| DESCRIPTION Disc-shaped Recording Medium, Cutting Apparatus for Same, and Disc drive
Technical Field The present invention generally relates to a disc-shaped recording medium such as
an optical disc, a cutting apparatus for use in production of the disc-shaped recording medium and a
disc drive for recording and/or reproducing data to and/or from the disc-shaped recording medium,
and more particularly to a disc-shaped recording medium having a wobbled track as a pregroove
formed thereon. Background Art To record data to an optical disc which is a disc-shaped recording
medium, a guiding means is required for forming a recording track. To this end, pregrooves are
preformed on the optical disc and the groove itself or a land, of which the cross section is trapezoidal,
between the preformed grooves is used &X8E RICFHDY 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 [vliss-vahe AR datetihwallfithe, eameva jpReingswobRisdcorespradingly. o the address

information. Thus, for recording or reproducing data to or from the optical 2 disc, an address to which
the data is to be written or from which the data is to be read

Technical Field

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

To record data to an optical disc \;\rhich 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
1s 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 o the optical disc by wobbling a groove.
Namely, a data recording track is preformed as a pregroove for example on the optical
disc while the lateral wall of the pregroove is being wobbled correspondingly to the

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



can be read from wobbling information provided as return light information, and the data can be
written to a desired position or read from a desired position without having to preform pit data or the
like indicating an address, for example, on the recording track. By additionally recording address
information as a wobbled groove, it will be unnecessary to discretely define an address area on a
track and record an address as pit data in such address area, for example. Therefore, the actual
capacity of the optical disc for recording data can be increased for the address area which is thus
made unnecessary. Absolute time (address) infbrmation represented by such a wobbled groove is
called ATIP (absolute time in pregroove) or ADIP (address in pregroove). Optical discs having such a
wobbletisp,ouvaddress tothdretntinctiade € B B¢CHit Racar dambe \wiDhRk¢ (b Retoriabie) DVD-R,
CD-RW, DVD+RW, etc. In these types of optical discs, however, address information is additionally

recordedrabaraadiibien wrdbienin iafoanaaodiffesendddom ontadyperto aroirenabtheselaptical discs. In
CD-R and CD-RW, the groove is wobbled according to a signal generated by making FM modulation

of addega infelatianeAldR iforpdposidnbedded Banvobbled dpavadarmerAn GRHRICD-RW is
subjected to biphase modulation before the FM modulation as shown in FIG. I. More specifically, the
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between 1" and "0" in each predetermined cycle by the
track.

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

Absolute time (address) information represented by such a wobbied groove is
called ATIP (absolute time in pregroove) or 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
wobbled groove ina manner different from one type to another of these optical discs.

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

ATIP information embedded in a wobbled groove formed on CD-R/CD-RW is
subjected to biphase modulation before the FM modulation as shown in FIG. . More

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



biphase modulation and its ratio between average numbers of" I" and"0" is t : 1, and a wobbling signal
of 22.05 kF|[z in average frequency are generated by the FM modulation of the ATIP data. A groove
defining a recording track is wobbled according to such an FM modulation signal. In DVD-RW which is
a phase-change recording-based rewritable version of DVD (digital versatile disc) and DVD-R which is
an organic dye change-based recordable version of DVD, wobbled grooves G are formed as
preformatted on the disc and a land prepit LPP is formed in a land between the grooves G, as shown
in FIG. 2. In this case, the wobbled groove is uskd 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
recordihgepasitbmigetitm antdiadoptine anvalidtyrat i1E0rmatanth ghedeteendise duslvhs yptheaddress
etc. In this case, the pieces of address information themselves are recorded as land prepits LPP, not

as woblpiphaktherdudaven B UPrRAMethiebris theagrasenebangsf feconaalle’ visrsion of{avD,
information such as an address is recorded as a groove wobbled based on the phase modulation

(PSK naocdatitin) ofidhel disc2 FI65S kBh: tindGvehawe iffeqmadion mepresaptactlyphase FM
modulation-based wobbles of the groove. As shown in FIGS. 3A to 3C, eight wobbles are taken as
one 4 AR RibESCHhefATewehhles is phase-modulated for a positive wobble PW and

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

In DVD-RW which ts a phase-change recording—based rewritable version of
DVD (digital versatile disc) ﬁnd 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 s formed in a land between the grooves G, as shown in
FIG. 2.

In this case, the wobbled groove is used to control the rotation of the disc and
generate a recording master clock or for similar purposes, and the land prepit is used
to determine an accurate recording posttion 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 NW to take place alternately in a predetermined order, so that the ADIP unit
represents a sync pattern or data "0" or " 1", Note that the positive wobble PW is a wobble whose
leading end is directed toward the inner circumference of the disc, and the negative wobble NW is a
wobble whose leading end is directed toward the outer-circumference of the disc. FIG. 3A shows a
sync pattern (AD[P sync unit). In this sync pattern, the former four wobbles (WO to W3) are negative
ones NW and the latter four wobbles (W4 to W?7) are positive ones PW. FIG. 3B shows an ADIP data
unit being the data "0". In this ADIP data unit, tHe leading wobble WO is a negative one NW as a bit
sync, it is followed by three wobbles WI to W3 as positive ones PW, and the latter four wobbles
includeAéP woliblémbtidodinbevi bbpo sitiveasoivbtel W d fotwposnbble s b Bn @ Waad negative
ones NW. Thus, the ADIP data unit represents data "0". FIG. 3C shows an ADIP data unit being the

data "lriefiatiis AbbBldataNind, tike jdacing taobintd\WiDapacdegativaoder NWras@ iiksyhe, it is
followed by three wobbles W | to W3 as positive ones PW, and the latter four wobbles include two

wobbles VWP antt vggra&ﬂegatg\g@l@@a&éﬂmmw@bmWG and W7 as positive ones PW. Thus,
the ADIP data unit represents data "1". These ADIP units represent together one channel bit, and a

predetermineg(qpRHerRE HIA1ARIR SBBS 1N asan iz b RIdRSSACHRdikend HapRyGedhe above

wobbling techniques are not advantageous as follows:
toward the nner curcumference of the disc, and the negative wobble NW 1s a wobble

whose leading end is directed toward the outer-circumference of the disc.

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

FIG. 3B shows an ADIP data unit being the data “0”. [n this ADIP data unit,
the leading wobble WO 1s a negative one NW as a bit sync, it is followed by three
wobbles W1 to W3 as positive ones PW, and the latter four wobbles include two
wobbles W4 and W5 as positive wobbles PW and two wobbles W6 and W7 as negative
ones NW. Thus, the ADIP data unit represents data “0”.

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

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

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



First, in case a groove is wobbled according to FM modulation data as in CD-R and CD-RW, the
stroke of a wobble of an adjacent track will cause a phase change of the FM waveform. Thus, in case
the track pitch is reduced, an address as ATIP data cannot be reproduced well. In other words, the
FM modulation data-based wobbling cannot suitably be used in case the track pitch is narrowed for an
improved recording density. Next, in case land prepits are formed as in DVD-R and DVD-RW, the land
prepits may possibly have a cross talk into a read RF signal, causing a data error and mastering
(cutting) has to Bewenz.ftrethieogeonviebiing lecithprepits € 2diedrentasteringy fdlkisvis relatively difficult
to implement. Further, in case a groove is wobbled according to PSK data as in DVD-RW, the RF
component at tHérphasexchangepaint of@ R SK anaddiagon Welvenadalapossibly kave @DeRossfalk into a
read RF signal, causing a critical error. Also, since the PSK phase shift point has an extremely high
frequency LeRpONeNtibe: essentabliceofiencydhaedl afalwatibliagssignphprochssirootitheil system will
be higher. Disclosure of the Invention Embodiments of the present invention overcome the
above-menkenath drewvkackscafe the retatebachby pravicing adigashapedAemPrding ceeiursen which
a groove is wobbled by a wobbling method suitable for an 6 increased recording capacity and

improved yitadeAENBrBCIRHSt RS @f [ e:rERO e it Mo d dia-B LUl iIRG SN Rar s fosRikasisation of the
disc-shaped recording medium, and a disc drive compatible with the disc-shaped recording medium.
psed in case the track pitch is narrowed for an improved recording density.

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

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

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

Embodiments of the present invention overcome the above-mentioned drawbacks of

the related art by providing a disc-shaped recording medium in which a groove is wobbled by

a wobbling method suitable for an



Disclosed herein is a disc-shaped recording medium having preformed thereon a spiral, wobbled track
as a groove or land along which data is recorded, wherein the wobble of the track is a series of
predetermined signal units each consisting of an FSK information bit part corresponding to a
waveform resulted from FSK (frequency shift keying) modulation of information bit and a
single-frequency part corresponding to the wavefofm of a single frequency. For the above
disc-shaped recording medium, two different frequencies are used in the FSK modulation. One of the
frequenciesésshit senoeliiag tivesicigie frslguemcyvwihilavthe-rotdecharagiensycis difféhentéromitie single
frequency. These frequencies are in such a relation that each of them has an even number of waves
and an oaediumbxe cafvavepaalter Hatalsoituctiore détbendinedioyeid récordxgmpidiuthe amtherdisequency
has a frequency 1.5 times or 1/1.5 times higher than that of the one frequency. In the FSK information
bit part, al2vwaveypeitded with fiegiterdy psithe sidgle sitelipuancy 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 frequbneyosadhepiadaternilseshdpid thespeling laadimofihesinglefdregudetayepart is more
than about 10 times of that of the FSK information bit 7 part. According to the above disclosure, the

integral mwiktiplevebEnel pradeiermined ¢bitsebalespendsiidadlime-tongih, inaraactding bnit of data to
be recorded to the track. The channel clock frequency of the data to be recorded to the track is an
integral the track is a series of predetermined signal units each consisting of an FSK information bit
part corresponding to a waveform resulted from FSK (frequency shift keying) modulation of
information bit and a single-frequency part corresponding to the waveform of a single
frequency.
For the above disc-shaped recording medium, two different frequencies are used in
the FSK modulation. One of the frequencies is the same as the single frequency while the
other frequency is different from the single frequency. These frequencies are in such a
relation that each of them has an even number of waves and an odd number of waves
alternately in a predetermined cvele. For example, the other frequency has a frequency 1.5
times or 1/1.5 times higher than that of the one frequency.
In the FSK information bit part, a 2-wave period of a frequency as the single
frequency corresponds to one channel bit as information bit.
The period length of the FSK information bit part is an integral multiple of the period
of the single frequency. In the predetermined unit, the period length of the single-frequency

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



multiple of the single frequency. The frequency as the single frequency is a one between a tracking
servo frequency band and read signal frequency band. The FSK information bit part is formed on the
basis of a waveform resulted from FSK modulation of information bit as address information. The FSK
modulation for the FSK information bit part uses two different frequencies. One of these frequencies is
continuous in phase with the other at the point of shift from one to the other. According to the above
disclosure, the FSK modulation is an MSK (minimum shift keying) modulation. In the FSK information
bit part r@étilted from MSK modulation of the information bit, a 4-wave period of the frequency as the
single frequency corresponds to one channel bit as information bit. In this case, the FSK information
bit part resulted4rsmdvgKioniod abatisndifleusfotmatitagtait incltins elvthdiffedaiefrogednoigs of
which the one is the same as the single frequency and the other is a frequency x times higher than
the singleofregpuadsyo Thené-lengih perioc-imdlugd esia getiva toflfo ronmaleds oftheahe frequency and a
period of x waves of the other frequency and three waves of the one frequency. For example, x = 1.5.
8 Disclosed herein is a cutting apparatus including: means for generating a series of predetermined
signal units each composed of a signal part. resulted from FSK modulation of information bit and a
signal part of a Singlehfraguencyk frepasdpofeherdiinga bisivecsigindl onibisethakissofihasigohl
supplied from the signal generating means; a laser source means;

multiple of the single frequency. The frequency as the single frequency is a one between a

tracking servo frequency band and read signal frequency band.

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

According to the above disclosure, the FSK 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 corresponds 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.



means for deflecting laser light from the laser source means on the basis of the drive signal from the
drive signal generating means; and means for cutting a disc substrate by radiating the laser light to the
disc substrate through the laser light deflecting means to form, on the disc substrate, a wobbled track
including a series of predetermined units each composed of an FSK information bit part based on a
waveform resulted from FSK modulation of the infotrmation bit and a single- frequency part based on
the waveform of the single frequency. 9 In a first aspect of the invention, there is provided a disc drive
for recording or}?é?ﬁl%‘ﬁih%eéhté%“éﬂﬂ%ﬁﬁ’%’éﬁ%—%ﬁé‘&%écording medium having preformed
thereon a spiral, wobbled track as a groove or land along which data is to be recorded and in which
the wobble of tH¥apadRlLeNSEHBE GfBTEd Steprsidersiggdl ushe saih wshsistmyesidaef rsignal
information bit part corresponding to a waveform resulted from FSK modulation of information bit and
a single-fragirsidipp aradivds prsiitag ap o énfvametinmbef andingienslaguericy sthdafpavangs;
comprising: a head means for radiating laser light to a track to generate a return light signal; means
for extracting a webblifty gigeedtalzoutivebilingl ohthe baxdk dfahe thenatemppigidt Sgnaheanghalwobbling
information decoding means for making FSK demodulation of the wobbling signal to decode
informatigencegiegentensby the information bit. More specifically, the wobbling information decoding
means includes a clock reproduction unit to generate, by a PLL, a wobble reproduction clock on the
basis of a signat lestresponrdingute; a single-frequency part of the wobbling signal, an FSK demodulator
to

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

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

frequency part based on the waveform of the single frequency.



make FSK demodulation of the wobbling signal corresponding to an FSK information bit part of the
wobbling signal to provide demodulation data, and a decoder to decode required information
composed of the information bit from the demodulation. data supplied from the FSK demodulator. 9a
The FSK demodulator includes a correlation detection circuit to make FSK demodulation by detecting
a correlation between the wobbling signal and a de?ay signal resulted from delaying of the wobbling
signal by a period of the wobble reproduction clock. The FSK demodulator includes also a frequency
detection circuitifodmaité FHRCH S HefulaXSAtiSR d Steistiiy RIPdser olipksifg edisrerdeding edges of
the wobbling signal, existent within one period of the wobble reproduction clock. In case the FSK
demodul&tBiciditiute datictalisyE woree ditioniersctinelieaipmdiuirdipeng prdesatdntbiveait, ahe
decoder decodes the required information using both the demodulation data demodulated by the
correlaticiigdtertiobaircaikasdthmore admdditaesbyghndafads teheyatetdetiondimorhictathicularly,
the decoder decodes the required information from a logical product of the demodulated data from the
correlationodibte crio theitcadk aisdatsatifrowf theefiequency detedtionitircathwivesittieg Riflais B8kg pulled
in the clock reproduction unit, and it decodes the required information from a logical sum of the
demodulat&drdatiafrdm therconelationdetedtion eirsuifoamd thatlifedntite figsjdeneyddetaeatiast circuit
when the PLL is stable in the clock reproduction unit.

information bit and a single-frequency part corresponding to the waveform of a single

frequency, the apparatus comprising: a head means for radiating laser light to 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.

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

FSX demodulator.



