5 Septenber 2005 | DESCRI PTION Disc-shaped Recording Medium Cutting
Apparatus for Same, and Disc drive Technical Field The present invention
generally relates to a disc-shaped recording nedi um suct® SgRfemReb#d5cal
disc, a cutting apparatus for use in production of the disc-shaped
recordi ng nedi um and a disc drive for recordi ng and/ or reproducing data to
and/or fromthe disc-shaped recording medium and nore particularly to a
di sc-shaped recordi ng nedi um having a wobbl ed track as a pregroove forned
t hereon. Background Art To recon optical disc which is a

di sc- shaped recordi ng nmedi um alggggﬁﬁﬁgqﬂﬁgns is required for formng a
recording track. To this end, pregrooves are preforned on the optical disc
and the groove itselfor a land, of which the cross section is trapezoidal,
betmee@H&gﬁhﬁégigrne .grooves is used as the recording track. Address

i nformatt o BeBEUREMsdiun, Cuttine Appacais fHirSungd. ahBi[SiskYRE,L 0 pernit
recording of data in a given position on a recording track on fthe opti cal
disc- In some cases, such address information is recorded on the optical

di sc by wobbling a groove. Nanely, a data recording track is preforned as a
pr egr obeehificg] FsRIpl e on the optical disc while the lateral wall of the
pregroove is being wobbl ed correspondingly to the address infornmation.

Thus, for reegosdi . rreproducing data to or fromthe optical 5 Septenber
2008 2 COhAEOR iRl edtER general_lr_v} re?ates to adisc-shaped recording medium such

a . . : . .
s an optical disc, a cutting apparatus for use in production of the disc-shaped

recording medium and a disc drive for recording and/or reprbducing 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 itselforaland, of which the cross section
is trapezoidal, between the preformed grooves is used as the recording track.
Address information has to be recorded on an optical disc of this type to permit
recording of data in a given position on a recording track on the optical disc. In some
cases, such address information s recorded on the optical disc by wobbling a groove.
quely, a datarecording 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



di sc, an address to which the data is to be witten or fromwhich the data
is to be read can be read fromwobbling information provided as return
light information, and the data can be witten to a des PeRieH88i £4%n or
read froma desired position without having to preformpit data or the

i ke indicating an address, for exanple, on the recording track. By

additionally recording address informati on as a wobbl ed groove, it wll be
unnecessary to discretely define an2address area on a track and record an
address as it data in such address area, for exanple. Therefore, the

act uadisc, dryssatb wineh ol datalis tadbs writtm oreftamdilogh dise dataan tbécimsadeased
for the address area which is thus nade unnecessary Absolute tine

(addresshe ie!ﬂﬂ%&ﬁ%&lﬁbl[@oin%’&%mt% v%d@d‘a@re‘ﬂ‘ﬂ?ﬁlgﬂﬁ IRFRRMEIONS andahbed ATIP
(absolute tinme in pregroove) or ADIP (address in pregroove). Optical discs

havi n yehe led grooye f.orned t eon jnclude .CD-R Recor dabl e),
o RIPHERTFREFRGRE R TR Bos BT Rl A TR ABirett PP P i Rk
optical discs,. however, address information is additionally recorded as a
wobbltePrgtasey pitidata opdlm kke drdicating an raddrgssnbort gxaenple. amskpsecatliagiese
optical discs. In CD-R and CD-RW the groove is wobbled according to a

si gnatacgenerated by naki ng FM nodul ati on of address information. ATIP

i nformati on enbedded in a wobbl ed groove formed on CD-RICD-RWis subjected

(0,2 P el G 81 B G 11
a(jdr %ﬁgeggssérg o%i?&%&‘??’ﬁ%ﬁn@ (E)ltq %dgress area on a track and record an address as
pit data in such address area, for example. Therefore, the actual capacity of the optical
disc for recording data can be increased for the address area which is thus made
unnecessary.

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

Optical discs 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 in a manner different from one type to another of these optical discs.

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

ATIP information embedded in a wobbled groove formed on CD-R/CD-RW is

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

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




like is changed in state between "I" and "0" in each predeterm ned cycle by
the biphase nodul ation and its rati o between average nunbers of" 1" and"0"
“is | and a wobbling signal of 22.05 kF[z in average frqoRHepPe2005
generated by the FM nodul ati on of the ATIP data. A groove defining a
recording track is wobbled according to such an FM nodul ation signal. In
DVD-RW whi ch i s a phase-change recordi ng-based rewitable version of DVD
(digital versatile disc) and DVD-R which is an organi c dye change-based
recordabl e version of DVD, wobbled grooves G are fornmed as preformatted on

the gksGs efm@gj fﬁg&aw BPivfechPA " and GOMEH édahgpﬂeae@rh@ﬁa@epckhsy gheoves G,

as shown 1 n I'n this case, the wobbl ed groove is used to control

the rotation qf, the di,sc and enerate a r r.di e« »Gl @C for
Si'mi | i Doduttioh itaifsa PG pePERERleTdt RERRCR IRl ds 880 2 ¢
record:}‘rt\(gb position in bits and acquire a variety of infor ti@@’r S/gout t he
di sc swevbblngasignel afid2dds kiz in javeragiesireguencyt e pragatet Pyl E

i nforanation thenselves are recorded as |land prepits LPP, not as wobbl es

of t haodhkR@ewva. oflithe BMOPRAVAWHI ch is the phase change recordabl e version of
DVD, information such as an address is recorded as a groove wobbl ed based

on the pha&%rogpgﬁ%ﬁbie@]%(z%§ﬁ%ﬁg£%§yigqgfomeﬂr%ﬁ:c‘éiréﬁlg il%J Gch 30 FM 3C show

i nformation *epresen Yy p ul ati on-based wobbles of the groove.

As showg i’n FIGS.,3A to 3C, eight wobbles are taken as one 5 Septenber 2005
4  nodulation 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 used to control the rotation of the disc and
generate a recording master clock or for similar purposes, and the land prepit is used
to determine an accurate recording position in bits and acquire a variety of information
about the disc such as a pre-address etc. In this case, the pieces of address information
themselves are recorded as land prepits LPP, not as wobbles of the groove.

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

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

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




ADI P unit. Each of the wobbles is phase-nodul ated for a positive wobble PW
and negative wobble NWto take place alternately in a predeterm ned order,
so that the ADIP unit represents a sync pattern or dat® Septergperd00s ot e
that the positive wobble PWis a wobbl e whose | eading end is directed
toward the inner circunference of the disc, and the negative wobble NWis a
wobbl e whose leading end is directed toward the outer-circunference of the
disc. FIG 3A shows a sync pattern {ADIP sync unit). In this sync pattern,

the f r . fqur | es fo WB) are negative ones NWand the latter
Four ADBB g diAshia) themohles fscuiishaodieiod oy AmpctigEvethle PAH 290 P dat a
unit being the data "0". In this ADIP data.unit, the |eading wobble WO is
a negeghtiec wobbMVM Y ta tiid playeaalteitatély if @l predewdrdynddbeder, wohhhietheW to WB
as positive ones PW and the latter four wobbles include two wobbles W

and WDHS uf@ $éprk ¥ty R0L & Saft¥reddd bles Wb and W as negative ones
NW Thus, ut he l?A\DI P datglu?iqt repreggﬁ%):%gatla "0". FIG 3C shows an AD P

data unit i the data "I"., | is AD| P, datfa unit, the.leadi ng wobble
00 bs o nog o 5 eoRiiecabier Wi pbblea i Badina ot is E2Soni on W
to WB as positive ones PW and the latter four wobbles include two wobbles
Wo aktward the ineg strcyi ferease ithmdise yand ibioiegativie wabb el Wgs posobbloe  ones
PW Thus, the ADIP data unit represents data "I". These ADI P units

r epr edient ldadges drek is alecodthtovedrdithé ourrdigupifedsicerafithedisgaunber of such

ADI P units represents an address or the like. 5 Septenber 2005 5

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

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

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

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




However, the above wobbling techniques are not advantageous as foll ows:
First, in case a groove is wobbled according to FM nodul ati on data as in
CD-R and CD-RW the stroke of a wobble of an adj acent Y2RAEPEN2%3use a
phase change of the FM waveform Thus, in case the track pitch is reduced,
an address as ATIP data cannot be reproduced well. In other words, the FM
nodul ati on dat a- based wobbl i ng cannot suitably be used in case the track
pitch is narrowed for an inproved recording density. Next, in case |and
prepits are fornmed as in DVD-R and PVD-RW the | and prepits may possibly
have a cross talk into a read RF si gnal causi ng a data error and nmastering

tt 5{%}% [
Er;gtelrlngz;)%?ytﬁvgr:ﬂgerel atvp(gde Iﬂéq |cuIt to é’dl%]nﬁlﬁg@ﬁst%i& tgﬁfei;n, in case a

groove is bl ed accordin dat t RR onent at
Phe phase- b %&%ﬁ%ﬁ@t%@%%?ﬁ%ﬁﬁ%??ﬁ&t g 388
crosstalk._into a read RF signal, causing a critical error Also S|ncethe
PSK patsBWnihestighe af awazrblﬁm obsa adjasent trackhwilk egee awaseedmeﬁ

essential frequency band of a wobbling signal processing ci rcwt system

wi | | wevélophe Thu) incdass uhe tratk tpiteh lis vedicednarcatddebissran tSTIPh datarcaanot be
i nventi on seek to overcone the above- mentioned dr awbacks of the rel at ed

i cRUBRARLT e, B O b Rl (T PR, AR SR B © e
2005 18 used in case the track pitch is narrowed for an nnproved 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 the present invention seek to overcome the above-mentioned
drawbacks of the related art by providing a novel and improved disc-shaped recording

