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

adi sc-shaped recordi ng nedi 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 pregroove forned thereon. Background Art To
record data to an optical disc which is a disc-shaped recording nmedium a

guiding neans is required for f ) ording track. To this end,
pregrooves are preforned on tﬁgﬁg€?ﬁﬁiﬁ5ﬁfsc 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 optical disc of this type to permt recording of data in a
gi ven [gsishaped Becardige Mating, Ouetig Appahaudféd Sahe HiitDidddgese 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 bl ed cqrrespondingly to the address information. Thus, for
recorﬁ&“@f‘?&%ﬁoduci ng data to or fromthe optical 2 disc, an address to

which the data is to be witten or fromwhich the data is to be read
The present invention generally relates to a disc-shaped recording medium such

as an optical disc, a cutting apparatus for use in production of the disc-shaped
recording medium and a disc drive for recording and/or reproducing data to and/or
from the disc-shaped recording medium, and more particularly to a disc-shaped
recording medium having a wobbled track as a pregroove formed thereon.
Background Art

To record data to an optical disc §vhjch is a disc-shaped recording medium, a
guiding means is required for forming a recording track. To this end, pregrooves are
preformed on the optical disc and the groove itself or a land, of which the cross section
is 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 example on the optical
disc while the lateral wall of the pregroove is being wobbled correspondingly to the

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



can be read from wobbling information provided as return light information,
and the data can be 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 exanpje. Therefore, the actual capacity of
the optical disc for recording data can be increased for the address area

whi ch j.s t hus ,mad nnegessary. sol.ute ti-ne ddrgss) i nformatio
repreéiléﬁvé‘B reéag%wgllab@&(%gaértgﬁgewp e“géfqoéla(’&"l‘fqbﬁtea%astallﬁf%gair CFi n
pregroove) or ADIP (address in pregroove). Optical discs having such a
wobbl sdndegesd fros meabblingnefammiationpre vided Rs remi kehb ifapmastoncandkitie
(CD-Rewritable), DVD-R, CD-RW DVD+RW, etc. In these types of optical

di scs dabviitss wriadal (s desirddponitio 00r tead dckin hidepiatd ﬁo&’iéom\ﬂddn&&la&ing\o bbl ed
groove in a manner different fromone type to another of these optical

gener 18 S HERCH MY LEL A ARERh 2gARAE RF AR 98 AR HR M rat i on
enbedded, i n a wobbl ed groove forned on CD-R/CD -RWis subjected to biphase
modul &3°n before the FM modul ation as shown in FIG 1. Mre specifically,
t he bi phase nodul ation is such that ATIP data such as an address or the 3
like i s ch&yphlitionabatesopdingaddress infosation 4srm wabblegdrgrgever wiwilldbaycl e by
e 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) 61‘ ADIP (address in pregroove).
Optical discs having such a wobbled groove formed thereon include CD-R (CD-
Recordable), CD-RW (CD-Rewritable), DVD-R, CD-RW, DVD+RW, etc. In these
types of optical discs, however, address information is additionally recorded as a
Wobblﬁ‘;d 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 1s

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

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



bi phase nodul ation and its rati o between average nunbers of "I" and"0" is |
1, and a wobbling signal of 22.05 kHz in average frequency are generated
by the FM nodul ati on of the ATIP data. A groove defining a recording track
i s wobbl ed according to such an FM nodul ation signal. In DVD-RWwhich 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 recordable version of
DVD, wobbl ed grooves G are fornmed as, preforinatted on the disc and a |and
prepit LPP is fornmed in a | and between the grooves G as shown in FIG 2.

In thi,s case, the wobbled groove,is used.to cpntrqgl, the rptat, on t he
i s A ket dncstie oRteRs rncttd a1 deieagh Risfciermned citle B dbe ang
the land prepit is used to determne an accurate recording position in
bi ts dnphagequpdeationanil étsyae betvweanmerage npbers afhd "daindcOs g h : dsaad
pre-address etc_ In this case, the pieces of address information

t hemsgl vesbbling digralr 6£d2a5 kakd iPaepidgs ﬁb@%n@ohreagembtﬁdes ofhet AR1 gr oove.
In DVD-RAM which™is the phase change recordabl e version of DVD,

i nfor ' - - ess is recorded as a groove wobbl ed based on the
phaseqmr’r%%@#%grt\ﬁ%égapaﬁ%%l ation) on the disc. FIGS. 3A to 3C show

i nformation represenf.ed by phase nodu] ation-hased wobbles of the oove.
As shown i rffEregye gﬁ\hﬂﬁlgst,"e%‘?f&mgmﬁ s Vb ] At G zofbsuch gy B 0o ¢

Each of the wobbles is phase-nodutated for a positive wobble PWand

modulation signal. -

In DVD-RW which is a phase-change recording-based rewritable version of
DVD (digital versatile disc} and DVD-R which is an organic dye change-based
recordable vérsion of DVD, wobbled grooves G are formed as preformatted on the
disc and a land prepit LPP is fénned 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 recording master clock or for similar purposes, and the land prepit is used
to determine an accurate recording position in bits and acquire a variety of information
about the disc such as a pre-address etc. 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 phase
modulation (PSK modulation) on the disc.

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

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



negative wobble NWto take place alternately in a predeterm ned order, so
that the ADIP wunit represents a sync pattern or data "0" or "I". Note
that the positive wobble PW is a wobbl e whose | eading end is directed
toward the inner circunference 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 fon-ner four wobbles ( to WB) are negative ones NWand the
| atter four wobbles (WH to W) are positive ones PW FIG 3B shows.an AD

data u being.the data "Q". In,this | P data uni.f.,, t I I ng, wobbl e
V0 s ADIR g Fachind Towsebbles sohagranoditated B tikitive p e Wb o Wi
to WB as positive ones PW and the |atter four wobbles include two

wobbl geguiveandbbl B3V podake placealtbrmsatelyRuvapiedetesmuotdoede\sodhdt e as
negative ones NW Thus, the ADI P data unit represents data "0". FIG 3C
shows ADIARKIP repi@béntd i dyneqiab@rd bedsat @ "dc™1”In this ADI P data unit, the

| eadi ng wobbl e is a negative one NWas a bit sync, it is followed by
three wob : Wi ey . ;. Tyour bbl es
I ncl ude t\/\y(ﬁ\% tI tt(lalg Qﬁs 1@%Wb§5ﬁ%§2§§ygﬁé@ngﬂm%§aﬁ %a \%/%8\/[\/(3) (?[Ilégg and

Theae A teiinacT G ERenaa R BrcoARd BHREEN VOO S retePBi ned
nunber of such ADIP units represents an address or the |like. 5 However,
the alwhmsededihig egd e dinigddewardtheautedomenmigronee aftheodisows -
FIG. 3A shows a sync pattern (ADIP sync unit). In this sync pattern, the former
four wobbles (WO to W3) are negative ones NW and the latter four wobbles (W4 to
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 syne, it is followed by three
wobbles W1 to W3 as positive ones PW, and the latter four wobbles include two
wobbles W4 and WS 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 sync, it is followed by three
wobbles W1 to W3 as positive ones PW, and the latter four wobbles include two
wobbles W6 and W7 as negative ones NW and two wobbles W6 and W7 as positive
ones PW. Thus, the ADIP data unit represents data “1”.

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

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



First, in case a groove is wobbled according to FM nodul ation 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 density. Next, in case |and
prepi are forned as in DVD-R and _DVD-RW the land prepits my possibly
have a cross talk into a read RF signal, causing a data error and

mast eri ng (cuttingzl has to be done for the grooye and | and its (2-beam
mast er i ng) Howenes the abevawobblipg ssahmiqugstare §of YWQ"SFQ?E@E}WSW n case a
groove is wobbled according to PSK data as in DVD-RW the RF conponent at
t he phase-Efpg) aﬁca%@iaggro@fre B watsedrackdrdingto Fidueodulytipo slaibagin GEVB a
crosstalk into a read RF signal, causing a critical error. Al so, since the

Pk F{I‘Qﬁﬁ—ﬁw Ehel%?édg(g r@%}&gbl%%ﬁifﬁﬁ et Ghclt Welueineya phasEstiaipe.oft he

essen requency wobb signal processing circuit system

wi |l be higher.. D scl.osure of -fhe |Invenii.on Accqrdi t

i nventh wavefRrgp; s, Erbcﬁgéﬁfég‘ﬁﬁgtpﬁtghé%f)@cgﬁ?% E%Ari\ééé Sgpg\vxgﬁégaof t he
related art by providinganovel and inproved gi @gsh pe_g r(fcor irg'% medi um
i n whisinat bgreproduiced webb|ls@ther woudsbihic Yl meguBHor flafavRecy ¥obplt

i ncreased recording capacity and inproved wite-read characteristics of the
r ecor dhfiibt suitably be used in case the track pitch is narrowed for an improved cecording

denstty.

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

This is relatively difficuit to implement.

Fﬁrther, in case a groove is wobbled according to PSK data as in DVD-RW, the
RF c:(;mponent at the phase-change point of a PSK modulation wéve 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 providinganovel and improved disc-shaped

'r'ec'ording 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 disc-shaped recording nedi 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 maveforg1resulted from FSK (frequency shift
keyi ng) nodul ation of information bFt and a single- frequency part

corresponding to the waveformof a single féequenC\ﬁ/- For &E}e ab%}/.e]r

di sc-ishegased resoodingegpasity and 1mpioved rripared ehagoiehistiss obthe T6EREAIAE t he Fsk
modul ati on. One of the frequencies is the sane as the single frequency

whi | apbARmteitihg appraany fospaidubdorof tiedise-shapedsiengtding maghuncpnd These
frequencies are in such a relation that each of them has an even nunber of

naves ﬁ&gttﬂ@egﬁq%?ﬁﬂ:{@%iﬂpﬁw%ﬁ@% dd&feBaidRhy mdli@mpr edet er mi ned cycl e- For

exanpr e, equency has frequency 1.5 times or 1/1.5 times
2- veve por|babvaptisdgabhep bt b i ABehinsd MFRSRelimE . ®
channel bit as information bit. The period |length of the FSK information
bit peaving preformed tgreon aspiralpwebbledirck asagraaveer lapd a@?%\"@“&% ‘g?'fﬁency. I n
the predeterm ned unit, the period length of the single-frequency part is
mor e hadordeaUivhdfis iliewobbictofahe ahck hea Kiesi off predetéromnbil signabaunits
each consisting of an FSK infoﬁnation 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 ﬁ'equencies 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 nﬁmber 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 frequcnéy as the single
frequency corresponds to one channel bit as information bit.
The period length of the FSK information bit part is an integral multiple of the

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

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



According to the present invention, the integral nmultiple of the
predetermned units corresponds to a tine 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 nultiple 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 waveformresulted from
FSK nmodul ation of information bit a$ address information. The FSK

nmodul ation for the FSK information bit part uses two different
freqparnci es. One of these frequencies is continuous in phase with the
other at the point of shift fromone to the other. According to the

present i myeukilian o tiepfosknnipgohaon ahe imegral MBKtiphd of therpredbietmiteyi ng)
nodul ation. In the FSKpi nformation bit part resulted from MSK nodul ation

O L NP Ph ime AHNE PECbRANG LlUE AR USUErEoBEIddE0 Therg! o

esponds to one channel t“as information bit. In this case,
the FSK_information bit part resulted from MSK nodul ati on of the
i nf otf®ki on bit includes two different frequenci es of which the one is the

same as the single frequency and the other is a freqguency X Ei.mes hi gher
than the Sitngkhafinadqleclc frequiancyl ofithe data to bei frﬁ’éptdfé]s't(a?'b“elt‘iaﬁ §faf our
waves of the one frequency and a period of x waves of the other frequency

<10 SHERTpIOL o Keqmuess Tiiuncayessts sl fsqvncyion. (he
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 (minimum
shift keying) modulation. In the FSK information bit part resulted from MSK
modulation of the information bit, a 4-wave period of the frequency as the single
frequency co&esponds to one channel bit as information bit. In this case, the FSK
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 predeterm ned 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 drjve signal generating neans; and neans for cutting
a disc substrate by radiating the |aser light to the disc substrate

t hrough the laser |ight deflecting rre_ang to fonn,. on the.disc substrate, a
wobbl ed t rAdsé, thec hbave@bieat eeare deonttaned de BEPHEHRE f CUUHERC APPRIANS ed of an
FSK information bit part based on a waveformresulted from FSK nodul ati on

of t hgclulifeCAcEBIIAR thitlie pritent imiveglienf r equency part based on the waveform
of the single frequency. Al so, the above object can be attained by

or enent IRl Aot | i | apesed bém t he
o J f%%ﬂgﬁ%ﬁ.f g%[iesrﬁg{ggg sERES Bflpﬂﬂietéﬁmfl@dl)é@ﬁ'd? LiRlts dadtacéfpose

af orenenti d recording medium according to the present
noad gy 126k realpa drord ASicaroq it op nofifafifn bFyRLESERR a7 Oy
signal; 9 rneans for extracting a wobbling signal about wobbling of the
t r acksifiglefrdguency;
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 seﬁes 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.
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 mnaking
FSK  denodul ati on of the wobbling signal to decode information
represented by the information bit. Mre specifically, the wobbling

I nformati on decodi ng nmeans includes a clock reproduction unit to generate,
by a PLL, a wobble reproduction clock on the basis of a signal
corresponding to a single-frequency part of the wobbling signal, an FSK
denodul ator to make FSK denndulatiog of the wobbling signal correspondi ng
toan, FSK information bit part of the wobbling signal to provide
denDduIatlon data, and a decoder to decode required i nfornmation conposed
of the i nfioearstfosexbiacting arwobbleng signabiehautivseb &Og ﬁfsﬁ‘p‘éfﬂﬁ frogthene FSK
denodul at or. The FSK denodul ator includes a correlation detection circuit

to makarhJ htg%?ﬁ[ilﬁ[@[tlon by detecting a correlation between the wobbling
signal and a delay signal resulted fromdelaying of the wobbling signal by

d of | | ud
2 %0 2t iﬂqwéﬁﬁy“%**{ﬁ)ﬁ?%@%‘ g Ry e Bl P R o g Bt ng
nmb f falli dges ,Qf the bbl | t ent
A e e e T

denodul ator includes the above correlation detection circuit and frequency
det ect i on Mbrespdcifically, dec wobbliug toemating decqdingencanninghidesd ¥ackisi ng
bot h-t he denodul ati on data denodul ated by the correlation detection circuit

and tﬂagtrocﬁ{&tioﬂmpw ﬁgﬁm@,\bﬁ R@Ilr eqmeblsly regridectioarclotk onithe bisis ifcul arl y,

t he decoder decodes _
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 retluiredrinformation 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
démodulation by detecting a number of rising edges or falling edges of the wobbling
signal, eﬁstent within one period of the wobble reproduction clock.

In case the FSK der;xodulator includes the above correlation detection circuit
and frequency detection circuit, the_decoder cl_f;codes the ;'?quired 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 generatg&'to generate a gate signal for the PLL
in the clock reproduction unit bas on the fact that it decodes sync
informati on as one of the required. information d,the, PLL f ncL%ons on
t he bdemeddntadiey f@&tfée%lﬁgﬁhdetﬁﬁtw%PGQV@ePWﬁE‘EaYBbZﬁ%@?W% ¢ ly on
apart, corresponding to the single frequency, of the wobbling signal. The
di sc ghguiked apeorntitish tfeorh he lpgieabproduoteof ither damodidateidndatadéona thei ndl e
servo neans for making spindle servo control using the wobbl e reproduction

cl OCkconaQHo{g@gﬁ%ﬁfoﬂfci Jgférg{n t mffdgﬂ%ﬁe?%ueh@ﬁ KeXHeh RS wikchhththe

wobbl e repro on clo Is to be ‘used for encoding data to be
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FSK information bit part of the wobbling signal to generate demdul ation
dat a. irfoemaiRia frdevmlogical sumed tiridsaedalataddaymicogn the corredatian detgLtipR unit s
of the 4-wave period of the frequency as the single frequency to provide

the npgstlinhh@®ths Fom thet frbqﬂ'é‘tﬁ:ywdmu:ﬁimgcirenhodlaﬁdm BOLiis staldepndabent
invention i s such that a wobbl ed

clock reproduction unit.

The decoder includes a gate generator to generate a gate signal for the PLL in
the clock reproduction unit based on the fact that it decodes sync information as one
of the required information, and the PLL functions on the basis of the gate signal to

provide a PLL operation based solely on a part, corresponding to the single frequency,

of the wobbling signal.

The disc drive according to the present invention further includes a spindle
servo means for making spindle servo conirol 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.wobbﬁng 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 .demodulatcs the MSK modulation signal in units of the 4-wave period

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



track is fortned as a series of predeten-nined units each including an FSK
infort-nation bit part and a single-frequency part based on the waveform
of a single frequency. That s, since the FSK (MSK ) is partial, the
wobbling is little influenced by any crosstalk. Also, since the | and such
as the land prepits has no mssing part, there wll not take place any

I nfl uence of any |l and m ssing-part on data to be recorded. Since no pits
are fornmed in the land, nastering &an be made with a single beam Further,
t he wobbling has no high frequency conponent as in the PSK These objects

and ot her objects, features_and . advantages of the pres I nv ion will
become norkheyghbling mqtb@ﬁf@ﬂ@tﬁéﬁﬂ Hff%aﬁ‘i‘&f"?%tbo%%s%'rcﬁ%?liﬁw %%?1 best
node for carrying out the present invention when taken in caonjunction with

the tasokoisonyedas dsaitsnabpreBeieeimutenitptichrineudingamy 3t inderomiemn |
expl ai ns an FM nodul ati on-based wobbling. FIG 2 explains formng of |and

pr epi Bipart ﬁﬁﬁaiﬁ%%ﬁum et BARA divhe iRkt sepsiaglrfraglidney. That

phase- ate I'es of a groove. FIG 4A is a plan view of a first

enbodi t qf -cal di. h0g ; irop,  havi

2 o gnce e (REVKER patliaE 4fE SRLHARLS Ryl RABRESEDy ahp CRhie, (Ve
view of the optical disc. EI %‘Wi expl ai ns a wobbl e &n{t on { he c%gél cal disc
accordlsagsinge the landesschtas the prSRYks has no missing part, there will not take

place any influence of any land missing-part on data to be recorded. Since no pits are
formed in the land, mastering can be made with a single beam. Further, the wobbling
has no high frequency component as in the PSK.