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 féR making spindle servo control using the wobble
reproduction clock, and means for generating an encode clock synchronous with the wobble
reproduction cld&k ahawiiemaslvdaly usdigss eAcsair]aiism tearessorittriTHe \iaisingSK
infonnation decoder also includes an MSK demodulator for making MSK modulation of an MSK
modulatié§ BRI BSpéHeg Sottve TSKIdnfbRveranthR pabinacsigobbiing siglsidxospeabrate
demodulation data. The MSK demodulator demodulates the MSK modulation signal in units of the
4-wave pesblicdirTe ddarisacy B thebdihgtestesglibneypeniploidee tve hisdelatidnesigmal otk. The
wobbling method adopted in the present invention is such that a wobbled track is fonned as a series of
predetermined Udits EShdaciadinganiFSidasforsratiofrehitqpant dattaisimgladreqtremeykparSiased on
the waveform of a single frequency. That is, since the FSK (MSK) is partial, the wobbling is little
influencedebyodnipiorodstalkicAisg asinoebtheolansdsueteas theddhing prapitsshdsnooblhitising peat, there
will not take place any influence of any land missing-part on data to be recorded. Since no pits are
formed ireifigtdand;thinstesipgicdrobhmaoiebiviteacingieberai. Further, the wobbling

In case the FSK demodulator includes the above correlation detection circuit and
frequency detection circuit, the decoder decodes the required information using both the

demodulation data demodulated by the correlation detection circuit and that



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 g 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 presentid e dINANGR 516h& Splains AR IMgrTatienPitRadebaablipgd¥sttiggroove on

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

accordigg 0. 1% RIESEALEVEREN: TISIALRIREA HUBSHCHERFIRE. 20 4HIB eplan ar

address structure on the optical disc according to

correlation detection circuit and that from the frequency detection circutt when the
PLL is being pulled in the clock reproduction unit, and it decodes the required
information froma logical sum of the demodulated data from the correlation detection
circuit and that from the frequency detection circutt when the PLL 1s stable in the
clock reproduction unit.

The decoder includes a gate generator to generate a gate signal for the PLL in
the clock reproduction unit based on the fact that it decodes sync information as one
of the required information, and the PLL functions on the basis of the gate signal to
provide a PLL operation based solely on a part, corresponding to the single frequency,
of the wobbling signal.

| The disc drive according to the present nvention further includes a spindle
servo means for making spindle servo control using the wobble reproduction clock,
and means for generating an encode clock synchronous with the wobble reproduction
clock and which is to be used for encoding data to be recorded.

The wobbling information decoder also includes an MSK demodulator for
making MSK modulation of an MSK modulation signal corresponding to the FSK
information bit part of the wobbling signal to generate demodulation data. The MSK
demodulator demodulates the MSK modulation signal in units of the 4-wave period

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



the present invention. FIGS. IOA and LOB explain an address structure on the optical disc according
to the present invention. FIG. | | 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 correlatidr 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.
13 FIGS. 17¢ntowdbbiguwnveieiodapiadicathg paintsoitime@nwhisicthehdtequeriyabtection
circuit is actuated. FIGS. 18A to 18F explain an MSK stream of wobbles on a second embodiment of
the opfigal fiYeARearsinskibedeaR ivenaN kS Sadidhtduliae expRSK arivatiacime by wobbles

on the second embodiment of the optical disc according to the present invention. FIGS. 20A and 20B
explaig @ AdeIg sS RIgRK fidhen B A iR $66ARE waveform of a single frequency. That

is, since the FSK (MSK) is partial, the wobbling is little influenced by any crosstalk.

Also, since the land such as the land prepits has no mussing 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. 1 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 1s a partial
perspective view of the optical disc.

FIG. 5 explains a wobble unit on the optical disc according to the present



embodiment of the optical disc according to the present invention. FIGS. 21 A to 2l C explain a sync
signal part on the second embodiment of the optical disc according to the present invention. FIGS.
22A to 22E explain a sync bit pattern on the second embodiment of the optical disc according to the
present invention. FIGS. 23A and 23B explain a data part on the second embodiment of the optical
disc according to the present invention. FIGS. 24A to 24C explains an ADIP bit pattern on the second
embodiment of the optical disc according to the present invention. FIG. 25 is a block diagram of the
MSK demodulator used for the second embogpment of the optical disc according to the present
invention. FIGS. 26A and 26B explain the MSK demodulation with the aid of waveforms observed
WhenL tge Igg%th' (L) of the wobble detection window is L = 4. FIGS. 27A and 27B explain the MSK
demodUfation with the aid of waveforms 14 observed when the length (L) of the wobble detection

window is Ly 2. 658%l\g&%eaiﬂ’?%m%%&h%mﬁwi@ﬂ ThepreseTinyentionsthhaescribed
|

herebelow concerning its applications to an optical disc, a cutting apparatus for use in producing the

optical disc, and a disc ,drive far reco rq[ [ oducing data to and from the optical disc. The
descﬁﬁﬁ@ﬁ‘o&'ﬁ?eaﬁf‘é%igﬁ?gngoeﬁ%ﬁ) Wi {Eeq Igffr\%ln%ﬁ{fhe following order: First embodiment:

FIG. 7 explains an ECC block on the optical disc according to the present
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. L1 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 drivé 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.



1-1 Physical characteristics of the optical disc 1-2 Wobbling method 1-3 Cutting apparatus 1-4 Disc
drive Second embodiment: 2-1. Wobbling method 2-2 Demodulation First embodiment: 1-1 Physical
characteristics of the optical disc The physical characteristics of the optical disc according to the
present invention and a wobbled track formed on the optical disc will be described below: The optical
disc according to the present invention is included in the category of discs called "DVR (data and video
recording)" for example. It adopts a novel wobbling method dedicated for DVR: 15 Table | shows the
typical parameters of the first embodiment ofthg-optical disc according to the present invention. Table
| Laser wavelength 405 nm Numerical aperture (NA) 0.85 Disc diameter 120 mm Disc thickness 1.2

mm FIGS. 17A to 17E show waveforms indicating poiats of time at which the

frequency detection circuit is actuated.

FIGS. 18A to 18F explain an MSK stream of wobbles on a second embodiment
of the optical disc according to the present imvention.

FIGS. 19A to 19C explain a bit structure by wobbles on the second embodiment
of the optical disc according to the present invention.

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

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

FIGS. 22A t0 22E expiain a sync bit pattern on the second embodiment of the
optical disc according to the present invention.

FIGS.23Aand 238 explain a data part on the second embodiment of the optical
disc according to the present invention.

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

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

FIGS. 26 A 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 278 explain the MSK demodulation with the aid of waveforms



Diametrical position of information 44 to 117 mm area Track pitch 0.30 m Channel bit length 0.086
p.m Data bit length 0.13 m  Capacity for user data 22.46 Gbytes Average rate of user data transfer
35 Mbits/sec Recording method Phase-change/in-groove recording The first embodiment of the optical
disc according to the present invention is a one using the phase-change recording method for
recording data thereto. The disc has a diameter of 120 mm and a thickness of 1.2 mm. These
diameter and thickness of the optical disc according to the present invention are similar to those of CD
(compact disc) and DVD (digital versatile disc).4Like 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,

countggEamdl& e RigRYDieseaee Witislel dEte iifarmatibrwared incduding these areas
diametrically covers an area ranging from 44 min to 117 mm. The wavelength of the laser light used

for re%g R S B ' ggﬂ@t@ti%(ﬁv@mﬁ@cording 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 digg, thevgisiHeeHAh PIRTY BIensRAM D AResisrl aperisies Appl R6ASEs

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 inveation will be given in the following order:
First embodiment:
i-1  Physical chafacferistics of the optical disc
1-2  Wobbling method
[-3  Cutting apparatus
-4  Disc drive
Second embodiment:
2-1  Wobbling method
2-2  Demodulation
First embodiment:
-1  Physical characteristics of the optical disc
The physical characteristics of the optical disc according to the present
invention and a wobbled track formed on the optical disc will be described below:
The optical disc according to the present invention is included in the category
of discs called “DVR (data and video recording)” for example. It adopts a novel

wobbling method dedicated for DVR.



The track pitch of the recording track is 0.30 m, channel bit length is 0.086 Inn, and the data bit length
is 0.13 m. The optical disc has a capacity of 22.46 Gbytes for recording user data. User data can be
transferred at an average rate of 35 Mbits per second. Data is recorded by the groove recording
method. Namely, a groove is already formed as a recording track on the optical disc, and data is
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, embossed pits EP are preforniatted 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 ¢FablelGNois fatraedpspilglirafraietheo iiheficitoumiiodneentondhs tisatelisircumference
of the optical disc. It should be noted that the groove GV may be formed concentrically as another
embodipweptiNyabhies sfseab iagsatur. GVrepresent physical addresses. FIG. 4B is a schematic
partial perspective view of an optical disc. The optical t7 disc is indicated with a reference 1. As
shown, the optigat disc t has a groove GV formed thereon. The lateral wall of the groove GV are
wobbled adaptively to address information or the like, that is, correspondingly to a signal generated
based on anf{address or the Jike. ATand L lies be ween two adjacent grooves GV. Data is recorded in
the groove G\}“ﬁge%ﬁ% s'above. That is, the q BABY serves as a recarding. frack. It should be

noted that altefpativgly: faidumawhke recorded onjthgland L. as a
120 mm

Disc diameter

Disc thickness 1.2 mm

Diametrical position of information 44 to 1i7 mm

area

Track pitch 0.30 pm
Channel bit length 0.086 pm
Data bit length 0.13 pm
Capacity for user data 22.46 Gbytes

Average rate of user data transfer

35 Mbits/sec

Recording method

Phase-change/in-groove recording

The first embodiment of the optical disc according to the present invention 1s

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 sumilar 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



recording track or in the groove GV and on the land L. The present invention provides an optical disc
featured by a wobbling of the groove, which will be described in detail later. Briefly, with the groove
wobbled adaptively to a signal generated by FSK modulation of an address or the like, the optical
disc according to the present invention is suitably usable as a high-density, large-capacity disc. Note
that data is written or read to or from the optical disc 100 being rotated at a CLV (constant linear
velocity). The CLV rotation is also applied when data is recorded in the groove GV. Therefore, the
number of wobbles of a groove for one turn of tfack 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
descrilgigsl: inkar Scshamsithensteudigref a Witeblmbmitrartite apticaldibedogottivas taithas present
invention. The groove is wobbled to define a series of the wobble units shown 18 in FIG. 5. As shown,

each wiphhla kit covepoaachafrningiKgitfomatiomnittpalt antha single-frequency part. The
single-frequency part includes only wobbles of a wobbling frequency fwl. For this part, the groove is

wobbled in afixgd,svelRneaieRAGING tB:thaibet densychdidkhis sigiediietyedstapan(fovides a
series of 65 wobbles of the frequency fw | for example. It should be noted that the single- frequency
wobble of t%@@&ﬂﬁ@% el ralsAiGaNRd aBINAOTEWORBIR isQNsRalled blue laser. To
focus the laser light radiated to the optical disc on the signal recording layer of the
optical disc, there is used an objective lens having a o umerical aperture (NA) of0.85.
The track pitch of the recording track is 0.30 um, channel bit length s 0.086
im, and the data bit length is 0.13 pm. The optical disc has a capacity of 22.46 Gbytes
for recording user data. User data can be transferred at an average rate of 35 Mbits
per second.
Data is recorded by the groove recording method. Namely, a groove is already
formed as a recording track on the optical disc, and data is recorded in the groove.
FIG. 4 A illustrates, in the form of a plan view, a first embodiment of the optical
disc according to the present invention. The optical disc is indicated with a reference
100. In this optical disc 100, embossed pits EP are preformatted at the innermost
circumference side and a groove GV is formed in a range from next to the embossed
pits EP to the outer circumference side, as shown. The groove GV is formed spirally
from the inner circumference toward the outer 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



other hand, the FSK information bit part includes wobbles resulted from FSK modulation of ADIP
information, made using two different frequencies, of which the one is the same as the frequency fwl
of the monotone wobble and the other is a frequency fw2 other than the monotone-wobble frequency.
The time length of the FSK information bit part corresponds to a length of six monotone wobbles. It is
just an example that the single-frequency part has a period of 65 monotone wobbles while the FSK
information bit part has a period of six monotone wobbles as above, and it should be noted that the
single-frequency part may have a period of 60 Imonotone 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 thedisedisciiahicktatitive $ingtefeeznenty pertseosutfideatyploraatissah e BESKdaateration bit part.
For example, the single-frequency part should preferably be more than about 10 times longer in
periodffancthehESKrnfohmatiorabit gt The aforecitrYases the bbsid mfeptatibntbiagdress set to have
a period of six monotone wobbles, the single- frequency part should be set to have a period of more

than 69 freRQiene wopklasd Shihis deeaapdndand vhat theisindlgdreqauentypart shoald never be
set to have a period of less than 59 monotone wobbles. Practically, however, the period of the single-

frequegfy Pl LSRN IGIRTORYYE B8t biveensiweralpire aivendodeqireDamd suivrdspermissible
ranges of the crosstalk, PLL locking time, etc. One FSK information bit part having a period of six
tmhgnotﬂml&vg%% (RPIESEIIS R INpmRtiondiE s AP Rsia. AV shen skl Gadordimaddress or
frack. It should be noted that a-ltemativeiy, data may be recorded on the land L as a
recording track or in the groove GV and on the landL.
The present invention provides an optical disc featured by a wobbling of the
groove, which will be described in detail later. Briefly, with the groove wobbled
adaptively to a signal generated by FSK modulation of an address or the like, the
optical disc according to the present invention is suitably usable as a high-density,
largefcapacity disc.
Note that data is written or read to or from the opticai 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 wobble units shown



like as ADIP data is represented by information bits from ADIP units O to N as the FSK information bit
parts discretely positioned alternately with single-frequency parts. Because of the address structure of
the ADIP data which will be described in detail later, the frequency fwl of the monotone wobble is 478
or 957 kHz, for example. On the other hand, the other frequency fw2 used for the FSK modulation is
1.5 times higher 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 timgg higher than the frequency fw 1. In addition, the
frequencies fwl and fw2 should preferably be in such a relation that even and odd numbers of

wobblgsiae adevitly hothdbe fsaBRNGER i adugdetetvined YKldntivaase thetfregaency fw?2 is
1.5 times higher than the frequency fw | as above, the period of six wobbles of the frequency fwl will

correséqaqu Eq’n?@t«f}%g{%WBQ@S olibeifipruaReENey WaieHroRaisshmigbewbbiatioh:for the even
and number

0 s of wobblés made in the predetermined cycle. If this requirement is met, the FSK

demorgin ¢andis dagrpre a0 20:{hadise deive Wisbuulleioscrihed detall ater. The

informwaﬁon ifrepr yfhe FS_K information bl_ part compos_ed of the Wobbl_es resulted from t_he
S TR R B D, R R e s 2 v
freque&c i\?v%g{gleasng %af{'%é[ﬁgnge}!afw? gy é%&?ﬁple. It should be noted that the siagle-

frequency wobble of the frequency fwl is also called “monotone wobble™. On the

other hand, the FSK information bit part includes wobbles resulted from FSK

modulation of ADIP information, made using two different frequencies, of which the

one is the same as the frequency fwl of the monotone wobble and the other is a

frequency fw?2 other than the monotone-wobble frequency. The time length of'the FSK

information bit part corresponds to a length of six monotone wobbles.

It is just an example that the s'ingle—-frequency part has a period of 65 monotone

wobbles while the FSK infonﬁation 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 sufficieatly 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.



In the FSK information bit part having the period of six monotone wobbles, a period of two monotone
wobbles is taken as one channel bit. Therefore, in one FSK information bit part (one ADIP unit), three
channel bits form together one information bit. The FSK modulation is made so that the frequency fwl
is a channel bit "0" while the frequency fw2 is a channel bit " I". That is, in the period of two monotone
wobbles of the frequency fw1, two wobbles of the frequency fw 1 is "0" while three wobbles of the
frequency fw2 is "1". Such three channel bits in one FSK information bit part represent information bits
such as cluster sync, secondary sync, data "0"1&nd data " 1". Three channel bits being "I", "1" and "I",
respectively, represent a cluster sync. In this case, nine wobbles of the frequency fw2 are included in

serieshia gesinbefedsnabaotne wglebfesyesnsyqwant shbLGd BeTirbe sHdahavsisrizsiog "1", "1" and
"0", respectively, represent a secondary sync. In this case, six monotone wobbles of the frequency

fw2 argineslydrairsseremitehpariobhiéfouP racticiblye obbles, dnd pepedanf dhiwsimgbnotone
wobbles, following the period of four monotone wobbles, includes two wobbles of the frequency fwl.