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




I ncreased recording capacity and inproved wite-read characteristics of the
recording nedium. a cutting apparatus for production of the disc-shaped
recording medium and a disc drive conpatible wth the %fPerteshaA9s
recordi ng nmedium According to an aspect of the present invention, there is
provi ded a di sc-shaped recording nedium having prefornmed thereon a spiral,
wobbl ed track as a groove or |and along which data is recorded, wherein
the wobble of the track is a series of predeterm ned signal units each
consisting of an FSK information bit art corresponding to a waveform
resulted fromFSK (frequency shift keying) nodulation of information bit
and airgiredied - feCORLSH &) PR Rde- '

R Perent T O SRRSO MEISORIE | on:

frequency wherein two different frequencies are use

one o0 e f equenci ' t he singl,e frequency.while, the

ot herlhlls1 it équgéﬁﬁ%g&éﬂnggﬁkn%?s rﬁ%%rg & BHBAR; @ i ng
I n sugh relation.that each of the frequencies, has an even nunber of
wobbl @?Cmeeﬁ?n&ﬁ?bhﬁ%@ &WP@@I%QT@W@M-n a predeternined cycle.
The ot her frequency may have a frequency 1.5 tinmes or 111.5 tines higher
than that of the one frequency. In the FSK information bit part, a 2-wave
period of Actortjughegnaspedtoftheptesent imentionythery isqroviiedandiscashaped
channel bjt as information bit. The period | ength of the FSK information

bi t p@rcpﬂimg pedigm having: preformed gheseon a spisalpavabbledtrachassa ggoeve or

frequengy., I n the predeterm ned unit, the peri.od ngth of, the .

si nglulgpfCl raéﬁ%mcba‘iaﬁa H%ﬁe%gﬁgr ‘éfﬂ’?m tgﬁdﬁ?btllQ Qé ﬁ@st@\c t19af Ssrieshef Fsk

| nf or JAGEARRLEd 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
ﬁequency wherein two different frequencies are used in the FSK modulation;

one of the frequencies being the same as the single frequency while the
other is different from the single frequency; and

these frequencies being in such a relation that each of the frequencies has an

even number of wobbles and an odd number of wobbles alternately in a predetermined

cycle.
The other frequency may have 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 may correspond to one channel bit as information bit,

The period length of the FSK information bit part may be an integral multiple of
the period of the single frequency. In the predetermined unit, the period length of the
single-frequency part may be more than about 10 times of that of the FSK

information bit




5 Septenber 2005 7 part. According to enbodi nents of the present invention,
the integral multiple of the predetermned units nay correspond to a tine
length in a recording unit of data to be recorded to tReSapteaker 2fRa
channel clock frequency of the data to be recorded to the track may be an
integral nmultiple of the single frequency. The frequency as the single
frequency nay be a one between a tracking servo frequency band and read
signal frequency band. The FSK inforyation bit part may be forned on the
basi f a waveform resulted from FSK nodul ati on of information bit as
addr “information. The FSK nodul ation for the FSK information bit part

may use t different frequencigs. One  aof these frequencies.npy

Cont | muoudSIHELE RedREIT e BIFSe U pOmi Sie THFsal FRUPERDEo ¢ he
other. According to enbodinents the present invention, the ESK nodul ation

i s aprodsterngined umitsnsay torrkepandglo abiong kenigén in preetrdimsKnitfglatate 86 bi t
part resulted from MSK nodul ation of the information bit, a 4-wave period
of t hecdrdedvetiyrask. the single frequency corresponds to one channel bit as
information bit. In this case, the FSKinformation bit part resulted from

MBK modul giye0th, £ el I&ﬁ}dgé‘gﬁg@%«?’tﬂﬁ@ﬁé Id%‘cgq”@ H??éccfr\’i@d&hftﬁ@ rtlt%ﬁﬂ( fn'i%qB@”Ci es

of which the one I's . requency and e otfter is a
e oL SRl O Bl Sl 05 ShaE o RS A iSRGl °
| \é\g\;ﬁ;lg bé(g %ng tbgte\;zegnrae t?'gcekr;ﬁg sgrr\lfg ftrer:qru%gc;r,vabggg ar?c]i réarc]lesigx?a? ﬁfezlggxlljg; ‘ggnd or
The FSK information bit part may be 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 may use two different frequencies. One
of these frequencies may be continuous in phase with the other at the point of shift from
one to the other.
According to embodiments the present invention, the FSK modulation is an MSK
(minimum shift keying) modulation. In the FSK information bit part resulted
from MSK modulation of the information bit, a 4-wave period of the frequency as
the single frequency 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 ‘fdur 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. .




1.5. 5 Septenber 2005 8 Disclosed herein is a cutting apparatus including
. nmeans for generating a series of predeterm ned signal units each conposed
of a signal part resulted from FSK nodul ati on of i nfor PeR§RPMEF208Rd a
signal part of a single frequency; neans for generating a drive signal on
the basis of the signal supplied fromthe signal generating neans; a |aser
source neans; neans for deflecting |laser light fromthe | aser source neans
on the basis of the drive signal frgmthe drive signal generating neans;
and neans for cutting a disc substrate by radiating the laser light to the

di sc subst r S | l.ght .Jecting neans to form, on the
di sc substPgicgqseg%\?g%%:?%é%ﬁpgﬁa%{qaﬁ%tgﬁg‘fcﬁ"g&ﬁgswi es of predetermned units
each conposed of an FSK infornation bit part. .based .on a waveformresulted
from FSK ri§amsatar gensratinged Semesy ﬂfgpmdﬁtemneainagaal whitsggachs Wigar t
based on the waveform of the single frequency. Di sclosed herein is a disc
dri vesignal pasicresulicdgfrom F8Krmddalation dfiteformation bitamdthsignalf pareof a tsingle d
di sc-shaped recordi ng nmedium the apparatus including : a head neans for
radi aﬁé%gm}z:%ser light to a track to generate a return light signal; 5

r

Sept enb 05 9 neans for extracting a wobbling signal about wobbling of
the track from fop%enerating a drive signal on the basis of the signal supplied from the
- signal generating means;
a laser source means;

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

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

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

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




return light signal; and a wobbling information decodi ng neans for making
FSK denodul ation of the wobbling signal to decode information represented
by the information bit. Mre specifically, the wobbling 35 $griemben <5
decodi ng nmeans may include a clock reproduction unit to generate, by a
PLL, a wobble reproduction clock on the basis of a signal corresponding to
a single-frequency part of the wobbling signal, an FSK denodul ator to nmake
FSK denodul ati on of the wobbling signal corresponding to an FSK
information bit part of the wobbling9ignal to provide denodul ati on dat a,
and a decoder to decode required information conposed of the information

o R AP BBt ATV MBISR Yo g

denodul at i nhbé detecting a correl ati on between the wobbling signal and a
del ay™ & t from del ayi ng of the wobbling signal by a period of
the wobble reproduction clock. The FSK denodul ator may include al so a
frequency devehlinghindomaation tecodihe memK foemakingtFgk demetbilation of the nunber
of rising edges or falling edges of the wobbling signal, existent within

one p@bbblinglsidriag inabédde infRmetio iephesehtstkby the wdsenativh BigK denodul at or

I ncl udes the above correlation detection circuit and frequency detection
Germdul at | SRS aPe- meallR 1 SR BEHRGRE oL hicas 3y EARA B et
> e pct:lgc ergprzo%?l%tiég unit to generate, by a PLL, a wobble reproduction clock on the
basis of a signal corresponding to a single-frequency part of the wobbling signal, an
- FSK demodulator to make FSK demodulation of the wobbling signal corresponding to
an FSK information bit part of the wobbling signal to provide demodulation data, and a

decoder to decode required information composed of the information bit from the

demodulation data supplied from the FSK demodulator.