These 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 invention 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



FIG 6 explains an FSK information bit part of wobbling of the groove on
the optical disc according to the present invention. FIG 7 explains an ECC
bl ock on the optical disc according to the present invention. FIG 8
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 |1 OB
explain an address structure on the optical disc according to the present
invention. FIG 11 is a block diagramof the cutting apparatus used for
production of the optical disc acddrding to the present invention. FIG 12
I's a block diagramof the disc drive according to the present invention.

FI G dvkedtna bl ock di agram of the wobbling circuit included in the disc
drive according to the present invention. FIG 14 is a bl ock di agram of

the Co”elF"l’Gi.Qréx%ﬁiiﬁé“'hh%[@idtﬁﬁhhtib@blt eroff wobbléng df the giviove cacthsr di ng t o
t he present invention. FIGS. 15A to 15G show waveforns indicating points of

bl oclepticaanaorori 4 BTk EEIaET CiClit inciuded in the disc |
\C/iv;l/\éfe o?(r:rg %‘f{%& %ggéﬁmgg&npkﬁfﬁoélﬁm@n I ‘qubqicgl’lﬁ disELa%%br 1?1@ ttooth%7(?re§gl?e’v
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 block diagram of the wobbling circuit included in the disc drive

according to the present invention.

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

disc drive according to the present invention.

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

correlation detection circuit is actuated.

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

disc drive according to the present invention.



frequency detection circuit is actuated. FIGS. 18A to 18F explain an MK
stream of wobbl es on a second enbodi nent of the optical disc according to
the present invention. FIGS. 19A to 19C explain a bit structure by wobbl es
on the second enbodi nent of the optical disc according to the present

i nvention. FIGS. 20A and 20B explain an address block for the RUB on the
second enbodi nent of the optical disc according to the present invention.
FIGS. 2IA to 21C explain a sync sigpnal part on the second enbodi nent of
the optical disc according to the g$esent i nvention FIGS. 22A to 22E

explain a sync bit pattern on the second. enbodi nent of. the “&{)ttilcgl di sc
accor di ng FI§38.hE7 ArtesEiE shaweweveiorms) indicatins pogfs IS rLALIEN 488 4 part
on the second enbodi ment of the optical disc according to the present

i nvengi@iendy! dStectisticitQuib@otxgibdi ns an ADIP bit pattern on the second
enbodi ment of the optical disc according to the present invention. FIG 25

i s a bl ockodh@gream. o 3 K ds@n 4 R ondeaitshdigiEaedi ment
of the optll?@%$gl(§?ﬁ:0 ggcfi%?p(l#{ﬁglanto t gi%ﬁrgggﬁ?%?hee#tion.o FI GS. 216A and 26B

expl ain the l\/S[( denodul ati on,with the aid.of waveforns observed when the
| engt of theyomsical discasserding g e REReW YWY L = 4. FIGS. 27A and 27B
explain the MSK denodul ation with the aid of waveforns 14 observed when
the | engt hFIGS. GA tchE9Qexplnian acheit steuctore by wabbles en thesegond embodiment

of the optical disc according to the present invention.

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

FIGS. 21A 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 pattem on the second embodiment of the
optical disc according to the present tnvention.

FIGS. 23A and 23B explain a data part on the second embodiment of the optical
disc according to the present invention.

FIGS. 24A to 24C explains an ADIP bit pattcrn 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
observed 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



Best Mbde for Carrying Qut the Invention The present invention wll be
descri bed herebel ow concerning its applications to an optical disc, a
cutting apparatus for use in producing the optical disc,' and a disc drive
for recording and reproducing data to and fromthe optical disc. The
description of the present invention will be given in the follow ng order:
First enbodi nent: 1-1 Physical characteristics of the optical disc 1-2
Wbbl i ng method 1-3 Cutting apparat@F 1-4 Disc drive Second enbodi nent:
2-1 Wbbling nmethod 2-2 Denodul atidn First enbodinent: 1-1 Physi cal

characteristics of the optical disc The physical characteristics of the
opt i cabisedieskcwhen theliengtht &)théthprV@ﬂﬁm detestian tyiBAowHa La=vobbl ed track formed
on the optical disc will be described below. The optical disc according to

the pBEgNIbdé RYEChir9hd Gui el lugredtion t he category of discs called "DVR
(data and video recording)"” for exanple. It adopts a novel wobbling nethod

dedi cat ed ’flgeg put%%{gﬁt i?l@entﬁ?fpg'?lé (I?e Aeesbdd Neertbdlb G orRerAaRler ppicatibas f i r st

enbodi nment optrca

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  Physical chafacteristics of the optical disc
1-2  Waobbling 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. [t adopts a novel

wobbling method dedicated for DVR!



according to the present invention. Table | Laser wavel engt h405 nm

Nurneri cal aperture (NA)O.85 Disc dianeter120 mm Di sc thicknessl.2 mm

D ametrical position of information 44 to 117 mmarea Track pitch0.30 m
Channel bit |ength0.086 mData bit | ength0.13 p. m Capacity for user

dat a22. 46 CGbytes Average rate of user data transfer3 5 Mits/sec Recording
nmet hodPhase- change/ i n-groove recordi ng The- first enbodi nent of the optical
disc according to the present invenféon is a one using the phase-change
recording nmethod for recording data thereto. The disc has a dianeter of

120 mm and a | gkness of .1..2 mm _Th i i t he
optical diS@P Wmﬁegwlgﬂgaﬁq@gtgﬁfgﬁ@gﬁﬁeﬁﬁ%@y& Sn}t%fﬁ{;e{]&ftzcatl ﬁgsge of CD
(conpact disc) and DVD (digital versatile disc). Like the conventional

si mi | accardgstoghe giresest 1a4eatPNy st . enbodi ment of the optical disc has
defined thereon a lead-in area, programarea and a | ead-out area, counted

from Table 1

Laser wavelength 405 nm
Numerical apertuce (NA) 0.85

Disc diameter 120 mm

Disc thickness 1.2 mm
Diametrical position of information 44 to 117 mm
area

Track pitch 0.30 pm
Channel bit length 0.086 pm
Data bit fength 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 versatile disc).

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

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



16 the inner circunference thereof The information area including these
areas dianetrically covers an area ranging from44 tnmto 117 mn. The
wavel ength of the laser |ight used for recording or reproducing data is 405
tun. According to the present invention, the laser light is a so-called
blue laser. To focus the laser light radiated to the optical disc on the
signal recording |layer of the optical disc, there is used an objective

| ens having a nunerical aperture ( of 0.85. The track pitch of the
recording track is 0.30 m channel bit length is 0.086 [Lin, and the data

bit length is 0.13 m The opti.cal_disc.has a capacit f 22.46 Chytes for
r ecor thengnugsecirgumderense rthgegof. ¢ dhey anformatieg, ?‘%& éﬁr‘){‘é‘i‘"&/ eé&eaf%?e of 35

Mits per second. Data is recorded by the groove recording nethod. Nanely,
a gr odisgndtacally eadhyrs ahareethrasngfioacéd gmgot kldolmon the optical disc, and
data is recorded in the groove. FIG 4Aillustrates, in the formof a plan

view, a fi-*r% v&%%?ff?@fth@flastek‘ﬁ;gﬁ@&é&ﬂor%&ﬁd&%%x@b?@idding Hetars 496Nt

i nventi on- e optical disc is Indicated with a reference 100. In this

ol cuier e s TR Esey ot P BPELERTR 488 ofed PRI PREE TR, (e
S 1 oo thp haser Lght Fhgiache WarRical Aisarfibl gt crap B DR A b the ©
circunference of the optical disc. It should be noted that the groove GV
may bepicalikiet, dusre éntisadoal dbyjcativaleas havingsntioneriealaperiand (W) of Ostbh a
groove GV _represent physical addresses. FIG 4B is a schenmatic parti al
per spect i Vep¥irftHitch ok ir@drditigSfack R0 30tidathannel bit length is 0.086
um, and the data bit length is 0.13 wm. 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 illustrates, in the form of a plan view, a first embodiment of the optical
disc according to the present invention. The optical disc is indicated with a reference
100. In this optical disc 100, émbossed 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



17 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 may recorded on the land |I. as a
recording track or in the groove GV and on the land L. The present

I nvention pravides ap optd cal disc featurgd by. b i 0 roove,
whi chdige|is 1 C%Fégc‘i’”rtgé’d‘%f?feﬂé? : 1As shiawn, e @f‘%‘l \%)é%t L}\gg& %rpéggg} Yobbl od
adaptively to a signal generated by FSK nodul atjon .of an %Pdres or the
|i ke, fodeed thptdonal The lateralowall af thy greove &b aeswabbledadapiivplyite addrgssp) v
usabl e as a high-density, |large-capacity disc. Note that data is witten

or regffobRafibn fdraftitie, eiti is abodésponiitiztheo ngsipnalagatrated based\orf aanst ant
| inear velocity). The CLV rotation is also applied when data is recorded

int heﬁig{eggélﬁtt\%{flﬁetrg%[aﬁfgq{ fies lSéerEH TREadflcetPRRoves ofv aDatPRBchdedOne

turn 8 rger as the groove goes toward the outer
The. gibwamapys Gob aaeadiasen abeyes THAERolle Bne e P erirs re tretbibe, it
on the optical disc according to the present invention. The groove is
wobb! ecicko Idstduld ba mxed tat eftertaéivabh diats maytbs €regsd on the land L as a
recording track or in the groove GV and on the land L. -
The present invention provides an optical disc featured by a wobbling of the
groove, which will be described in detail later. Briefly, with the groove wobbled
aciaptively to a signal generated by FSK modulation of an address or the like, the
optical disc according to the present invention is suitably usable as a high-density,
large-capacity disc.
Note that data is written or read to or from the optical disc 100 being rotated at
a CLV (constant linear velocity). The CLV rotation is also applied when data is

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 wobbie units shown



18 in FIG 5. As shown, each wobble unit is conposed of an FSK i nformation
bit part and a single-frequency part. The single-frequency part includes
only wobbles of a wobbling frequency fw. For this part, the groove is
wobbled in a fixed cycle corresponding to the frequency fwl. This

singl e-frequency part provides a series of 65 wobbles of the frequency
fwl for exanple. It should be noted that the single- frequency wobbl e of
the frequency fwl is also called "jjonotone wobble”. On the other hand,
the FSK information bit part includes wobbles resulted from FSK nodul ation
of ADIP information, made using two different fre en%ies,.of whi ch the

one iin ke 5 afe shewnheadh wabblecynif ¥y comgpos Oﬁﬁﬁhgg& QoBatien SParhe ot her
is a frequency fw2 other than the nonotone-wobble frequency. The tine

| engt fncPh sidite FSGuendy paratTiansibigte-freqtenayr pas pariddes only wehbtds affa si x
monot one wobbles. It is just an exanple that the single-frequency part has

2 PeriBfly $PeqRAGh 109,  MRPIRSpHAL ke WRGoVESIS WbBIARIK anfixblicpte ! Nas a

ne wobbl es a abov and it should be noted that the

si ngl e-frequency part. may haye a_period,of 60 nonotaone -wobbl for
R ol AR At Tl T R R < R
crosstalk as well as for easier and quicker PLL |ocking for the reduction
that 65hevohibhegl ef theeflaquencypfini fos esamplai Brshopld bpgwited thgt thresinglr-
information bit part- For exanple, the single-frequency part should

pref ef;, 'éﬁc?fewﬁ%l% dhehz REQuEncy Oy It isnalso kalbgb T monopeei wdbbledn Dhehd-SK
I nformation bit part- Therefore, in case the FSK information bit part is

S S R T e
modulation of ADIP information, made using two different frequencies, of which the
one is the same as the frequency fwl of the monotone wobble and the other is a
frequency fw?2 other than the monotone-wobble frequency. The time fength 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
wébbles while the FSK information bit part has a. 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 longer in period than the FSK information bit part. Therefore, in case the

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

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



19 This does not neans that the single-frequency part should never be set
to have a period of |less than 59 nonotone wobbles. Practically, however,
the period of the single- frequency part should properly be set with
considerations given to requirenents such as perm ssible ranges of the
crosstal k, PLL locking tine, etc. One FSK information bit part having a
peri od of six nonotone wobbles represents one information bit as AD P
data. As shown in FIG 5, an addresg,or the like as ADIP data is
represented by information bits fromAD P units O to N as the FSK

information bit parts discretel ositioned alternatel L 1h .

si ngl 'Ehfsrd@q&%@?ewtﬁgt. thes 'g‘y e‘c“l’;‘é%[ﬁ@?‘é@é HSY‘F"&E #g\’,\hﬁw’t UM P dat a
which will be described in detail later, the frequency fw | of the

monot efkeswoldn 69 imodatBne wdlitilek HPradtwally chavpyer, thoh peried fifiiée Haglg: t he
ot her frequency fw2 used for the FSK nodulation is 1.5 tinmes higher than

the f Esﬁﬁﬁf“???g‘mm d@ Pr@@m@setma{ corfsiddridoid gigur o yedui@ments gich or

1435. wever, the values of the frequencies fw and fw2 are not

limted to .the above- tion 1 =i I the frequency fw2 may be
111. 538 P‘?‘i‘ﬁé@s‘ﬁ‘egrﬁggestﬁg eﬁ’fﬁﬁ?@‘gg@&‘ﬁ?‘vﬂm’n&%di tion, the frequencies
fw 1l and fw2 should preferably be in such a relation thz%t eve&éalnd odd
nunber s ofomb‘-f)‘“ésmeﬁ@féﬂ%b?\hﬁ PACtHRAHNE e PPP@d&'ﬁé&xegqu}P 2%r RIE i ned

cycle- In case the frequency fw2 is 1.5 times _higher than the frequency
fw  ageprbnes otdimfpanatich bit asiADIR datee sAoshavie i FEGuénay addegss agithe
correspond to that of nine wobbles of the frequency fw2, which neets the

ShoLLE AR Ul Shep SR it conaITsmOgo W et
be ”aﬂgld‘lﬁﬁo%n%ﬁ?)h L}ft piapts discretely positioned alternately with single-frequency parts.
Because of the address structure of the ADIP data which will be described in
détail 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 and fw2 are not
limited to the above-mentioned ones. For example, the frequency fw2 may be 1/1.5
times higher than the frequency fwl. In addition, the frequencies fwl and f\.)v2 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 fw! as above, the pertod of six wobbles of the frequency
fw1 will correspond to that of ﬁine 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 eastly in



20 the disc drive which will be described in detail later. The information
bit represented by the FSK information bit part conposed of the wobbles
resulted fromthe FSK nodul ati on of the ADIP information, effected using
the two different frequencies fw and fw2, will be described below wth
reference to FIG 6. It should be noted that in the follow ng description,
the frequencies fw and fw2 are in a relation of : 1.5. In the FSK
information bit part having the perjgpd of six nonotone wobbles, a period
of two nonot one wobbles is taken as one channel bit. Therefore, in one FSK

I nf or on,bit art DR u channel bits formtogether one
inforﬁ[@[‘*‘%d“m hich,w @gﬁ‘((@ﬁffbﬁ’ #t?iméde so that the frequency fvvi is a
channel bit "0" while the fre uenc \AF%IKe chann bit " 9\5 E

t he peri odlluf lrtfmnmbtfﬁépmé éé’y tbﬁ Eaﬁ‘éﬂ'é§ltf!?/9“i°°‘fr\1983 obl es’ of
the frequency fwl is "0" while three wobbles of the frequenc fWZ is "1"

Such {hrweblslbgresltedi fromi theoRSKFREKdumtionnafl thenABIP ipfommatiapr
|nforrrat|on bits such as cluster sync, secondary sync, data "0" and data "

) ﬁ,lﬁ'é qﬁe Ct%n Hﬂﬁ{@hf Tré?]‘eﬁeﬂ&es 1wl ahd AVE wAll ber @SRV BEIbW elthesent a

cI ust'é ., nine wobbl es of the frequency.fw2 are included

S 05 801 oy SR I TR s

sync. In this case, SIX nonot one wobhl es of the .frequency fw2 are
i ncl uﬂe{piemleseﬁwband w2 ape i adelgtion ofl oot one wobbl es, and a period of
two nonot one wobbl es, followi ng the period of four nonotone wobbl es,
i ncludes tpOhe®ESK aefonbatibe bitreatRadyg the feridtofsixcimannaineowobblesi ag " 1"

e a;:rlod 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 modufation is made so that the frequency fw ! is a channel bit “0” while
the frequency fw2 is a channel bit “1”. That is, in the period of two monotone wobbles
of th_a frequency fwl, two wobbles of the frequency fw1 is “0” while three wobbles of
the frequency fw2 is “1”. Such three channel bits in one FSK information bit part
represent information bits such as cluster sync, secondary sync, data “0”” and data “1”.
Three channel bits being “17, “1” and “1”, respectively, represent a cluster sync. In
this case, nine wobbles of the frequency fw2 are included in series in a period of six
‘monotone wobbles, as shown in FIG. 6. Three channel bits being “1”, “I”” and “07,
respectively, represent a secondary sync. In this case, six monotone wobbles of the
frequency fw2 are included in series in a period of four monotone wobbles, and a