Threeﬁ»@&g&?&;brﬂﬁ%mr&'bé@{i@(ydb%lsémimmmemr@mgs?em dateQirdmthisscassh a series of
bbles 0

three wo the frequency fw2 is included in a period of two monotone wobbles, and a period of

four gagh%%mgmgmée'mﬁ@&@&mwm@em\gn@ma,e@t@ur wobbles of the frequency fw 1.

Thre nnel bits being "I", "0" and"l", respectively, represent data "I". In this case, three wobbles of

fgg rf[)‘ig;‘g rxgﬁ%g&g&%ﬂ?ﬁg&e s fad Hstingriohetyp SronRtans wyebRiesyatrEgd of two

represents one information bit as ADIP data. As shown in FIG. 5, an address or the
like as ADIP data is represented by information bits from ADIP units 0 to N as the
FSK information bit parts discretely positioned alternately with single-frequency parts.

Because of the address structure of the ADIP data which will be described
detail later, the frequency fwl of the monotone wobble 1s 478 or 957 kHz, for
example. On the other hand, the other frequency fw2 used for the FSK modulation ts
1.5 times higher than the frequency fwl, for example. That is, the frequency fw2 is
717 or 1435.5 kMHz. 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 fw?2 should
preferably be in such a relation that even and odd numbers of wobbles are made with
both the frequencies in a predetermined cycle. In case the frequency fw2 is 1.5 times
higher than the frequency fwl as above, the period of six wobbles of the frequency
fw1 will correspond to that of nine wobbles of the frequency fw2, which meets the

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

cycle. If this requirement is met, the FSK demoduiation can be made more easily 1n



first period, includes two wobbles of the frequency fw [, 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 multip@Jf 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 réeodinginnit ivatew B (ersorbinbiadetalblkEtOne RUB includes an integer number of
addresses. In the following, there will be described examples of one address in one RUB and two

addresses inltedHoiatespbitivaiye ses @ddve thied - Sdidieds tmatiomiutipaiherigdisdhelos ADIP
units. In case one 22 address is included one RUB, a section of 98 wobble units corresponds to a

sectiofhanhghbldstadsulesd fiethatho SR UBodubagmtwh tdhBiBsiafetinvitided #ffawedUB, a
section of 196 wobble units corresponds to a section where data is recorded as one RUB. First, the

structyeenf #:EG6 (eiffrearreatipieaotds) blockatidatowil l’a@oddﬁd"mékbédemnmmwnh
reference to FIG. 7 for explanation of RUB as a unit
reference to FIG. 6. It should be noted that in the following description, the
frequencies fwl and fw2 are in a relation of 1 : 1.5,

In the FSK information bit part having the period of six monotone wobbles, a
period of two monotone wobbles is taken as one channel bit. Therefore, 1 one FSK
information bit part (one ADIP unit), three channel bits form together one informaﬁon
bit. The FSK modulation is made so that the frequency fw ! is a channel bit “0” while
the frequency fw? is a channel bit “17. That is, in the period of two monotone wobbles
of thé frequency fwl, two wobbles of the frequency fwl is “0” while three wobbles of
the frequency fw2 is “1”. Such three channel bits in one FSK information bit part
represent information bits such as cluster sync, secondary sync, data 0" and data “1”.
Three channel bits being “1”, “I”" and “1”, respectively, represent a cluster sync. In
this case, nine wobbles of the frequency fw2 are included in series in a period of six
monotone wobbles, as shown in FIG. 6. Three channel bits being “1”, “1” and “07,
respectively, represent a secondary sync. In this case, six monotone wobbles of the
frequency fw2 are included in series in a period of four monotone wobbles, and a

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

includes two wobbles of the frequency fwl. Three channel bits being “17. “0” and



of the to-be-recorded data. One ECC block is also called "cluster". It is one block formed by adding an
error correction code to data to be recorded. As shown in FIG. 7, the ECC block is composed of 495
rows of recording frame of 1932T (where T is a channel clock period of the data). One ECC block is of
64 kbytes. For example, the ECC block consists of data and parity as shown in FIG. 7. The " 1932T"
corresponds to 28 monotone wobbles of the frequency fw | (= 957 kHz) or 14 monotone wobbles of
the frequency fwi (= 478 kHz). More specifically, 69 channel clock periods T of data (with the
frequency fwl of 957 kHz), or 138 channel cloéX 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 i$ 65, 08revEhichepspessiorlg (PO kisxesorauverias ok dugeTrHabdesheicHihnel clock
frequency of the data is an integral multiple of the monotone wobble frequency, which means that an
encodidqueckydrdatairedoddid grecapeasilo bevgeneratenkore bbisbbidadest tegrobéesd by the PLL
from a monotone wobble of 23 a wobbled groove. Addition of a run-in and run-out to the ECC block
shownripkd@ne yeltblas RidB(vaogrding Invoblokk pasistownc lndaG f@RWBliblesndosedl of a guard
GD and preamble PrA as a run-in of 1932T at the beginning of the ECC block, and a postamble PoA
and giiasgueh asvalrutitest ofjRBRTiAtsbeiagd U the"REC tidgespe citoly, ire S eBt dimrefore, the

RUB is a block of 1932Tx497 rows, which is a unit for data
“1”  In this case, three wobbles of the frequency fw2 are included in series in a first
period of two monotone wobbles, a pertod of two monotone wobbles, following the
first period, includes two wobbles of the frequency fwl, and a series of three wobbles
of the frequency fw? is included in the last period of two monotone wobbles.

As above, one FSK information bit part, that is, one ADIP unit as shown i 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 imntegral multiple of wobble units each being a
predetermined unit of wobbling corresponds to the time length of a data recording unit
to be recorded along a track. The data recording unit is called RUB (recording unit
block). One RUB includes an integer number of addresses. In the following, there
will be described examples of one address in one RUB and two addresses in one RUB,
respectively.

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



recording. One or two pieces of address information as ADIP information correspond to such a RUB.
First, an example of one address corresponding to one RUB will be described with reference to FIGS.
9A and 9B and Table 2. In case one address corresponds to one RUB, the frequency fw 1 of the
monotone wobble is 478 kHz. The period of one wobble corresponds to 138T. In this case, since one
recording frame of 1932T of RUB corresponds to a period of 14 wobbles, one RUB will correspond to
a period of 14x497 (= 6958) monotone wobbles as shown in FIG. 9A. In case one address
corresponds to one address, the periods of 6888 monotone wobbles is taken as one address (ADIP)
block. Since an address is formed from a block of 98 bits as above, 98 wobble units will be laid in a
perioddd 6958 inohalod@noBEIER, assshtam of BfovoBblonm i BerEcshRnghI P S 2Cialth
corresponding to a period of 71 monotone wobbles. That is, one wobble unit is composed of an FSK
informaiéea ditpartvdoededpasiodd R Bix Imuasstone wdbisiessinaradadlilad NEﬂPeLf?E})i@%nd 65
monotone wobbles. One information bit as shown in FIG. 6 is taken from each of 98 ADIP units to 24
form aderess ipforomtian blghitscdinespinds doidect ttithve wlbitire de infisrraatiodesk 8s asighown in
Table 2: Table 2 Total 98 bits Description Primary sync | bit Cluster sync Auxiliary bits 9 bits

RUB.

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

One ECC block is also called “cluster”. It is one block formed by adding an
error correction code to data to be recorded. As shown in FIG. 7, the ECC block 1s
composed of 495 rows of recording frame of 19327T (where T is a channel clock period
of the data). One ECC block is of 64 kbytes. For example, the ECC block consists of
data and parity as shown in FIG. 7.

The “1932T” corresponds to 28 monotone wobbles of the frequency fwl (=937
kFHz) 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
is, the channel clock frequency of the data is an integral multiple of the monotone
wobble frequency, which means that an encoded clock for data recording can easily

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



Cluster address 24 bits (3 bytes) Auxiliary data 40 bits (5 bytes) ECC 24 bits (3 bytes) The top one bit
Is sync information. It corresponds to a cluster sync. The next 9 bits are auxiliary information bits. The
further 24 bits (3 bytes) define a value of cluster address. The next 40 bits (5 bytes) are auxiliary
information bits. The last 24 bits (3 bytes) form an ECC for the address information. In case two
addresses are included in one RUB, the address information of 98 bits is composed as shown in FIG.
10 and Table 3. Table 3 Total 98 bits Description Primary sync | bit /2 cluster sync Auxiliary bits 9
bits cluster address 24 bits (3 bytes) 2 addres8as per cluster Auxiliary data 40 bits (5 bytes) 25 ECC
24 bits (3 bytes) In the above case, the frequency fw | of the monotone wobble is 957 kHz. The period
of ong webbleter@sponds to 69T. In this case, since one recording frame 1932T of RUB
corresponds to a period of 28 wobbles, one RUB will correspond to a period of 13916 (= 28 x 497)

monotone waghles Ao shomnim Rl f0f ol casbeviCGduteskedarennoldtéd in prrddRIB, a period of

6958 monotone wobbles, being a half
RUB (recording unit block) as shown in FIG. 8. RUB is composed of a guard GD and
preamble PrA as arun-in of 19327 at the beginning of the ECC block, and a postamble
PoA and guard GD as a run-out of 19327 at the end of the ECC block, as shown tn
FIG. 8. Therefore, the RUB is a block of 1932Tx497 rows, which is a unit for data
recording. One or two pieces of address information as ADIP information correspond
to such a RUB. First, an example of one address corresponding to one RUB will be
described with reference to FIGS. 9A and 9B and Table 2. In case one address
corresponds to one RUB, the frequency fw! of the monotone wobble is 478 kHz. The
period of one wobble corresponds to 138T. In this case, since one recording frame of
1932T of RUB corrcsponds to a period of 14 wobbles, one RUB will correspond to a
period of 14x497 (= 6938) monotone wobbles as shown in FIG. 9A In case one
address corresponds to one address, the periods of 6958 monotone wobbles 1s taken
as one address (ADIP) block.

Since an address is formed from a block of 98 bits as above, 98 wobble units
will be laid in a period of 6958 monotone wobbles as shown in FIG. 9B. One wobble
unit will have a length corresponding to a period of 71 monotone wobbles. That 1s,
one wobble unit is composed of an FSK information bit part whose period is of 81X
monotone wobbies included in an ADIP unit, and 65 monotone wobbles.

One information bit as shown in FIG. 6 15 taken from each of 98 ADIP units to



period of one RUB, is one address (ADIP) block. Since an address is formed from a 98-bit block in
this case as well, 98 wobble units will be included in a period of 6958 monotone wobbles, being a half
period of one RUB. One wobble unit corresponds to the length of a period of 71 monotone wobbles,
as shown in FIG. 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 info#thation 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
infornfationaddseThimforthetiod ofi8ditsdd)aibinenshusded is thraadd GRthi FRIMEUSRAThe next 40
bits (5 bytes) are auxiliary information bits. The last 24 bits (3 bytes) form an ECC for the address
informaticho R ik Héakloibling method adopted in the present invention has been described in the
above. In effect, the wobbling method in the present invention is featured as follows: For wobbling of a
track, a predgtgyimiped wobble unit is formed from an FSK information bit part corresponding to a
waveform resulted from FSK modulation of infonnation bit and a single-frequency part corresponding
tsc:a :it:ai W‘I?i:/aetf )q[fgtg{ a single frequeggyéiftvsv 1 and such WOl)%%SléHBﬁ &re continuously connected in

Primary sync

{ bit

Cluster sync

Auxiliary bits

9 bits

Cluster address

24 bits (3 bytes)

Auxiliary data

40 bits (5 bytes)

ECC

24 bits (3 bytes)

The top one bit is sync information. It corresponds to a cluster sync. The next

9 bits are auxiliary information bits. The further 24 bits (3 bytes) define a value of

cluster address. The next 40 bits (5 bytes) are auxiliary information bits. The last 24

bits (3 bytes) form an ECC for the address information.

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

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

Table 3
Total 98 bits Description
Primary sync I bit V2 cluster sync
Auxiliary bits 9 bits

Y, cluster address

24 bits (3 bytes)

2 addresses per cluster

Auxiliary data

40 bits (5 bytes)




the FSK information bit part having actual information bit embedded therein will partially exist on a
wobbled track (groove). The partial existence of the FSK information bit part permits to considerably
reduce the adverse effect of crosstalk even when the track pitch is narrow. Two different frequencies
fw | and fw2 are used in the FSK modulation to form the FSK information bit part. The frequency fwl is
the same as the frequency of the monotone wobble, and the frequency fw2 is 1.5 times higher than
the frequency fw | for example as mentioned above. Thus, these frequencies fwl and fw2 are in such
a relation that each of them has an even numi@r 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 WDB g is one channel bij ?ﬁgqu gg'bon bit. Tthe period of the FSK infoymation bit part
correspondstio.the.period of six-wobbles, :‘&el%t@a-pe ued-eeue-sp@admg-leanj j integral multiple of
the monotone wobble period. These features contribute to an 27 easier FSK modulation. In the
wobble unit, the period length of the single-frequency part is more than about 10 times longer than
that of the FSK information bit part. Thus, the sufficiently long period of the single-frequency part in
relation to thi b earcasibaftrBrnpaivels fibritarnplore diebbiv dp velé&zefEee of crosstalk.
In a relation between the wobbling and recorded data, the integral multiple of the predetermined units
correspanod of aniene ddidthcot REBbBntpabfEEordingiimpase, since one recording frame

1932T of RUB corresponds to a period of 28 wobbles, one RUB will correspond to a
period of 13916 (= 28 x 497) monotone wobbles as shown in FIG. 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, being a half period of one RUB. One wobble unit corresponds to
the length of a period of 71 monotone wobbles, as shown in FIG. 10B.

Therefore, an FSK information bit part having a period of six monotone
wobbles, being an ADIP unit, and 65 monotone wobbies 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.



of data to be recorded on the track. An integral number of addresses, one or two, as ADIP information
will be included in one RUB. These features lead to matching between the wobbled groove and data
to be recorded in the groove. The channel clock frequency of the data to be recorded to the track is an
integral multiple of the single frequency fwl of the monotone groove. Thus, an encode clock for the
data recording can easily be generated by dividing the wobble clock generated based on the
wobbling. The frequency fwl of the monotone wobble is 478 or 957 kHz for example as above. This
frequency is of a frequency band between the fiacking 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 informétion veyirelngtet thp dvshipiesslitiibatpregeantdrecation hesveeentde sutbsdihal and read
signal. The aforementioned FSK modulation is an MSK (minimum shift keying) as one of the FSK
modulditoaieghniduestfbethehE Stobbohgatiethadmodiiatoasentex Heist28n defieatuand a0
frequencies fl and f2 are used. The modulation index is H = Ifl - f21/fb where fb is a transmission rate
of a sigsidbiesbe modulated. The modulation index is normally 0.5 <H <_ 1.0. An FSK whose
modulation index H is 0.5 is called "MSK". According to the present invention, the two different

frequencies frol-anshitm 2oE sariikauscisdphaaei ndthwabblotert at teerpothfafahitt FSK one to the
other in the FSK information bit part. Thus, the FSK information bit part will not have any
information bit part corresponding to a waveform resulted from FSK modulation of
information bit and a single-frequency part correspouding to the waveform of a single
frequency fw! and such wobble units are continuously connected in series. That is,
the FSK information bit part having actual information bit embedded therein will
partially exist on a wobbled track (groove). The partial existence of the FSK
information bit part permits to considerably reduce the adverse effect of crosstalk even
when the track pitch is narrow.