The FSK demodulator may include a correlation detection circuit to make

FSK demodulation by detecting a correlation between the wobbling signal and a
~ delay signal resulted from delaying of the wobbling signal by a period of the
wobble reproduction clock.
The FSK demodulator may include also a frequency detection circuit to make
FSK demodulation by detecting a number of rising edges or falling edges of the
Wbeling signal, existent within one period of the wobble reproduction clock.
In case the FSK demodulator includes the above correlation detection circuit
and frequency detection circuit, the decoder may decode the required information
using both the demodulation data demodulated by the correlation detection circuit and

that



denodul ated by the frequency detection circuit. Particularly, the decoder
may decode the required information froma | ogical product of the

denodul ated data from the correlation detection circui © 3arenbet200pom t he
frequency detection circuit when the PLL is being pulled in the clock
reproduction unit, and it decodes the required information froma | ogical
sum of the denodul ated data fromthe cornglation detection circuit and
that fromthe frequency detection circuit when the PLL is stable in the

gener at o o gardegiiyiiled py € AESSSRT dchRinh Wbt PRudR B AP AR £Mhcea on
the fact that it decodes sync inforpation as one of_ the reqéi red

i nf or n8esasis thesenuired mformation: fremsa lgied drpdastoidhe demashlated dgafony

provi de a PLL operation based solely on a part, corresponding to the single
f r equetiwycorodlatidrhdeteotidnl cinguit agh dlat fome tls fequkercyadetetionwitdugrwher thede a
spi ndl e servo neans for nmaking spindle servo control using the wobble

repr od}ggnﬁ gleiexfgf @11@&%**&@&10&9%@?@%% i#Nané QE%%o&éSO% $ nhous

witht production cloc I's to be used for encoding
data to e recorded. ,The ;wobbl | I, nf of i;on. decodar nma l so i,ncl ude an
VK de oDy oo logifal iy ek i teinadutaied gfacs, FoRk s, SieiShato Aty
corresponding to the FSK information bit _part of the_wobbli ng sjgnal to
gener atcéapd dhat from the Fequencyvdrteciiomsirertit wher de BliLatsestablee

nmodul ation signal in units of the 4-wave period of the frequency as the
si ngl eclocle aeprodyction yipvi de the nodul ation signal. 5 Septenmber 2005 | |

The decoder may include 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 may further include 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 may also include 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 ‘wobbl i ng met hod adopted in the present invention is such that a wobbl ed
track is fanned as a series of predetem ned units each including an FSK

information bit part and a single-frequency part basedScyeptenebaia@l8form of
a single frequency. That 1is, since the FSK (NI SK) is partial, the wobbling
is little influenced by any crosstal k. Also, since the |and such as the

| and prepits has no m ssing part, j)pere w |l not take .place any influence
of any land mi ssing-part on data to be recorded. Since no pits are forned

in the | and, ering,cagn be nmade with a singl.e bea urther, the

wobbl i ng Tﬂﬁﬂﬁﬁﬁﬁdﬂ“@&d@@ﬁ@ 18dhp pressit '&é[eﬁ%i‘\o-‘f F%Slgg‘.{ﬁa%@éo?b&#ect s and
other objects, features and advantages of the present invention wll
becotrackiy forapedas arseries ofiptddetdraiinohinigs eishdintlodupar FORtinderrgdtiathe  best
node for carrying out the present invention when taken in conjunction with

the bﬁ‘ﬁﬁ&%ﬂ%ﬂiﬁ@e eeq[wbﬁgys%ar@bh@d Regeridvefcti 6fa singldkapiongy. The |

expl ai hs an FM nodul ati on-based wobbling. FIG 2 explains formng of |and
prepits. Fl . nd i .
Phack: Sogtts EO% USE) ECPyrial, P MBI el i ERLESFOY Sy Bosspalk.
enbodi nent of the optical  disc_ accarding to.the resent i.nvention, having
a m&lﬂoeélf@ﬁdbvéﬁﬂdo‘i%cﬂstthérl%Pr%mfﬁdlﬁscﬂg mMEFsinG ag aferamwl l[S'é’ltéfH@ct ive view
of ‘the optical disc. FIG 5 explains a wobble unit on the optjcal disc
accopldeegny infldemcpoésentand iBapingrpret ogdae tobe 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 aplan view of a first embodiment of the optical disc according to the
present invention, having a wobbled groove formed thereon, and FIG. 4B is a partial
. perspective view of the optical disc.

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



invention. FIG_ 6 explains an FSK information bit part of wobbling of the
groove on the optical disc according to the present invention. FIG 7

expl ai ns an ECC bl ock on the optical disc according to theepienaben005
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. I0A and 1 0B explain an address structure on the optical disc
according to the present inventiold FIG | 1 is a block diagramof the
~cutting apparatus used for production of the optical disc according to the
presgrbnfiiyention. FIG 12 is a bl ock diagramof the disc drive according
to the present invention. FIG 13 is a block diagramof the wobbling

ci rul 1 e uedils BRTSK RfoihK6n bROGSRE OF AEbBlnd bE dar gt dunthent | on

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

t he dlqsai drive a cord%\na%to tthe resent invention. FIGS. 15A to 15G show
wav ePRHGE dIsscearding IOUCHRIESH PV which the correlation detection
circuit is actuated. FIG 16 is a bl ock di Fgram of nghe fr@guenc det ecti on
circuit i€k utesplamstae EGEH doek ionethgcambical AsCtasCOHUNEOsBRtPTEREnti on. 5
Sept enber 2005 13
mventiot.
FIG. 8 explains a RUB structure.

EIGS. 9A and 9B explain an address structure on the optical disc according to

the present invention.

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

to the present invention.

FIG. 11 is a block diagram of the cutting apparatus used for production of the
optical disc according to the present invention.

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

FIG. 13 is a block diagram of the wobbling circuit included in the disc drive
according to the present invention.

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

disc drive according fo 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 1n the

disc drive according to the present invention.




FIGS. 17A to 17E show waveforns indicating points of tinme at which the

frequency detection circuit is actuated. FIGS. 18A to 18F explain an MSK

stream of wobbl es on a second enbodi nent of the optical Sdbepteraerat®8bng to

the present invention. FIGS. I19A to 19C explain a bit structure by wobbl es

on the second enbodi nent of the optical disc according to the present

I nvention. FIGS. 20A and 20B explain an address block for the RUB on the

second enbodi nent of the opti cal H sc according to the present invention.

. FIGS. 2IAto 21C explain a sync signal part on the second egp di,nent of the
optical JFKES.atTAridi HIE showheayefesmatindwating ipernts midgmestaw éﬁ%zﬁé’ explain a

sync bit pattern on the second enbodi nent of the optical disc according to

t he ' | : nhedédand 23B explain a data part on the second
TR R o 2

enb e optical disc according to the present invention. FIGS.

24A10 2%&2@%&3*@3&:@)@@ Rimswéti‘%{rﬂo?ﬂrobeﬁs%ﬁ%%%@oﬁ&’@ﬁﬂfoﬂﬁﬂbn@f the

opti cal e present 1 nventron. 25 is a bl ock diagram
of the MSK denodul ator used for the.second enbodi nent of the optical disc

- accovthegptisal discmceawding foflie RrpsHit IRYQEEO6A and 26B expl ai n the MBK
denodul ation with the aid of wavefonns observed when the |l ength (L) of the
wobbl e def[€3S.ilom wi iexplaink bit strudtuedy wabblesen trseeqid ambordHaeHsK

denodul ation with the aid of waveforns 5 Septenber 2005 14

of the optical disc according to the present invention.

FIGS. 20A and 20B explain an address block for the RUB on the second

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

FIGS. 22A to 22E explain a sync bit paftem 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
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 27B explain the MSK demodulation with the aid of waveforms




observed when the length (L) of the wobble detection windowis L = 2. Best
Mode for Carrying Qut the Invention The present invention will be described
her ebel ow concerning its applications to an optical di §Sepierabgrd0Rg
apparatus for use in producing the optical disc, and a disc drive for
recordi ng and reproducing data to and fromthe optical disc. The

description of the present inventilgfn wll be given in the follow ng order:
First enbodinment: 1-1 Physical characteristics of the optical disc 1-2

Wbbl i ng nmethod 1-3 Cutting, apparatu 1-4 Di.sg dr.iye_,Second enbodi nent:
- 2-1 Méebvédhwheetholingth @l)ﬂ%ﬁfgﬁﬂ‘%t&ltl%aeteﬁppgtmgﬁf%‘gd?);’Entzz' 1-1 Physi cal
characteristics of the optical disc The physical characteristics of the

Optiﬁé‘ét Miode faccandimgOuottieliaventesent i nvention and a wobbl ed track forned
on the optical disc wll be described below. The optical disc according to

t he present - jnventi s ibed heebabagameenfingiitsepplightieds " DVR
(data angf]@? h%ggﬁé@gg%ﬂf%wwgr%%{?ﬁpﬁ e. elt adopts a %ovel wobbl i ng net hod

ded t%a;negpt];c%rl dg\é,Ré cgtt%egpz;[p%rfapa%s £ Rein producing the optical disc, and a disc

drive for recording and reproducing data to and from the optical disc.

The description of the present invention will be given in the following order:
First gmbediment: _
1-1  Physical chafacteristics of the optical disc
1-2  Wobbling method
[-3  Cutting apparatus
1-4  Disc drive
Second embodiment:
2-1  Wobbling method
2-2  Demodulation
First embodiment:

1-1  Physical characteristics of the optical disc

The physical characteristics of the optical disc according to the present
invention and a wobbled track formed on the optical disc will be described below:
The optical disc according to the present invention is included in the category

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

~ wobbling method dedicated for DVR.