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

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



21 "0", respectively, represent data "0". In this case, a series of three
wobbl es of the frequency fw2 is included in a period of two nonotone

wobbl es, and a period of four nonotone wobbles, follow ng the 2-wobble
period, includes four wobbles of the frequency fw 1. Three channel bits
being " 1 ", "0" and " | ", respectively, represent data "I". In this
case, three wobbles of the frequency fw2 are included in series in a first
period of two nonotone wobbles, a pgriod of two nonotone wobbles, follow ng
the first period, includes two wobbles of the frequency fw 1, and a series

of thizge Mebbliaas Qb ekdige! EAUEPCYn R dySe! SSLHECE Uitk NRObBI dictieod of

t wo. one onnatiron bit part, that is, one
ADI P unit as shown i FIG 5,. represents one infornmati,on bit d such

ADI P Fisaemeat Monistneladad &0 3 ek tvp merorons siabbles, And dstiqdal ToHar oss

i nformati on representing one address on the disc is of 98 bits, for

exanpimnotond kiabbbass dpllogimpDilie dnvobblpaperiad, |includes fayr avalddes of @eoove are
gathered to formaddress information. This will further be described | ater

Wi th r%ﬁﬁ&'i Thebt %n&lﬁﬂ@'béiﬂg “l|n, tMMiandeTbodispedtivel@lteprisegt datamul ti pl e

of wobbl’e units each being a predeternmned unit of wobbling corresponds to
dara 1 beoltityctg: {eE HAMEISt fe Thdliby g REHAGHAE s AR LTS S
o o DU T A s Bl 5
respectively. As above, the address is information included in the 98 ADI P
uni t sfirdtipeciadgincheles two wobbles of the frequency fwi, and a series of three wobbles
of the frequency fw2 is included in the last period of two monotone wobbles.
As above, one FSK information bit part, that is, one ADIP unit as shown in FIG.
5, represents one information bit, and such ADIP information bits are gathered to form
address information. Address information representing one address on the disc is of
98 bits, for example. In this case, 98 ADIP units partially laid as a wobbled groove are
gathered to form address information. “This will further be described later with
reference to FIGS. 9 and 10.
In this embodiment, an integral multiple of wobble units each being a
predetermined unit of wobbling corresponds to the time length of a data recording unit
to be recorded along a track. The data recording umit 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



22 address 'is included one RUB, a section of 98 wobble units corresponds
to a section 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 bloek is also called "Cluster”. It is one

bl ock forned by adding an error correction code to data to be recorded- As

shown in FI.G, t bl o S 4 f i ng

Fr amaddressgs inclidepee KU, aseiiiom %ﬁ9€w@ia%?cpgvﬁ%a°3§#%€@s B 50 "o

bl ock is of 64 Kkbytes. For exanple, the ECC bl ock SI sts omgata and
par i twhere datwismecordei @ one RGB. In cagtWo @@dﬁeé&ﬁﬁdﬁ%ﬂq %‘%ﬂ% wobbl es
of the frequency fWI (= 957 kHz) or 14 nonotone wobbles of the frequency

fw | a&ctlﬂﬁ%m%)wowé%n&@%r&ls dsyto 2 &2 tiohavinat datoiskreperdeabias dnof dat a
(with the frequency fW of 957 kHz), or 138 channel clock periods T of

dat a th the frequency f-vv | of 478 kHz), correspond to one nonotone
wobbl eﬁ‘t':}erl od of the frequency fw - The channel cl ock frequency of the

data is 66.033 kHz which corr ds to 957.kHz 8 38. That
is, the cHirbefthepisururs o538 lgéﬁg?er{weceg?glqrg cgﬁe} ﬁ g)% (#’Ejf{‘ztl p&) of the
nonot one wobbl e frequency, whi ch neans _that an encoded cl ock for data

r econ@togledanilidasdéscribod vglnesfetcade to Sifia7 dpbormaratsukof a8diby t he
PLL from a npnot one wobbl e of

of the to-be-recorded data.

One ECC block is also called “cluster”. It is one block formed by adding an
error correction code to data to be recorded. As shown in FIG. 7, the ECC block is
composed 0f 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 fwl (=957
kHz) or 14 monotone wobbles of the frequency fwl (=478 kHz). More specifically,
69 channel clock periods T of data (with the frequency fwl of 957 kHz), or 138
‘channel clock periods T of data (with the frequency fwl of 478 kHz), correspond to
one monotone wobble period of the frequency fwl. The channel clock frequency of
the data is 66.033 kHz which corresponds to 957 kHz x 69 or 478 kHz x 138. That
lS 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



23 a wobbl ed groove. 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 o f a guard GD and preanble PrA as a run-in of 1932T at
t he begi nning of the ECC bl ock, and a postanble PoA and guard GD 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
recordi ng. One or two pieces of add,r3ess i nformation as ADI P information
correspond to such a RUB. First, df exanple of one address correspondi ng
to one RUBwll be described wwth reference to FIGS. 9A and 9B and Tabl e
2. | e w@bblegfIogY¥er ess corresponds to one RUB, the frequency fw of the
nonot one wobble is 478 kHz. The period of one wobbl e_corresTDon to 138T_
In this casdditionnefea oureirr aud rai-oyt to dhe EGC biedoshayn mukleor rﬁ@g‘iﬁas to a
period of 14 wobbles, one RUB wll correspond to a period of 14x497 (=

6958) p (1! &Slﬂieg%@m BfcRFasdimn ilFIG . BB ikongssedind a cacid €13 and

corresponds to address, the periods of 6958 nonotone wobbles is taken

b 1 o AT B B i of [Iche Ui pRBi AR FERAe KEC B o B E e
Cor r cepmaeigiard D pera wa-ait o Hkionbns s e EehRb e, aSRBWBA o uni ¢
i's conposed of an FSK information bit part whose period is of six nonotone
wobbl BEG #ic Tudedoie) thenRAB B aiblagk @IF]H9§Z§T>F&WOI% witisBl1e 8, ureh £01 831 nat i on
bit as shown in FIG 6 is taken fromeach of 98 ADIP units to

recording. One or two pieces of address information as ADIP information correspond

to such a RUB. First, an example of one address corresponding to one RUB will be

described with reference to FIGS. 9A and 9B and Table 2. In case one address

corresponds to one RUB, the frequency fwl 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 wiﬂ correspond to a

period of 14x497 (= 6958) monotone wobbles as shown in FIG. 9.A. In case one

address correséonds to one address, ‘the periods of 6958 monotone wobbles is taken

as one address (ADIP) biock.

Since an address ié 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 wobbles included in an ADIP unit, and 65 monotone wobbles.

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



24 form address information of 98 bits. The bits included in the address

i nformation are as shown in Table 2: Table 2 Total 98 bitsDescri ption
Primary syncl bitCluster 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) forman ECC for the address

 nf or e e nfornppti o SRS o TR B8 gt e P Tl B8 %2
3 Total 98 bitsDescription Primary syncl bit'/z cluster sync Auxiliary bits9

bi ts a4 shiwstrelablédess24 bits (3 bytes)2 addresses per cluster Auxiliary
data40 bits (5 bytes)

Table 2
Total 98 bits Description
{ Prumary sync 1 bit Cluster sync
Auxiliary bits 9 bits
Cluster address 24 bits (3 bytes)
Auxiliary data 40 bits (5 bytes)
ECC 24 bits (3 bytes)

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

In cése fwo addresses are included in one RUB, the address information of 98

bits is c.omposed as shown in FIG. 10 and Table 3.

Table 3

| Total 98 bits | Description
Primary sync - 1 bit , | % cluster sync
Auxiliary bits 9 bits |
v cluster address 24 bits (3 bytes) 2 addresses per cluster
Auxiliary data 40 bits (5 bytes)




25 ECC 24 bits (3 bytes) In the above case, the frequency fwl of the

nmonot one wobble is 957 kHz. The period of one wobble corresponds to 69T.
In this case, since one recording frame 1932T of RUB corresponds.to a
peri od of 28 wobbles, one RUB will correspond to a period of 13916 (= 28 X
497) nonot one wobbl es as shown in FIG 10A In case two addresses are

I ncl udedin one RUB, a period of 6958 nonot one wobbl es, being a half

period of one RUB, is one address (QPIP) bl ock. Since an address is forned
froma 98-bit block in this case as"well, 98 wobble units will be included
I n a peri qg—e+—6958—nphotone—wobbles—berng—atatf—period—of] one '‘RUB. One
wobbl e uni{tE@Or r esponds t ¢ 24bite(d eyted)h of period of 71 nonotone wobbl es,
as shown i : ; ' ' | havi ng a
period of six nonotone wobbles, being an ADIP unit, and 65 nobnotone
wobbl es form together one wobble wunit as shown in FIGS. 9A and 9B. One
information bit is taken fromeach of 98 ADIP units to form address

i nf or mat i oim th absvbicass, thknkzediansyifivd afdbe monatpac sobblsis Y rmiien are as
shown in FIG 10. The top one bit is sync information. It corresponds to a

cl ust g&risd BE oherwabblBalorrespufideto 69e Mettis Bady, smcaranearecordiagyframbor mat i on
bits-" The further 24 bits (3 bytes) define an address value of the half

cl USt a3l pgg?%gﬁggﬁ;?&;& th RHEPAE 28 RobBIS, bhERUB Wil dtdspBnBics 2 The

| ast orm or the afdress information.

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

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

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

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

information.



26 The wobbling nethod adopted in the present invention has been descri bed
In the above. In effect, the wobbling nmethod in the present invention is
featured as follows: For wobbling of a track, a predeterm 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 fw and such
wobbl e units are continuously connegted in series. That is, the FSK
information bit part having actual Information bit enbedded therein wll

partially | St ..a wopbbl.ed tra ro P - [ exl of the
FSK inf onﬁg? i‘%ﬂb%gﬁ“ﬁ 'BS&'Pdﬁ&DHhcgfnt %%ggggﬁé?g%ﬁ?vaﬁgagu@ée nt#e&gﬁ\ggﬁg e effect
of crosstalk even when the track pitch i,S narrow. Two di.ffferent

f r equiiecatesver win eflget, fthe wabbligecaethod Huthegpeseatnsenaan s tratied de sk
information bit part. The frequency fw is the sane as the frequency of the
nmonot gilkywbbl e, and the frequency fw2 is 1.5 tinmes higher than the
frequency fwl for exanple as nentioned above. Thus, these frequencies fw

| and fw2 Palevéoﬂggﬂg%f% tréa;éf a\tﬂggg?téhﬁlneﬁwab&é uhRE9baned froey @ FBigber of

wobbl es and an 0 unber es alternately in a predeterm ned cycle.

|3 onnferEatieh b rackompmiats tmdpf STam Flel o BSR RaRRLBRRLT o

bit part corresponds to the period of six bbl eg, nanely, to a period
cor r einfordatign b aad a singledFeguensy passicorsspendingihbesravatenpiof aiaglsd. These
features contribute to an - _ ]

frequency fw 1 and such wobble units are continuously connected in series. That is,

the FSK information bit part having actual information bit embedded therein will |
partially exist on a wobbled track (groove). The partial existence of the FSK
information bit part permits to considerébly reduce the adverse effect of crosstalk even
when the track pitch is narrow.

Two different frequencies fw I 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 fw! 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



27 easier FSK nodulation. In the wobble unit, the period I ength of the
singl e-frequency part is nore than about 10 tines |longer than that of the
FSK information bit part. Thus, the sufficiently |ong period of the
single-frequency part in relation to that of the FSK infonnnation bit

part can facilitate-the reduction of adverse effect of crosstalk. In a

rel ati on-between the wobbling and recorded data, the integral nultiple of
the predeterm ned units corresponds2 oatinm length of RUB being a
recording unit of data to be recorded on the track. An integral nunber of
addresses, one or tw, as AD P information wll be included in one RUB.
Thesecasinthifte Mo@H#9D nat ching between the wobbl ed groove and data to be
recorded in the groove. The channel clock frequency of the data fo be
recorded tin theevébtde knitstharperiod: leggth ofthe single-fisqueney pasds E‘qrpéé%ncy f wi
of the nonotone groove. Thus, an encode clock for the data recordi ng can

easi | AladePthaticNAdifbe FBE infitalaiondingdct. g€hes, ahedutfasentlyn t he
V\Dbbl%bn(g& lgﬁgﬁérqugnc;} fwl of the nonotone wobble is 478 or .957 kHz for

exanpl e as . above., Thisfr i : PRE PRInREHWRRIM Bike
tr agﬁioﬁﬁ P&éﬂ%ﬁﬁ&cjﬁ%‘iﬁeqﬁgﬁ@ﬁ%ﬁ ﬁ%t@h% ﬁfaagg read si gnal frequency band
(several or nore MHz). This f egt ure kes.it g@ﬁsv: ble to separate and
ext r apart aon Fagilifase the feducien od adresy eE%ct abtmHs i thout any interference
bet ween the servo signal and read signal. The aforenenti o&ed SK mpdul ati on
is an MBK [ eélation bhivicenkibgiwahbling anbrecordedrdatrdhe ppearaimuitinie Ofni ques.
In the FSK nodul ation, a nodulation index His . ) ‘

the predetermined units corresponds to a time length of RUB being a recording unit

of data to be recorded on the track. An integral number of addresses, one or two, as

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

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

The channel clock frequency of the data to be recorded to the track is an

integral multiple of the single frequency twl 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



28 defined and two frequencies fi and Z are used. The nodul ation index is

H=1fl - f2]/fb where #b is a transm ssion rate of a signal to be
nodul at ed. The nodul ation, index is normally 0.5 s Hs 1.0. An FSK whose
nmodul ation index His 0.5 is called "MSK "_ According to the present

I nvention, the two different frequencies fw and fw2 are continuous in
phase with each other at the point of shift fromone to the other in the
FSK information bit part. Thus, thezgSK information bit part will not have
any high frequency conmponent as in“the wobbling by the PSK. 1-3 Cutting

apparatus Next, the cutting_ apparatus used.for producing the dise having a
wobb! elgfined aod tﬁ@rﬁé@ﬁﬂm%ﬂnaﬂﬁﬂ a%ﬂ%@s?‘?h@o’é@. U%ﬁ'@“&{@&"d?é‘ﬂﬁ??hg process
generally consists of a so-called nastering process and a repljcating

pr oce g3y fbiherBf &rd ignanisimstatouEa sigriab te bepuodilaged ddde madutafion-t o
conpletion of a stanper for use in the replication process, and the

el 1 SALOR ndHiBERTP S OUES LI CARESE WifosB iRsHinadadoR it OIS (dealfecamper s
or pr

used NassS tction of optical discs as the replica of the stanper.
Mor e Qﬁﬁgk{,,i cally, in the nmastering process, a polished glass substrate is
applie ith photo resist, the photo resist layer is exposed to a | aser
beamto formpits and grooves in the phot _fresisé_ | ayer. (é{)'s i%}y he
so-cal | ed "Ancording'tp the prasantingpmigen. thatwo al ferent equgngigs L&F‘f‘i of the
photo resist layer, -corresponding to the enbossed area at the innernost

ci r cunfrecentifusistia pHase Mettdésh other at the poiat of s_hift from one to the other in
the FSK information bit part. Thus, the FSK information bit part will not have any
high frequency component as in the wobbling by the PSK.