Two different frequencies fwl and fw2 are used in the FSK modulation to form
the FSK information bit part. The frequency fwl is the same as the frequency of the
monotone wobble, and the frequency fw2 15 1.5 times higher than the frequency fwi
for example as mentioned above. Thus, these frequencies fwl and fw2 are in such a -
relation that each of them has an even number of wobbles and an odd number of
wobbles alternately in a predetermined cycle.

fn_th_e 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



high frequency component as in the wobbling by the PSK. 1-3 Cutting apparatus Next, the cutting
apparatus used for producing the disc having a wobbled track formed thereon will be described. The
disc producing process generally consists of a so-called mastering process and a replicating process.
The mastering process covers the steps of production down to completion of a stamper for use in 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 35 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
"cuttin@$icinHBIS encldodisinent, pits are cut in a portion of the photo resist layer, corresponding to the
embossed area at the innermost circumference side of the disc, 29 and a wobbled groove is cutin a
portion correlgpnsingliblthendraheeareal Ragstionibeepits gretficqnsivossedr are Rpréptred in a
process called "premastering”. After completion of the cutting, the photo resist layer is subjected to
predejeainEs! iRReE kst Sttinah ey itdep Kt mivthinformatiopas trihssridedsto traenibtallic surface
by electroforming for example to form a stamper necessary to replicate the disc. _
long period of the single-frequency part in relation to that of the FSK information bit
part can facilitate the reduction of adverse effect of crosstalk.
In a relation between the wobbling and recorded data, the integral multiple of
the predetermined units cotresponds 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 channe! clock frequency of the data to be recorded to the track is an’
integral multiple of the single frequency fwl of the monotone groove. Thus, an
encode clock for the data recording can easily be generated by dividing the wobble
clock generated based on the wobbling.
The frequency fw! 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 kiHz) 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 is



Next, the stamper is used to transcribe information to the resin substrate by the injection process for
example to forma reflecting layer on the resin substrate, and then a final product is finished by making
processes such as shaping of the substrate into a desired disc. Referring now to FIG. 11, the cutting
apparatus according to the present invention is illustrated in the form of a block diagram. As shown,
the cutting apparatus includes an optical system 70 in which a laser beam is radiated to a glass
substrate 7 1 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 signdtgrocessor 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 spufiged i israquaacts ifisanibf2 exarpiel. afitar ousdodopiicaingse opiitar hbdulator 73
(AOM) to modulate (on/off) the laser beam coming from the laser source 72 based on the data to be

recordef)BnyRepsSIPIoRliGahbA SpticalideffosamdR) B4 waidibdtthe senbedmiatsining from 30
the laser source 72 based on a wobbling signal, a prism 75 to bend the optical axis of a modulated

laser hpam from the.eRfigal deflectprn74aandsan whisdintilarsntondonténgedtiasmadiddted laser
beam reflected at the prism 75 and radiate the converged laser beam to the photo resist surface on

the gla lg@strate 7 1. The drive system 80 includes a motor 81 to rotate the glass substrate 71, an
FG 82 to generate an FG pulse for detection of the rotation speed of the motor 81, a sliding motor 83

to slide the glg%gos&ggg%etgé Fegially harRab ANHARR RrRQRRPIRIquencies fw | and fw2
are continuous in phase with each other at the point of shift from one to the other in
the FSK information bit part. Thus, the FSK information bit part will not have any
high frequency component as in the wobbling by the PSK.

(-3 Cutting apparatus

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

The disc producing process generally consists of a so-called mastering process
and a replicating process. The mastering'process covers the steps of production down
to completion of a stamper for use in 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 fayer (this ts the so-called “cutting”™).

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

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



84 to control the rotation speed of the motor 81 and sliding motor 83, tracking of th objective lens 76,
etc. The signal processor 60 includes a formatting circuit 61 to form input data by adding an error
correction code or the like to source data from a computer for example, and a logical operation circuit
62 to form data to be recorded by making a predetermined processing of the input data from the
formatting circuit 61. The signal processor 60 also includes a data generator 63, parallel/serial
converter 64 and a sign converter 66 to generate a wobbling signal for wobbling a groove. , The signal
processor 60 further a synthesis circuit 65 to sgdect 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 thejaptietithirbiuatore7s andiaptipaitidefientarspéadi g baksis pitecsigeal from the synthesis
circuit 65. Further, the signal processor 60 includes a clock generator 91 to supply a master clock

MCK to the fogicataperationeiguile? atibossellamyatan poajrattet Gi ta qunicekthealésdo 31
controller 84, data generator 63, etc. on the basis of the master clock MCK supplied from the clock

genera%%s't@}ﬁl aster clock MCK supplied from the clock generator 91 is divided by N in a
frequency divider 92 to provide a bit clock "bit Ck". The bit clock "bit Ck" is divided by eight in a

frequency diviger- 934 pIAYIFE BiYIR detindydClindhe biaclogkabyie Gitbjiscaupplied to a circuit
system where it is required. When cutting the photo resist layer on the glass substrate 71, the servo
predetermined processes such as development, and information is transcribed to the
metallic surface by electroforming for example to form a stamper necessary (o
replicate the disc.
Next, the stamper is used to transcribe information to the resin substrate by the
injection process for exarmple to form a reflecting layer on the resin substrate, and then
a final product is finished by making processes such as shaping of the substrate into
a desired disc.
Referring now to FIG. 11, the cutting apparatus according to the present
invention is illﬁstrated in the form of a block diagram. As shown, 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 inchudes a laser source 72 which is an He-Cd laser for
example, an acousto-optical type optical modulator 73 (AOM) to modulate (on/off)

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

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



controller 84 in the cutting apparatus according to the present invention controls the motor 81 to rotate
the glass substrate 71 at a constant linear velocity and the sliding motor 83 to slide the rotating glass
substrate 71 for a spiral track to be formed with a predetermined track pitch. At the same time, the
outgoing laser beam from the laser source 72 is passed to the optical modulator 73 and optical
deflector 74 where it will be modulated based on the data to be recorded, and the laser beam thus
modulated is radiated from the objective lens 76 to the photo resist surface on the glass substrate 71.
Thus, the photo resist is exposed based on th&data and groove. For cutting the embossed area at the
innermost circumference side of the disc, the input data having the error correction code or the like
addedtthekater byt o inastid @aincwiv gl mamgha thepdesten td o recnddée wptheabmbesded area,
such as control data, is supplied to the logical operation circuit 62 where it is formed as data to be

recordgdnadulatdthesiging afchttingtthe @tibakdetleces; e dath4a bb penovdedis sipptied to the
drive circuit 68 via the synthesis circuit 65. The drive circuit 68 controls the optical modulator 73 to

on-stag & HMEMeautieatase bederrecdcanthiaidipsiate 7atantimalwbethse bitssapedo be formed,
according to the data to be recorded. With the above operations, an exposed portion corresponding to

an embassed,pitds fpLpade bR lasmsularaie diasdkabimatefTutting the groove area, the system
controller 67 controls the

The drive system 80 includes a motor 81 to rotate the glass substrate 71, an FG
82 to generate an FG pulse for detection of the rotation speed of the motor 31, a
sliding motor 83 to slide the glass substrate 71 radially thereof, and a servo coutroller
84 to control the rotation speed of the motor 81 and sliding motor 83, tracking of th
objective lens 76, etc.

The signal processor 60 includes a formatting circutt 61 to form input data by
adding an error correction code or the like to source data from a computer for
example, and a logical operation circuit 62 to form data to be recorded by making a
predetermined processing of the input data from the formatting circuit 61. The signal
processor 60 also includes a data generator 63, paraliel/serial converter 64 and a sign
converter 66 to generate a wobbling signal for wobbling a groove. The signal
processor 60 further a synthesis circuit 65 to select one of the signal from the logical
operation circuit 62 and that from the sign converter 66 and output it as one
continuous signal, and a drive circuit 68 to drive the optical modulator 73 and optical
deflector 74 on the basis of the signal from the synthesis circuit 65. Further, the signal

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

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



sequential outputting of data supplied from the data generator 63 and corresponding to the FSK
information bit part and singe-frequency part. For example, the data generator 63 generates a series
of data "0" on the basis of the byte clock "byte Ck" for a period corresponding to the single frequency.
Also, for a period corresponding to the FSK information bit part, the data generator 63 generates
necessary data correspondingly to each of ADIP units forming together the aforementioned address
block. That is to say, the data generator 63 generates channel bit data corresponding to a cluster
sync, secondary sync, data "0" and data "1" at® time corresponding to each FSK period. Of course,
the data generator 63 generates the above data "0" or"I" in such a predetermined order that data

collecteghfraM:tBA ARIR ysitsraibfonm ac clhistereasiiiessf \thiu mangs adtitrie (Hosoptlosd The data
output from the data generator 63 is formed into a serial data stream corresponding to the bit clock

"bit Cholia theePtsdie!sstizheanvarterid angssepRlisek MEISIgnmeliverio6 thbeckigh converter
66 uses the so-called table lookup process to select a sine wave of a 33 predetermined frequency

Co”esga{&maw? ihgigataiyp iads FrchauiRyvidh T2 i priadenetind krkegpeling to the

singleTrequency, the sign converter 66 will continuously output sine waves of the frequency fwl. Also,

fora p?ﬁié’ﬂ%tcaﬁ PRG-I t@ﬁ/i’f@fW%&%}gﬁ%”abﬁélﬂfén@@cﬁ@iﬂép%ﬁ%%r@%ﬂg|zpb'%gé'teseithef a

waveform of the frequency fw2 or a one’of guencies fw I. and fw2 as shown in F

corresgangingly - GaURRAESAEACAUEHLRY ey S RIOHT e kR BaRhi Ry gne of the

cluster sync, secondary sync, data " data "1".

required.

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

At the same time, the outgoing laser beam from the laser source 72 1s passed to
the optical modulator 73 and optical deflector 74 where it will be modulated based on
the data to be recorded, and the laser beam thus modulated is radiated from the
objective lens 76 to the photo resist surface on the glass substrate 71. Thus, the photo
resist is exposed based on the data and groove.

For cutting the embossed area at the innermost circumference side of the disc,
the input data having the error correction code or the like added thereto by the
formatting circuit 61, namely, the data to be recorded to the embossed area, such as

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

to be recorded.



The synthesis circuit 65 supplies the drive circuit 68 with a signal output from the sign converter 66,
that is, a signal of the single frequency or an FSK-modulated signal of the frequencies fwl and fw2, as
a wobbling signal. The drive circuit 68 will control the optical modulator 73 to on-state in order to form
a groove. Also, the drive circuit 68 will drive the optical deflector 74 correspondingly to the wobbling
signal. Thus, the laser beam is wobbled, namely, a portion exposed as a groove is wobbled. With the
aforementioned operations, an exposed portion corresponding to a wobbled groove is foamed on the
glass substrate 71 according to a format. Ther@after, the glass substrate 71 is subjected to
development, electroforming, etc. to produce a stamper, and the stamper is used to produce the
aforementiopedidisinirie4 DisttiriythN extborsedotepetoe datip el be eres drf&s s Fr%g to the
present invention to record data to the aforementioned optical disc and reproduce data recorded in
the opjieakdistrS4iReliefBng nive tyRtesi? ciheudis drilbadesiirigoas tieS sreaeivtsiiention is
schematically illustrated in the form of a block diagram. The disc drive is generally indicated with a

referenigc20niyd eatisal diss dRQraenatetiad adenbiamnact abbecfoisnesedad @ relostitly medium
with the disc drive 30. For recording or reproducing data to or from the optical disc 100, the optical

disc 100, ig, st @R Hytaklard antld e by anididlg roatar Gaat sccbastaniiegar velocity (CLV). A
signal recording area on the optical disc 100 being rotated is

With the above operations, an exposed portion corresponding to an embossed
pit is formed on the glass substrate 71.

At a time of cutting the groove area, the system controller 67 controls the
sequential outputting of data supplied from the data generator 63 and corresponding
to the FSK information bit part and singe-frequency part. For example, the data |
generator 63 generates a series of data “0” on the basis of the byte clock “byte Ck” for
a period corresponding to the single frequency. Also, for a period corresponding to
the FSK information bit part, the data generator 63 gencrates necessary data
correspondingly to each of ADIP units forming together the aforementioned address
block. That is to say, the data generator 63 generates channel bit data corresponding
to a cluster sync, secondary sync, data “0” and data “1” at a time corresponding to
each FSK period. Of course, the data generator 63 generates the above data “0” or “1”
in such a predetermined order that data rcoiiectcd 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



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 circumference-side embossed area are so-called embossed pits. The optical pickup 1 has
disposed therein a laser diode 4 as a laser source, a photodetector 5 to detect a return light from the
optical disc 100, an objective lens 2 to converge and focus the laser light on the optical disc 100, and
an optical system (not shown) to radiate the ldder light to the recording layer of the optical disc 100

through the objective lens 2 and guide a return componeérlr%of the Iager light from the recording layer
to thepprdtintonseedr BeRuemey theEpIRAMMBELD FondBFp A SHRRYRflorHY RUERWSE 28-t0 detect a

part of output light from the laser diode 4. The laser diode 4 emits a so-called blue laser of 405 run in
waveBnebforheinumpeidatiapespandineoribeop et disaienays the st SHNERRE s 2 is
supported by a biaxial mechanism 3 movably in both tracking and focusing directions. The optical
pickuprilis entiielyamsdyable oyt asiled wiossanihe faeiinney e loptiddseistorod. P¥éddser diode 4
provided in the optical pickup I is driven by a drive signal from a laser driver 18 to emit the laser light.
InforrsatiaR sandad:iny the P8 #in fighnh fwon the mpticdicdisggrioniectsetted loutput either
a waveform of the frequency fw2 or a one of the freqﬁencies fwl and fw2 as shown
in FIG. 6 correspondingly to the content represented by the FSK information bit part,
namely, any one of the cluster sync, secondary sync, data “0” and data “1".
The synthesis circuit 65 supplies the drive circuit 68 with a signal output from
the sign converter 66, that is, a signal of the single frequency or an FSK-modulated
signai 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 wobbiing 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 the present

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

recorded in the optical disc.



the photodetector 5 where it is converted into an electrical signal corresponding to the light intensity of
the detected light and supplied to a matrix circuit 9 including a current-voltage conversion circuit,
matrix calculation/amplification circuit, etc. to generate necessary signals by matrix calculation of
current outputs from a plurality of photo acceptance units in the photodetector 5. The necessary
signals include a high frequency signal (read data signal) corresponding to read data, a focus error
signal FE and tracking error signal TE for use to make servo control, etc. Further, the necessary

~ signals include a groove wobbling signal, nam¥ly, a push-pull signal P/P as a signal for detection of
wobbles of a groove. The read data signal output from the matrix circuit 9 is supplied to a binarization
circuit 11, fokafenng sigwaicFElGnd 2rdbridipe dorvasigiearteiagde dh REBSEH L Q¥R (servo
processor) 14, and push-pull signal P/P is supplied to a FSK demodulator. 24. The push-pull signal
P/P aschagnaticallyotibipsigrial fherfiatre afarbledlediogaenis Prectissaliveal ivephfirg Bircuit system
composed of the FSK demodulator 24, and a wobble PLL 25 and address decoder 26. Specifically, an
addregglisaextr aatbosftefzrtne pdsh-pull sigival Bipcahola svotstiuctistrayemaissd wb@e€ode the ADIP
information is supplied to other relevant circuit systems. The wobbling circuit system will be described

in detailaédrad hedead daiarighanfioih the datidciredi09 is binarized in the binarization circuit 11
and then supplied to an encoder/decoder 12 which functions as a decoder

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

The optical pickup 1 has disposed therein a laser diode 4 as a laser source, a
photodetector 5 to detect a return light from the optical disc 100, an objective iens 2
to converge and focus the laser light on the optical disc 100, and an optical system (not
shown) to radiate the laser light to the recording layer of the optical disc 100 through
the objective lens 2 and guide a return component of the laser light from the recording
layer to the photodetector 5. Further the optical pickup | incorporates a monitoring
detector 22 to detect a part of output light from the laser ‘diode 4, The laser diode 4

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

of the optical disc is 0.85.



during data reading and as an encoder during data writing. When reading data, the encoder/decoder
12 makes demodulation of run-length limited code, error correction, de-interleaving, etc. to provide
read data. For reading data, the encoder/decoder 12 generates, by PLL processing, a read clock
synchronous with the read data signal, and decodes the data on the basis of the read clock. At each
time of data reading, the encoder/decoder 12 will cumulate the data decoded as above into a buffer
memory 20. As a read output from the disc drive 30, data buffered in the buffer memory 20 is read out
and transferred. An interface 13 also included ¥ 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 Husobsespivelans. Dirispaariod hyidgbredalanechisusted gy alletibeil butfer
memory 20 will be transferred via the interface 13 to the host computer 40. It should be noted that a
read ¢comkiagdaddanritenghmandnsand 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 from the host
computer is tFarsfgtiedl fiokuthé bosttoetypuiey Adaying batanwehing sThd deteatlysd beorded is sent
from the interface 13 to the buffer memory 20 where it will be buffered. In this case, the
encodgstitedaties th@ncodes the buffered data to be recorded by adding an error correction code,
interleave and sub code, and encoding the data as data for write to the optical disc 100.
The laser diode 4 provided in the optical pickup  is driven by a drive signal
from a laser driver [8 to emit the laser light.
[nformation carried by the return light from the optical disc 100 is detected by
the photodetector 5 where it is converted into an electrical signal corresponding to the
light intensity of the detected light and supplied to a matrix circuit 9 including a
current-voltage conversion circuit, matrix calculation/amplification circuit, ete. to
generate necessary signals by matrix calculation of current outputs from a plurality
of photo acceptance units in the photodetector 5. The necessary signals include a high
frequency signal (read data signal) corresponding to read data, a focus error signal FE
and tracking ervor signal TE for use to make servo control, etc. Further, the necessary
signals include a groove wobbling signal, namely, a push-pull signal P/P as a signal for
detection of wobbles of a groove.
The read data signal output from the matrix circuit 9 is supplied to a
binarization circuit I 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 1s supplied to a FSK

demodulator 24.