Tabl'e I shows the typical paraneters of the first enbodinment o fthe opti cal
disc according to the present invention. Table | Laser wavel engt h405 nm
Nunerical aperture (NA)O.85 Disc di ameter120 mm Di sc t hiSckanasher20f

D anetrical position of information 44 to 117 nmmarea Track pitch0.30 p. m
Channel bit |engthO0.086 p.mData bit |ength0.13 [Lm Capacity for user

dat a22. 46 Goytes Average rate of uger data transfer35 Miits/sec Recording
nmet hodphase- change/ i n- groove recordi ng The first enbodi nent of the optical
di sc accordin : ' oPhe nboginksited thdeptdwdacchange
recordi ng 1%@11‘%Béﬂ?%gﬁ}egggr&gm%bﬁl\gﬁgltoﬁg}éeft%csfaThe di sc haé;@% di anet er of
120 nmm and a thickness .of 1.2 nm These di aneter and thickness of the

opt i ggconag g 57Ty IR present invention are similar to those of CD
(conpact disc) and DVD (digital versatile disc). Like the conventional
simlar tyjubde df discs, the first enbodi nent of the optical disc has

defined thereon a lead-in area, programarea and a |ead-out _grea, counted
from Laser wavelength A 405 nm

Numerical aperture (NA) 0.85

Disc diameter 120 mm

Disc thickness 1.2 mm

Diametrical position of information 44 to 117 mm

area

Track pitch 0.30 pm

Channel bit length 0.086 pm

Data bit fength 0.13 pm

Capacity for user data ' 22 46 Gbytes

Average rate of user data transfer 35 Mbits/sec

Recording method Phase-change/in-groove recording

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

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

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

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

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

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




S Septenber 2005 16 the inner circunference thereof The information area

I ncl udi ng these areas dianetrically covers an area ranging from44 mmto

117 nm The wavel ength of the laser light used for recopdiepenaber288% oduci ng
data is 405 wurn. According to the present invention, the laser light is a

so-called blue laser. To focus the laser light radiated to the optical

disc on the signal recording layer(of the optical disc, there is used an

obj ective |l ens having a nunerical aperture (NA) of 0.85. The track pitch of

the recording.track is 0,30 il It -

dat athg tlnﬂ‘éfngtfﬁuﬂf&e‘@.“% therepie glgl%i Elﬁorz hislghﬁﬁa%tagu{ccg%cgggf &eggr%rgﬁﬂg tGBit es
for rg_acord_l ng user data. User data can be transferred at an'averége rate of
35 Mdidiactripally secandn abea eanging ﬁ@m%@lﬂﬁotiﬂg §Mbove recordi ng met hod
Nanely, a groove is already forned as a recording track on the o ticai

di sc, ~ anddaiaveknbacef dedader ligheugsddov escording ordspiddugeng data 4
_ _ | 3349 the f
of a plan view, a Tirst enbodi nent of the optical disc according to the orm

prosent el on: . 0nkiifaln S thd BebPUERTL ekl PoRellesancto 100. In

t hi s™p ssed prts EP are prefornatted at the innennost

circunference side ang. a grogve GV j§.f .

crbodeaus thpiassr tian s OF el peranne Ll el I Btk O ey
is formed spirally fromthe inner circunference toward out &l

ci r cypfiesletisce thfre ishesedptn ehgecigvesdens having Rotirgenieal ABERHIG @\2‘5) PEQ-%dr oove GV
may be forrred_ concentrically as another enbodi nent- Whbbles of such a
groove GVTRERiaR PichRIPtAE edbordiip: esckeis.0.50 Gm Ahansekbis dongthtis O-Q% t i al

perspective view of an optical disc. The optical
pm, and the data bit length is 0.13 pm. The optical disc has a capacity 0f 22.46 Gbytes
for recording user data. User data can be transferred at an average raté of 35 Mbits
per second.
Data is recorded by the groove recording method. Namely, a groove is already
formed as a recording track ou 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 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




5 Septenber 2005 17 disc is indicated with a reference 1. As shown, the
optical disc | has a groove GV forned thereon. The lateral wall of the
groove GV are wobbl ed adaptively to address infornatiof ¥aptemeer20R8 t hat
I's, correspondingly to a signal generated based on an address or the |ike.
Aland L lies between two adj acent grooves GV. Data is recorded in the
groove GV as nentioned above. That ¥s, the groove GV serves as a recording
track. It should be noted that alternatively, data may be recorded on the

land L as a  recording track qr in OfHRON S 3 As khgobadGL. The
pr eseahsc isindigateshw, r‘?:ftsﬁe“ﬁﬁqod%‘? Efé{;@&i {s}% @5‘%@?%3 2 'm@’ggbl ing of the

~groove, which will be described in detajl |ate ri - | gr oove
wobblfggmeddrpton el e tateral wal ﬁﬁthegﬂ'ﬁéf"ﬁ&\é affywﬁékleﬁ&‘ﬁ{)g#{g\r% tgp d{éér%gad dress

or the like, the optical disc according to the {)resent i nvention is

sui t ghk sl & B 1id)ithk: ideosirespondinglydocapgon genprated basee ¢hat data is

witten or read to or fromthe optical disc 100 being rotated at a CLV

(constant |ineat, vekeGiiy); Wwholdideanoidoveb 60/ aPptd isdeodrdaddat a is
r ecor Bcﬁsﬁrﬂf?glllﬁq’oégéw&heﬁ'ﬁge@vg%ye, tzée nuzrgrtber of wobbl es of a groove for
one turn of track will . be |

rger -as,th r ediqut er
ci r cliniks grogwe 85V iasaneqfAnedAboyes ! a&‘%%@%ﬁ&ﬁ%ﬁ Rf)eg%Neﬁe{CBholwgt o wobbl e

the groove will be described: FIG 5 shows the structur f l e. unit
on't hegblt slbulditroncied thatagraasivel daps Weuie repyititi o edhn8 [15ELS; ¢

wobbl ed to define a series of the wobble units shown
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 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




Esﬁepafg?ﬁ;t2005b18 in FIG 5. As shown, each wobble unit is conposed of an
bart 1nol ud ion bit part and-a single-frequency part. The singl e-frequenc
A mggbﬁggyiﬁogbies gf a IWobbling frequency fw 5 Jeptembgre00ar ¢ thg

_ i xed cycle corresponding to the f " Thi
singl e-frequency part provides a series of requency fw L This

65 wobbl es of the f
| for exanple. It should be noted a h ' e frequency fw
. t the single- frequ

frequency fwl is also called "nnng?one mobbleg. On thg egfﬁerDEng OIhéhe |

FSK | nformation bit part includes.wobbles resul [

;Ag)l theﬁts(ggmisoihﬁgr?@eCM@m@%f wRLE 4 F@'EHPQH‘?& f’f 3’&%@&:%@%% e ct% tﬁteI Ogngf
requency fwl of the nonotone vvobb, '

Le ‘ \ . e a the.other is a

f qg@&gyﬁlng{é#%{@rmy hakt. t The smgm-ﬁmquvm%bpéﬂflﬂaﬁdéﬁei).y ‘i"ﬁg’glqsn%t fength of

he mation bit part corresponds to a | ength of six nonotone

“wobbl 1t i i 0 :
WO %E)M]‘I&tg oﬁ%‘l & qﬁ%bﬁgg emxff]({}:{)gg«?% ?gat th&reb g lie Wabbded me ya fixed ¢ede a period

of 6% FSK inf i i
e _ ormation bit part has a period of
si x nmonot one wobbl es_as aboqve, gnd it | - St S
S ngborrpin Hﬁ;ﬁréwﬁiﬁ- S sl B B S o

: , it is effective f i :
cr osg5akkblsiss wlthe &:qlioncie dwil dior &ﬁﬂg'rrﬁ’lﬁc rlyg? ucglt!ﬁli %di)‘}c%?‘i gﬁ?’totr?l%;/ﬁfe@%; g:lfjgf |t ng

that the single-frequency part is suffici
i . _ _ iently longer t Lt FS K
' n Og[gggpeéy Wobbldar the Fequeanty kis dlke calladf mwgcwewegg%ar Pﬁeﬁﬁ'& d

pr ef y “be nore than about 10 tunes longer in period than the FSK

| nfor g{ie%;%(g'ﬁp—lgffgg g&ﬂﬁﬁﬁfl&{ Bit E»ﬁncﬁﬁﬁuddsemﬁﬁﬁldsnf@nhndi GombifiSkeart is

set P
SI X nmonot bne wobbl es, the single- frequency part

shoul d be set to_h i
| DI et RonOfadl ugfr)l;geiv‘}or}ﬁﬁ'e@&ltQ?H?}Qt%ﬁ@i@s,Whﬁh-the

modulation of ADIP information, ma

one is the same as the frequency fwl of the monotone wobble and the other is a
frequency fw2 other than the mo notone-wobble frequency. The time length of the FSK
information bit part corresponds to 2 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

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 partis sufficiently longer than the FSK information
bitpart. For example, the single-frequency part should preferably be more than about
{0 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.