1-3  Cutting apparatus

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

The disc producing process generally consists of a so-called masfering process
and a replicating process. The mastering process covers the steps of production down
to completion of a stamper for use in the replication process, and the replication
process coves the steps of 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 mnermost circumference side of the disc,



29 and a wobbled groove is cut in a portion corresponding to the groove
area. Dare for the pits in the enbossed area is prepared in a process
called Ccpremastering”. After conpletion of the cutting, the photo resi st
| ayer is subjected to predeterm ned processes such as devel opnent, and
information is transcribed to the netallic surface by electroformng for
exanple to -fon-a a stanper necessary to replicate the disc. Next, the
stanper is used to transcribe infq&;natiort to the resin substrate by the
i njection process for exanple to forma reflecting |layer on the resin
substrate, and then * final product is fiajs gghg nakiq% processes such
i'5CT

as shand agvalbledhgranysds £ut 8 3 PRIGIOHCHESPPRAIG PRYF MY now to FIG 11,

the cutting apparatus according to the present invention is illuystrated in
the form oPage Hbotke imsgimithe Asulsisses, arehds cprepareyd dpparpiogsss icaleddes an
optical system 70 in which a |laser beamis radiated to a glass substrate 71
havi ng RUrfhgesi st layer fon-ned thereon to cut the photo resist |ayer,
a driv%[%g?/isgtemg% to rotate the glass substrate 7 1, and a ignal

Pheopt i cafiiehorapirgomnbt gt artfe 2he pRthrissi e &) SRR0R 00 Les
type. ppdetaminphitasesiosgch ASKEVEIGPFSH B FRTIGIR © BT Retiogaim
coining fromthe | aser source 72 based on the data to be recorded, an
acous hfetsllit i iafacet hpelaptdfoahingeforeexampieAtDfond a starepeeoecessary 4&8er beam
comng from _
replicate the disc.
Next, the stamper is used to transcribe information to the resin substrate by the
injection process for example to form a reflecting layer on the resin substrate, and then
a final product is finished by fnaking processes such as shaping of the substrate into
a desred disc.
Referring now to FIG. 11, the cufting apparatus according to the present
invention is illustrated in the form of a block diagram. Asshown, the cutting apparatus
includes an optical system 70 in which a laser beam is radiated to a glass substrate 71
having a photo resist layer 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 comung from



30 the laser source 72 based on a wobbling signal, a prism75 to bend the
optical axis of a nodul ated | aser beamfromthe optical deflector 74, and
an objective lens 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 glass substrate 71. The drive system 80 includes a notor 81 to
rotate the glass substrate 71, an FG 82 to generate an FG pul se for
detection of the rotation speed of ? e notor 81, a sliding notor 83 to
slide the glass substrate 71 radially thereof, and a servo controller 84

to control the ro I on, speed,of. t he tor 81 L N tor 83,

tracki amrwrcq)%ﬁeﬁqw g sggnal, arﬂ'és@g’n %@M&%@‘ﬁsﬁ& udes a
forrrattlng circuit 61 to formlnput data by adding an error correction
code armbdatdddas¢obsanfomndhe apticahdeflectnpddeand an olygeftys densaifl ta | ogi cal
operation circuit 62 to formdata to be recorded by making a predeterm ned

proc e%ﬁﬁﬂﬁg@fﬂeﬁﬁoﬂﬁﬁf@d d¥cdhechmaeticbrdfad tepddnn ¥5 ahd cadiatdthe coheergednal

processor | so i ncludes a data generator 63, parallel/serial converter

64 an i eleln (signal for wobbling a
groovgasel 6%%“%?3 %rgéggéﬁa%ogﬁE%@ggs llaltt‘ﬂgsl s circuit 65 to sel ect
one of the_ signal from ogi cal ratlon ircguit 62 and hat romthe
si gn convelhedrigg syHi§b QS%OEH{% ‘@dﬁfqt?\&&ﬁé frat %IFIL’ ive
circuit 68 to drive the optical nodulator 73 and optical deflector 74 on

the b&gite genetdte mi BGapulse don détecsgmiofebi gotatioousneedsot Hie mudor Slha si gnat
processor 60 includes a clock generator 91 to supply a nmaster clock MK to

E:gﬁt ) Oﬁ@ﬂnﬁ?ﬁg@?@%% isAfe e glidstsubsiratec ) ralislpeheyedfeand antna t@itrdiert o
84 to control the rotation speed of the motor 8 and sliding motor 83, tracking of th
objective lens 76, etc.

The signal processor 60 includes a formatting circuit 61 to form input data by
adding an error correction code or the like to source data from a computer for
example, and a logical operation circuit 62 to form data to be recorded by making a
predetermined processing of the input data from the formatting circuit 6. 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



31 controller 84, data generator 63, etc- on the basis of the master clock
NI CK supplied fromthe clock generator 9 1. The master clock MCK supplied
fromthe clock generator 91 is divided by Nin a frequency divider 92 to
provide a bit clock "bit CV. The bit clock "bit Ck" is divided by eight in
a frequency divider 93 to provide a byte <clock "byte CV. The byte cl ock
"byte CK7 i's supplied to a circuit systemwhere -it is required. \Wen
cutting the photo resist [ayer on t?ﬁ gl ass substrate 71, the servo
controller 84 in the cutting apparatus according to the present invention

controls the notor 81 to rotate th | ass .substrate, 7 congt ant

| i neagoneelissi&ly dataeanseater 531 ¢#Hg- O%ﬁ%&‘s‘%?f asigL cllchcé( S;t)qgﬁuﬁaﬁ‘a&ass
substrate 71 for a spiral track to be formed with a _predeterm ned track
pi t chfrodt théelcdnpencratr 9he Bl goaster ckkr MicKnsupmdiad fom dbercleskr ce 72
I's passed to the optical nodulator 73 and optical deflector 74 where it

Wil %%n R E)gti%i»l?d’écﬁﬁ'y N'in d f#8qaicy dividee 9 &6 proidde aditicloble “basd”. beam

t hus I's radiated fromthe” objective lens 76 to the photo resi st
o 6 000 HPER: AN b W g AURLPODBBHdeR tpgeosed
cor  calopisibrisdacor Tenbyta ales deda thoi iRl ina CRU RSO T ARt 6 1.
nanely, the data to be recorded to the enbossed area, such as control
dat a, réguigdppl i ed to the | ogical operation circuit 62 where it is forned as
data to be recorded.
When cutting the photo resist layer on the glass substrate 71, the servo
controller 84 in the cutting apparatus according to the present invention controls the
motor 81 to rotate the glass substrate 71 at a constant linear velocity and the sliding
motor 83 to slide the rotating glass substrate 71 for a spiral track to be formed with a
predetermined track pitch.
At the same time, the outgoing laser beam from the laser source 72 is passed to
the optical modulator 73 and optical deflector 74 where it will be modulated based on
the data to be recorded, and the laser beam thus modulated is radiated from the
objective lens 76 to the photo resist surface on the glass substrate 71. Thus, the photo
reéist 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 dr the like added thereto by the

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

control data, 1s sﬁpplied to the logical operation circuit 62 where it is formed as data

to be recorded.



32 At the timng of cutting the .enbossed area, the data to be recorded is
supplied 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 forned, and to off-state at a tine when no bits are to be
formed, according to the data to be recorded. Wth the above operations, an
exposed portion corresponding to an enbossed pit is fornmed on the gl ass
substrate 7.1. At a tine of cuttingsthe groove area, the systemcontroller
67 controls the sequential outputting of data supplied fromthe data

generator 63 and correspondjng 0 SK i af.on i bH i 1G9y

si nge-f redﬁéhﬁ);“‘b‘ggtqfecﬁgtfn%&g%w ?Sslgﬁgfég‘aﬁ%{! Mgtgrtlgﬁgtrgébﬂggﬁégﬁgé%t es a
series of data "0" on the basis of the byte clock "byt. " fon. 4@ period
cor r aephadirig dicuihes simdiesynthagiresiEguit g\gs &hercﬁ',weac%é.pfg? OBl f)l?)fhdi ng to
the FSK information bit part, the data generator 63 generates pecessary

dat a or?é&ﬁ[ RoAAnAHATS Yo ba-sefe At atinkDivRen bits ard tor b faymedg and ée of ratate
af orerrenti oned address block. That is to say, the data generator 63

genera%égt?[gg R@ﬂe@lelllo ng ?g@fp%&ﬁfrhf‘eﬂ?ﬁ&%lﬂﬁlg {oxhe dakaies be reqpidedsecondary

sync, and 1" at a time corresponding to each FSK period. O
course, the.data generator. 63 generates tF Ay P ‘Hossed N such a
predet er m'w"e‘g fEﬂP égf”? ABFAHANS %bff’?pé’@Fgé’ OWﬁanJ?ﬁé%&’%l%ﬁ?‘é 8vEf/}bJIOISS? orm a

cluster address value and additional information. The data output fromthe
datapigisribmmdrorﬂ:heiglassmuaﬁenl-b a serial data stream corresponding to the

bit clock "bit Ck" in the parallel/serial converter 64, and supplied to
the sign cRNYeheTofGfuttidfehs ggrovecarag thesyssomuemrelier €3-comitraly thap e

| ookup process to select a sine wave of a
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 th¢ basis of the byte clock “byte Ck” for
a period corresponding to the single frequency. Also, fora 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 charmel 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



33 predeterm ned frequency correspondingly to the data supplied, and
outputs it. Therefore, for a period corresponding to the single frequency,
the sign converter 66 w Il continuously output sine waves of the frequency
fw 1. Also, for a period corresponding to the FSK information bit part,
the sign converter 66 will output either a waveformof the frequency fw2
or a one of the frequencies fw and fw2 as showmn in FIG 6 correspondingly
to the content represented by the B§K information bit part, nanely, any
one of the cluster sync, secondary sync, data "0" and data "I". The

synt hesi,s, citcuit. 65 suppli ' LI G Lt 4t ' ut put
fromprﬁﬂﬁtegpb‘wﬁcmw@}r) 086‘%%?%&@“&& Y(g t@?g‘%:'[itll“ %l&ﬁ)tlﬁgg’ grﬁlgl%g rgqgéncy or
an FSK-nodul ated sigpal of tnaée frequencies. fw, L and ftw2, as bling -
si gnal hergfaredtinacppasiadeprresponging to @Wﬂ%}fi %‘%ﬁl’»i%‘ﬁlm%aﬁﬁ“éfﬁfg r to
on-state in order to forma groove. Also, the drive circuit 68 will drive
t he opill wahtidebhsty tautpild ster wasporndi thg! frequendye fwdbbilsy Eigagperiathus, t he
| aser beamis wobbl ed, nanely, a portion exposed as a groove i s wobbl ed.

Wth ¢k | ‘ kiRt At (BX PlgA*BnPerét 66 wilbbugsapeiteng to a
wobblct'e es@?ﬁ%@‘g‘%ﬁgﬁ orrré on tlhe gl%ss subg?rate 71 accordi 51% to a format.

Thereafter, the.gl 3ss substrate 71 ] Eec . t
ol ot BRSFRA Bedreasigy Stacy 100t S HERbAR AV EARI IR shown, |
produce the aforenentioned discs..1-4 Disc gr i ve glgxt. there will be
des crinddé. Srereispendinglietodbe 6puicng rersesenied Py dha FO K nlurmatinn b PrEeor d dat a
to the aforenentioned optical disc and reproduce data r ecor ded in the
opt i cdmellysgay one of the cluster sync, secondary sync, data “0” and data “1”.
The synthesis circuit 65 supplies the drive circuit 68 with a signal output from
the sign converter 66, that is, a signal of the single frequency or an F SK-modulated
signal of the frequencies fw! and fw2, as a wobbling signal. The drive circuit 68 will
control the optical modulator 73 to on-state in order to form a groove. Also, the drive
circuit 68 will drive the optical deflector 74 correspondingly 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.



34 Referring nowto FIG 12, the disc drive according to the present

I nvention is 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 ained above, is used as a recording nediumw th

the disc drive 30. For recording or reproducing data to or fromthe opti cal
disc 100, the optical disc 100 is set on a turntable 7 and rotated by a
spindle notor 6 at a constant lineay velocity (CLV). A signal recording
area on the optical disc 100 being rotated is scanned by a |aser Iight

For mea. on Hateoy Resto GG, 2ofeiib S Ede Ry %ﬁ@é“#ﬂ&%&ﬁdﬁ%@t“"“ bl s o

the track. The pits recorded as dat Q the tr k forned as qu
gr oowehematically dhistatedoiaibie formrmia ok diagrarmp; e dise e in RS Bhe
circunference-si de enbossed area are so-called enbossed pits. The optlcal

pi ckURdicahaiswith Shesaentda0eiAn aplicdaliscll Odlecohstacwd assaplaioed abova,
photodetector 5 to detect a return light fromthe optical disc 100, an

obj ecéhﬁé@%h@@??:Tzoggﬁléﬁ%ﬁfng?nﬁi‘ﬂlcfcﬁgdjénw%l aser |ight on the optical disc

100 ystem shown) to radiate the laser light to the

recordi ng | ayer of the opti.cal c, 100t hr I 2 and
gui de a r dtAETRCIIHRHAE FRPBHUSIAE %%@roq ffaﬁl &%g(%’mttaﬂe S?te)ﬂ(%}t’:gp%%phl%ggler to
t he photodetector 5. Further the optical pi (ﬂcor por at es m)nl toring
det ecdise 10Q is sstdmemmaahjaﬂtan@fro@at@ébvw@ﬁ ermsFﬁft at g gonstagt bigeay  The
| aser diode 4 emts a so-called blue laser of 405 nmin wavel ength. The

NUITeTr {4aicAPELVY! eA($idhabfeddndingpires ain thesaptical @ligs5100 being rotated ts
scanned by a laser light emitted from an optical pickup 1 to read pit data written to a
track formed on the optical disc 100 and ADIP information embedded as wobbles of
the track. The pits recorded as data on the track formed as a wobbled groove are so-
called phase-change pits, and pits formed in the inner cifcumference-side embossed
area are so-called embossed pits.

The optical pickup | has disposed therein a laser diode 4 as a laser source, a
photodetector 5 to detect a return light from the optical disc 100, an objective 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 retarn component of the laser light from the recording
fayer 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 aperture (NA)

of the optical disc is 0.85.



35 The objective lens 2 is supported by a biaxial nmechanism 3 novably in
both tracking and focusing directions. The optical pickup L is entirely
novabl e by a sled nechanism8 radially of the optical disc 100. The | aser
diode 4 provided in the optical pickup | is driven by a drive signal from
a laser driver 18 to emt the laser light. Information carried by the
return light fromthe optical disc 100 is detected by the photodetector 5
where it is converted into an el ectqyq cal signal corresponding to the |ight
intensity of the detected Iight and supplied to a matrix circuit 9

I ncl udi ng current yvol t age conversi | ' .

cal cul ati oﬂ;‘% oc livﬁé?rfso% l‘%l""}“?ﬂﬂ ?d’@’fgrblg%%gig%g?a e %g%%‘gasbé%}ﬂsbloé%al s by
matri x cal cul ation of current outputs froma plurality of photo acceptance
uni t strackingangdfoeusirg dueeiloms. The necessary signals include a high
frequency signal (read data signal) corresponding to read data, a focus
error signghe EEﬁCzﬁfp@CkiI[ﬁb ki eigirelyr movablgbala st&l rechasient § radirby odithe

control, etc. Further, the necessary signals include a groove wobbling

si gnal,,..: push-pull signal P/P as a signal for detection of
\/\Dbblé%u%?qg%tr%%ve The read data signal output fromthe matrix circuit 9

{racki ng. of b fasér gide rpfQed it e dtlcal Bio Ry B R RLLT pYke SR occor)

14, and push-pul |l siﬁ?nal PIP is supplied to a FSK denodul ator 24. The
push- froi a éasgndriver I8 se eqiigthgdaser ling signal fromthe matrix circuit 9

Information carried by the return light from the optical disc 100 is detected by
the photodetector 5 where it is converted into an electrical signal corresponding to the
light intensity of the detected light and supplied to a matrix circuit 9 including a
current-voltage conversion circuit, matrix calculation/amplification circuit, etc. to
generate necessary signals by matrix calculation of current outputs from a plurality
of photo acceptance units in the photodetector 5. The necessary signalé include a high
frequency signal (read data signal) cofresponding 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 asa signal for
detection of wobbles of a groove.

The read data signal output from the matrix circuit 9 is supplied to a
binarization circuit 1 1, focus error signal FE and tracking error signal TE are supplied
to a servo circuit (servo processor) 14, and push-pull signal P/P is supplied to a FSK
demodulator 24.

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



36 is processed in a wobbling circuit system conposed of the FSK

denodul ator 24, and a wobble PLL 25 and address decoder 26. Specifically,
an address is extracted from the push-put | signal P/P and a wobble cl ock
WCK used to decode the AD[P infonnation is supplied to other relevant
circuit systens. The wobbling circuit system w || be described in detai

| ater. The read data signal fromthe matrix circuit 9 is binarized in the
bi narization circuit | | and then.supplied to an encoder/decoder 12 which
functions as a decoder during data reading and as an encoder during data

writing. Wen, readi .data, the enc' oder/decod : ation
of , r UA Pregeysed 16 nghe%ag?u'éFYSPHI:%‘?‘PBB*E? %ft?‘eff(eg-l? #?gﬁ%é*i%f’ﬂgm‘é@c to
provi de read data. For readi ng data, the encoder/decoder 12 %%l rates, by

PLL niwobblkiRid, 24 andaddredsatscodgmyr Specifically.an addresnts adfas M and
decodes the data on the basis of the read clock. At each tune of data

readigg, | e Qgdr a Iobble! cldRuMaEK ubal tdadecadlec due AREP above
into tggb%ﬁl‘g?ﬁrmm% ry 20. As 21 r(e)ad output fromthe disc drive 30, data

buffered in. the buffe ) | S JREhe iRt Htdrt er f ace
13 al @20‘??1331%(%au?fﬁl.le({tﬁgﬁlg?é%l%?‘%%r%%%%ﬁgg?g{j to gr? ext eS?EaI host
conmputer 40 and transf e[ s data to be recorded, read data and vari ous
conmawtlkbe desontsd inrletall lagerdr i ve 30 and host conmputer 40- During data
readi ng, read data decoded and stored_ i the buffer pmenmory 20 wil.l be
t r ansf er r eThe/ieadtduta isigrel fare thematrix cheulidsts oapzedin thy biparizaond pe
noted that a read command and wite conmand and other commands fromthe
host  GRRET £and OnéH SupipliRl doath éitodesMetedercionivhidt finctidns as a decoder
during data reading and as an encoder during data writing. When reading data, the
encoder/decoder 12 makes demodulation of run-length limited code, error correction,
de-interleaving, etc. to provide read data.
For reading data, the encoder/decoder 12 generates, by PLL processing, a read
clock synchronous with the read data signal, and decodes the data on the basis of the
read clock. At each timé of data reading, the encoder/decoder 12 will cumulate the
data decoded as above into a buffer memory 20. As a read output from the disc drive
30, data buffered in the buffer memory 20 is read out and transferred.
" Aninterface 13 also included in the disc drive 30 is connected to an external
host computer 40 and transfers data to be recorded, read data and various commands
between the disc drive 30 and host computer 40. During data reading, read data
decoded and stored in the buffer memory 20 will be transferred via the interface 13 to

the host computer 40. It should be noted that a read command and write command

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



37 via the interface 13. On the other hand, data to be recorded fromthe
host COWPLIter is transferred fromthe host conputer 40 during data
witing. The data to be recorded is sent & om the interface 13 to the
buffer menory 20 where it wit[ be buffered. In this case, the

encoder/ decoder [2 encodes the buffered data to be recorded by addi ng an
error correction code, interleave and sub code, and encod"19 the data as
data for wite to the optical disg7100. There is also provided an encode
cl ock generator 27 to generate an encode clock which will be a reference
clock for data encodi ng when data recording is made. The encoder/ decoder
12 vmwla_thfs@tqr?ﬁ@ee%ode clock for maeking the above encoding operations. The
encode cl ock generator 27 generates the encode clock fromthe .wobble clock
WCK suppl iGrdtier athret hmdmwbmzeqydeﬁlﬁ%rfgpgwéamaw&?f 15 EanseiEethel ¢l ock
of the data to be recorded is of 66.033 kHz, for exanple, which is an

i nt e%ﬁb (A kb RngiithaoTdueimgatiey witing. oThe Hetartortet renerdashisisent Bonte t he

wobbl' e  PLL 25 generates a clock of the frequency fwl of the nonotone

V\Dbbldgﬁ é&%f%&ec llg?& éﬁ%kﬁ@g rrgeiufcl)(g QMY il b baffetdd el diis Badd, ithd e of the

freq , the encode cl ock generator 27 can

easily generate an_encode c|ock b I yi din t e f.t bbl e

cl oclenppder/derodghitla ?‘Eﬁ‘ﬂgs rth‘ég%”(ié%e‘géj\r{?& & g’& Y%?’S%%Cﬁgyhe erﬁgoaéll %Sm y the

encoder/decoder 12 is adjusted in waveformi wite skrategy and then
duoucth da oty

sent agretivasede dnterkeapahsd suls opde, andgngo g asiatg tardyrt 18. The
wite strategy 21 will nmake a

optical disc 100.