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



There is also provided an encode clock generator 27 to generate an encode clock which will be a
reference clock for data encoding when data recording is trade. The encoder/decoder 12 will use the
encode clock for making the above encoding operations. The encode clock generator 27 generates
the encode clock from the wobble clock WCK supplied from the wobble PLL 25. As mentioned above,
the channel clock of the data to be recorded is of 66.033 kHz, for example, which is an integral
multiple of the frequency fw t of the monotone wobble. Since the wobble PLL 25 generates a clock of
the frequency fw 1 of the monotone wobble, oB@ clock having a frequency which is an integral
multiple of the frequency fwl, as a wobble clock WCK, the encode clock generator 27 can easily
generigtprancsspedde cackblymiddiog thetrer sengyostthe fitbb s Is dekpdkatvnd Hatado be
recorded generated through the encoding by the encoder/decoder 12 is adjusted in waveform in a
write tiatemle2] And then sddiass altaselcdive fpseiffoalie daaaddDesT A extiitaddirdniver 18. The
write strategy 21 will make a 38 recording compensation, that is, it will make a fine adjustment of

optimya reeekcingl RAwal ferehadacerdintbiyesicokranielistiossfotshipmdetitadaseD [Bht, linear
velocity of recording, etc. and also adjust the waveform of the laser drive pulse. The laser driver 18

suppliggiRedassridiads fiumith thadasekdrivecndan synpling. ThywishdiaWiBARAsiaive the laser
diode 4 for emission of laser light. Thus, a pit (phase-change pit) will be formed on the optical disc 100

correspanginghy taha idatade hgsecorded.

The read data signal from the matrix circuit 9 is binarized in the binarization
circuit 11 and then supplied to an encoder/decoder 12 which functions as a decoder
during &ata reading and as an encoder during data writing. When reading data, the
encoder/decoder 12 makes demodulation of run-length limited code, errvor 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 basts of the
read clock. lAt each time of data reading, the encoder/decoder 12 will cumulate the
data decoded as above into a buffer memory 20. As a read output from the disc drive
30, data buffered in the buffer memory 20 is read out and transferred.

VAn interface 13 also included in the disc drive 30 is connected to an external
host computer 40 and transfers data to be recorded, read data and various commands
between the disc drive 30 and host computer 40. During data reading, read data
decoded and stored in the buffer memorj/ 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



There is also provided an APC (auto power control) circuit 19 to control the laser driver 18 to keep a
constant laser output power without being influenced by the ambient temperature or other factors
white 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 I8 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 servb/operations. More specifically, the servo circuit 14
generates a focus drive signal FD and tracking drive signal TD correspondingly to the focus error
signal REtanadsetigad ®rror 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 pickupnlsHmaitie chiauil, Faseroberonesstud] frobiakial tnvies UG RS biatngishethism 3 form
together a 39 tracking servo loop and focus servo loop. Also, the servo circuit 14 turns off the tracking
ServodeRR th ReRCHSE R R trackdiuing commardriponT edntatenbeantrotided i torgrésdde a jump drive
signal to the biaxial driver 16, thereby causing the optical pickup | to jump from one track to another.
The SgIYO.REASESSPS 14 GRGHEERS A&k (e wignal orviteteasid fefads|eld etisrcsignahas a lowpass

component of the tracking error signal TE and under the access control of the system controller 10,
and sypplies fhe signaltp gslgdArivgr baffEhed data to be recorded by adding an error
correction code, interleave and sub code, and encoding the data as data for write to the
optical disc 100.
There is also provided an encode clock generator 27 to generate an encode
clock which will be a reference clock for data encoding when data recording is made.
The encoder/decoder 12 will use the encode clock for making the above encoding
operations. The encode clock generator 27 generates the encode clock from the
wobble clock WCK supplied from the wobble PLL 25. As mentioned above, the
channel cloﬁk of the data to be recorded is of 66.033 kHz, for example, which 1s an
integral multiple of the frequency fwl of the mouotone wobble. Since the wobble PLL
25 generates a clock of the frequency fwl of the monotone wobble, or a clock having
a frequency which s an integral multiple of the frequency fwl, as a wobble clock
WCK_ the encode clock generator 27 can easily generate an encode clock by dividing
the frequency of the wobble clock WCK.
The data to be recorded generated through the encoding by the encoder/decoder

12 is adjusted in waveform in a write strategy 21 and then sent as a laser drive pulse

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



sled driver 15 will drive the sled mechanism 8 correspondingly to the sled drive signal supplied from
the servo processor 14. The sled mechanism 8 includes a mechanism (not shown) formed from a
main shaft to support the optical pickup 1, sled motor and transmission gear, etc. As the sled motor in
the sled mechanism 8 is driven by the sled driver 15 correspondingly to the sled drive signal, the
optical pickup 1 is sledded accordingly. There is also provided a spindle servo circuit 23 to control the
spindle motor 6 to rotate at a CLV. The spindle servo circuit 23 generates a spindle error signal SPE
by acquiring the wobble clock WCK generated’By the wobble PLL 25, namely, information about a
current rotation speed information of the spindle motor 6, and comparing it with information about a
predeataronitieg Gipredentiors Hpdde. Givod Bakeg ding EHIEHECTHO Fut EBER [RIRFEHYE clock for
decoding) generated by the wobble PLL 25 in the encoder/decoder 21 is information about the
currepbresatifon sheectobttimgpimpte elutordetiasiepispiie shepsighdhsHesenrighb b2y generated
by comparing the read clock with the information about the predetennined CLV reference speed. The
spindigkRive sitesiio2diggnerateadapindi uivhsignat fome e shdilig to drigspingte error signal SPE
and supplies the signal to a spindle motor driver 17. According to the spindle drive signal supplied
from the spingle isgeraitiveil 2uiicsinglesaoioodiveritll thopliesral tivegpisaseppivedsignal, for
example, to the spindle motor 6 to cause the latter to rotate at a CLV. The spindle servo circuit 23 also

as write data WDATA to drive the laser diode 4 for emission of taser light. Thus, a

pit (phase-change pit) will be formed on the optical disc 100 correspondingly to the

data to be recorded.

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

The servo circuit (servo processor) 14 generates various servo drive stgnals
from the focus error signal FE and tracking error signal TE supplied from the matrix
circuit 9 in order to implement servo operations. More specifically, the servo circuit
14 generates a focus drive signal FD and tracking drive signal TD correspondingly to
the focus error signal FE and tracking error signal TE, and supplies them to a braxial
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



generates a spindle drive signal correspondingly to a spindle kick/brake control signal supplied from
the system controller 10 to cause the spindle motor driver 17 to start, stop, accelerate or decelerate
the spindle motor 6. Operations of the above-mentioned servo system and write/read system are
controlled by the system controller 10 formed from a microcomputer. The system 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 controller 10 gives a command to the servo circuit (servo, processor) 14
whichtsaitktimgs saveeldop e Spicksprtaderiesbliaathet wavresy cspbdifide s LEEEcommand.
Thereatfter, the system controller 10 controls necessary operations for transfer of data in a specified
data sextlomgosthehbstirampsperdo tortsdatariprecitirandthe optarikemommeeldeed, buffered
and otherwise 41 processed and a requested data is transferred to the host computer 40. Supplied
with ajyriteodeantfipririve bpstatam tutdrididhdraystd thonthyieatsingitbawgyit optical
pickup | to move to an address where data is to be written. Then, the encoder/decoder 12 encodes
the dafr kigpfersadiomdhediestradmpuiandas mentioned above. The write data WDATA is

supplied from the write strategy 21 to the laser driver 18 as above, the data recording is effected. The
disc drive 30ghowsrasROR%anIe infidenid? dskehdectatd gadherhbst basis of a sled error
signal as a lowpass component of the tracking error signal TE and uader the access
control of the system controller 10, and supplies the signal to a sled driver 15. The
sled driver 15 will drive the sled mechanism 8 correspondingly to the sled drive signal
supplied from the servo processor 14. The sled mechanism 8 includes a mechanism
{not shown) formed from a main shaft to support the optical pickup 1, sled motor and
tranémission gear, etc. As the sled motor in the sled mechanism 8 is deiven by the sled
driver 15 correspondingly to the sled drive signal, the optical pickup 1 is sledded
accordingly.

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

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

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

current rotation speed of the spindie motor 6, the spindle error signat SPE can also be



computer 40. However, the disc drive according to the present invention is not connected to the host
computer 40 as the case may be. In such a case, a control panel and display will be provided and the
data input/output interface will be different in construction from that shown in FIG. 12. That is, the data
recording and reproduction are to be made according to corresponding operations of the control panel
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 reproducti®n. 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 e sehembticalynifusiratebcinahé clonk with biedkfisgatnre U3 lkhprrdaersonsduction of the
FSK demodulator 24, wobble PLL 25 and address decoder 26 included in the wobbling circuit system.
As 42 shawidreric@épdedodulator 24 includes a bandpass filter 31, comparator 32, correlation
detection circuit 33, frequency detection circuit 34, discrimination circuit 35, sync detection circuit 36

and a gate signal gsindlatieneiciidy 2 T neshepullspgribRifveupplied aoreesmiiling signal from
the matrix circuit 9 is supplied to the bandpass filter 3 1 of the FSK demodulator 24. The bandpass

filter 3 has Al eFbpRstIiNPRsRAssPPIeS difepntiresuespiesithatdsothériver Ir2quencies fwl

and fw2 used in the aforementioned single-frequency part and FSK
According to the spindle drive signal supplied from the spindle servo circuit 23, the
spindle motor driver 17 applies a three-phase drive signal, for example, to the spindle
motor 6 to cause the latter to rotate at a CLV. The spindle servo circuit 23 also
generates a spindle drive signal correspondingly to a spindle kick/brake control signél
supplied from the system controller 10 to cause the spindle motor drtver 17 to start,
stop, accelerate or decelerate the spindle motor 6. N

Operations of the above-mentioned servo system and write/read system are

controlied by the system controller 10 formed from a microcomputer. The system
controller 10 makes various control operatidns 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 controller 10 gives a command to the servo circuit (servo
processor) 14 which will thus cause the optical pickup | to access a target address
specified by a seck command. Thereafter, the system controlier 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, deceded,‘ buffered and otherwise



information bit part. A signal component of the frequencies fwl or fw2 passed through the bandpass
filter 31 is binarized in the comparator 32. The binarized push- pull signal P/P is supplied to the wobble
PLL 25, correlation detection circuit 33 and frequency detection circuit 34. The wobble PLL 25 is
designed as a PLL to make phase comparison with respect to the binarized push-pull signal P/P and
generate a wobble clock WCK synchronous with the push-pull signal P/P. However, a push-pull

signal P/P for a period corresponding to the FSK information bit part of the wobble unit is masked by a
gate signal GATE from the gate signal generadibn 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
lockegrddadse dendabiiguelac dW@KsHasslesingle flegbentydmptiteet Gr a frequency having a ratio
of integrals with the single frequency fwl. Note that the single-frequency part of the aforementioned

wobble unit §astideeraehs uifiwignctangembriexample, mostechapa@times begeystsan that of the
43 FSK information bit part. Therefore, the PLL can easily be pulled in. The wobble PLL 25 makes

phase somnaisansalelwiliibe ueadisorupoblianofl the fiequihreysfwhenctde teasisrdithe gate

signal GATE. So, the residual jitter of the wobble clock WCK generated as above is considerably

deco%@%g&%@?@%ﬁﬁ@mmﬁb@}@’%WMQ&?W@AW medsupplied from the write
strategy 21 to the laser driver 18 as above, the data recording is effected.

The disc drive 30 shown as an example in FIG. 12 is connected to the host
computer 40. However, the disc drive according to the present inventton is not
connected to the host computer 40 as the case may be. In such a case, a control panel
and display will be provided and the data input/output interface will be different in
construction from that shown in FIG. 12. That is, the data recording and reproduction
are to be made according to corresponding operations of the control panel 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 Hlustrated 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



with reference to FIG. 12, the wobble clock WCK is supplied to the end clock generator 27 and
spindle servo circuit 23, where it will be used as above. In this case, since the wobble clock WCK is of
a high accuracy with less residual jitter, the encode clock has an improved accuracy, the stability of
recording operation is increased, and the stability of spindle servo control is also improved. The
correlation detection circuit 33 and frequency detection circuit 34 are both to demodulate channel data
embedded as an FSK infonnation bit part of the wobble unit. Therefore, at least one of these circuits
33 and 34 may be provided in the FSK demodtdlator 24. However, when both these correlation
detection circuit 33 and frequency detection circuit 34 are provided in the FSK demodulator 24, there
takes shtaea, atheffBSivkicmadittacodetribedudesr aTharshirrsfaddtcactdctioprenaiat®s Hakes FSK
demodulation by detecting a correlation over two periods of the wobble clock WCK, and demodulates
the chanpnelaria.dBhe:fiequanaytddteftignaimuid@acvakes EHIO dedsctutation ioy sotiiig edges in
one period of the wobble clock WCK, 44 and demodulates the channel data. The constructions and
operatigngpidik ceteltar uielecion cigauitIgrangdregatoaycdetactioh circuit 34 will be described
later. From each of these circuits’ 33 and 34, there are extracted channel bit data about the FSK-

modulated woRblg, iahisi sane /1 sagsihanackhiistiblinisighal fesiedthé taatnmoniotane wobbles as
shown in FIG. 4, and they are supplied to the discrimination circuit 35. The discrimination circuit 35
ANDs@[Qitsptnaahtibyalins sarelied §eMe FSK demodulator 24. The bandpass filter

31 has such a characteristic as passing two different frequencies, that is, the two

frequencies fiwl and fw2 used in the aforementioned single-frequency part and FSK

information bit part. A signal component of the frequencies fwi or fwl passed

through the bandpass filter 31 is binarized in the comparator 32. The binarized push-

pull signal P/P is supplied to the wobble PLL 25, correlation detection circuit 33 and

frequency detection circuit 34. The wobble PLL 25 is designed as a PLL to make

phase comparison with respect to the binarized push-pull signal P/P and generate a

wobble clock WCK synchronous with the push-pull signal P/P. However, a push-pull

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

unit is masked by a gate signal GATE from the gate signal generation circuit 37 which

will be described in detail later, whereby a push-pull signal P/P corresponding to the

monotone wobble of the single-frequency part is locked. Thus, the wobble clock

WCK has the single frequency fwl itselfor a frequency having a ratio of integrals With

the single frequency fwl.

