocks "0", " " and

P, "2
and soe O and HDALGE aby Efind phoigivty Boph BeaURR vtk RERepCe BORELPNE '
Y "2nd9t nhe e i goK APIE!bit 8P @UMEAcHR DAY AGSBCBRGIBLES KA SPRE v . In
each sync bl ock, the nonotone bitis a waveform of 56 wobbles of the single
55 fwmadbbbsscy representing a carrier as previously nmentioned, as shown in
e A 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 structure of the sync signal part will be described with referénce to
FIGS. 21A and 21B.

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

sync block “3” is formed from one monotone bit and sync “3”.

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



The sync bits include the four types: sync bits "0" to "Y as above. Each of
these four types of sync bits provides a wobble pattern as shown in FIGS.
22A, 22 B, 22C and 22D. Each sync bit is conposed of a sync unit having a
period of 28 nonotone wobbl es, and 28 nonot one wobbl es. The sync units are
different in pattern fromeach other. FIGS. 22B, 22C, 22D and 22E show a
wobbl e waveform pattern In .ync unit and a data pattern as address

i nformati on corresponding to the mogﬁle a s pattern. As shown in FIGS. 18D
and 18F, one channel bit as the cha i nformati on corresponds to a
period of four nonotone wohbles. A ch?nnel bit str an1as éﬂﬁ dress

"t or fredlieney] EPEEnERG SERIST AT DI VBIE BUBtaRth 23 SheHaWR FIRFAZ. 18E 1o
provi de an MSK-nodul ated wobble wave for in attern First, the sync bi t
"0" fornms Theshat bits ibclude theafatrrtgpes:"sybe GO tof‘rﬁ”t&ﬁealwm: Eaeliofas shown
in FIG 22B. Nanely, it provides wobbles corresponding to a pre-code data

S”eamesé%?&r &g@@ NE%(’)‘?T% %@{g&ﬂ@&&oﬁ%%& patdder @s SRSwh i GaGISy 221Mhe 28y nc bi t

provi des ted wobble pattern that a part of the pre-code
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" forns a channel bit data stream. "100_1000" in the %c unit as shown

i n Fl @onpp@)e \aﬂbbbﬁmﬂdc?@smﬁﬂmﬂﬁl G f Drenyas unKs penditigenignpaticst c o de
data stream "' 1000 10000000 1000 100000000000". The sync bit "2" forns a
chann@lonbéictdedhar.s FIGEM 2B WA, PO and ZQE,eshsyvrmwuhble waveddorm 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 informafion
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 stream 10001000 {000 £000000000000000”. Mare specifically, the sync bit “0”
p.rovides an MSK-modulated wobble pattern that a part of the pre-code data
corresponding to “[” 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 ““1000100000001000 100000000000,

The sync bit “2” forms a channel bit data stream “1600100” in the sync unit as



shown in FIG 22D, and provides a wobbl e waveform corresponding to a
pre-code data stream ™ 1000 1000000. 00000 t O 10000000". The sync bit "Y
forms a channel bit data stream "1000010" in the sync unit as shown in FIG
22E, and provi des a wobbl e waveform corresponding to a pre-code data
streant 1000 1000000000000000 1000 100011. The four patterns of the sync
bits are laid i each sync bl ock. Thus, when the disc drive can detect any
of the four patterns of 'sync units gii the sync signal part, a synchronism
can be attai ned between the sync units. Next, the structure of the data

Bt 28w E g ﬁpl'é%%l e e s

ADI P bl ocks "O0" to Each of the ADIP blocks is of 5 bits. The five
bits sﬂtemacﬂOQTDI@ﬂQQO@@QOG(DH}QQJ@@O@ﬂ@ ronot one bit and four ADIP bits.