5 Septenber 2005 19 This does not neans that the single-frequency part

shoul d never be set to have a period of |ess than 59 nonot one wobbl es.
Practically, however, the period of the single- frequen&SepmbZ80Pd
properly be set with considerations given to requirenents such as
perm ssi bl e ranges of the crosstalk, PLL locking tine, etc. One FSK

I nformation bit part having a peri Xg of six nonotone wobbles represents
one information bit as ADI P data. shown in FIG 5, an address or the

like as ADIP data is represented by infagrpati | Maéh Petindts O to N
as t |'[Qu's&&éﬂmﬁmn&th%thﬂﬁlmglﬁaf??(&‘%ﬁgm&sg? é‘dg{é]’é’% 1?%%%396” ter lr?at ely wth

si ngl e-frequency parts. Because of the address sfructure t DI P data
whi Syl 5 bl wobbldst At howsecy the, e R JRetfi
nonot one vvohb le is 478 or 957 kHz, for exanple- On the other hand, the

ot her. frequenc : t Bew itBisonsidetations gives to TeQIHRERISHGRer t han
t he ffF%ﬁgﬂ%Qag\ﬁf‘&@mﬁSg{?ﬁ B?e. That is, the frequency fw2 is 717 or
1435.5 kHz- However,

- the val ue S eaHpneices fw and fw2 are not
i mi tasqaelrmlstsﬂéeaﬁtﬁﬁé-orféﬁ? F‘@ﬁ@‘iﬂ‘ﬁ&?e[éy&%(grlﬁéganbl e, the frequency fw2 may be
111.5 times higher than the frequency fw 1, Wy kh&obbRguenci es
fw 1 and foyg F8EUlnformatperbibparb&ay gsﬁd?f’r&)dr gf%?)?é{ﬁb[?ﬁtgp even and odd

Ve cone, AP ok SRS SRS e
fw a{gpac%ove, the period of six wobbl es of_ t he fre%{;engy fwl vgntblg

Cor SRCRE AR 05 iFraPLiRuebp e ohaitlemotl bl LR B Bis che
predetermned cycl . | f LIS, LESHLEFERLmb AT st Fkiuaopputat | on can
: Because of the address structure of the ADIP data which will be described in

detail tater, the frequency fwl of the ronotone wobble is 478 or 957 kHz, for

ulation is
example. On the other hand, the other frequency fw2 used for the FSK moduiation

1.5 times higher than the frequency fw1, for example. That is, the frequency fw2 is

717 or 1435.5 kHz However, the values of the frequencies fwl and fw2 are not

fimited to the above-mentioned ones. For example, the frequency fw2 rriay be /1.5
s fwl and fw?2 should

times higher than the frequency fwl. In addition, the frequencie

preferably be in such a relation that even and odd numbers of wobbles are made with

both the frequenciesina predetermined cycle. In case the frequency fw2 is 1.5 times

higher than the frequency fw] as above, the period of six wobbles of the frequency

fwl will correspond to that of nine wobbles of the frequency fw2, which meets the

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

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




5 Septenber 2005 20 the disc drive which will be described in detail

|l ater. The information bit represented by the FSK information bit part
conposed of the wobbles resulted fromthe FSK nodul ati &apternbrs 280p p
information, effected using the two different frequencies fw and fw2,

W |l be described belowwith reference to FIG 6. It should be noted that
in the follow ng description, the ofrequencies fw and fw2 are in a
relation of I : 1.5. In the FSK information bit part having the period of
si X nonot one wobbl es,. eri.od, of ot one wobbl es is taken as one
chantted disé trivamdviel B’ﬂ'éi’eic%%ﬂ@eq:gkd&}‘q@ﬁc)&gﬁat ion bit part (one ADIP unit),
t hree channel bits formtogether one infornation 10" hi K

modul at i ok $nfoadatisn bﬁmaprqsh@teﬂrté’qu@rfgg f%@?’ﬂ“ﬁg’f’% bc Eﬁ#e; mgylt}? e(gﬁi le the
frequency fw2 is a channel hit "1". That is, in the period of tv%gdrmnotone
1obD}ES woBbickIEsdIEARBRE the BSK. wlodulativnbo & theo AN IRetfomRANE WYY s 11017
\m”Ehetﬁlp e vvob% es of the frequency fw2 is "1'7. Sé;)hdd;tgrlee channel bits
in one, FSK i nfor i on hi S wift dserdesanbdsl bsloyvickits cl uster
sync uswgcHigaaysg At ,ntcfg%(iue?‘%iésa%pé%n?aw’l ", 77 GL Three channel bits
being LC1i " and "

| ", respectively, repr [RviebUSdsekipsions.then this
case refatereewmbbl@s 6of Lt H’boflﬁﬁgﬁe‘?ﬁﬁdf%t grfetﬁiéﬁ%ﬁl?ggdki n seﬁtes in a period
of six nonotone wobbl es, as shown in FL? 6. Three channel bits being "

1", " flequehéies Bwl and dsfleareimel iglatioatlekseh- a secondary sync. In this case,
Si X rmﬁotone wobbl es of the frequency fw2 are included in serjies_in a
Bbl

period of  faur pe@nRtRAMMRIBIL pact hanihgahe period of six monofone wobbies, 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 fwlisa channel bit “0” while

the frequency fw2 is a channel bit<1”. Thatis, in the period of two monotone wobbles

of the 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 gnd data “1”.

- Three channel bits being “1”, «1” and “1”, respectively, represent a cluster sync. In

this case, ninec wobbles of the frequency fw? 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




period of two nonotone wobbles,. follow ng the period of four nonotone

wobbl es, includes two wobbles of the frequency fw. Three channel bits
being "1". "0" and 5 Septenber 2005 21 "O0", respectivelSeptepbr¥Rb dat a
"0". In this case, a series of three wobbles of the frequency fw2 is

included in a period of two nonotone wobbl es, and a period of four

monot one wobbl es, follow ng the 2-w®Wdbbl e peri od I ncl udes four wobbl es of
the frequency fw 1. Three channel bits bei ng [ ", "0" and " é
respegdi elpectivelyt egmetertalaa “0T."In this tdses acsesies of thees webblessofothe: he
frequendy fw2 aré included in series in a first period of two nonotone

wobbl £2a e[r\xg%qgfr%lu&éf@ nﬂ?B?{?&‘Sfﬂﬁ?ﬁl&%toﬁ@kb%@@nﬁhﬁpelﬁmd of fmer i od,

i ncl equency fw 1, and a series of three wobbl es

of the frequenc i ncl in hela FQyp0 e
\/\Dbbl@@ﬂoﬁgleaﬁ@g@ esoffél ERE; %@?mbb 851? ?&d‘%ﬁ%’?& &%[ﬁe AD%%numt as

shown in FIG 5, represents one infornati o:rg b|t and such AD c‘]'[ﬁ
i nf or frequiemoy bivll s Three daninel laits heang OF i 0aarr ek's TesPeBHViRlyi RIS fats
informati on representing one address on the disc is of 98 bits, for

exanpi e Ihrthgsmage%ﬁaa wBLIBIOP thinfrequerant fved hie inaludedsn aeniobist 2dter oove are
gat: hered to formaddress information. This will further be described |ater

NN Aol voBREh Bhiod BF bbb iTioRE Wabblesafollawirgs die mul ti pl e

of wolstht Bel'Rg° 5 p etermned unit of wobbling corresponds to

the tinme |l ength of a data uni t g ack. The
dat a fiustpeidnd gnelhdes WE’QPF’E’& %%?‘é‘b%\%iﬁ@ 8@?%?8@{@%%1%%1@%13258 i ncl udes
an' i nteger nunber of addresses. In the follow ng, there be descri bed
A e Sloqaomeyafid? éemaluroshio tRUBSERArioRof A AGARINT BMSSRuD

As above, one FSK information bit part, that is, one ADIP unit as shown in FIG.
5, represents one information bit, and such ADIP information bits are gathered to form
- address information. Address information representing one address on the disc is of
98 bits, for example. In this case, 98 ADIP units partially laid as a wobbled groove are
: gathered to form address information. This will further be described later with
reference to FIGS. 9 and 10.

In this embodiment, an integral multiple of wobble units each being a
predetermined unit of wobbling corresponds to the time length of a data recording unit
to be recorded along a track. The data recording unit is called RUB (recording unit
block). One RUB includes an integer number of addresses. In the following, there
will be described examples of one address in one RUB and two addresses in one RUB,

respectively.