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

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



both the correlation detection circuit 33 and frequency detection circuit 34 and provides the ANDed or
ORed channel bit value as a FSK-demodulated channel bit value. The discrimination circuit 35
supplies the channel bit value thus calculated to the sync detection circuit 36. The sync detection
circuit 36 detects a sync on the basis of periodicity of the supplied channel bit value. As shown in FIG.
6, the cluster sync includes channel bit values 1", "I" and "I". Also, in the FSK information bit part of
three channel bits, the top channel bit is always "I", as shown in FIG. 6. On the other hand, in a period
corresponding to the single-frequency part, thaFSK-demodulated channel bit value is always "0".
Therefore, the first "I" after a series of the channel bit values "0" will be at the top of the FSK

informagin; RibPata @A HiepperiotliBrlddiagthiecPl L vitl bastiquiajriitdd ia.period of a wobble unit. By
detecting such periodicity, It is possible to know the period of each wobble unit, and when a series of

three channeffits,dobld PRND Y misdsicied daimpweRBiesalillyitean fie deteruinrdibbbise wobble

unit is the top one 45 of 98 wobble units forming together a cluster sync, that is, one ADIP information.

The S%M@&?&(Lagfgﬁﬂw B6dMHE %&C&%@yggé @I@%@CIHA.SPEP“%, a1%yResidigAR]if¥tathe gate

signal generatio lit 37 and_ address deco ler 26. The gate signal generation olrcyit 37_ generates
s SRR e R glinar e Stanedfona o deccion euie
the FSK infomg tlg(r)lblmé) LR BRAOBRIS g%‘%ﬁ‘&&%&%&% FQUAHDGEI QR AIRE the

FSK demodulator 24 and also to the address decoder 26, where it will be used for FSK

demodulation and decoding of the ADIP information. Also, as having been described

with reference to FIG. 12, the wobble clock WCK is supplied to the end clock

generator 27 and spindle servo circuit 23, where it will be used as above. In this case,

since the wobble clock WCK is of a high accuracy with less residual jitter, the encode

clock has an improved accuracy, the stability of recording operation is increased, and

the stability of spindie servo control is also improved.

The correlation detection circuit 33 and frequency detection circuit 34 are both

to demodulate channel data embedded as an FSK information bit part of the wobble

unit. Therefore, at least one of these circuits 33 and 34 may be provided in the FSK

demodulator 24. However, when both these correlation detection circuut 33 and

frequency detection circuit 34 are provided in the FSK demodulator 24, there takes

place an effect which will be described later. The correlation detection circuit 33

makes FSK demodulation by detecting a correlation over two periods of the wobble

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

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



frequency fw | on the basis of the sync signal SY. Thus, a gate signal GATE to mask the period of the
FSK information bit part is generated to control the phase comparing operation of the wobble PLL 25.
Note that although it has been described in the foregoing that the discrimination circuit 35 ANDs or
ORs the channel bit values from both the correlation detection circuit 33 and frequency detection
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. A& the channel bit values supplied from both the
correlation detection circuit 33 and frequency detection circuit 34 are ANDed as above, the channel bit
valuesihderinthrintesithelictiititye Mdabre By theosyhizictintscand epesations ahthnsasveldosuracy and
less error. On the other hand, after the PLL is pulled in based on the sync detection, the operation
shoulditxe shiftecitain NR IR smpe dbeestioa carcbe Jdardddddesdrdgedlniseriddioity. Especially,
by ORing the channel bit values supplied from both the correlation detection circuit 33 and frequency
detectigpicisCuite3d oivisEIRY30f dhe dibtectionadue toractiedhatiod thet clamabblit treldeSdan be
reduced, whereby the AD [P information can be decoded with improved reliability. The discrimination

circuit 35 RESUIES andtS Khdemodytatgeichanng| Hhitavalsiebhy QRingtthefchaereldicFalues supplied
from both the correlation detection circuit 33 and frequency detection circuit 34 after the wobble clock

WCK RREUIASR: S8 Ies as shown in FIG. 4, and they are supplied to the discrimination
cireuit 35,

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

As shown in FIG. 6, the cluster sync includes channel bit values “”1”, “1” and
“1”. Also, in the FSK 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 coﬁesponding to the
single-frequency part, the FSK-demodulated channel bit value 1s always “07.
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 pertod including such “1” 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 a series of three channel bits “1”, “I” and “1”

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



owing to the pull-in of the PLL, then makes discrimination between the data "0" and "I" 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 t0. The
correlation detection circuit 33 to make the FS&demodulation is constructed as shown in FIG. 14.
The push-pull si%gal having been binarized bé;ge comparator 32 shown_ in FIG. 13 s supplied to a

delay @ir2Bivobblgindsdayng &HasHirs drUERIHEG At 38 088 GALM PO EAthut of the delay
circuit 112 is connected to the other input of the EX-OR 113. 47 The wobble clock WCK is supplied to
a IT measurifgeciouit deticathen Tirsedsdfitbusdaferts muduidaeednstivol ek Wvbible clock WCK
and controls the delay circuit 112 to provide a delay equal to one period of the wobble clock WCK.
ThereftrealtSe BX-thR k18 sghekdoniratioperutiort Botwadmddsesastepedesidfal Ahe gaecpush-pull
signal delayed by the period of IT. The output from the EX-OR 113 is subjected to extraction of lower
frequengyatempanenis dradivPage diteatesld gac SigaalzE0h R oonthbarbsrs1ab tirhesbinarized signal
from the comparator 11.5 is
signal SY supplied from the sync detection circuit 36. That is, since the period of a
wobble unit is known from the timing of the sync signal SY, the period of the FSK
information bit part in the wobble unit can be known by counting clocks of the
frequency fwi on the basis of the syac 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



delivered as a latched output at a D-flip-flop 116 at the tuning of the wobble clock WCK. The latched
output provides an output "0" or "t" as a channel 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-putt signals to be
supplied for a period of the FSK information bit part as the cluster sync. That is, the period shown as
the FSK information bit pat in an input push-pull signal shown in FIG. 15B is a binarized series of nine
wobbles of the frequency fw2, shown as the clsster sync in FIG. 6. FIG. 15A shows the wobble clock
WCK. The EX-OR 113 is supplied with a binarized push-pull signal shown in FIG. 15B and the
binarizedperisktity sEamiciatipwbynORGy BE,chihivkehbst bednedetapplidsy Gramiybléltock period in
the delay circuit 112. Supplied with these push-pull signals, the EX-OR 113 provides an output as
shownr i El5icto BeEbitoautthis Iiapad Bethetoypdasdilien ki tothdde m@8ingavtfdren including

only the lower frequency components as shown in FIG. 15E, and binarized in the comparator 115 to

have guavelaranasshavpotieEthebhdiiesignadilic supilied dutbd, Dritrdlop the6AIdIR which it is

delivered as latched at the time of the wobble clock WCK. Thus, a signal shown in FIG. 15G will be

suppliggtas af icKidemaduaar e hanngldeitvaugitnhe discrimination circuit 35. The explanation is
made here taking the FSK information bit part of the cluster sync as an example. So, the waveform for
the period cofespRRAIRGIRIBA Ei%m@%iﬂ%l%ibﬁqiﬂﬁudéﬁ%dulated channel bit value
by ORing the channel bit values supplied from both the correlation detection circuit
33 and frequency detection circuit 34 after the wobble clock WCK becomes stable
owing to the pull-in of the PLL, then makes discrimination between the data “0” and
«|” 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 reférence 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 F1G. 14.
The bush~puii signal having been binarized by the comparator 32 shown tn F1G.
13 is supplied to a delay circuit 112 and also to one of inputs of exclusive OR (EX-

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

the EX-OR 113.



a 6-wobble clock period as shown. That is, the channel bits will take values of "I", "1" and "I" in units of
the 2-wobble clock period (period of two monotone wobbles). Namely, there will be provided a
waveform shown as an address bit of the cluster sync in FIG. 4. If the waveform is an FSK information
bit part indicating data "0" or " 1 ", the waveform for this period will be as shown as address bits of data
"0"or " I"in FIG. 4. As having been described above, the optical disc according to the present
invention uses the two different frequencies fwl and fw2 for wobbling a track or groove. The frequency
fw2 is 1.5 times higher than the frequency fwl 46r 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
predetermin@eyetshble stiobka Wease itrmipir iz éwl aplEHprRApuIgRgEIcaT thel bihariza plsh-pull signal
delayed by one wobble clock period of the frequency fwl are in opposite phase to each other for a

wobble gasieh sherrequdrionsadimamedypdondm b mbthikedocpai Corrspendingladhe the channel
bit value "I", as will be seen by comparison of FIGS. 158 and 15C. Thus, the FSK demodulation can

easilyfagadQfifcawingAadhs REdOR fegis faquakampie. Hestmd ldfteanetedtiteat theld®viodulation can of

course be done by the EX- OR logic as well as any other logical operation. The frequency detection

circuit@galeg in¢hidecintie FSkslemosleiongérinidndka Wik demadilatidh isseahsindcted as
shown in FIG. 16. The push-pull signal binarized in the comparator 32 shown in FIG. 13 is
the push-pull signal delayed by the period of I'T. The output from the EX-OR 113 1s
subjected to extraction of lower frequency components in a lowpass filter 114 and
binarized in a comparator 115. The binarized signal from the comparator 115 1s
delivered as a latched output at a D-flip-flop 116 at the timing of the wobble clock
WCK. The latched output provides an output “0” or “1” as a channel bit in units of
a period of two monotone wﬁbbies, 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 waveforins 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.
I5B is a binarized series of nine wobbles of the frequency fw2, shown as the cluster
sync in FIG. 6.

FIG. [5A shows the wobble clock WCK. The EX-OR 113 is supplied with a
binarized push-pull signal shown in FIG. 15B and the binarized push-pull signal,
shown in FIG. 15C, which has been delayed by one wobble clock period in the delay
circuit 112. Supplied with these push-pull signals, the EX-OR 113 provides an output

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



supplied to a rising edge count circuit 121 which counts a number of rising edges of a push-pull signal
in every cycle of the wobble clock WCK. Correspondingly to the result of counting, the rising edge
count circuit 121 provides an output "0" or " I". The output of the rising edge count circuit 121 is
connected to one of inputs of an OR gate 123, and also to a D-flip-flop 122. The signal supplied to the
D-flip-flop 122 is delayed one clock in the D-flip-flop 122 by the latch output at the time of the wobble
clock WCK, and supplied to the other input of the OR gate 123. The OR output from the OR gate 123
is an output "0" or "I" as a channel bit in units of& period of two monotone wobbles, and supplied to
the discrimination circuit 35. The operating waveforms of the frequency detection circuit 34 are shown

in FIGFavetbria hdudihe agerdtinp wa éfequminecole pastnm dissioats io béSuppliecnidr a period of
the FSK information bit part as the cluster sync. That is, the period shown as the FSK information bit

pat in BihiREsPushpetsigratshoMndhiG a Wb dfvadbmastredsariBy(of Mide Wibiesel the
frequency fw2, shown as the cluster sync 50 in FIG. 6. FIG. 17A shows the wobble clock WCK. The

rising ?QQ@p?ﬂi@E!tt@fﬂwm{ caupts rsheriatHsing eldties eideapushchull sigited ineyery cycle of
the wobble clock WCK. In FIG. 17B, each rising edge is shown with a small circle, As seen from

Peon oS G oD Ciock B e WG an oLt 1 when e Such 6dgeS have
been counied 1 1ig SENUSAWIANLES: théWiscrimination circuit 35. The explanation is

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

the waveform for the périod corresponding to the FSK information bit pat isr “H” for

a 6-wobble clock period as shown. That s, 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 waveform shown as an address bit of the cluster sync

in FIG. 4. If the waveform is an FSK information bit part indicating data “0” or “17,

the waveform for this period will be as shown as address bits of data “0” or “1” in FIG.

4.

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

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

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



thus provided as the output, and a signal shown in FIG. 17D, delayed a period IT by the D-flip-flop
122, are ORed by the OR gate 123 to provide an output as shown in FIG. 17E. The signal thus
generated is supplied as an FSK-demodulated channel bit value to the discrimination circuit 35. The
explanation is made here taking the FSK information bit part of the cluster sync as an example. So,
the waveform for the period corresponding to the FSK information bit pat is "H" for a 6-wobble clock
period as shown. That is, the channel bits will take values of" 1", "I" and "1" in units of the 2- wobble
clock period (period of two monotone wobbles)jcNamely, 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 "Q; @le’ dhafgelverefarae forthis petidsk witdbehascahaparissaddrEs& Sitd SBdate "D3Gr "1" in FIG.
4. Also, in the frequency detection circuit 34, the two different frequencies fwl and fw2 are used for

wobbling, a tragk P§AroRYs.dinadmaLancias iy lrnddwe aeiin; suctha KK@toRthageadvof them
shows an even number of waves and an odd humber 51 of waves in a predetermined cycle. Thus, the

FSK demadilUAnGARIAINIKARAANG Y IkRISITAIE AredLoansibEiRmas SAWER.FIC. 16
e

Note tha above counting of rising edges may be replaced with counting of falling edges. Second

embo%yﬁqogiczalsvv\égﬁbgg\%@;%mgg lﬁﬁf&f‘%‘f}éﬁﬁﬁﬂg embodiment of the present invention will be

descri
The frequency detection circuit 34 also included in the FSK demodulator 24 to

make FSK demodulation is constructed as shown in FIG. 16.

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

The operating waveforms of the frequency detection circuit 34 are shown in
FIGS. 17A to 17E. The operating waveforms include push-pull signals to be supplied
for a period of the FSK information bit part as the cluster sync. That is, the period
shown as the FSK information bit pat in an input push-pull signal shown 1n FI1G. 17B

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



It should be noted that the second embodiment also concerns a disc called "DVR" for example and
the physical characteristics of the optical disc are similar to those having previously been described
with reference to Table | and FIGS. 4A and 4B. The cutting apparatus for use to produce the optical
disc and the disc drive for playing the optical disc are also basically similar to those having previously
been described concerning the first embodiment. So, the components of the second embodiment,
also used in the first embodiment, will not be described any more. Only the wobbling method and
associated demodulating method, different from&hose in the first embodiment, will be described
herebelow. In the explanation of the demodulating method, there will also be described an example of
the comstilfatibn 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 iabbled wliers dhe wiebblbolo eke WiSkd ah Sk igisidesns REPisEreHE) FMddulation

also included in the aforementioned 52 FSK modulation method for modulating an address of a
wobbledugitsaveand ervdbhieng edgtion fvirplesh gfulsisndencuisatisn detee Hdmsabbleshould be
noted that "L" indicates the length of the wobble detection window and "L = 4" means that the
detectigpckriv Cirespdids 19 B pachdisifgedys msboewetbies siviléaideis Assedorfrofohannel bit)
as address information to be recorded to a wobbled groove is the waveform (data) in FIG. | 8D, the

data iFpEsenepdadito Trovide virseatie datmasisiudn? inpFtGidRE Foowmample, diedatacis

pre-encoded so that the pre-code data
rising edge has been counted within one wobble clock period while providing an
output “[” when two such edges have been counted. The signal shown in FIG. 17C,
thus provided as the output, and a signal shown in FIG. 17D, delayed a period LT by
the D-flip-flop 122, are ORed by the OR gate 123 to provide an output as shown in
FIG. 17E. The signal thus generated is supplied as an FSK-demodulated channel bit
value to the discrimination circuit 35. The explanation is made here taking the FSK
information bit part of the cluster syﬁc asan examﬁle, So, the waveform for the period
corresponding to the FSK information bit pat is “H” for a 6-wobble clock period as
shown. That is, the channel bits will take values of 17, “17 and “1” in umits of the 2-
wobble clock period (period of two monotone wobbles). Namely, there will be )
provided a waveform shown as an address bit of the cluster sync in FIG. 4. If the
waveform is an FSK information bit part indicating data “0” or “1”, the waveform for
this period will be as shown as address bits of data “0” or “1” in FIG. 4.