Simlarly to the sync block, the nonotone bit in each ADI P bl ock provides

a wavef onThe g{n@bR €BT €orui a Blganueh bitektoftrednn & 1GOMYINE ihthe spme untttas
carrier, as shown in FIG 24A. Since one ADIP . y representing bl ock

: 21(‘: lolrjﬁ‘fw%n FI(?% g\k){i ér%\fn{lést Bgﬁggaﬁbﬁﬁoﬁgﬂgggpos ed %feaggd ADI P uni t
chow segept000afadopoBBARANDARBIO TR A5 P bit having a value * I*, and
vl or m - Fhelo@misnoast tiipsitats a0 dviermeagh ey Enpogks i e WASAHAS
having a value "0", and a data pattern as address information
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 provides a 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 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



57 corresponding to the wobble waveform Each of the ADIP bits "0" and "1"
Is represented by three channel bits in a period of 12 nonot one wobbl es.
One channel bit is a period of four nonotone wobbles. The ADIP bit " |"
forns a channel bit data stream "100" in the ADIP unit as shown in FIG
24B. Nanely, it provides a wobble waveform corresponding to a pre-code
data stream "10000000000". More specifically, the ADIP bit "1" provides
such an MSK- nodul at ed wobbl e patter§7that 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 e wobhl e of _the frequ £ ochss she I n

FI G QHEspp H!@DFthbﬁW@‘%ﬂef‘ﬁ? oanchﬁﬁﬂwfbfﬁ? ‘ggﬁg '%?t{\%e méb%!LO'I] Y\% t he
AD[P unit, nanely, it provides a wobble waveform corresponding to a

pr e- crepecstatal by tramchaned bisde xqasiod ahE? aweetonowebbles. fdensiaarelor di ng
to the present invention is characterized as follows: Whbbling is a

sequq@gﬁ %%r%@ Bf Bidr ABRoRYBSydbled aVhOADIRMSIE 6t Trormy #shawndiat gatader i ved
ul a

from tion of the information bit, and a nonotone bit providing
the si.ngl ef uenc t 3 hﬁgﬁ@/ orm t e rSiidek 8 HBEIENCY
fw (%té%‘?erlbﬁﬁgha@f%%ﬂ) 'ﬁﬁi%l%tc’%}él -r??du ate y’pla?)trsvli n which the
actual information bit is enmbeddeqd wi || discret, | Oh>-0N wobbl e
t r ac kwoyeloowme correrponding cfoetie Pﬁ‘?‘é@g?lc‘éatﬁf ST I\/Bﬁ)ﬁ%E@ (L@é)g) par S@OW‘
contributes to a considerable reduction of adverse affect of crosstalk
even gidcificallygHionDIPdsik™ BT puhidestsechmrn MSEumadubsted yselble mattonp talt f er ent
frequencies fw and fw2. O these different frequencies, the

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. 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 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



58 frequency fW is the sane as the frequency of the nonotone wobbl e
(carrier frequency). The frequency Mis a frequency 1.5 tinmes higher than
the frequency fw 1, for exanple, whereby the rel ation between the
frequencies fwt and fW2 is such that the nunbers of both the frequencies
Are alternately even and odd in a predeterrru ned cycle. In the MK

I nformation bit part, the period of four nonotone wobbles is one channel
bit (in case it corresponds to the ggngth (L = 4) of the wobble detection
wi ndow) forming the information bit” The period | ength of the
NBK—nDduIatedépart of the ADIP bit is a pfr'od of t2 nangﬁne wobbl es,
that iesquencypdwilots g samen as fhegisnuenqy Of ghe BROHNG V9 1 (@R oNot one
wobbl e. These features will facilitate the FSK denodulation, In the disc
dri ve fidgqueficy)i | Thdredasmayi Beliis aferquende [N ughewthasrthedanqueneasi er
because the denodul ation is done in units of a period of a plurality of

wobbl I ﬁﬁﬂ?' @bPetd RthiRin hoiweclho frrmenobfad. anthtw?2 ¢ audhon
bet V\egﬁi’tﬁgexao b ,ivﬁ%e an]g dat a torl be reeecorde?al?s such that an 'integral
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recorded. In the MSK information bit part, the phases are continuous at
t he ppt&dﬁtﬁfﬂlﬁﬁdpwlﬁg bet ween the frequencies fWI and fw2- Thus'. the
wobbl i ng by the MSK nodul ation will not include any high frequency
conponent &s thd MSK énfooinhtion dithyart, Hbe P8KodofUfoar menotone wobdetuisaticon The
denodul ati on corresponding to the wobbling nmethod in the second
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 pcriéd 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. Inthe 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