There is also provided an encode clock generator 27 to generate an encode
clock which will be a reference clock for data encbding when data recording is made.
The encoder/decoder 12 will use the encode clock for making the above encoding
operations. The encode clock generator 27 generates the encode clock from the
wobble clock WCK supplied from the wobble PLL 25. As mentioned above, the
channel cléck of the data to be recorded is of 66.033 kHz, for example, which 1S an
integral multiple of the frequency fw of the monotone wobble. Since the wobble PLL
25 generates a clock of the frequency fwl of. the monotone wobble, or a clock having
a frequency which is an integral multiple of the frequency fwi, 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



38 recording conpensation, that is, it will nake a fine adjustnent of

opti mumrecording power for the recording |ayer characteristic, spot shape
of the laser light, linear velocity of recording, etc. and al so adjust the
wavef orm of the laser drive pulse. The | aser driver 18 supplies the |aser
diode 4 with the laser drive pulse supplied as wite data WDATA to drive
the |l aser diode 4 for em ssion of laser light. Thus, a pit (phase-change
pit) will be forned on the optical @i sc 100 correspondingly to the data to
be recorded There is al so provided an APC (auto power control) circuit 19

to control the |aser driver P8 cOon

Wi t haeeoTsingeOTREASAEINEe thah is. t“h\é,(“itﬁtﬁlf‘& fig ?@8@&%3{‘8%?& B dBET L
noni toring the |aser output power on the algal é an out ut frlomthe

moni tpoviergfodethectesordiag layer elRTagtoristict spYf § the dasey t‘$h a 't"%fbet val ue
of the laser output fromthe systemcontroller 10 to control the |aser

dr| V‘%ld‘cﬁ{)}&f Rcbadifg! &8, 4t gRb adilistahe Wawefornvof tierlasdrtdr{eepulsepr ocessor)
genera es vari ous servo drive signals fromthe focus error signal FE

and_ tr acnéﬂ-?e lgr%e;ro u?eﬁqg%bpg Lée?QIlédﬂTivhﬂ‘fhérPdfséﬂ deivéplilsistipBlied or der

to inple era re spec Ically, the servo circuit 14

f d Kk d
oo e e BT ATS G B R ot r'&%?%stér'l¥fsa§ﬁ?“§hter?8t%.gna| TE

and supplies them to a biaxial driver 16. This biaxial ;ﬁﬁ 16 Wil |

dri vepit {phabechangepit) avill berfackiedprtid optical disc i) a@ﬂr&rspﬁé‘é y §?n Bein the
opt i caI pi ckup 1. Thus, the optical pickup 1, matrix circuit 9, servo
procefsfio bé redtraziial driver 16 and biaxial mechanism3 form together a

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
arhbient temperature or other factors while monitoring the laser output power on the
basis of an output from the monitoring detector 22. The APC circuit 19 is supplied
with a target value of the laser output from the system controller 10 to control the laser
driver 18 to attain the target value.

The servo circuit (servo processor) 14 generates various servo drive signals
from the focus error signal FE and tracking error signal TE supplied from the matrix
circuit 9 in order to implement servo operations. More specifically, the servo circuit
4 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



39 .tracking servo | oop and focus servo |oop. Also, the servo circuit 14
turns off the tracking servo |loop in response to a track junp conmmand from
the systemcontroller 10 to provide a junp drive signal to the biaxial
driver 16, thereby causing the optical pickup | to junp fromone track to
anot her. 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 comgol of the systemcontroller 10, and
supplies the signal to a sled driver 15. The sled driver 15 will drive the

sl ed neghani sm 8,corre i t I L ye:sign i from
the S&f n%rSSEVé)sg%orp %fo ?(‘?‘f[}g %‘}% lﬁ@%hgﬂlsg’n%ﬁ g Slgnhcqlgggg&amn%%@gﬁggéﬁg( not
shown) faqorned froma nmain shaft to, support the tigal pickup sl ed not or
and  irackiagFesiodropanFespense tna tagk TR domsRaRd from Hie SR Relialfe s s
driven by the sled driver 15 correspondingly to the sled drive signal, the
opt i CH) tppedvighe b jinmpsirdadsghal do the biangal Wriveh &6 sthiesehyl easisprpiicaentical spi ndl e

servo circuit 23 to control the spindle notor 6 to rotate at a CLV. The

spi ndk+ nvq, i | : spindle error signal SPE by acquiring
AiBF 1B i Hbin &t RHREFhfsthar

t he generated by the wobble PLL 25, nanely, information
compar ng. TRE R BAr i T g cnboe TLialh fendl U GRHAT R Bl eBor 0y,
gencr sigas Bya (OHDSIDIMPIREDL 05 TRHNG SN I AQGBR SRR HRGERRL | on
about the current rotation speed of the spindle notor 6, the spindle error
si gnatori®iit efthealyseenbeontroller 10, and supplies the signal to a sled driver 15. The
sled driver 15 will drive the sled mechanism 8 correspondingly to the sled drive signal
supplied from the servo processor 14. The sled mechanism 8 includes a mechanism
(not shown) formed from a main shaft to support the optical pickup 1, sled motor and
tranﬁnission gear, etc. As the sled motor in the sled mechanisin 8 is driven by the sled
driver [5 correspondingly to the sled drive signal, the optical pickup 1 is sledded
accordingly.
There is also provided a spindle servo circuit 23 to controi 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 rotation speed information of the spindle motor 6, and
comparing it with information ab01-1t 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



40 generated by conparing the read clock wwth the infon-nation about t6
predeterm ned 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 signal supplied fromthe spindle servo circuit 23, the spindle notor
driver 17 -applies a three-phase drive signal, for exanple, to the spindle
motor 6 to cause the latter to rotayg at a CLV. The spindle servo circuit
23 also generates a spindle drive signal correspondingly to a spindle

ki ck/ brake control si.gnal suppl ijed-fi ' 104t 0 cause
the SBPREIAECID BrmaaHgE e s styCRh e REbRRaSUT HESMIRE g OeEiniind T PEC
spindle notor 6. Operations of the above-nentioned servo. system and

wr i t elGldddefeyencsrapged  control l ed by the systemcontroller 10 formed from a
m croconputer. The system controller 10 makes various control operations
accordi ng MThe spiridle Bandscisnuip?3 gendratena spied b alstvecogmal tasrresponding texanpl e,
in case the. systemcontroller 10 is supplied with a read command for

Lransyer ol SALR SREPSIEIand BubBRePBid Sighablios SPARIE DI riast 7

conputer I rst contr the seek operation for access to a given
address. mel t he t.emcontrol l,er ' . enservo

ci rcuﬁc"(}&‘g?‘géo)ﬁ&? 63@9@%35‘Viﬁ‘%ﬁf SYPRYj If%(?rﬁﬁlslgggh@elgg %(?62%{%@5 ﬁ’ptlhc%kup | to
access a target address specified by g seek c nd. Theregfter., ,the

syst espndie motordrivey [Jomplies & theghise ﬂ%ﬁ@&ﬁ%%xéwﬂp F%ﬁﬁ%?‘“‘é‘% data in
a specified data section to the host conputer 40. Thus, data is read from
t he ophdtonls & 6suskOihe ldaeodedotabriaf ar@iVanTheotspardié servo circuit 23 also

generates a spindie drive signal correspondingly to a spindle kick/brake control signal
‘supptlied 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
co_ntrolied by the system controller 10 formed from a microcomputer. The system
controller 10 makes various control operations according to commands supplied from
the host computer 40. For example, in case the system controller 10 is supplied with
a read command for transfer of a data recorded in the optical disc 100 from the host
computer 40, it Will first control the seek operation for access to a given address.
Namely, the system controlier 10 gives a command to the servo circuit (servo
processor) 14 which will thus cause the qptica[ 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



41 processed and a requested data is transferred to the host conputer 40.
Supplied with a wite conu-nand fromthe 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 effectygd. The disc drive 30 shown as an
exanple in FIG 12 is connected to the host conmputer 40. However, the disc

drive according to the present inventjon,li ed to the host
conppreecsaes ag @HS‘IB%%%‘P%V pea %:r qjictr?q eiﬁ%é%‘ﬁ@@%’?‘%l panel and
display will be provided and the data i &ﬁgtéout put int e%a(‘he will . be

di f f er ent Suppliednwithuetwote toawnandadram OStRPQINPYET Athathd SYSIEAL data
recording and reproduction are to be nmade according to correspondi ng

oper %h&%ﬂe?flo (18 R8sy el optirabpickirp tile mises to anatldibey whetreadatalisie b ovi ded
various data i1 nput/output termnals. The disc drive according to the

o L . ) b
ggﬁ:%g}tg;@é e[gge'ngﬂbq”g%%ﬁrﬁfé%&%‘”ﬂ %ﬂcb({bs”&EYdatQtt%fsfé‘r%dWrm@'ﬂﬁie ¢t be

I've dedi cated for data recording or reproduction.

Next, the wobbling circyij s em i ncl,ud ' he di s¢ i ing to

the. qoremupt 49 AvBRIFIORSAPY ol ouElt Bad Wt T Py R sthdlod ok LR e, g

wobbling circuit is schematically illustrated in the formof a block

di agrsaredyl Tt td theslhsersdriver I8orssatiave: thendase regpedmgias eff lator 24, wobble

PLL 25 and address decoder 26 included in the wobbling circuit system As
The disc drive 30 shown as an example in FIG. 12 is connected to the host

computer 40. However, the disc drive according to the present invention is not
connected to the host computer 40 as the case may be. Insuch acase, a control panel
and display will be provided and the data input/output interface will be different in
construction from that shown in FIG. 12. That s, the data recording and reproduction
ate 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 illustrated in the
form of a block diagram. FIG. 13 shows the construction of the FSK demodulator 24,

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



42 shown, the FSK denodul ator 24 includes a bandpass filter 3 1,
conparator 32, 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 31 of the FSK denodul ator 24. The bandpass fitter 31 has such a
characteristic as passing two diffepent frequencies, that is, the two
frequencies fw and fw2 used in the aforenentioned single-frequency part

and FSK inforpatiqn bit. | ' efilteP3 It N hpaasNGes fw  or
f w2 psi@g"ébl &'ﬁrg%haf"ﬁ‘8d8£?ﬂ‘g‘[)g‘ésﬁfﬂ®§?& ?%ng %i ﬂg{??ze(’j o éhe conpar at or
32. The binarized push- pull signal ‘P/P.is suppligd.to. the: PLL 25,
cor r elosralamowdetgstipn Airewit 44i fregdengy, et?“r@a&!ﬁ&&t %‘Etdé%‘ifF‘BHlag‘ic’%‘g‘ﬁF%‘ﬁé4_ The
wobble PLL 25 is designed as a PLL to nmake phase (_:on_;pari son with respect
to t g5 kiynederetonpishitdd indsa gawl sighab generagonanesuét 3/ .wobbl e cl ock WK
synchronous with the push-pull ignal'P/P_ However, a push-pull signal PIP

for a peri g&%t{-sﬁﬂegﬂhnﬂﬁiﬁlﬁﬂmd@a whbblapighalfrotthpandtriof citdiet wobbl e

unit i s nmasked by a gate signal GATE fromthe gate signal generation
circuit 37 which. will be descyi ' ' : & Ausp- pul |
si gngﬁ} 13##@9%?1 f%gﬁ%p%ssttﬂ?qrﬁ% &%%ES%&[\?\%{){%%}%? ) %qia?ﬁgﬁe-f requency
part is |locked. Thus, the wobble, cl ock l%f\CK h?rs t he Si nglqﬁ .f r%%u ney fwil
i t sel 31 bas such aqeharasteristic 9§ RassEy bvo Adiffefenp freaucyels, TRf 45.Sikgive
frequency fw. Note that the single-frequency part of the aforenentioned
wobbl Regudriciéfiv Rand w2 aded irf thecafornethgntianegesingledrequeney Rart a8 &fhan 10
tinmes |onger, than that of the |

information bit part. A signa! 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-puil

signal P/P for a period corresponding to the FSK information bit part of the wobble

unit is nasked 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 fw! 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



43 FSK information bit part. Therefore, the PLL can easily be pulled in.
The wobbl e PLL 25 makes 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 clock WCK thus generated is supplied to various
circuits in the FSK denodul ator 24 and al so to the address decoder 26,
where it wilt be used for FSK denpgdul ati on and decodi ng of the AD P

i nformati on. Al so, as having been scribed with reference to FIG 12, the

wobbl e clock WK i s supplied to the d cl oc en tor 27 and spindle
ser voF$Krigformaton bhpat. Thegg PFG:BQC ggincaé'seaéﬁﬁ\b .p‘ﬁ[?%tlﬁ"r s case, since the

wobble ¢l ock WCK is of a high accuracy with |ess residual jitter, the
encode cl Dhkwbbble?LL 2P nmked phasamamgarisonsokalywiith thy menqteaes mablde
operation is increased, and the stability of spindle servo control is also

| pr ng@lg ﬁ%ﬁgﬁ%[ﬁﬁ'i%ﬂ @R 1Lt thepakd SigAllGATEANSL f theqrusidayl flateoti on

ci rcui t o denpdul at e channel data enbedded as an FSK

I nforpati bi ) f the bb| uni : f t | east one of these
Ci rcuﬁr{?’yg@’lﬁﬁiogﬁawr%@ gﬁgerﬁf%e?%l%ﬁmfcnlgtc gs@%%b‘ﬁag&%ﬁlg ator 24. However,
when both these correl ation det ection‘ﬁéi-rcui t .3(g and . fre uech gﬁt ection
circuit 34The evabble closk WEK feusgrocgatsdds suplicd o VaHgrs CHERUS 10 Ji8 o an
effect which will be described later. The correlation detection circuit 33
mak e SFERIcesthdaton it and hlsode tiec addigsederodee? Gtwhereat will bawsgsbior &< of t he
wobbl e clock WCK, and denodul ates the channel data. The frequency
det eC%élﬁﬁdl?FﬁEi%Hl g%co %%ftfesmpqﬁﬂiﬁtﬁﬁbﬁﬂAb%,(a@lh@trirl@)@d@&sclﬂbe@ne

0 e Wo oCk WCK,

perio 'e ¢
with reference to FIG. 12, the waobble 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 ;1n improved accuracy, the stability of recording operation is increased, and
the stability of spindle servo control is also improved.