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

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

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



is set "t" 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 fwl (it has a wavelength equal to 2/3 of that of the
frequency fw 1), for example. As shown in FIG. 18A for example, 1.5 wobbles of the frequency fw2
1.5 times higher than the carrier frequency corfdspond to a pre-code data "1", while one wobble of the
frequency fwl the same as the carrier frequency corresponds to a pre-code data "0" as shown in FIG.
18B. Afetioesdhlaprakbtemafethey/tiequéhoy il doBié sponddubatiperied casitie wobdie of the
frequency fwl carrier frequency). FIGS. 19A to 19C show streams each of a wobble waveform

includingche MBKsEapRasiuaied pasinciG il 9 sthaws ia Fthoténe bit which is a' series of wobbles of
a single frequency (which is the frequency fwt). The monotone bit includes 56 monotone wobbles.

FIG. 19B shoysamADIR hishascalseapotetkafbedpenaiandewepblesd thehAbtting béing of 12 of
the 56 monotone wobbles is an MSK information bit part. That is, the MSK information bit part is the

pre-cqdg;fatadysK- modulated with the frequencies fwl and fw2. The MSK information bit part
includes addreSs information. The other 44 monotone wobbles in the ADIP bit are a series of

Second embodiment:
2-1  Wobbling method
Next, the second embodiment of the present invention will be described.

It should be noted that the second embodiment also concerns a disc called “DVR” for
example and the physical characteristics of the optical disc are simiiaf to those having
previously been described with reference to Tabie | and FIGS. 4A and 4B. The
cutting apparatus for use to produce the optical disc and the disc drive for playing the
optical disc are also basically similar to those having previously been described
concerning the first embodiment. So, the components of the second embodiment, also
used in the first embodiment, will not be described any more. Only the wobbling
method and associated demodulating method, different from those in the first
embodiment, will be described herebelow. In the explanation of the demodulating
method, there will also be described an example of the construction of a demodulation
circuit used in the disc drive included in the second embodiment and corresponding
to the FSK demodulator 24 shown i 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



44 wobbles of the single frequency (= frequency fwl). FIG. 19C shows a sync bit having also a period
of 56 monotone wobbles, of which 28 monotone wobbles form together a sync unit. The pre-code
data is MSI{-modulated with the frequencies fw | and fw2 as above. Sync information is represented
by the pattern of the sync unit. The other 28 monotone wobbles in the sync bit are a series 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¥ielow. According to the second embodiment, one RUB
(recording unit block) being a unit of data recording includes three ADIP addresses, as shown in
FIGS. 29K mid 2aBoradibvid doprerddublyibgan addorisesf withohdflrd grecveRIBS Wabhis, "RUB" is a
data unit consisting of one ECC block having a run-in and run-out added thereto. In this case, one

RUB igetedas i 98 ftrmest (198 fofus)ddastilatidn biGh20ddeesectionhoaiebpantizdyttmone RUB
includes three ADIP address blocks. One address block 54 is composed of 83 bits as ADIP data. As

shown-irrFi3 A sinea dheRIP: ki Rpdblactarphikdatespand 0. & period afShaonetone
wobbles, one address block corresponds to a period of 4648 (= 83 x 56) monotone wobbles. The

monotgae BitSYiGLRAL ARIRs bibake B RviBg BsavigHsWIIeRS drsisbiead Witheafeignce to FIG.
19. The sync bit and ADIP bit are formed to have MSK-modulated waveform wobbles. FIG. 20B

5hOWSv&'E{%eSf‘(EH‘EWEﬁM%RFQé%ﬁd‘f’é@gknﬂ%ﬁ%ﬁé BORe8E@R to a wobbled groove is

the waveform (data) in FIG. 18D, the data is pre-encoded to provide pre-code data as
shown in FIG. 18E. For example, the data is pre-encoded so that the pre-code data
is set “1” at the time of logical inversion of the data. The MSK modulation 1s done
usiﬁg the pre-coded data to form a stream as an MSK modulation signal as shown i

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
freéuency for the MSK modulation as shown tn FIG. 18C. The frequency fw2is 1.5
times higher than the frequency fwl (it has a wavelength equal to 2/3 of that of the
frequency fwl), for example. 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 wobble of the frequency fwl the same as the carrier frequency
corresponds to a pre-code data “0” as shown in FIG. 18B. A period of 1.5 wobbles of
the frequency 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-



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 reference to FIGS. 2LA and 21B. As shown in FIGS. 21 A and 21 B, the sync
signal part is formed from four sync blocks "0"531", "2" and "3". Of the four sync blocks, the one "0" is
formed from one monotone bit and sync "0". The sync block " I" is formed from. one monotone bit and
sync "fothtaRdptockl@! iDiarstesdvienmuonemoadtinetbittans seciea’ odnsahblesyné dlock 3" is
formed from one monotone bit and sync "3". In each sync block, the monotone bit is a waveform of 56

wobblggg{dhR&jnele P Wisiuencytiepfesgriing dediyier Bpravousinmbntionelddas sfown in FIG.
22A. The sync bits include the four types: sync bits "0" to "3" as above. Each of these four types of

sync bits, ppvides huRR0IE patterRashshavn IRBIB Bi2RAs 2RB,a 2REiad 22D sixanbtsyac bit is

composed of a sync unit having a period of 28 monotone wobbles, and 28 monotone wobbles. The

sync upits gy difigienkinpetienn famyeech pherfdGR. AebhAdfe 39Bbans 23EaahNs wobble
waveform pattern in a sync unit and a data pattern as address information corresponding to the
wobble, tormation bit part. That is, the MSK information bit part is the pre-code data MSK-
modulated with the frequencies twl and fw2. Th.e MSK information bit part includes
address information. The other 44 monotone wobbles in the ADIP bit are a series of
44 wobbles of the single frequency (= frequency fwl). FIG. 19C shows a sync bit
having also a period of 56 monotone wobbles, of which 28 monotone wobbles form
together a sync unit. The pre-code data is MSK-modulated with the frequencies fwl
and fw? as above. Sync information is represented by the pattern of the sync unit.
The other 28 monotone wobbles in the sync bit are a series of 28 wobbles of the single
frequency fwl (= carrier frequency). The ADIP bit, monotone bit and sync bit
correspond to one bit which will form an address block (of 83 bits) being one piece of
address information (ADIP) and which will be described below.
According to the second embodiment, one RUB (recording unit block) being a
unit of data recording includes three ADIP addresses, as shown in FIGS. 20A and 20B.
As having previously been described with reference to FIGS. 7 and 8, “RUB™ is a data
unit consisting of one ECC block having a run-in and run-out added thereto. In this

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

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



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 "1000 tOO01000
1000000000000060". More specifically, the sync bit "0" provides an. MSK-modulated wobble pattern
that a part of the pre-code data corresponding4® "I" is 1.5 wobbles of the frequency fw2 while a part
corresponding to "0" is one wobble of the frequency fwl. The sync bit" I'forms a channel bit data

streams'@thBA0R] Bt sHRGHMITP dhewnis Bilowade, FIG! nmvilesaivwoliniéveitefatim
corresponding to a pre-code data stream "1000100000001000100000000000". The sync bit "2" forms

a chanpehBiARIP RO 9% dk%{rt@dsbs'ﬂc%nih@ﬁ&@rﬁhﬁwﬂﬂlbﬂ@n@%ﬂd@@% [seydges a wobble
waveform corresponding to a pre-code data stream "1000100000000000100010000000". The sync

bit *3" é%m%go@@'leeé p&@@&%?{m@'@%@m@éjmﬁ&m WAReSTORS ideiGoRamiand provides
a wobble waveform cortesponding to a pre-code data stream” 1000 1000000000000000 1000 1000".

I o ETECLAR YO SO Do s on e
19. The sync bit and ADIP bit are formed to have MSK-modulated waveform
wobbles.

FIG. 20B shows the structure of one address block. The address block of 83
bits includes a sync signal part of eight bits and a data part of 75 bits. The sync signal
part of eight bits includes four sync blocks each of one monotone bit and one sync bit.
The data part of 75 bits includes 15 units each of one monotone bit and four ADIP
bits. The monotone bit, sync bit and ADIP bit referred to herein have previously been
described with reference to FIG. 19. The sync bit and ADIP bit provide a wobble
having an MSK-modulated waveform.

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

As shown in FIGS. 21 A and 21B, the sync signal part is formed from four sync
blocks 0™, “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” 1s 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



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
238, the data part is formed from 15 ADIP blocks "0" to "14". Each of the ADIP blocks is of 5 bits. The
five bits of each ADIP block include one monotone bit and four ADIP bits. Similarly to the sync block,
the monotone bit in each ADIP block provides a waveform of a series of 56 wobbles of the single
frequency representing the carrier, as shown in FIG. 24A. Since one ADIP block includes four ADIP
bits, fifteen ADIP blocks form together addresssiformation of 60 ADIP bits. One ADIP block is
composed of an ADIP unit having a period of 12 monotone wobbles, and 44 monotone wobbles. FIG.
24B shewRNQDRIBRRIaIT drtiernwithdhe dibifdahtianiny as\dloetilih &itrallaa patten as
address information corresponding to the wobble waveform. FIG. 24C shows a wobble waveform

pattern with-fiag 4 A%HE’ bitshavid e vl deiiPyped: a datopatten rs ddtsesshintermBtion 67
corresponding to the wobble waveform. Each of the ADIP bits "0" and "1" is represented by three

channgl, 9&%&@ Q@Gfﬂé BROpleReILeRiRsLIRIS AhaNel shiwenaipenom o foyr Motone

Wobbles The A blt " forms a channel bit data stream "100" in the ADIP unit as shown in FIG.

214(I)300|z )égoﬁ (;Crig%%lec flcaﬁ?ﬂ?\%%,?D %%Ef%g?g]v%%%tgﬁﬁgm igr?fgﬁggﬁ v%/gbble pattern
that & partel RS RiSFAYGHRRR fRUTRBRARAIb Med re SyneRifes A BerTeraReney em
from each other. FIGS. 22B, 22C, 22D and 22 show a Wobbie waveform pattern (n
a sync unit and a data pattern as address information corresponding to the wobble
pattern. As shown in FIGS. 18D and I8F, 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 corréspcnding to a pre-code
data stream © 100010001000 1000000000000000”. More specifically, the sync bit “g”
provides an MSK-modulated wobble pattern that a part of the pre-code data
corresponding to “1” is 1.5 wobbles of the frequency fw2 while a part corresponding
to “0” is one wobble of the frequency fwl.
The sync bit “1” forms a channel bit data stream “1001000” in the sync unit as
shown in FIG. 22C, and provides a wobble waveform corresponding to a pre-code data

stream “100010000000 {000 1060000600007

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



while a part corresponding to "0" is one wobble of the frequency fw 1. As shown in FIG. 24C. The
ADIP bit "0" forms a channel bit data stream "010" in the ADIP unit, namely, it provides a wobble
waveform corresponding to a pre-code data stream "000010001000". The above wobbling method
according to the present invention is characterized as follows: Wobbling is a sequence of ADIP bit 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-modulatéd parts in which the actual information bit is embedded
will discretely be laid on a wobble track (groove). The. discrete presence of the MSK-modulated parts
contrikUpsidraFionSdErald pecvicien wbhtilkevee aftert oboregxiakkegén avitecaderdaiarack pitch.
The MSK modulation uses the two different frequencies fwl and fw2. Of these different frequencies,

the 58¢regHena0Nisthersnnerad tid feuiedeY. of the monotone wobble (carrier frequency). The
frequency fw2 is a frequency 1.5 times higher than the frequency fwl, for example, whereby the

relation betwegR e dreRusnaiss ¥ anchiwP tistslieh sthadthel000DENS of tatlyhe fiaguencies are
alternately even and odd in a predetermined cycle. In the MSK information bit part, the period of four

;"e(’tgg:%'frt?\vﬁq{%@?@.iﬁ?@ﬁ&bﬁﬂﬂﬁh@%%&%@ AR IA0BIE degbedanotb flpred) eddhiamobble

stream “1000 10000000000000001000 1000™.

The four patterns of the sync bits are laid in each sync block. Thus, when the
disc drive can detect any of the four patterns of sync units in the sync signal part, a
synchrorﬁsm can be attained between the sync unifs.

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

As shown in FIGS. 23A and 23B, the data part is formed from 15 ADIP blocks
0" to “14”. Each of the ADIP blocks is of 5 bits. The five bits of each ADIP block
include one monotone bit and four ADIP bits. Similarly to the sync block, the
monotone bit in each ADIP block provides a waveform of a series of 56 wobbles of
the single frequency representing the carrier, as shown in FIG. 24A. Since one ADIP
block includes four ADIP bits, fifteen ADIP blocks form together address information
of 60 ADIP bits. One ADIP block is composed of an ADIP unit having a period of 12
monotone wobbles, and 44 monotone wobbles. FIG. 24B show a wobble waveform
pattern with the ADIP bit having a value “1”, and a data patten as address information

corresponding to the wobble waveform. FIG. 24C shows a wobble waveform pattern

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



window) forming the information bit. The period length of the MSK-modulated part of the ADIP bit is a
period of 12 monotone wobbles, that is,.a period being an integral multiple of the cycle of the
monotone wobble. These features will facilitate the FSK demodulation. In the disc drive which will be
described later, the MSK demodulation can be easier because the demodulation is done in units of a
period of a plurality of wobbles, for example, a period of four 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
shiftingHetyyeidine reqtenciebiile andi@nThuSache olohdliAHY thigsMEK wduidtiolwill not

include any high frequency component as in the wobbling by the PSK modulation. 2-2 Demodulation
The dpspesiekiansomespehding:tdbiheinapblitgirnétbdiorthiosecvnditdes. efdbodihmmeadf the present
invention will be described herebelow. It should be noted that the disc drive is similar in construction

to thal,§hQWn, G 2 apehehewinedrapbRentT heoMiOEH nstektfot the henaipasktfiltdes,

comparator 32, correlation detection circuit 33 and frequency detection circuit 34 in the FSK
demodylatar 24 FiGnd 3irbg descuhsdwithraterenpe @RSt boo théeM S dbhiedulation,

there are provided bandpass filters 151 and 152, multiplier 153, adder 154, accumulator 155, sample
and hold citeuit 156,and,8 58] to a pre-code data steeam “100010000000”.  More
specifically, the ADIP bit “ 1" provides such an MSK -modulated wobble pattern that
a part of the pre-code data corresponding to “17 ts 1.5 wobbles of the frequency 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 “0{0” 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 foliowé:

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
d:iscrete presence of the MSK-modulated parts contributes to a considerable reduction

of adverse affect of crosstalk even with a narrow track pitch. The MSK modulation

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



157 as shown in FIG. 25. It should be noted that the components such as wobble PLL 25, address
decoder 26 and encode clock generator 27, etc. included in the second embodiment are similar to
those shown in FIG. 12 and so will not be described any snore. The output from the circuit shown in
FIG. 25 (output from the slicer 157) is supplied to the discrimination circuit 35 included in the FSK
demodulator 24 shown in FIG. 13. Namely, it is assumed that the discrimination circuit 35, sync
detection circuit 36 and gate signal generation circuit 37 shown in FIG. 13 are similarly provided
downstream of the circuit shown in FIG. 25. A pissh-pull signal PIP 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

bandpdesfiliec§5iiiassubb asmaracterlictidiag teatpwifateenoyiodods varbddpofingeto the
frequencies fwl and fw2 to pass through it. The bandpass filter 151 extracts a wobble component, that

is, MSlfreqeeutaisd Maverdndheyofier hanthedhe handppsifdeh b hamautie dinajiandyand

characteristic as to pass only the 60 frequency fwl, that is, a carrier component, and thus it extracts

the carig] CRIPRRRRINI. TRRREFE TSR MUbiP iRswssAs BBy e disndnass 21 B1sand 152. The

product from the adder 153 and an output from the accumulator 155 are supplied to the adder 154.