59 enbodi nent of the present invention will be described herebelow It
should be noted that the disc drive is simlar in construction to that
shown in FIG 12 and circuit conponents provided instead of the bandpass
filter 3 1, conparator 32, correlation detection circuit 33 and frequency
detection circuit 34 in the FSK denodulator 24 in FIG 13 wll be
described with reference to FIG 25. For the MSK denodul ation, there are
provi ded bandpass filters t5l and 52, multiplier 153, adder 154, .
accurnul ator 155, sanple and hold rcuit 156 and a slicer 157 as shown

in FIG 25, It should be noted th the co ent s, suc S ble PLL 25,
addr e§§1b@éﬁﬁﬁétr0f2tge BFeSOBHUTRBUER Ball b@éﬁé?%ﬂ%fﬁw?)eiﬂ%. ﬁiSﬁ@Pﬁﬁ@% ﬂPPF‘f he
second enbodinent are simlar to those shown in FIG 12 and' so w |l not
be deslertithedisnyrivens simitarimnatmituckoontot Hatchooui tn SHowl 2 andicBoups
(output froin the slicer 157) Is supplied to the discrimnation circuit

35 ineb&?%ﬂeﬁﬂa hﬁrBei,déalinsséﬁmzﬁuhatbsahdgésssﬂnw3l,i Bothp&ratds32 Nasmblationt i s

assunmed that the discrimnation circuit 35, sync detection <circuit 36 and
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as a wobbling signal fromthe matrix Ehéc%t 9 IinFIG 12 is supplied to
each &Gt hd vl bepdessribed mildvrgfansace iFi@22%.n FIG 25, The bandpass filter
151 has such a characteristic as to allow frequency bands corresponding to
t he frequeRoi the MUK dachaduitiono theae are pravudtd bandpdse filbasdgdsand id2er 151
extracts a wobbl e conponent, that is, MSK-nodulated wave. On the other

hand, mn.flﬁﬁli&amaaﬂﬂer i 54 tRCukeRatbA$5 5 Walingle RN Raoditdlss awt £6liséd ¢ as to
pass only" the
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 dliscrimination 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 simiarly 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 fw2 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



60 frequency fw 1, that is, a carrier conponent, and thus 'it extracts
ffie carrier conponent. The adder 153 nultiplies Qutputs fromthe
bandpass filters 15 1 and 152. The product fromthe adder 153 and an
output fromthe accumul ator 155 are supplied to the adder 154. The
accurul ator 155 is cleared by a clear signal CLRin units of a period of
four wobbles (in case L = 4) or a period of two wobbles (in case L = 2).
Therefore, the accurnulator 155 will.,provide an integrated value for the
period of four or two wobbles. The output fromthe accunulator 15 5 is

held in the s |l e and hold circuit 5 The sanple and hole circuit 156
il dEEECR By heiap & FFET CAPPREN: AR s r xRty te BipromRtgi sHoLD
. The output fromthe sanple and hold circuit 156 is binarized by the

sl i ceThesddeonhd tultiplies ewppts-faemrthe bandpass ddters &8l dadd Sdutlhetpriodugt channel
bit data fanning address information, and supplied to a downstream

Ci r cUiffomtREBdder 153 dddPan &itgﬁf frohnatd euaivlabt 153 ara@sui@dioithe hider 13. 1 n
the discrimnation circuit 35, the data is discrimnated to have a val ue

as an I it ' | i & | L Qi i lied
Co tnd BudyecinBar | ulsslguRat dted Sigbil € R a5k SLARLOLT AT, 1
ADI P address .t hereqf decoded. .The_.sync Qi 111 be_pracessed in the sync
Gt ecvables finfasedo=4) aricperion ph ENp OBl lingARGL 5O qaderpioe the "
reference to FIG 12. The MSK denodul ation will be described with

r ef er accemubatoasbowith pstrada at mnEegcaed 2ekuafor geBpetind okhfetoergvar e ones
devel oped when the length L of the wobble detection wwndowis L = 4

wobbles.