The correlation detection circuit 33 and frequency detection circuit 34 are both
to demodulate channel data embedded as an FSK information bit part of the wobble
ﬁnit. 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 frequencj detection circuit 34

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



44 and denodul ates the channel data. The constructions and operations of
the correlation detection circuit 33 and frequency detection circuit 34

will be described later. From each of these circuits' 33 and 34, there are
extracted channel bit data about the FSK- npdul ated wobble, that is, "0O"
and "1" as channel bits in units of a period of two nonotone wobbl es as

showmn in FIG 4,. and they are supplied to the discrimnation circuit 35.
The discrimnation circuit 35 ANDs 4pr ORs channel bit val ues supplied
from both the correlation detection ci rcuit 33 and frequency detection

circuit, 34 i

FSK- dmgﬂp 5@'&“@%&% “Si Bata%gon @Pﬁﬁ?ﬁ%ﬂ (5'% itﬁlea%ﬂﬁelgéoguppl i es
t he channel bit val ue thus cal cul at ed to t he Sﬁ etecti i)n circuit 36.
The sdelectien eucitsd3oindduequessy diateciton drayhed will brelesagbed laser. péﬁqmdi city
of the supplied channel bit value. As shown in FIG 6, the cluster sync

i ncl ugdgsh 6hRBeLichiits' Baland34, thereldre ekirictaddhihtiel bit data about e FSK-
information bit part of three channel bits, the top channel bit is always

B » th %ﬁ{h@ t

t he gﬁ)dira%@r%eqbt}géﬁ??aglasf ﬁj Ldﬁﬁ Ol K- der ni (S)tijtlgalt?l elgﬁ Eghgﬁ%?yr{glﬁts@eg?gggl so
I "0"- Th the f h

Val uegongiong WPOBIES S e e Bf- 4 mgfi&@%ar%ﬁ?lﬁﬁhﬁ (@t ABFRAGhn | e

period including such "I" will be equivalent to a period of a wobble unit.
By dececwitd§. such periodicity, it is possible to know the period of each
wobbl e unit, and when a series of three channel bits " I I " and " | 1is

;jet ect ed i Tha diwpRhiation circirdt 35aANIEs deORsohaadek biatvalues svxppbédafmmt is the
" Olr;sth the correlation detection circuit 33 and frequency detection circuit 34 and
provides the ANDed or ORed channel bit value as a FSK-demodulated channel bit
value. The discrimination circuit 35 supplies the channel bit value thus calculated to
the sync detection circuit 36. The sync detection circuit 36 detects a sync on the basis
of periodicity of the supplied channel bit value.
As shown in FIG. 6, the cluster sync includes channel bit values “’17, “1” and
“17. Also, in the FSK information bit part of three channel bits, the top channel bit is
always “1”, as shown in FIG. 6. On the other hand, in a period corresponding to the
single-frequency part, the FS K-demodulated channel bit value is always “0”.
Therefore, the first “1” after a series of the channel bit values “0” will be at the top of
the FSK information bit pat, and the period including such “I”” will be equivalent to
a period of a wobble unit. By detecting such periodicity, it is possible to know the

period of each wobble unit, and when 2 series of three channel bits “1”, “1” and “1”

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



45 of 98 wobble units form ng together a cluster sync, that is, one AD P

I nformati on. 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
fromthe timng of the sync signal g, the period of the FSK infornmation
bit part in the wobble unit can be known by counting cl ocks of the

freque f on the basis of,the ' SY -si gnal GATE
to ma%ﬁ&g W%&V?%?Wlpﬁzoﬁkeﬁ %F@%Pﬁ&tsﬂ}g’r}gh l§p8rr‘%mrﬁsl%glnfg?rg i lLl't o control
t he phase conparing operation of the wobble PLL 25. te that although it
has been dBkesymedeicationsticyiteddilivg €aiasts mnyng WRMSARASHBRICTR S¥Ft 35
ANDs or ORs the channel bit values fromboth the correlation detection

cir CUéiFmii?Sms the eatessigialdeineetticonciciuit 37 andaddtdse deicedei 26.ndtheqgatei r cui t
34 will" AND such channel bit values for a period down to the pull-in of

the \é\@ggl}lle%{dg}?tﬁcgl ERcuit %9%&;&@%%&@@%@%9%’93 G S BRI ioTRE syHoC

dete gate si derived fromthe detected sync. As the

channel bit_ val ues,suppl,ed fr oth the rgl.atl on. defect] Frcuit 33
and T REEREY PuBBEGL oG e s fetection ARl A0 Bl TR B S5
val ues have inproved reliability, whereby fhe §Kpc can ‘bg q.ehetﬁtﬁei% with an
i mpr owetiblanit scknowia fromaghe émiag ofdthe sHac semal Sathe pgrpdoLithe i s

pulled in based on the sync detection, the operation should be shifted-
from ANBrhai R b pae inhdesyobbleamibeaguar krdwhasyedounting 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



46 on periodicity. Especially, by ORI ng the channel bit values supplied
frorn both the correlation detection circuit 33 and frequency detection
circuit 34, mssing of the detection due to a drop-out of the channel b it
val ue can be reduce d, whereby the AD I P information can be decoded with
i mproved reliability The discrimnation circuit 35 acquires an

FSK- denpodul at ed channel ~btt Value by ORing the channel bit val ues
supplied fromboth the correlation tection circuit .33 and frequency
detection circuit 34 after the wobble clock WCK becones stable owing to

the pull-in of the PLL, 1hepn,.makes di scrini ' : "0" and
"7 Pomgeriogisturmbrereisy by THBEAGR opifd, ML PRk SpSIAE RO TRBRRE )
unit represented by three channel bits, and.supplies the.infor ion bit
to t heoraeldties slettativtiesicaat 33 and Haguensy drieeiiRt cugul i JRERSIMHE CLdBF ess
informati on of 99 bits having previously been explained with reference to

Tabl egetée@stidi @a &&;@%ati fhé clfamnatbit oalubictis beir¢ducedf wherabry the ABEP t i ni ng
of the sync signal SY, thus decodes an address value Dad enbedded as a

wobbl g 0'81([5?} F)O\é/}e%qqag%dgg@%&@ﬁﬂ&ﬁ@%@@g“@_ue to the systemcontroller

10. Ion Crrculit. to make the FSK denpdul ation is

constructed as. shown i.n FI G. 14. The pushzpul,l si Vi NG
bi nari zed by ﬂﬁérlgﬁﬁﬁ%?‘éPHF“‘ﬁ%%saﬁﬂw{e$ﬂ“ Eﬁg!di@o?igﬁg%%de%gtb %egﬂtgl ay
circuit 112 and also to one of inputs of exclusive OR ((gFe()S%q{O R). gate 113.

The oby @Ringfthe bhaawldyt valneusuppled fremcnih &l eorrelation K0 EREHE of  the
EX- OR 113.

33 and frequency detection circuit 34 after the wobble clock WCK becomes stable
owing to the pull-in of the PLL, then makes discrimnation 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 signal having been binarized by the comparator 32 shown in 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 1s connected to the other input of

the EX-OR 113.



47 The wobble clock WK is supplied to a IT neasuring circuit 111. The IT
measuring circuit I 1 | neasures one period of the wobble clock WK 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 1 13 is subjected to extraction of
| ower frequency conponents in a |lowgass filter 1 14 and binarized in a
conparator 115. The binarized signal fromthe conparator 115 is delivered

as a latched ou t at lip-flop.116,at I m-ng..0f (tthe e cl ock
WCK. The |&%W@ggﬁ?bﬁﬁﬁﬁ{/Fsdgﬁ’!’iﬁfiﬁéﬁtaph?“’ rirg GFALELL 1<‘:hpzl;‘r§(§<?|blL bit in
units of a period of two nonotone wobbl es nd i lied to th

S o insutipronst K meeSires s p st the b der Ve Rand casttrelb 26¢ on
detection circuit 33 are shown in FIGS. 15A to 15G Note that the

oper 33159 chaNig 192 pro¢idede delastequal to sngpedisd iod the wablybpclask WCKa peri od

of the Kinformation bit part as the cluster sync. That is, the period

ShoWnrgsefhg, I kIORT I dadReMokicARbpdrdriBR bepekn tieglishLiblll sipaaPhnghown i n

_ Series ne wobbl es of the frequency fw2, shown
T R B Seord Y TR RRl R BXSLAR YRE The
and the binarized push-pull signal, .shown in FIG 15C, _ which has been
del ayasbjéstedive ewtrablien off dewepErequenayrcanporgaitayn adowpass fHtes 1 @uﬁ%ﬁi ed with
t hese push-pull signals, the EX-OR 113 provides an output as shown in FIG
15D.  fifasizO4 iRt cdBpatagseti Ly Theebinaviped sighial fevm ithé damparatoral L5 is
delivered as a latched output at a D-flip-flop 116 at the timing of the wobble clock
WCK. The latched output provides an output “0” or “1” as a chaﬁnei bit in units of
a period of two monotone Wobbles, and is supplied to the discrimination circuit 35.
The operating waveforms of the correlation detection circuit 33 are shown in
FIGS. 15A to 15G. Note that the operating waveforms include push-pull signals to be
supplied for a period of the FSK information bit part as the cluster sync. That is, the
period shown as the FSK information bit pat in an input push-pull signal shown in FIG.
15B is a binarized seties of nine wobbles of the frequency fw2, shown as the cluster
&nwinqu;G.' |
FIG. 15A shows the wobble clock WCK. The EX-OR 113 is supplied with a
binarized push-pull signal shown in FIG. {5B and the binarized push-pull signal,
shown in FIG. 15C, which has been delayed by one wobble clock period in the-delay
circuit 112. Supplied with these push-pull signals, the EX-OR 113 provides an output

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



48 waveformincluding only the | ower ftequency conponents as shown in
FIG 15E, and binarized in the conparator 115 to have a waveforrn as
shown in FIG 15F. This signal is supplied to the D-flip-flop 116 from
which it is delivered as |latched at the tine of the wobble clock WK
Thus, a signal shown in FIG 15Gw |l be supplied as an FSK- denodul at ed
channel bit value to the discrimnation circuit 35. The explanation is
made here taking the FSK informatioggbit part of the cluster sync as an
exanple. So, the waveformfor the period corresponding to the FSK

I nformatign bit t is "H for ~a 6-wbble cloc | O, S That is,
t he cMEXR mb’i"f%lpcﬁh"g P“b’afEﬁ lQ/\g?rlggqtbqncylco,lnpqnﬁpPS Jénsgl%wn‘ﬁi\ @?‘m‘l%gfi t he
2-wobbl e clock period( peniod of two ponot oHe vvobbl&si. nely, there

wi |l bmasizediinthe comparatonhl § to kareawvaretarmagghews i F{Gol SFnd iy 188y sync
in FIG 4. If the waveformis an FSK information bit part indicating data
44077 is%u(}ﬂiﬂieal@ the Dhflipvilwpfld6rfcdarwhichsit pedélodredis latbleechat dteotimeast addr ess
bits of data "0 or " " '"in FIG 4. As having been described above, the

I
optic | ' : o N{ Q@i FRiker ent
£ equi:oBbeHREd T TR B R B O B b M g ey T v
is 1. 5 tinmes higher than.the frequency. fw 1,.for ex |l e.. ;The. frequencies
fwl Qﬁﬁmﬂggart‘éﬁ]c anag t‘éPlP%E%tﬂi‘%ﬁ‘sf’Hﬁ%/m e Cgf:utr'??mafﬁ&ﬁ?péwa&%hls number
of waves and an odd number of waves 'in a predeterm ned cycle. In such a
case, mdue Heretaking the FSK nafoumation ditpars aftherelustsr sivnd a0 Bramplul $0ssi gnal
del ayed by one wobble.clock period of the frequency Mare in opposite
phase thdwaastoret fogthd peried coabipondngy to thie RS idfoeguton pif pat ishdliefor, for an

FSK- nodul at ed part correspondi ng

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-wobble clock period (period of two monotone wobbles).
.Namely, there will be provided a waveforma shown as an address bit of the cluster sync
in FIG. 4. If the waveform is an FSK information bit part indicating data “0” or “17,
the waveform for this period will be as shown as address bits of data “0” or “1” in FIG.
4.

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

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

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



49 to the channel bit value "I", as wll be seen by conparison of FIGS.
15B and 15C. Thus, the FSK denodul ati on can easily be done owing to the
XC-OR logic for exanmple. 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-pul
signal binarized in the conparator %% shown in FIG 13 is supplied to a
rising edge count circuit 121 which™tounts a nunber of rising edges of a

push-pul|l signal in every cycle of the wobble cl ock %ﬁ)re pandi ngly to
the tethd ¢hannekbburvaluey; [t Be wilkbegeartby ceam@flsenﬂgﬁ&d F‘Bai‘dsgg an
output "0" or " 1". The output of the rising edge count circuit 121 is

conneqyad te PRK démodnlatidnofarasadily batdonela®ingial the SXCtORalagit| fg-f 1 op
122. The signal supplied to the D-flip-flop 122 is delayed one clock in

the D-flip.fl : ' ¥-cl ock
ek, giinBlipIF g SRtk S UAHb B R e e e eput 11 om

the OR gate 123 s an output "“0% or "I" as a channel bit in units of a

peri o@lgf(’&l%s “Whrﬁt”éﬁ’é’%%tﬂ%‘?ﬂlogﬁﬁt%pl ied to the discrinination circuit
35. The operating wavefornms of the frequency detection circyit 34 are shown
in FIGS. Thé ftequeacy dathetiapeireait Ad aleaviaelydad lflﬁ@llfﬂédﬁmq{f‘a@i‘iolf%éli @¥nals to
be supplied for a period of the FSK information bit part as the cluster
SYyNnc. oHRRFSIS detdddlubfionad coakeiieted ais tshewhSK FIGnflér mat i on bit pat in an

I nput push-pull signal showmn in FIG 17B is a binarized series of nine
wobbl es of e, [ §EPIphal bilfaciAACUD RS chiPabltss BYY sEWME in FIG. 13 is
supplied to a rising edge count circuit [21 which counts a number of rising edges of
a push-pull signal in every cycle of the wobble clock WCK. Correspondingly to the
result of counting, the rising edge count circuit 121 provides an output “0” or “1”. The
output of the rising edge count circuit 121 is connected to one of inputs of an OR gate
123, and also to a D-flip-flop 122. The signal supplied to the D-flip-flop 122 is
delayed 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 chaonel bit in units of a period of two
monotone wobbles, and supplied to the discrimination circuit 35.
The operating waveforms of the frequency detection circuit 34 are shown in
FIGS. 17A to 17E. The operating waveforms include push-pull signals to be supplied
for a period of the FSK information bit part as the cluster sync. That is, the period

shown as the FSK information bit pat in an input push-pull signal shown in FIG. 17B

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



50 in FIG 6. FIG 17A shows the wobble clock WCK. The rising edge count
circuit 12 |1 counts a nunber of rising edges of a push-pull signal in
every cycle of the wobble clock WCK. In FIG 17B, each rising edge is
shown with a small circle, As seen from FIGS. 17B and 17C, the rising edge
count circuit [21 provides an output "0" when one rising edge has been
counted within one wobble clock period while providing an output "I" when
two such edges have been counted. Thg signal shown in FIG 17C, thus

provi ded as the output, and a signal shown in FIG 17 D, delayed a period

| T by-npﬂg flip-flop 122, are ORed by the OR gate 123 to provide an
outpuf as shown in FIG 17E. The signal thus generated is supplied as an

FSK- denodul_at.e hannel ,bit , val ye t L SCEi.m nation cireuit . The
ol anat 1 oFTos | avtg e upbble diick i, heriaifk oRlnRDupk ikt £
cluster sync as an exanple- So, the waveformfor the period corresponding
to t heo®K 4 nfmbeawifarsing edges: of 8 push-pdl signd wobisie cyrlerl P webblss

shown. That is, the channel bits will take values of" I", "1" and "1" in

uni t s cRfcktWeR- InPIG! E7B;lcack riskig albe(ipehowd with & vmatiwiaiiends wedibfres) -
Nanely, there will be / provided a waveform shown as an address bit of the

cl ust y i -1 [ ! ' bs ' art
Tl c S0y el 19E. e idihe bife o EIELT (21 pROyideLal BRI O Rt ndi
as address bhits of data "0" or,"1" in F so., 4 n,the freguenc
ot oofiste edEe bt bggn qoyated ithin Pé‘Pe‘HPi’ﬁPe‘éH‘éélcﬂeé‘Qdf Whils prayiftng A o o
used for wobbling a track or g}raoove. The frequencies fw 1l and fw2 are in
such autpitdti’ ovharhtwo suathedges havenbstivgeuatsdevidie sigmalehontn ipliks. BHd, an odd
number

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

the D-flip-flop 122, are ORed by the OR gate 123 to provide an output as shown in
FIG. 17E. The signal thus generated is s-upplied as an FSK-demodulated channel bit
value to the discrimination circuit 35. The explanation is made here taking the FSK
information bit part of the cluster sync as an exampie. So, the waveform for the period
corresponding to the FSK information bit pat is “H” for a 6-wobble clock period as
shown. That 1s, the. channel bits will take values of “1”, “1” and “1” 1n 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 fivl
and fw2 are used for wobbling a tracic or groove. The frequencies fwl and fw2 are in

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



51 of waves in a predeterm ned cycle. Thus, the FSK denodul ati on can
easily be done by the very sinple circuit construction as shown in FIG

16. Note that the above counting of rising edges may be replaced with
counting of falling edges. Second enbodinment: 2-1 Wbbling nmethod Next,

t he second enbodi nent of the present invention will be described. It
shoul d be noted that the second enbodi nent al so concerns a disc called
"DVR' for exanple and the physical ¢haracteristics of the optical disc are
simlar to those having previously been described with reference to Table

| and EIGS. 4A and, 48. Th cut t.4.n s for, use to prqdyce,the
opt i CQFW&Vﬁ%l%ﬁﬁr?%eW@ES&WI\?e T‘&?S Eﬁg@ﬁﬁ;&r}}gt@ui&ﬁpp&gﬁ %%15@8%& M so
basically simlar to those having previously been described concerning the

fir st bethodenmimplSoircuit conssmpimsnasshuiwa ebecbhd enbodi nent, al so  used
in the first enbodinent, will not be described any nore. Only the wobbling

et hod andNags it @fi@ébcﬁl&fmmiﬁgidfﬁisﬁ@%lb@gbs ifthf bereplacéd it dmagirigrof he
first enbodinment, will be descCribed herebelow. In the explanation of the

denodyl,atj n met hod, there will also be described an exanple of the
constfﬁ@bggﬁg%sf‘ a denmodul ation <circuit used in the disc drive included in
t he second_enbodi nent. and corresponding to the FSK denodul ator 24 shown in
FIG 12. FPesondignbpdigdit: show t he wavef orms of wobbl es which are when
there are used an MSK (m ni num key shifting) nodul ation also included in

t he af or en2rlt i oMéabbling method

Next, the second embodiment of the present invention will be described.
[t should be noted that the second embodiment also concerans a disc called “DVR?” for
example and the physical characteristics of the optical disc are similal; to those having
previously been described with reference to Table 1 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
concéming the first embodiment. So, the components of the second embodiment, also
used in the first embodiment, will not be described any more. Only the wobbling
method and associated demodulating method, different from those in the first
-embodiment, will be described herebelow. In the explanation of the demodulating
method, there will also be described an example of the construction of a demodulation
circuit used in the disc drive included in the second embodiment and corresponding
to the FSK demodulator 24 shown in FIG. 12.
FIGS. 18A to 18F show the waveforms of wobbles which are when there are