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




respectively. As above, the address is informati [ [

_ , tion included in th

_ggl E.s. Infcase one 5 Septenber 2005 22 address |Is included one R(LaJB%aADI i

ascolngnR(l)JB 9?nm€gts)leetun| tzdcorresponds to a section whérentembei2006ecor ded

b wo addresses are included in one RUB a section O

g&g V\gibblf units corresponds to a section where data is recorded as one

R be rs ,.dtge structure of an EQC (error correction code) block of data
recorded will be described with reference to FIG 7 for explanation |

9f RUB as a unjt of t to-be~re - b scti
o1 usddress i inckuded geet OBl e RO Sl A St on code- Lo

data to be recorded. As shown in FIG 7 h '
e whiors Gt ehogrdeckannsriBs 1o Fapehs addses e faclfilod 1y oFPRIIBEC 01 (195

the data). One ECC block is of 64 kbytes. For exanple, the, ECC bl ock

cons SL&idH of B9¢ HobBEE wiits dotreaposdotna sectiongvhere daga19'TeEg
28 m)nocfﬁone wobbl es of the frequency fWI (= 957 kHz) or 14 %ﬁ:}t%zggnds to

wobb of the frequency fWI (= 478 kHz). M i fi
_ ! _ = : re specificall
¢ OCh@“ ods T of data (wWith the frequency fw of 957 kHz)?/’orGgBEhannel

channel clock periods T of d W L h :
cor r esponHirsty tﬁ@ﬁ@“ﬁﬁﬁ%t‘@rﬁ? mkﬁngﬁF%)grgc%‘?ﬁt%ﬁg%g%%kerl?cf;’i?:‘té\v%.a %) channel

clock frequency of the data is 66.0 k whi ch

69 ofechrdedcwill ke Hascribedawith soferansedp d; | gh Corl eRRRYSsbhuRp 7 kHz X

69, Ofochfdeil o Tagintmih sslerre snkier or s BR RS Ps Bl 2T S an
of the to-be-recorded data.

One ECC block is also called “cluster”. It is one block formed by adding an
ervor correction code to data to be recorded. As shown in FIG. 7, the ECC block 1s
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 fwl (=957
kHz) or 14 monotone wobbles of the frequency fwl (=478 kHz). More specifically,
69 channel clock periods T of data (with the frequency fwl of 957 kHz), or 138
channel clock periods T of data (with the frequency fwl of 478 kHz), correspond to
one monotone wobble period of the frequency fwl. The channel clock frequency of
.t'he data is 66.033 kHz which correspénds 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

jch means that an encoded clock for data recording can easily

wobble frequency, wh

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




wobbl e frequency, which neans that an encoded clock for data recordi ng can
easily be generated froma wobble clock reproduced by the PLL froma

nmonot one wobbl e of 5 Septenber 2005 23 a wobbl ed groove.S eRiembe208p a
run-in and run-out to the ECC bl ock showmn in FIG 7 yields a RUB
(recording unit block) as shown in FIG 8. RUB is conposed of a guard GD
and preanble PrA as a run-in of 32T at the beginning of the ECC bl ock,
and a postanble PoA and guard GD"as a run-out of 1932T at the end of the
ECC bl ock, as shown in FIG 8. Therefore, the RUB is a block of 1932TX497
r owsa wobbtdd greowe.unit for data recording. One or two pieces of address

I nformation as ADI P information correspg t uch a .~ FJ: q an
exanpl e of d@iRenaddr essincand agpontitnghe gCgSFé‘OR@JBﬁRH‘H "‘o@&dg éjc‘ﬁﬁ% &d with
reference to FIGS. 9A and 9B and Table 2. In case one_ addre cof responds

L0 RPHReorilfh (diPOIdERFs St RIFIE. RiBtnoemposssl f 3 guardGignd The

per corresponds to 138T. In this case, since ogg recordi ng
frame of 1932T of RUB : | 0fbl1d 6k vupiold pestarahie RUB wi | |
cor rprepaye P asa%ﬁ“&fﬁgf%ﬁ%&%‘gﬁ?éﬁ%@ggmnﬁgtone wobbl e%mas shown in
FIG 9A. In case one address rresponds ,t yaal In ods of
6958p sAneidonardéidheg us-quh I@@rl%g‘gt[eoﬂgtﬂﬁﬁﬂfi é’gsf R? E]S?g;mgf%ca[f. Sh!1(§)iwﬁ§e an
‘address is formed froma block of 98 bits as above, ,98 V\obﬁlé%rggats Wil |
be '?{’G’ § N'TReRE6c0 theok UBDEG bimkiafnk) 3ddPd S0%s, Bhisthis 4 Up < ne

wobbl e unit will have a length corresponding to a period of 71 E)notone

wobbl es. ,-Thag. i BN th fo Enationgas d Binformaspn cafes on bit
par CreRRBUBEOnt Byt SRR RIrbey

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 Tabie 2. In case one address

corresponds to one RUB, the frequency fwl of the monotone wobble is 478 kHz. The

period of one wobble corresponds to 138T. In this case, since one recording frame of

1932T of RUB corresponds to a period of 14 wobbles, one RUB 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 6958 monotone wobbles is taken

as one address (ADIP) block.
Since an address is formed from a block of 98 bits as above, 98 wobble units

will be laid in a period of 6958 monotone wobbles as shown in FIG. 9B. One wobble

~ unit will have a length corresponding to a period of 71 monotone wobbles. That ts,

one wobble unit is composed of an FSK information bit part whose period is of six

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

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




nonot one wobbl es included in an ADIP unit, and 65 nonot one wobbl es. One

- information bit as shown in FIG 6 is taken fromeach of 98 ADI P units to 5
© Sept enber 2005 24 form address information of 98 bits. oTPRPIENP 3088| uded
in the address information are as shown in Table 2: Table 2 Total 98

bi t sDescription Primary syncl bitC uster sync Auxiliary bits9 bits Custer
address24 bits (3 bytes) Auxiliary2#ata40 bits (5 bytes) ECC24 bits (3
bytes) The top one bit is sync information. It corresponds to_a cluster
sync forhaddrst inforhition af @8 ditsi Thabytsiinéladediri the dddress ifamfaiath@e 24 bits

(3 bytes) define a value of

are ggéhbmrlx 'Bicpﬁ mation bits.

ress I n OI’I’TB.'[IOI’]

t he

5 Tabre Jablag

cl uster

addr ess.

Auxiliary hits9 hits
Total 98 bits Description
Primary sync l bt Cluster sync
Auxihiary bits 9 bits
Cluster address 24 bits (3 bytes)
Auxiliary data 40 bits (5 bytes)
ECC 24 bits (3 bytes)

The next 40 bits (5 bytes)

The last 24 bits (3 bytes) forman ECC for
In case two addresses are included in one RUB,
tion of 98 bits is conposed as shown in FIG 10 and Tabl e

| 98 bitsDescription Primary syncl bit'/x cluster

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

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

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

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

Table 3
Total 98 bits Description
Primary sync 1 bit . Y4 cluster sync
Auxiliary bits 9 bits |
V2 cluster address 24 bits (3 bytes) 2 addresses per cluster
Auxiliary data 40 bits (5 bytes)




"/z cluster address24 bits (3 bytes)2 addresses per cluster Auxiliary
data40 bits (5 bytes) 5 Septenber 2005 25 .ECC 24 bits (3 bytes) In the
above case, the frequency fw | of the nmonotone wobbl e i & 3ePteRPer 2085

peri od of one wobble corresponds to 69T. In this case, since one recording
frame 1932T of RUB corresponds to a period of 28 wobbles, one RUB wi ||
correspond to a period of 13916 (3528 x 497) nonotone wobbles as shown in
FIG | OA In case two addresses are included in one RUB, a period of 6958
monot one pwobbtes—bernmg g at f eriod of Jone RUB, IS Oné address (ADIP)

bl ock. SipE€Can address i|S4ibis fedytey)om a |98-bit block in thjs case as
wel |, 98 wobbtre units Wil be rnclTudéd 1n a period of 6958 nonotone

"wobbl es, being a half period of one RUB. One wobble unit corresponds to

the length of a period of 71 nonotone wobbles, as shown in FIG 1011
Therefore n ESK infor ion bit, part,having a petiod. i gt one
wobbl es, Bet b&’r‘{eR@ﬁ“Pt]{EhFﬁluw fs@ ‘?#fhﬁt"&?&‘%%%&obbﬁ‘f 'égr%%%t E‘F one
wobble unit as shown in FIGS. 9A and 9B. One information bit is taken from
each pefiod ®f AnkcRvabblescarresponds &xl6PEssln ihis oaseasingn afe wgonling frame bit s

i ncluded in the address information are as shown in FIG 10. The top one

bi t {533y BERUNE LoAREGHUSs thla RRIISHIE Wobblesaosd RUB Wil yosrebpondito hal f
cluster. The next 9 bits are auxiliary information bits. The further 24

Dl L phiod BY 19916 /21810 49%) AGARRS WELYEs 8 shiFniAFICE DAL Th cadhRugext 40

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. [0B.