The acqylaoy K55S Sleared R Atrlear<ianab Gk Rilk Uniis abaReriadf fakr walpblgs {in case L =
4) or a period of two wobbles (in case L = 2). Therefore, the accumulator 155 will provide an
integraﬂf‘gd\é@é%mregﬁgyg%iod of four or two wobbles.

In the MSK information bit part, the period of four monotone wobbles is one
channel bit (in case it corresponds to the length (I = 4) of the wobble detection
window) forming the information bit. The period length of the MSK-modulated part
of the ADIP bit is a period of (2 monotone wobbles, that is, a period being an integral
multiple of the cycle of the monotone wobble. These features will facilitate the FSK
demodulation. In the disc drive which will be described later, the MSK demodulation
can be easter because the &emodulation 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



The output from the accumulator 155 is held in the sample and hold circuit 156. The sample and hole
circuit 156 samples and holds the signal at the timing of a hold control signal SHOLD. The output from
the sample and hold circuit 156 is binarized by the slicer 157 formed as a comparator. The binarized
data output is a channel bit data forming address information, and supplied to a downstream circuit,
narmely, to the discrimination circuit 35 as shown in FIG. 13. In the discrimination circuit 35, the data
is discriminated to have a value as an ADIP bit or sync bit. The ADIP bit thus discriminated is supplied
to the address decoder 26 shown in FIGS. 12 and 13 where it will have the ADIP address thereof
decoded. The sync bit will be processed in the sync detection circuit 32 in FIG. 12 in the same

mannegisodasaeribed tviprefent iees to i Guiltbeldes Mibis dihereblelation! nstiduel diésonibestiwith
reference to waveforms shown in FIGS, 26A and 26B. The waveforms are ones developed when the

lengtheha@fiiie dyehbip detestinnavindewns tust b lo filat 264 SholusHIE-cotleddtaiuiobble
waveform MSK (L = 4) formed correspondingly to the pre-code data, and a carrier frequency as an

output BB IRsnRaRIRAgSFikeIhaWBE BRdFAG: BB showsAMAvRYE framcheddedenl53 (Demod

out), output from the accumulator 155 (Int (L=4)) and an output from the sample and hold circuit 156

<Fh Joanipletian e mulieles Rt the iRl naveioPs Mo didi@s saown i
y the carrier frequency (BPF out) provides the signal (Demod out) as shown in FIG. 26B.
The aggemylalon1fe A0 ribed with reference to FIG. 25.
For the MSK demodulation, there are provided bandpass filters 151 and 152,
multiplier 153, adder 154, accumulator 155, sample and hold circuit 156 and a slicer
[57 as shown in FIG. 25. It should be noted that the components such as wobble PLL
25, address decoder 26 and encode clock generator 27, etc. included in the second
embodiment are similar to those shown in FIG. 12 and so will not be described any
more. The output from the circuit shown in FIG. 25 (output from the slicer 157) is
supplied to the discrimination circuit 35 included in the FSK demodulator 24 shown
in FIG. 13. Namely, it is assumed that the discrimination circuit 35, sync detection
~circuit 36 and gate signal generation circuit 37 shown in FIG. 13 are similarly provided
downstream of the circuit shown in FIG. 25.

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

{51 extracts a wobble component, that is, MSK-modulated wave. On the other hand,

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



adder 154 provide the signal (Int (L=4)) integrated in units of four wobbles. The integrated signal (Int
(L=4)) is sampled and held in the sample and hold circuit 156 in units of four wobbles as well to
provide the output (h (L=4)). The waveform of the output (h (L=4)) is binary-sliced by the slicer 157 to
detect a channel bit data yet to pre-code. FIGS. 27A and 27B show waveforms developed when the
length L of the wobble detection window is L = 2. As in FIGS. 26A and 26B, pre-code data, wobble
waveform MSK (L = 2), carrier frequency (BPF out), output from the adder 153 (Demod out), output
from the accumulator 155 (Int (L=2)) and an ou§fut 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 framiendyeiykribyt (B Prcauticp kevitiesiat sipddh(D et s tr dehy de SROUST RPN TEE. The
accumulator 155 and adder 154 provide the signal (Int (L=2)) integrated in units of two wobbles. The
integrafihe sibyteal (i}t () lissantpled fodtbidbatipasarfipiers2 Sdrahddid Zirdlie psednainits of two
wobbles to provide the output (h (L=2)). The waveform of the output (h (L=2)) is binary-sliced by the
slicer ¥eouialeteteidea thaandl ahibdgiaty@bta firewadendlacording trehappasdrvitivertioer the length
of the wobble detection window can be increased to a period of a plurality of wobbles, whereby the

MS K demogulationueaibs d95d selsiyahichagcclyatelgnAbWilRba seer thfaygriodrapésison between

the integrated signal (Int) and
wobbles (in case L = 4) or a period of two wobbles (in case L = 2). Therefore, the
accumulator 155 will provide an integrated value for the period of four or two
wobbles.

The output from the accumulator 155 is held in the sample and hold circuit 156.

The sa{npie and hole circuit 156 samples and holds the signal at the timing of a hold
control signal sHOLD. The output from the sample and hold circutt 156 is binarized
by the slicer 157 formed as a comparator. The binarized data output is a channel bit
data forming address information, and supplied to adownstreamn circuit, namely, to the
discrimination circuit 35 as shown m FIG. 13. In the discrimination éifcuit 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
lsync detection circuit 32 in FIG. 12 in the same inanner as described with reference
to FIG. 12.

The MSK demodulation will be described with reference to waveforms shown

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

wobble detection window s L. = 4.



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

described cohibernitgitishosrspgivesdat the disehleletivg epfoaratdd$dr (ke tobrdamesthe disc and
the disc drive in which the disc is used as a recording medium. However, the present invention is not
limite dotarss pb rediiedgtinoethis fet-ooaly: okt ostifiedl ¢avariolre dorens with aut @8 pié fastimgtieom the
scope of the present invention, defined by the claims given later. Industrial Applicability As having

been deseijaed filtHid foréBEiRg.) e Bist-3bapsdhrecancingpuettion taeadring 38 (Remedent
invention has formed thereon wobbles each of which is a series of predetermined signal units each

consisgng, ofiaput HoiRfermaiiambilapeart] shdiaging'é)readancyuppdt cosrashendirg le 4bd waveform
of a single frequency. Since FSK-modulated (or MSK-modulated) parts are thus discretely formed, the
hold circuit 156 (b (1.=4)). Multiplication in the muitiplier 153 of the wobble
waveforin MSK (L = 4) as shown in FIG.26A by the carrier frequency (BPF out)
provides the signal (Demod out) as shown in FIG. 26B.  The accumulator 155 and
adder 154 provide the signal (Int {(L=4)) integrated in units of four wqbbles. The
integrated signal (Int ({=4)) is sampled and held in the sample and hold circuit 156 in
units of four wobbles as well to provide the output (h (L=4)}. The waveform of the
output (h (L=4)) is binary-sliced by the slicer 157 to detect a channel bit data yet to
pre-code.
FIGS. 27A and 27B show waveforms developed when the length L of the
wobble detection window is L = 2. As in FIGS. 26A and 26B, pre-code data, wobble
waveform MSK (L = 2), carrier frequency (BPF out), output from the adder 153
(Demod out), output from the accumulator 155 (Int (L=2}) and an output from the
sample and hold circuit 156 (h (L=2)) are shown in FIGS. 27A and 27B.
Multiplication in the multiplier 153 of the wobble waveform MSK (L. = 2) by the
carrier frequency (BPF out) provides the signal (Demod out) as shown i FIG. 26B.

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

of two wobbles. The integrated signal (Int (.=2)} ts sampled and held m the sample



influence of a crosstalk from adjacent wobbled tracks is reduced, which is very suitable for an
improvement of the recording density with a smaller track pitch. That is, the present invention is
suitably usable as the wobbling method for a large-capacity disc. The cutting apparatus according to
the present invention includes means for generating a series of predetermined signal 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 recording medium intenééd for a larger recoding capacity. The disc drive
according to the present invention is a high-performance apparatus in which information such as an
addresanchhdid eicadtdd framumigsmobbienl vepbblas formeny slethee disdmae lredordindmedium.
More particularly, the clock. reproduction unit can easily and accurately generate, by the PLL, a
wobblexéd efeproddctiomatpak(br{ Hve basib ofaansigna Coyrspehding §0 acsihgte freghencyipart of a
wobbling signal, having a waveform of the single frequency. The disc drive can operate stably by
generaliinglam gecod@riagkitor processing the data to be recorded, and making spindle servo control
based on the wobble reproduction clock. The PLL can operate based on a gate signal generated on

the basis of thecsyigidgtertiond@ sprevite:atitabé £ ldn gpesdiihe wobbldtia«ssigoal waitsponding to
the single- frequency part of the wobbling signal. Thus, the PLL permits a quicker pill-in to

can be increased to a period of a plurality of wobbles, wheteby the MSK demodulation

can be done easily and accurately.

As will be seen through comparison between the integrated sigﬁal (Int) and
sampled and held signal (h) shown n FIGS. 26 A 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 times larger.

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

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

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

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



locking and a more accurate clock reproduction. Further, the wobble formed on the disc-shaped
recording medium according to the present invention includes a single-frequency part of which the
length is sufficiently longer than that of the FSK information bit part. So, easy pull-in to locking of the
PLL using the single-frequency part is possible. The FSK demodulation of a signal corresponding to
the FSK information bit part of the wobble can be attained easily and accurately owing to the
correlation detection or frequency detection. 65 CLAIMS 1. A disc drive for recording or reproducing
data to or from a disc-shaped recording mediufd having preformed thereon a spiral, wobbled track as
a groove or land along which data is to be recorded and in which the wobble of the track is a series of
predetdepiréesional GeitcenernEsheRirreof Wy EEromidafiagdbyithmaladatsapsidingto a
waveform resulted from FSK modulation of information bit and a single-frequency part corresponding
to the Industoah Appisiabibitfrequency, the apparatus comprising: a head means for radiating laser
light to a track to generate a return light signal; means for extracting a wobbling signal about wobbling
of the track frasrhthanpehesnlibfscsigadliatic: dovepbling thiodsatidmedadig diegmsdfdrumaking FSK
demodulation of the wobbling signal to decode information represented by the information bit. 2. The
disc devenadiagt forthd petsimtlinvberiein the Wohblidgirfaomatiabbles each of which is a

series of predetermined signal units each consisting of an FSK information bit part

and a single-frequency part corresponding to the waveform of a single frequency.

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

influence of a crosstalk from adjacent wobbled tracks 1s reduced, which is very

suitable for an improvement of the recording density with a smaller track pitch. That

is, the present invention s suitably usable as the wobbling method for a large-capacity

disc.

The cutting apparatus according to the present inveation includes means for

generating a series of predetermined signal units each composed of a signal part

resulted from FSK modulation of information bit and a signal part of a single

frequency. Namely, the one-beam cutting method can be adopted in the cutting

apparatus for use to produce a disc-shaped recording medium intended for a larger

recoding capacity.

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

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

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



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 demo@tlation by detecting a correlation as to the wobbling
signal. 66 4. The disc drive as set forth in claim 3, wherein the correlation detection circuit detects a
correlagprogesieercipelbtinbasiyrd esigne betayasippad taginediigle erysng vpare ofobbling
signal by a period of the wobble reproduction clock. 5. The disc drive as set forth in claim 2, wherein
the FSKvwiebbbehg atgnilclugesg frequefmyndetedtivainghuitioymaky FSfhdelsoddiatiorchy detecting a
frequency of the wobbling signal. 6. The disc drive as set forth in claim 5, wherein the frequency
detectiopecateuitatibtdotszarrmuather af datgleddeslofdaliingeesgeg didhiztacloblingsigndt Existent
within one period of the wobble reproduction clock. 7. The disc drive as set forth in claim 2, wherein:
the FSihdembthiaiomidie udescacoaitielbbiant deiechienilsit e praiedtBik destodlliadiar by detecting

a correlation as to the wobbling signal and a frequency
can operate based on a gate signal generated on the basis of the sync detection to
provide a stable PLL o_peratién only with a signal corresponding to the single-
frequency part of the wobbling signal. Thus, the PLL permits a quicker pull-in to
locking and a more accurate clock reproduction.

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

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

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



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 is being pulled in the clock refgroduction unit, and it decodes the required
informatich AcbwiSa logical sum of the demodulated data from the correlation detection circuit and that
from the frequency detectjon circuit when the PLL is stable in the clock reproduction unit. 67 9. The
disc drivé as sét fFirfENm PIwksRiming ol cterkadueiige slatgate genéiater to disnethaperdgate

i | i Kk dugcti it b d the fact that.it inf ti
oo of (15 eE e B A HRTaR e e o B o SR S Biite a pLL
operatiofaridasksgallichrdatnast (e pEaspontingiel the wingle freavensy: ofthe wabbliag signal. 10.

The disc drive as set forth in claim 2, further comprising a spindle servo means for making spindle
servo cotroPiiferaiicshRi g8plounitonasibcRONE] Sthegdie€ drivE SK setfturthati ciaibit2péutther

comprisig&{gﬁ%r}?dggrggt%ng r\%%%form resulted from FSK modulation of information bit and a
single-frequency part cotresponding to the waveform of a single frequency, the
apparatus comprising: '

a head means for radiating laser light to 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.



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¢he 4-wobble period of the frequency as the single

frequeney, to prokigedike madylatior@ionaib8nDigainhapedRecarding:MeadivndeH tingAgparatus
For Same, And Disc Drive Abstract An optical disc having a circular track formed as a groove and/or

land for FeBHiiNgleats aporipdtivadbeieceachootmihing seglrmeton dadopstanalmesiiad FSK
information_bit portion based o vaveform, obtained.by FSK modulation of an informatign bit and a
single frﬁqot}gn&c@aﬁgﬂ%R%%Se‘g%@%gﬂ%%gfaapﬁﬁ@é ﬂigtFeW&E’l@S fﬁgfﬁém&?ﬂs? Pt'units are
continuous. For the FSK modulation, two types of frequencies are used. One of the frequencies is a
frequency identical to the single frequency and the other is different from the single frequency. The

relationship of thesefseqlrercrissst Suth thatlferrayredeeimites PeKodenftiduéa theinave eumber of
these fr‘%?é’&z?‘e’{?c%fa gte%\%%na&gc%q‘g to make FSK demodulation by detecting a frequency of

the wobbling signal.

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.

g. 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 is being pulled in the clock reproduction unit, and it decodes the r.equired
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.
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9. ‘The disc drive as set forth in claim 2, wherein:

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 mformation; 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 comprising a spindie 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 freqtency to provide the modulation signal.
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Disc-Shaped Recording Medium, Cutting Apparatus

For Same, And Disc Drive

Abstract

An opfical disc having a circular track formed as a groove and/or land for recording data
and wobbled. The track wobbling is performed on a constant unit of an FSK information
bit portion based on a waveform obtained by FSK modutation of an information bit and a
single frequency portion based on a waveform of a single frequency, so that the
constant units are continuous. For the FSK modulation, two types of frequencies are
used. One of the frequencies is a frequency identical to the single frequency and the
other is different from the single frequency. The relationship of these frequencies is

such that for a predetermined period of time, the wave number of these frequencies are
even and odd.

Fig. 8