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



52 FSK nodul ation nmethod for nodul ati ng an address of a wobbl ed groove
and a wobble detection wndow of L = 4 for denodul ation of the address. It
shoul d be noted that "L" indicates the Iength of the wobble detection

wi ndow and "L- 4" ineans that the detection unit corresponds to a period
of four nonotone wobbl es. When data waveform (channel bit) as address
infortnation to be recorded to a wobbl ed groove Is the waveform (data) in
FIG 18D, the data is pre-encoded t@,provide pre-code data as shown in
FIG 18E. For exanple, the data is pre-encoded so that the pre-code data

modul ESKomodGlasRmerh e maddlsiaasi-ail Nl B GroaiIbe, e

modul ation signal as shown in FIG 18F. According to the secon
enbodidetestiontwenddiv 6k end for detmedulasonsof the gddrespp It sheuldhenated thate MK
nodul ati on. The frequency fw is the sanme as a carrier frequency for the

MBK  rpdyhdihRB thS lsripeef il Wobblelddtectidrewindumu andy Lf ¥4 issednsThat fthees
hi gher than the frequency M (it has a wavel ength equal to 2/3 of that of

e RGN Mebsphls RXODeBot S DR SBBRENIRCLOr i, 1.

wobbl requency her t carrier frequency
Che. saeterm (dubart bgravadsrinforud S Bias b seohbRd e e ' o
shown -in FIG 18B. A per-Lod of 1.5 wobbles of the frequency fw2
cor r esipowdse foone( data)iin FIGf 1 8hetiwodash és pre-enseded do peridgde prercode dataas
frequency). FIGS- 19A to 19C show streans each of a wobble waveform
i ncl udhs@naR FIG. I18E. 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 fw2 is 1.5
times higher than the frequency fw! (it has a wavelength equal to 2/3 of that of the
frequency fwl), for exﬁmple. 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 Qobble of the frequency fwl the same as the carrier frequency
corresponds to a pre-code data “0” as shown in FIG. 18B. A period of 1.5 wobbles of
the frequency fw2 corresponds to a period of one wobble of the frequency fwl (=

carrier frequency).

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



53 nodul ated part. FIG 19A shows a nonotone bit which is a7 series of
wobbl es of a 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 nonotone wobbles. The ADIP wunit being of 12 of the 56

nonot one wobbles is an MSK information bit part. That is, the MSK

i nformation bit part is the pre-code data WMSK- nodul ated with the
&equencies fwl and fw2. The NIS Keninformation a b it part includes

addr ess infornation The ot her 44 nnnotone wobbles in the ADIP bit are a

series o wob s .af, the si = |G 19C
shows M9 E ?Jlg‘g"wl&é‘ shawgs ﬁlﬁ%'r‘(?tSBe gf’%’bﬁoq 8%@8%@%%%%?@“ ch 28
nonot one wobbl es fort-n together a s nc unit. The pre code .dat a |s

VBK- reiigleafeeduenyt {wihineh iy dbeidrrsiusgcy )- aridher ONLE0BE, Hile '%5?&%5
information is represented by the pattern of the sync unit. The other 28

NDNOt RfoMORDIVEBbIcA. tHIE, I9BCsHuvws i AL PSlsit has alsb 2perved bk §6 mbnotoaesi ngl e
frequency fW (= carrier frequency). The ADIP bit, nmonotone bit and sync

bi t ‘&%@@Fe}poﬂetmpﬂém e Y\‘Ig]p'? 1 bF thersB aoRsiBRE SRobiIes ks (@f MEKDI t )

bei ng I ece of ress ormation (AD P) and which wll be described

bel ow, COI’dI e sec one recor bl ock)

bei ng! “Hﬁﬁl?“ 'éé%rt ﬁ'&%ﬁﬁ‘é‘g Pr‘?ﬂté?é“ﬁ'g%ﬁé B?d?%(g%g%almé;ks hown in
FI GS. 20A and 208 As havi ng fpreV| ously been described with ref nce to -
FI GS. niodutated withRbe fréqueacitstiw ] and fws obtg M3k intermatian G(Pdrb!"&' Savi ng a

run-in and run-out added thereto. In this case, one RUB -incl udes 498
fr at nggdresé Bffor@ubidn. The sli@t4, mbhotohe wetibles m thecADBP bitcare mespizsdifng t 0

one RUB -includes three ADIP address bl ocks. One address bl ock

44 wobbles of the single frequency (= frequency fwl). FIG. 19C shows a sync bit
having also a period of 56 monotone wobbles, of which 23 monotone wobbles form
,fogether a sync unit. The pre-code data is MSK-modulated with the frequencies fwl
‘and fw? as above. Sync information is represented by the pattern of the sync unit.
The other 28 monotone wobbles in the sync bit are a series of 28 wobbles of the single
frequency fwl (= carrier frequency). The ADIP bit, monotone bit and sync bit
correspond to one bit which will form an address block (of 83 bits) being one piece of
address information (ADIP) and which will be described below.

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

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

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



54 is conposed of 83 bits as ADIP data. As shown in FIG 19, since the
ADI P bit and nonotone bit correspond to a period of 56 nonotone wobbl es,
one address block corresponds to a period of 4648 (= 83 x 56) nonotone
wobbl es. The nonotone bit, sync bit and ADIP bit are as having previously
been described with reference to FIG 19. The sync bit and ADIP bit are
formed to have MSK-nodul ated waveform wobbles. FIG 20B shows the
structure of one address bl ock. The Qddress bl ock of 83 bits includes a
sync signal part of eight bits and 3 data part of 75 bits. The sync signal

bne. syneomposed ahis b Aait daie. 245 BhowRiniGald. Sacfie S8R AGRd,ne ™™

monotone bit and four ADIP bits. The nonotone bit, sync bit and ADI P bit
r ef er meshdtonéd biteiorréspoad oy peusd ywibde monhésns webbles, vneratdresmblocko FI G
19. The sync bit and ADIP bit provide a wobble having an MSK-nodul at ed

wavef gpeshdddiito 4 p&ricd 62648 X=<8f3 * 156) sootend RAbba. Thel hbnbr@dsier | bed
with reference to " FIGS. 2t and 21B. As shown in FIGS. 21A and 21B, the

he.r Sute By ABEMRlTL AEE AT bty Been BpRaRd it referencta P, 1< e
0 BB ek ot ke Sy S ST 5,
block "3" is forned from one nonotone bit and sync "3". In each sync bl ock,
the nevubibbese bit is a waveform of 56 wobbles of the single
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 refcrénce to
FIGS. 21A and 21B.
As shown in FIGS. 21 A and 21B, the sync signal part is formed from four sync
blocks <07, “1”,“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



55 frequency representing a carrier as previously nmentioned, as shown il
FIG 22A., 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 pattem as
shown in FIGS. 22A, 2213, 22C and 22D. Each sync bit is conposed of a sync
unit havi.ng a period of 28 nonotone wobbl es, and 28 nonot one wobbl es. The
sync units are differentin pattern fromeach other. FIGS 22B, 22C, 22D
and 22E show a wobbl e waveform pagdemin a sync unit and a data pattern
as address infortnation corresponding to the wobble pattern. As shown -in

FI GS. 18D and 18F, ane channel bit. as,the chanpel {nfor. ' or responds
to a HEAUREYIRPIGGRUAS ASEHNY WEV&'.SIYA{"@Hﬁﬂ%@ aBiprgPr'n?ngk%? %‘ﬁ’e addr ess
information is pre-encoded 'into a pre-code data as shown in Fl 8E to
provi de anTht Syaerbitslimtlade theofshirdypesietvaarbitsp i tter 3. 45 abave. ( Backkphc bi t
"0" forms a channel bit data stream "10 10000" in the sync wunit as shown

I N Fl {fes@ £ @@e&%bvs ddbipsrg.wvﬁm AvabbbRspatei esslowi ig FIGSa2pAc22Bde  dat a
stream "1000 00100)6 1000000000000000"- More specifically, the sync bit

dat o 2GrERRR: Hgth gRRL it FoqtBBRLE R lchubtdia MR betod W28 o
Di 1 momotsrwab Bl (R etopS PP NP RO SYBB R B S e Pt i ¢ s
shown in FIG 22C, and provides a wobbl e waveform corresponding to a
pr e- cfiden eadheothst.r BHGS. 22B, 2260)@2[»and 335 showr wobble oDD'pattpre Bync b it
"2 " forns a channel bit data stream™ 1000 100 " in the sync unit as
a sync unit and a data pattern as address information corresponding to the wobble
pattern. As shown in FIGS. 18D and 18F, one channel bit as the channel information
corresponds to a period of four monotone wobbles. A channel bit stream as the
address information is pre-encoded into a pre-code data as shown in FIG. 18E to
provide an MSK-modulated wobble waveform pattern.
First, the sync bit “0” forms a channel bit data stream “1010000” in the sync
unit as shown in FIG. 22B. Namely, it provides wobbles corresponding to a pre-code
data stream “1000100010001000000000000000”. More specifically, the sync bit “0”
p'rovides an MSK-modulated wobble pattern that a part of. the pre-code data
corresponding to “1” is 1.5 wobbles of the frequency fw2 while a part corresponding
to “0” is one wobble of the frequency fwl.
The sync bit “1” forms a channel bit data stream “1001000” in the sync unit as

shown in FIG. 22C, and provides a wobble waveform corresponding to a pre-code data

stream “1000 100000001000 100000000000™.

The sync bit “2” forms a channel bt data stream “1000100” in the sync unit as



56 shown in FIG 22D, and provides a wobbl e wavefon-a corresponding to a
pre-code data stream "100"0 100000000000 1000 1000000011. The sync bit "Y
forms a channel bit data streant 10000 [ 0" in the sync Unit as shown in
FI G 22E, and provides a wobbl e wavefom corresponding to a pre-code data
streant 1000 1000000000000000 1000 1000". The four patterns of the sync
bits are [aid in each sync bl ock. Thus, when the disc drive can detect any
of the four patterns of 'sync units k& the sync signal part, a synchronism
can be attai ned between the sync units. Next, the structure of the data

part of t he bliock -wi 5 . 23A
and 2880 %vﬁ? ﬁlﬂép@g/ 1 %wgﬁgﬂi(}%@éfpﬁgc%%%oﬁlﬁa o or%r(e?dé: #r&%mt 5
ADI P bl ocks "0" ach of the ADIP blocks is of 5 bits. The five
bits sﬂreaacﬂooﬁﬂ)@ﬂ(lﬂ@é)wowmwogﬂ@ nonotone bit and four AWP bits.

Simlarly to the sync block, the nonotone bit in each ADI P bl ock provides
a wavef or nT@g sg@ns biti“a3 fofnSH chairdl bit daita strémm 10000 F riadbe axyc uegmssent i ng
the carrier, as shown in FIG 24A. Since one ADIP bl ock includes four AD P

bi t t pre- ADI P
01 5 ShRUREFICE T, BNAGHSAAR (OBt cansspontinngtd g ole 60,

nonot one wqQ bl es. FI G 24B show a wobbl e waveform
patte?ﬂe%ﬁ“tﬁ%pﬁzo%%;@o@%pﬂa@@/ﬁbélge alue " ", and a data pattern as
address information correspondi n? to the vvob | e V\El ng 24C shows a
wobbl e wav&herfouppatema of the syoacutsm erayd; i e3gh s “’SQW ®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” t0 “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 pertod 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 wavefort-n . Each of the ADIP bits "0" and
"I is represented by three channel bits in a period of 12 nonotone

wobbl es. One channel bit is a period of four nonotone wobbles. The AD P
bit " I" forms a channel bit data stream™ 100" in the ADI P unit as shown
in FIG 24B. Nanely, it provi des a wobble wavefortr i corresponding to a
pre-code data stream "100010000000", More specifically, the ADP bit " [|"
provi des such an MSK-rnodul at ed mopple pattern that a part of the

pre-code data correspondi ng to L |s 1.5 vvobbl es of tile frequency fW
while a part correspondi " O | e ke ey» fw 1. As
shomrﬁ@fﬁcsmﬂé!ﬂ&ﬁ@tg%‘éo Flj”aYﬁ ““o gf’“gh Aﬁ‘g QZ? QI taéj[F atBI s ream "0
10" in the ADIP unit, namely, it provi des a wobbl e respondi ng
to a mpeesental bptlres chemmsl bitG0eqryGELE0EA monotore ¥BE t hod

according to the present invention is characterized as foI I ovvs V‘bbbl ing is
a seqH§ '[%Cz? geitodﬁgfguﬂhbnéﬁﬂe%’dbbl@ t ThReWDIP biat €T Evomss a chaspd diif dathy

deri nodul ati on of the information bit, and a nonotone bit

P Ahii " B PUPUFLEARSS] RS0 Nibegpissamel ismral e
Q“QEBWLQSEQ?&E%'@'@%@%”%%? Z'ehatéa%?‘é@%%ﬁg“ﬁ“’@ KRR oMy part s
contributes to a considerable reduction of adver se affect of crosstalk
even ypddificalbgthoWD Pk b7 poividessuchverMiSsamagduland wake paiierpéial f f er ent
frequenbes fw and fW2. O these different frequencies, the
a part of the pre-code data corresponding to “1”is 1.5 wobbles of the fre_quency fw2
while a part corresponding to “0” is one wobble of the frequency fwl. Asshown 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 présence of the MSK-modulated parts cdntributcs 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 wobble
(carrier frequency). The fteqUency fW2 is a frequency L5 tinmes higher
than the frequency fw 1, for exanple, whereby the relation between the
frequencies fWI and f W2 is such that the nunbers of both the frequencies
Are altematel even and odd in a predetermned cycle. In the MSK
inforination bit part, the period of four nonotone wobbles is one channel
bit (in case it corresponds to the lkgngth (L = 4) of the wobble detection
wi ndow) forming the information bit. The period | ength of the MSK-nodul at ed

part f the |.P.bit is a perjiod.of 12 of.qn e U daSrine @

per i oé{')%ﬁeﬁﬁy 351)”1 At éb? AU %ﬂeeffc?ﬂ”??n"ﬁ@cﬁq‘g g}o\{)@g@%ﬁﬂﬁ%@gge@\iﬁ% | e.
These features will facilitate the FSK denodulatjon. In,the disc drive
whi oh fraduienty). dEbe frageanesf? is aHecasrey denbmAsERst thasibeTequsasy because
the denodul ation is done in units of a period of a plurality of wobbles,
for exwIpis: e:xanmsle] wheebyftheirelatdmwbetveseacthb fesyuctibes fed laardtwb et swdn t he
wobbl ing and data to be recorded is such that anintegral nunber (three,

for eggﬁpng@ mﬁﬁngg%?mﬁ iR ﬁ@qgfg%ieé OffeNalib@teldr Svets efdPBHIRB & O

provi hi'ng tween the wob groove and data to be recorded- In
the MSK i nformation bit part, the phases are continuous at the point of
shiftWWEhH@FW@SHqHH@“frequencies fwl and fw2. Thus, the wobbling by the
MBK nodul ation will not include any high freguency conponﬁﬁﬁ as in the

wobbl i ng bynthe MSK infasmation tehpare, themenede bious suanpioge &g Isge

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
ofthe ADIP bit is a period of 12 monotbne wobb_les, that is, a pertod 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 peridd of four monotone wobbles. The relation between the
wobbling and data to be recorded is such that an integral number (three, for example)
of addresses as ADIP information are used per RUB to provide matching between the
wobbled groove and data to be recorded. In the MSK information bit part, the phases
are continuous at the point of shifting between the frequencies fwl and fw2. Thus, the
wobbling by the MSK modulation will not include any high frequency component as
in the wobbling by the PSK modulation.