The output from the accumulator 155 is held in the sample and hold circuit L56.
The safnple and hole circuit 156 samples and holds the signat at the tuming 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. 3. 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 wilt have the ADIP address thereof decoded. The sync bit will be processed m 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. 26A and 26B. The waveforms are ones developed when the length L of the

wobble detection window 1s L. = 4.



61 FIG 26A shows pre-c' Gde data, a wobble waveform MSK (L = 4) fornmed
correspondingly to the pre-code data, and a carrier frequency as an out put
fromthe bandpass filter 152 (BPF out). FIG 26B shows an output from
the adder 153 (Denod out), output from the accunulator 155 (Int (L=4))
and an output fromthe sanple and hold circuit 156 (h (L=4)).

MU tiplication in the nultiplier 153 of the wobble wavefonn MK (L = 4)
As' shown in FIG 26A by the carrier requency BPF out) provides the

si gnal (Dermd out) as shown in FIG 26B. The accunul ator 155 and adder

g oA ks kol SRR Loy R

circuit 156 |n units of four wobbles as wel|l to provide the

( L=4) ycorrespongipshyotonthe greroqde data, ;ﬁsldf(ﬁa!(lﬁut‘sqqqeg%.aﬁ&ﬂwtgput:greﬂb q he
slicer 157 to detect a channel bit data yet to pre-code. FIGS. 27A and 27B
~ shobandpadsdilterd S2dBPH @pdFIBEI6B bleoweagybhtpht tdort the adaebth58 (Betrent | on

WI ndow is L =2 As in FIGS 26A and 26B, pre-code data, wobble wavefon-n

( Derm gint)g oflputFRIh tRE ?ééu‘r‘ﬁklﬁftﬁm gut : ) a@&a@ uhtﬁt&qmmﬁe @ﬁﬂgre AR

ut) output romthe accu r=155 (I'nt and an out put

Do Wi GoTR Es6 Th (! Miflibiicatid éﬁ%?tttt@l%bwfmew bl Vak (L

= 2) by -the carrier frequency (BP F out provi des the signal _(Denod out)
as shavaveformmMSKo6B= 4)ras shewnity bis 2045 5t%eataudé?e<t¢mcyr(&l°la@uthe

signal (Int (L=2)) integrated in units of two wobbl es- The integrated
si gnalprévides (Hheiphal Danopbat) mshovat th FIG 1268 safihleeaccumulator 155 and

adder 154 provide the signal (Int (L=4)) integrated in units of four wqbbles. 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 chatmel bit data yet to
pre-code.

FIGS. 27A and 27B show waveforms developed when the length L 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 (tnt (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
cartier 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 1n units

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



62 and hold circuit 156 in units of two wobbles to provide the output (h
(L=2)). The waveformof the output (h (L=2)) is binary-sliced by the
slicer t 57 to detect a channel bit data yet to pre-code. According to the
present invention, the length of the wobble detection wi ndow can be

I ncreased to a period of a plurality of wobbles, whereby the MK
denodul ati on can be done easily and accurately. As will be seen through
conparison between the integrated signal (Int) and sanpled and held signal
(h) shown in FIGS. 26A and 26B and FIGS. 27A and 27B, respectively, the

| engt h T.4) of - \Wobhbl e ~det ect L n | | Ale [ rated
ar s ngiald eairotSE i initn BETEPOTPHERs S PEUAYehe ot A2 LS The
signal will be 2 tines |arger.. The noise when LL.= 4 will not be 2 tjnes
| ar gerwavieform phthe quipnt (h (2530} is binary-sljced by|the gager Lpr{e deigrsa qraangl j
total, the signal-to-noise (SIN) ratio will be better by 3 dB than with L
= 2. Hiedsthoeeto pfeecddd. error. with L = 4 is smaller than that with L = 2.
Therefore, since the |length of the wobble detection wi ndow is increased

owing to t@&go?ﬁ??'t&%%ﬁ&%@&ﬁﬂfrﬂ&l’ﬂ@!eﬁ@tﬂ&ﬁh@&ﬁﬁﬂé db¢EBh vARdoWt W I ]

be understoo t he enodul’at1 on“and ADI P decoding are nore

reliable, Ln the foregoing,. the esgnt,J,nventio a descri bed
conco kg itrEasedsRiatrinanica PifrRhESErLRbEY el URM e pRAlAE”,
produce the disc and the disc drive in which the disc is used as a
r ecor ¢anderdamennsilyendaseuratel®. present 'invention is not linited to such
enbodi nents but nmay be nodified in various fornms wthout -

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 /2 timés larger.