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

One information bit is taken from each of 98 ADIP units to form address
information of 98 bits. The bits included in the address information are as shown in
FIG. 10. The top one bit is sync information. It corresponds toa 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.




auxiliary information bits. The | ast 24 bi
_ _ . its (3 bytes) forman E
?ﬂgress information. 5 Septenber 2005 26 The mn%bli%g net hod agg Igé }Ee
mobbP{ﬁ;egétLg;entI?E has been described in the above. IFo®tieBEer2G0te

_ in e present invention is featured f :
wobbling of a track, a predeterm ned It i or Croman B
wobt _ _ , wobbl e unit is forned
hg;a{g?plon ?lt.part correspondi ng 40 a waveformresulted fIgﬁFLgE e

ion o information bit and a single-frequency part corresponding to

t he waveform of a_singl f requenc '

_ . _ Yt w ififoD G|
ﬁg\r/\it |n SuggtsEgTa‘mbéléi ! gé?? ﬂdi\g?ic’]tgg.mfh%\tpr?sgwl@ﬁgﬁ Kgglr??gﬂ#gg%?éﬁé(gﬂ par t

nformation bit enbedded therei . ' '
Eg:)tjl e ﬁt_;ot%k (rgetfoste Yhe mbtjagtm@thownsthéﬁgésré&w“l!‘lﬁé‘t s ?%#%‘?e%ng%%nogi?
permts to considerably reduce the adverse effect of
( ( _ crosstal k
\3/223 ﬂﬁ}“ﬁ:agk pitch is narrow. Two different frequencies fwl a(rrj\ld f%egre
€ FSK nodulation to form the FSK i nfonnation bit part; The

frequency %y@wbébﬁgg ofi%ggascﬁﬁzﬁgﬁegdrefﬁgrﬁ‘iI%HWOHbﬂc thie is fornmddofrenveBISE.  and t he

frequen
q cy han the frequency fw 1l for exanple as

nmentioned above, Thus, these. fr ' i
e oo, iawroronmparns 5 SoshERT s AT AR AOIAtet

DIt otfomeatich bisthila shule bt avbnencpomsramsdioibe e BRI ANEET! | °;
information bit. The period of‘the FSK information bit part . bt as
frequency fwl and such wobble units are continuously connected in series. That s,
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 differeat frequencies fw1 and fw2 are used in the FSK modulation to form
the FSK information bit part. The frequency fwl is the same as the fréqucncy of the
monotone wobble, and the frequency fw2 is 1.5 times higher than the frequency fwl
for example as mentioned above. Thus, these frequencies fw1 and fw2 are insucha -
celation that each of them has an even number of wobbles and an odd number of
wobbles alternately in a predetermined cycle.

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

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

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




corresponds to the period of six wobbles, nanely, to a period corresponding
to an integral multiple of the nonotone wobbl e peri od. dﬁsse L res
contribute to an 5 Septenber 2005 27 easier FSK nodul at i%omeP¥MH ?ﬁ%’Qobble
unit, the period length of the single-firequency part is nore than about
10 tinmes |longer than that of the FSK information bit part. Thus, the
sufficiently Ilong period of the siigle-frequency part in relation to that
of the FSK information bit part can Facilitate the reduction of adverse
effe%aingngﬁﬁﬁﬁﬂgﬁonln a relation between the wobbling and recorded data,
the iRt egra Nhltlple O the predetermi ned units corresponds to a tine

length of JP & W kB Lfm gﬁf@&’;&@[éﬂ@ﬁ of tfe dagle-frayuracy padridedowsrihane track.

An i ntegr sses ne or two, as ADIP information wll be
-included in one RUB-, Th a hi gloneReiehtie wobbl ed
gr oowaborht0 times | @Qg%éhﬁf‘b‘g‘é!;ﬂ tth H'gjoapgt lgblg%lg ::[frvllgrsm cI ock frequency
of the data to be recorded to the track is a11 nh gﬁ% rﬁm erRf t he

si nglignd pedod ot vhd sihgleffreduenny pattongetptionfe ¢ &Fﬁ’&é C RS ock for the
data recording can easily be generated by d|V|d|ng t he. wobble clock

igenerPa{_te Ig@%gﬂﬂﬁ;th%?@dd&ﬂéﬂ'dﬂb@iveﬁi&e%&@ﬁemtﬁmI of the nonotone wobbl e

or exanple as above. This frequency is of a frequency

_band bet en t f Sbasta( heantck@akinjtigtasfr ead
si gnal a&éﬁ&?l%ﬁg‘%%égg%ﬁg?‘%hﬁﬁgwwm. Thlag feafiggrrle rr%aklgs it

SRR R G S S T
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 groovel and data to be recorded in the groove.
The channet clock frequency of the data to be recorded to the track is an
integral multiple of the single frequency fw] of the monotone groove. Thus, an
encode clock for the data recording can easily be generated by dividing the wobble
clock generated based on the wobbling.

The frequency fwl of the monotone wobble is 478 or 957 kHz for example as
above. This frequency is of a frequency band between the tracking servo frequency
band (near 10 kHz) and read signal frequency band (several or more MHz). This
feature makes it possible to separate and extract ADIP information represented by

| wobbles without any interference between the servo signal and read signal.

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

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




The -af orenmenti oned FSK nodul ation is an MSK (m ni mrum shift keying) as one
of the FSK nodul ation techniques. In the FSK inodul at.iqgn, a npdul ation

index His 5 Septenber 2005 28 defined and two frequené%%ot?mb%{rﬁﬁ’oﬁ are
used. The nodulation index is H=1f I - f2j/fb where fb is a transm ssion
rate of a signal to be nodul ated. The nodulation index is normally 0.5 <
H < 1.0. An FSK whose nodul ation iB8ex His 0.5 is called "MK"' According
to the present invention, the two different frequencies fw and fw2 are

cont ifa¢oua ahl tREAESqNcleseACndThere wed! Fhepabdulationsnidéx i Homlidne to the
other in the FSK information bit part. Thus, the FSK information bit part

W O TG A 4 (ARl BRRRCY £ AERANE b Aoddlaldle ThEMGAdatiyn he PSK

1-3 I'ng appar atus used for producing the

di havi bbl ed t K h i1l b ' i d
O el R L T3 ARESE R 5y Bp-RIERL oS el S50

a replicating process. The nastering process covers the steps of production
down “pMOKEonpl eti on of a stanper for use in the replication process, and
the replication process coves the steps of productions in which the

st anper ia)cea&ﬁn,%gmsemﬁﬁwﬁw@m&h&m@m fibqpences fiHeandfhvZ ca of the

st anper. re specitically, in the nmastering process, a polished gl ass

substrate is applied .k h . r.es : ; j @leriie exposed
o aorcesnigulith pBfss Wit b T boint SERICKOAT She B hau s 8 Ol s

‘th -call " i ) ) ) ) )
: \e ?k?e ‘(E:‘EK i?r?'orrr(l:alﬁotnl l;]l? p%ll‘t. 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 conssts 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 layer (this 1s 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,




In this enbodi ment, pits are cut in a portion of the photo resist |ayer,
corresponding-to the enbossed area at the innernost circunference side of
the disc, 5 September 2005 29 and a wobbl ed groove is dueeRtamMBe®i0di on
corresponding to the groove area. Dare for the pits in the enbossed area is
prepared in a process called, "premastering”". After conpletion of the
cutting, the photo resist |ayer is28ubjected to 'Predeterm ned processes
such as devel opnent, and information is transcribed to the netallic

surfac 32%9@%@%@6%&&9 i_ti ﬁ @oﬂm&eéﬁbnﬁﬁfﬂoﬁh&g@ﬁ@% ar@cessary to

repli stanper 1's used to transcribe information to

the resin substrate by the, injectiqgn proce a fansd a
refl ecti ndaraylsf %ﬁ P ‘?e@?ne‘bﬁ%ﬁeaa?%a %ngﬁ’:fd?géld qgl ?nlo |%Zula(@%l)lct\e%)kr oduct is
fini shed by making processes such as shaping of the substrate into a

desi regerdasteringRef erring now to FIG 11, the cutting apparatus according to
the present inventionis illustrated in the formof a block di agram As

shown, the gt Ebﬁ?[@ﬁﬂﬁl’(ﬁtﬂfé chittiglglicths plvotoptésrsil laypst smsulgierted Wi ch a
| aser beamis radiated to a glass substrate 71 having a photo resist |ayer

f or %q_s&géﬁgggbg?é@%%es&&g%q{g% Iog,ﬁgei?& A Y RiforcRatii ketrsistirided t8@heéo rotate

t he S Processor 60 to convert input data

into data to _be recqrded. and cantrol the,opt] [
syst enetalic suréacepby APCEQIOFBIAE &0 RETTH st%%g{sigér Sﬁ%ﬁ??ﬁ@g"%ﬁﬁ’cﬁéz \s/ean

He-Cd | aser for exanple, an acousto-optical type optical nodul ator 73
( AOVjeplicatthie! dite (on/ of f)

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. Asshown, the cutting apparatus
includes an optical system 70 in which a laser beam is radiated to a glass substrate 71
having a photo resistliayer formed thereon to cut the photo resist layer, a drive system
80 to rotate the glass substrate 71, and a signal processor 60 to convert input data into
data to be recorded and control the optical system 70 and drive system 80.