2-2  Demodulation

The demodulation corresponding to the wobbling method in the second



59 enbodi nent of the present invention will be described herebel ow It
should be noted that the disc drive is simlar in construction to that
shown in FIG |2 and circuit conponents provided instead of the bandpass
filter 31, 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 151 and 15§2, mul tiplier 153, adder 154,

accurnul ator 155, sanple and hold citcuit 156 and a slicer 157 as shown in

FIG 25. It sho be noted that the c nent s ch l,e PLL , 25,
ldr esgbadimaolhe BFRseBhSaRtaR Bl Dy R a0 8P Tt MOV o
second enbodinent are simlar to those shown in FIG_ 12 and so w |l not be
descr timtdhanrysc duve is Sheilautmpoenstrussonie ihiat shiowns olkGi A2Rd cisuftout put
fromthe slicer 157) is supplied to the discrimnation circuit 35 included

i N 1 hgomgnSRTRHEl Riellindttad WMhe bafdfad<s filtét: 3 Nedhparatde 33, esiselagiont hat the
discrimnation circuit 35, sync detection circuit 36 and gate signal
gener

tiopn circuit,,37 .0 £l G- -ar | 10 han Vi stream
o naeteRefrireil g el doteRish it 7 [ ok PRmidiEfior SRS,
wobbl ing signal fromgth trix circupf 9. _in FIG. 12 is supplied to each
of thEl ahﬁﬁéﬂ?eﬂ{qs@@é@‘f%n&l@ﬁ?{eﬁ%tq iﬁ{q}-l%ﬁ 25. The bandpass filter 151
has such a characteristic as to allow frequency bands_ corresponding to the

frequenci eEof the MiSK Homodutatioas thertamiprovided Fandpsas didtess 16l langk 152,51
extracts a wobbl e conponent, that is, MSK-nodul ated wave. On the other

BZQS’ %%ﬁtiéggpﬁ%aaei | 54 BlccdRldia8 1 55.Gandpleand dintdaircuie hasaeider slgddrc as to
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. [2 and so will not be described any
more. The output from the circuit shown in FIG. 25 (output from the slicer 157) is
supplied to the discrimination circuit 35 included in the FSK demodulator 24 shown
in FIG. 13. Namely, it is assumed that the discrimination circuit 35, sync detection
circuit 36 and gate signal generation circuit 37 shown in FIG. 13 are similarly provided
downstream of the circuit shown i 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 bas such a narrow-band characteristic as to pass only the



60 frequency fw, that is, a carrier conponent, and thus it extracts the
carrier conponent. The adder 153 nultiplies outputs fromthe bandpass
filters 151 and 152. The product fromthe adder 153 and an output fromthe
accunul ator 155 are supplied to the adder 154. The accunulator 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
accunul ator 155 will provide an intggrated value for the period of four or
two wobbles. The output fromthe accunul ator 155 is held in the sanmple and

hold circuit 156. he sanmple and hol e gi | I S the
si gnaltlr%‘luct“ﬁé h"ﬁ n‘ihﬁglso? C%\‘gﬁfi Fﬂmp(?gﬁ{‘#» SF& tﬂ‘%ﬂ%‘%“%ﬂ%&%@@@%@ﬂﬂwfﬁom t he
sanple and hold circuit 156 is_binari zeg by..the sli cgr 57 fornmed as a
conparBheadderH 8 3muwliplige auipatsfrem thabandpassdiiasndp L and 1 5dar theprodugh
address information, and supplied to a downstreamcircuit, nanely, to the

di scrifibmaht adder § $Uaid Aboapus hromtlienadeh@uldtde 156 ardeugplext torthaatiden
circuit 35, the data is discrimnated to have a value as an ADIP bit or

sync bjds f aéﬁhﬁﬁg@% égs"i's.iczle%ir?g‘lfiﬂéﬂl@ﬁ%ﬁEn&l@ER{i’chhRé’ofﬁ ﬁbﬁﬁdaﬂ%eﬁs

decoder” 26 shown | where™ 1t w ave the ADI P address

t her eof coded. T sync bit .will. be prggessed in,th nc detegtion
ci rcui‘f’og&eﬁ eEdge 4 > %/%or:[zhgeggﬁl@fﬁsg nvgql%jgs @850(??? eae?\Xn' f%hq‘rggoe?eﬂle to
FIG_ 12. The WMSK denodul ation will be described with reference to
wavef aossmsitaten 1 55nwill geovids samnatezssed Trdugdoe the rP@r@deogr#egr @&V Dped
when the length L of the .wobble detection windowis L = 4

wobbles.

The output from the accumulator 155 is held in the sample and hold circuit 156,
The salﬁplc and hole circuit 156 samples and hoids the signal at the timing of a hold
coatrol 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 1s a channel bit
data forming address information, and supplied to a downstream circuit, namely, to the
discrimination circuit 35 as shown in FIG. 13. In the discnmination circuit 35, the data
is discriminated to have a value as an ADIP bit or sync bit. The ADIP bit thus
discriminated is supplied to the address decoder 26 shown in FIGS. 12 and 13 where
it will have the ADIP address thereof decoded. The sync bit will be processed in the
.sync detection circuit 32 in FIG. 12 in the same manner as described with reference
to FIG. [2.

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 is L = 4.



61 FIG 26A shows pre-code data, a wobble waveform MSK (L = 4) forned
correspondingly to the pre-code data, and a carrier frequency as an Qut put
fromtile bandpass filter 152 (BPF out). FIG 26B shows an output from
the adder 153 (Dernod out), output from the accunulator 155 (fnt (L=4))
and an Qutput frOM the sanple and -hold circuit 156 (h (L=4)).
Multiplication in the nmultiplier 153 of the wobble .wave for in MK (L =
4) as 'shown in F[G 26A by the carrgier frequency ( BPF Qut) provides the
signal ( Denod out) as shown in FIG 26B. The accurnufator 155 and adder

cogra ca o dhvs el e AR etfatMeic T gt bé’ch ol 4

circuit 156 in units of four wobbl es as vveII to provide the ufl
( L=4) orrespondinghyoionthe presede gatas @nd @carrien fiequengy 3 ap-aiitpue om/ the
slicer 157 to detect a channel bit data yet to pre-code. FIGS. 27A and 27B

- show bauﬂp&sffdtcrl 153 (BPFdutpeBIGV RGBS slews smontput froin tHeenddeo 6B ¢Daatatt i on
WlndOWIS L =2 As in FIGS. 26A and 26B, pre-code data, wobble vvaveform

g)lu oa}put‘fﬁ&ﬁ'tﬁt‘from SN 56 rg'uﬁlﬁg(t 2 %and)é'ﬁ BHﬁ)Jtrfﬂfﬁlttﬁ@sﬁﬂﬂ

out put e accu own in FIGS 27A and 27B.

tNUhlet "Bl Risctft L gt Mol et 26 MRSt BEThe BoPP s chown

in FIG 26B. The accunul ator 15 and adder 154 provide the signal_ (Int
(L=2) wavetenn MK (In =uh) as sh@wntmd" WoBoAday thmearrier dgpauteagy < Q;Prlglm'{ In t
(L=2)) 'lIs sanpled and held in the sanple 62

provides the signal (Demod out) as shown in FIG. 26B.  The accumulator 155 and

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

FIGS. 27A and 27B show waveforms devcloped when the length L of the
wobble detection window is L = 2. As in FIGS. 26A and 26B, pre-code data, wobble
Wavefonn 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
carrier frequency (BPF out) provides the signal (Demod out) as shown in FIG. 26B.

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

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



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 t57 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.ofa plurality of wobbles, whereby the MK
denodul ati on can be done easily and accurately. As will be seen through
conmpari son between the integrated siggnal (fnt) and sanpled and held signa
(h) shown in FIGS. 26A and 26B and FI GS. 27A and 27B, respectively, the

| engt h 5.44).. of: : ect | ] ' | 0y rat ed
ar ea fﬂ@g "éﬁ?' teigfHﬁﬁﬁﬁkg}ﬂg'}roo%ggges\%rhqﬁﬁidwedﬁétcﬁ&@# &Fﬁl?nz)f)hgf ﬁ%us t he
signal wil] be 2 tines |arger..The noise en L.=4 wll not be 2 tines

| ar gerwwretjﬁnmﬁ)zftthc amt (h E2EL) iy bingryrliced Yatﬂséh.cerﬁsto dgtect a chanpel
total, the signal-to-noise (S/N) ratio will be better by 3 dB than with L
= 2. Thedstaoreeto phechbdd. 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 th@cco\f\ﬁmtgltb'ﬁﬂe PRIBRANIERQGA tRE [drpth BEHRSEHIE defdctibn Wihddvwk Wi | |
be understood that” the " MSK denodul ati on and ADI P decodi ng are nore

liable., ..| he, f i ng, .t he. ' ti d .| bed
concerdiiy infrdabeifigtarant dhpih il B EBblcs VRS PR SO o
produce the disc and the disc drive in which the disc is used as a
r ecordiaﬁ@%‘i‘éﬂﬁ‘tﬁﬁSdeWé\ﬂé?P?“ﬁt%- present invention is not limted to such

enbodi ments but may be nodified in various forns w thout 63
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 in total, the signal-té-noise (S/N) ratio will be better by 3 dB
than with I = 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 concerning the
embodiments of the disc, cutting apparatus for use to produce the disc and the disc
drive in which the disc isused as a recordingr medium. However, the present invention

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



departing fromthe scope of the present invention, defined by the clains
given later. Industrial Applicability As having been described in the
foregoi ng, the disc-shaped recording mnediurn according to the present

i nvention has fornmed thereon wobbles 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 (og3MSK-npdutated) parts are thus _
di scretely formed, the influence of a crosstal k from adjacent wobbl ed

trackg.] - h he
?ﬂhéﬂ@éﬁ“fﬁﬁ%e PP EOEUR HERohe A, BeiREd B9 chORIAKRTTIOL: Mcel.

[ nvent as‘llgw tagl y usabl e as the vvobbl ing method for a Iarge-capaci ty
di sc. t ratus according to the present invention includes
means for genera . fing a'series of predeterm ned signal units each
conposed ofAshasingrladenplescribed sutheddrégaing bk dismshdpeatlirocowting niestive i on bi t
and a signal part of a single frequency- Nanely, the one-beam cutting

et hogcSadingerordrNpbRSedtNink Bt hhé Fermed Bedrabil svdbibled/s4ct Of RFIHENGS a2
di sc-shaped recording mediumintended for a larger recoding capacity. The

appar S71E 0 BRI ok 1l BRRE i LENGRbARe é@ﬁc%n%fﬂﬁdi PLEL ¢ om ¢ ne

wobbl ed groove forned on the dt . sc-shaped recor rTFdI um Nbre
parti a0 d vigglereuansypact epresRRndiag toihe vy Faim o ;ﬂ sngiefredrsneyy
generate, by the PLL, a wobble 64

Since FSK-modulated (or MSK-modulated) parts are thus discretely formed, the

influence of a crosstalk from adjacent wobbled tracks is reduced, which is very
suitable for an improvement of the recording density with a smaller track pitch. That
is, the present invention is suitably usable as the wobbliﬁg method fora [arge—capac{ty
disc.

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

The disc drive according to the present invention is a high-performance
apparatus in which information such as an address can be extracted from the wobbled
groove formed on the disc-shaped recording medium. More particularly, the clock

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



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 PLS., operation only with a gignal corresponding to the single-
frequency part of the wobbling signal. Thus, the PLL permts a quicker

hobbi SR f@ﬁl@?ﬁgﬂﬁﬂz @Tﬁﬁfgﬁesﬁﬁéﬁélﬁ § i mt;?% s%@@‘% fibdlsre §' PRFf o1 ecent
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pull-in to |locking of the PLL using the single-frequency part is possible.

The Fsiectosablaby generafing asiegeate chvaketop procasginpdhe kat+&Kbe néovrdedj on bi t
part of the wobble can be attained easily and accurately owing to the

correhal hﬁklﬁ@&@ﬁﬁl&&r@é chhRELBRSY HEHRGLABYle rErodhélidPclobk. ATRE PEIdrive

for recording o repr oducing data to or froma disc-shaped recordi ng
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track is ser| predeterm ped signal upits each _consisting of an FSK
i nf or mm f apka EﬁalPtLL @@stﬁﬁ@goﬁar gwtlb d signpbrorspaddingde theosi

nodul ation of information bit and a single-frequency part corresponding to
t he wiregiiency pirt afshagbeblilinegsignaly, Thhe the PLL permits a quicker pull-in to

‘locking and a more accurate clock reproduction.

F u._rther, the wobble formed on the disc-shaped record.ing 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 corresﬁonding to the FSK information bit part of the wobble can be attained

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



apparatus conprising: a head neans for radiating laser light to a track to
generate a return light signal; neans for extracting a wobbling signal
about wobbling of the track fromthe return |ight signal; and a wobbling
i nformati on decodi ng neans for nmaking FSK denodul ati on of the wobbling
signal to decode information represented by the information bit. 2. The
disc drive as set forth in claim1, whesfein the wobbling information
decodinngggﬂg i ncludes a clock reproduction unit to generate, by a PLL, a
wobbl e reproduction clock on the basis of a signal corresponding to a

si ngl e- {.r equgndiscpdfiveOfor ftRrdmBbbl Ne@priditlg dita HSKof SRBLIULaHRC-dhapeake
FSK denodul ati on of the wobbling™ signal corresponding to the FSK

i nf or matécondingt mpdium diavidpe prefohhed gheieonad spivalproobitded tohekoduh giroove dat a,
and a decoder to decode required information conposed of the information
bit frolentdrdorprbich datadn teihe seenided rad it mdrich Hee wekblgeoiothe! teackris aserithe
disc driyve as,set forfh.in claim?2, wherein the FSK denodul ataor includes a
correl af oﬁrfffkﬁttee”fl}rtﬁﬁf signaliumts, cagh consistingred Andith iByorratien; big part

e e
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cl ock. @paﬁl@s@b r;yiﬁg/ge as set forth in claim2, wherein the FSK
denodul ator includes a frequency detection circuit to make FSK

denpdul at i ona hyadimicens forgadiafing dasentightatb a track to generate a return light signal;
means for extracting a wobbling signal about wobbling of the track from the
return light signal; and
a wobbling information decoding means for making FSK. demodulation of the

wobbling signal to decode information represented by the information bit.

2. The disc drive as set forth in claim 1, wherein the wobbling information
decoding means includes a clock reproduction unit to generate, by a PLL, a wobble
reproduction clock on the basis of a signal corresponding to a single-frequency part of
the wobbling signal, an FSK demodulator to make FSK demodulation of the wobbling
signal corresponding to the FSK information bit part of the wobbling signal to provide
demodulation data, and a decoder to decode required information composed of the

information bit from the demodulation data supplied from the FSK demodulator.

3. The disc drive as set forth in claim 2, wherein the FSK demodulator includes a
correlation detection circuit to make FSK demodulation by detecting a correlation as

to the wobbling signal.



the wobbling signal. 6. The disc drive as set forth in claim5, wherein the
frequency detection circuit detects a nunber of rising edges or falling
edges of the wobbling signal, existent within one period of the wobble
reproduction clock. 7. The disc drive as set forth in claim2, wherein: the
FSK denodul ator includes a correlation detection circuit to nmake FSK
denodul ati on by detecting a correlatiossas to the wobbling signal and a

frequengy dphecdiLonysid %‘é' fet! PorfRk ERM0ISMOINERL e DdodlahAGh! AeBrion
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correlation detection circuit and that dem) d by the quency
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decoder decodes the required information froma |ogical product of the

denodul ated data fromthe correlation detection circuit and that fromthe
frequency detection c¢ircuit n the PLL_ is . bejn ulled in the ¢l ock
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cl ock &%Qﬁgﬁgﬁ{g}%@namt 67 9. The disc drive as set forth in claim 2,

wherein i ncludes a gate generator to generate a gate si gnal
for the PLL in the

6.  The disc drive as set forth in claim 5, wherein the frequency detection circuit
detects a number of rising edges or falling edges of the wobbling signal, existent within

one period of the wobble reproduction clock.

7. The disc drive as set forth in claim 2, wherein:

the FSK demodulator includes a correlation detection circuit to make FSK
demodulation by detecting a correlation as to the wobbling signal and a frequency
detection circuit to make FSK demodulation by detecting a frequency of the wobbling
signal; and

the decoder decodes the required information using both the demodulation data
demodulated by the correlation detection circuit and that demodulated by the

frequency detection circuit.

8. The disc drive as set forth in claim 7, wherein the decoder decodes the
required information from a logical product of the demodulated data from the
correlation detection circuit and that from the frequency detection circuit when the
PLL 1s being pulled in the clock reproduction unit, and it decodes the required
information from a logical sum of the demodulated data from the correlation detection
circuit and that from the frequency detection circuit when the PLL is stable in the clock

reproduction unit.



cl ock reproduction unit based on the fact that it decodes sync infornmation
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. 10. The disc
drive as set forth in claim?2, further conprising a spindle servo neans
for making spindle servo control usingsthe wobbl e reproduction clock. 11.

The disg drime%‘%‘g‘g‘fﬁf éf{?f&ﬂh%%ﬁqgﬁ%%ﬁ%ﬁﬂ‘?r conpri sing nmeans for

generating an enc cl ock sync he wobbl e reproduction cl ock
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drive as set forth in claim erein the wobbling information decodi ng
means i olckdesrodnctid@iunibased en dhe fat kit decodsk symel idfatrmatiornhs ane offfie
nmodul ati on signal corresponding to the FSK information bit part of the
wobbl i nEequitegriaformatippaendt e denodul ation data. 13. The disc drive as set

forth in clajm erein th K. depndul at or, enmodul at es .t he MsK .
modul ati on st Li %@HPE% OBf&F?@Slﬁ _ gatﬁ_e?ﬂg%ﬁ tgrprowede a gy Opsyation t ne
single Eﬁs%ﬂ%%?eqy oh% ;9 [ ,‘(:'o?r%sb&?diﬁg%’ aets'igglesﬁgqr\]l%lnCy, of the wobbling signal.

10.  The disc drive as set forth in claim 2, further comprising a spindle servo

means for making spindle servo control using the wobble reproduction clock.

11.  The disc drive as set forth in claim 2, further comprising means for generating
an encode clock synchronous with the wobble reproduction clock and which is to be used

for encoding data to be recorded.

12, The disc drive as set forth in claim 2, wherein the wobbling information
decoding means 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.

13.  The disc drive as set forth in claim 12, wherein the MSK demodulator
demodulates the MSK modulation signal in units of the 4-wobble period of the

frequency as the single frequency to provide the modulation signal.