Thus, when L =4 intotal, the signal-to-noise (§/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 conceming the
embodiments of the disc, cutting apparatus for use to produce thé 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



63 departing fromthe scope of the present invention, defined by the
clains given later. Industrial Applicability As having been described in
t he foregoing, the disc-shaped recording nedium according to the present
i nvention has fonned thereon wobbl es each of which is a series of
predeterm ned 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-nodul ated (o3 MSK-nodul ated) parts are thus
discretely fon-ried, the influence of a crosstalk from -adjacent wobbl ed

B e I R T T

i vention |s sui tahl.y usable as the wobbling nethod for a Iarge capacity
di sc. Tnestdak Appls 9&1@%& atus according to the present 'invention includes
rneans for generating a-series of predeterm ned signal units each conposed
of a si gnalAspawving besuddsecbéd antlieSregmag) theidost-sifapedfrecomlingmdditmand a
si gnal part of a single frequency. Nanely, the one-beam cutting nmethod can

be ad #{gt& iR @%&ﬁmwe@mm& ¥Scrh&d thi§8oh wabskusscaofivifick haped
| ng d te

recor Lum i nd ed for a arger recoding capacity. The disc drive

i ch et o et Bttt il Shis Sich ol BE A TR RR b oo oo

. groove formed on the disc-shaped _recordi ng nmedi um_ More ?I‘tICU| arly, the
cl ock and apsipglectreauensyi part saresponding ke the Wavafemy of angpgleiregyente pLL, a
wobbl e

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 smatler track pitch. That
is, the present invention is suitably usable as the wobbliﬁg method fora 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 reco‘rdiﬁg medium intendéd 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 thc disc-shaped recording medium. More particularly, the clock

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



64 reproduction clock on the basis of a signal corresponding to a single
frequency part of a wobbling signal, having a waveform of the single
frequency. The disc drive can operate stably by generating an encode cl ock
for processing the data to be recorded, and meking spindle servo control
based on the wobbl e reproduction clock. The PLL 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 cogjesponding to the single- frequency
part of the wobbling signal- Thus, the PLL permts a quicker pull-in to

ek DRl TRLRBERH B s St AR s S IE sk BRDI, | or ™
B A R A A
| ocki ng of the PLL using the single-frequency part is possible. The FSK

denodopetasostabbf by gengnthg anrenesgpooliichdot prdadessiigithe ddtmrtodice rerobded part of
t he wobbl e can be attained easily and accurately owing to the correlation

det eChh@ mmﬁgﬁﬂa@%@ eb&ebl iRed O the NJUBId repfodiitid Sl oBRP AR PEL,
conpri si ng: ans for generating a series of predetermned signal units

cach EQRRERd Hasd ' £3l PR FHRHLT L (0D GRS R B hoh g ot
s gna-lproOVQdé gestg%feg %’LOLT o}:great[soingggiy Sualplai seignztlr g(;nrrésri)eonding to the single-
frequency part of the wobbling signal. Thus, the PLL permits a quicker pull-in to
'loéking 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 ionger 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 FSK information bit part of the wobble can be attained

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



signal generating neans; a |aser source neans; neans for deflecting |aser
light fromthe | aser source neans on the basis of the drive signal from
the drive signal generating neans; and neans for cutting a disc substrate
by radiating the laser light to the disc substrate through the | aser |ight
deflecting neans to form on the disc substrate, a wobbled track including
a series of predetermned units each conposed of an FSK information bit
part based on a waveformresulted frﬁg FSK nodul ation of the information
bit and a single-frequency part based on the waveform of the single

frequency.
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.