The optical system 70 includes a faser 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




the | aser beam coining fromthe | aser source 72 based on the data to be
recorded, an acousto-optical type optical deflector (AQD) 74 to defl ect
the | aser beam com ng fromb5 Septenber 2005 30 the | aserSYUemee 295pased
on a wobbling signal, a prism75 to bend the optical axis of a nodul ated

| aser beam fromthe optical deflector 74, and an objective lens 76 to
converge the nodul ated | aser beam r®fl ected at the prism 75 and radi ate the
converged | aser beamto the photo resist surface on the glass substrate 7

1. The drive syst i - QI aSkisu® 75 @b bead tieoplicd sixeudlst r at e
71, aﬁ‘f’gﬂ?e%ﬁu‘&? ?&%&%P@C‘{aﬁg@%‘%% f’gﬁitljet ection of the rotation speed
of the notor 8 i, sl i.di ng not or_,8 ' iveUbss 7@t & 71

r adi af Ilmdui@tﬁédﬂﬁeri?ﬁﬁ“af@g} ‘8%%"110%%%0%]8‘5@% gtd';%nn? tr)j(:)}:lﬁ;§ the rotation speed
of the nmotor 81 and sliding notor 83, trackjn f th,.qbject] s 76,

et c_ dhevespeihemadudaieddaner beamm n@ﬂm@iaﬁhﬁﬁfﬁﬁgﬁo EHH; r@flfagﬁjftfe %gfl\(/t%gée?{c:r m i nput
data by adding an error correction code or the like to source data froma

compuiel . H& ﬁ-ﬁ!%(ﬁo raslst surfaegiosathe gbassanibetmateiflcuit 62 to formdata to
be reagéld%%[%g?rrak ng a predeterm ned processing of the input data from

the formatting.circuit £l LBl 8 1 G REESRE ghls slibstritoAlude§Ga dat a
gener at or JBE?SB&?QY#%‘F‘/@F‘F@Q%&Wk§}@64 and agsﬁ?gn converter 66 to

generate a wobbling signal .fo bbl i a. E9Rdlor Pracessor 60
furth8? ta g@glmatfegng{:(& ipudsg; for G{f?tét,\cgmé‘e?ggf(‘ b(%éﬁglrigjﬁ%&-g’?gtﬁal from the | ogi cal
operation circuit 62 and that fromthe sign converter, 66 and it as
one  gpiihj Rnus83 tgslide thegtasa substuase il rr@dqaﬂlyégefpe{:,dlﬂd\i’ese[fﬁ% "8@&?’@%{

nodul ator 73 and optical deflector 74 on the basis of the signal fromthe

Synt hgsi$ .GikSitink rBBtioRkpeb@bf thdmosorghhnd 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 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
i)roécssor 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




processor 60 includes a clock generator 91 to supply a master clock MCK to
the |ogical operation circuit 62 etc., and a systemcontroller 67 to
control the servo 5 Septenber 2005 3t controller 84, d&3erember208p 63,
etc. on the basis of the master clock MK supplied fromthe clock
generator 91. The master clock MCK supplied fromthe clock generator 91 is
divided by Nin a frequency divideryi92 to provide a bit clock "bit Ck".

The bit clock "bit .Ck" is divided by eight in a frequency divider 93 to

provi de a_ by cl ock " byt Y ont Ghe skastdndlecEKICKssuppbptli ed to a
ci rcmotﬂtfﬂ'/]&fgﬁi Qﬂélgﬁn?rﬁp%s@”rggcqtﬂnr@%.%?nﬁggtti ng the photo resist |ayer

on the glass substrate 71, t servo ont r, r iy R
apparfasms thec clocki gaperasos 34. p&Z@eH}aSF"ﬁv@ﬂ{;\f Mt‘gﬁfl Eéﬁ%&]tgﬁ@% ﬂﬁ glrd&81 to
rotate the glass substrate 71 at a constant |inear vell}nc't ‘%riltd?ghe sl i ding
ot o ke 9| fefvided byt & papeney dibn' o9t telggl HECK Kk 1o be
for wWwth a predetermned track pitch. At the dsa%time,ﬁhe out goi ng

| aser, be r om, t-heg + : ohRid 5 fRasewsy dividart®3 wprovide 2bYE! at or 73
and oT)lfef 6‘@}0{%& Ibtét(r:]@ér @%wﬁgtﬁfﬁgﬁw |1 ftgg rrlgg(ul ated based on thehdata to
be recorded, and the |ase t ) | Sirkdflspdtesh whenmit tse

obj ecdoele lP)éﬁd‘gﬁtﬁl? l%yﬁ‘éciﬂ‘fg?‘@%%g@tgggﬁélg%:@%odn&{%g gfdass substrate 71 _
Thus, the photo resist is exposed based on the data and groove For cutting
t he ageéd area at the innernost circunference side of the disc, the

i nput data having the error correction code or the |like gggﬁf t hereto by
~the for rrﬁﬁ/lhgﬁq;&ﬁﬁglthé ghbto masist Jayethondde aglass BubstEts %3YHE enmbossed
area; such as '

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 fora spiral track to be formed with a

ﬁredetermined track pitch.

At the same time, the outgoing laser beam from the laser source 72 is passed to

the optical modulator 73 and optical deflector 74 where it will be modulated based on

the data to be recorded, and the laser beam thus modulated is radiated from the

objective lens 76 to the photo resist surface on the glass substrate 71. Thus, the photo

resist is exposed based on the data and groove.
For cutting the embossed area at the innermost circumference side of the disc,

the input data having the error correction code or the like added thereto by the

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

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

to be recorded.




control data, is supplied to the |ogical operation circuit 62 where it is
formed as.data to be recorded. 5 Septenber 2005 32 At the tuning of
cutting the enbossed area, the data to be recorded is sFpRRteMbe?U0Re drive
circuit 68 via the synthesis circuit 65. The drive circuit 68 controls the
optical nodulator 73 to on-state at a time when bits are to be forned, and
to off-state at a tinme when no biis are to be fonned, according to the
data to be recorded. Wth the above operations, an exposed, portto

correspondi ng t.o.an o b oksed REaRHe data tobegleagedosis SUPRYEC 71, At a
tinme of cé\ttﬂil%Bmt‘%og?" V%%g?g{él?m% gfsystem control l er 67 controls the

sequential outputting of data, supplie r RE datRuitecaitosis6Be and

cor r g5 glea drivg circuittfevig ghe FWtBPﬁ‘ngrSHﬂbélfsf c};[;Iglért and si nge- f requency part.
For exanple, the data generator 63 generate ] 1 @daiffstdle on the
basi g 8taf A8dGMict T tocin-Statet & agrmewdien t%pﬁggeﬁ??gg’pag‘rﬁi ing to the single
frequgncy. Al'so, for a period correspondi ng I;)(} égeé)gsrgsé%g;nation bi t
part, the data o $3 foaned adceordiagds g qalgde ondingly to
each 3bf R Wthﬁﬁiq}%;ﬁkgérr?ﬁ ?lg toget her the aforenentioned address block. That

Is to say, the data generator DnoRs bndliingtdat[né@lﬁ'é@ﬁ’sﬁgpondi ng
to a cl ust‘féﬁhébm%?o@eqfﬁﬁ%téQV’ég%é,gsghg{gé" o" and gata "I" at a time _

- corresponding to each FSK peri (zd. O course, the data generator 63
gener;ﬁﬁi@stbhhedahdh@gblaﬁau‘l’%"at%;]-" 1" in such a predeternined order that

data collected fromthe ADIP units will forma cluster ®SEk thal ue and
addi ti onal zd phmieTef caftingTthe gaoae guebLher Y8R ﬁ8“h‘é’?l§? 632%@‘? ator 63 is
formed into a serial data streamcorresponding to the hit cl ockdi"ngi t Ck"

sequential outputting of data supplied from the data generator 63 and correspoik

U

to the FSK information bit part and singe-frequency part. For example, the data

2 (13 3 f
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, fora period corresponding to

the FSK information bit part, the data generator 63 generates necessary data

correspondingly to each of ADIP units forming together the aforementioned address

block. That is to say, the data generator 63 generates channe[ bit data corresponding

(Fath] (19 Bk = 'n t()
to a cluster sync, secondary sync, data “0” and data “1” at a tune corresponding

each FSK period. Of course, the data generator 63 generates the above data “0” or “1

in such a predetermined order that data collected from the ADIP units will form a

i 1 data
cluster address value and additional information. The data outpul from the

.. . ol s t Ck‘n
generator 63 is formed into a serial data stream corresponding to the bit clock “br

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

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




in the parallel/serial converter 64, and supplied to the sign converter 66.
The sign converter 66 uses the so-called table | ookup process tq select a
sine wave of a 5 Septenber 2005 33 predeterm ned frequeﬁ&FQQW?%éﬁgﬁdingly
~to the data Supplied, and outputs it. Therefore, for a period
corresponding to the single frequency, the sign converter 66 w |

conti nuously output sine waves of g$he frequency fw. Also, for a period
corresponding to the FSK information bit part, the sign converter 66 wll

out put either wavef orm of thg- ey dhve sapphedinendfoutpetst tiequenci es
fut predatepniged wpncync%rgpogag{%lfggpg%i ngl y Pg the content represented

by the FSK information bit part,  nanel n : & 66ync, '
secor‘[tlﬁrtyfose/,rfbcapatlad'wﬂesﬁ@@élﬂétt‘ét'e?méle’rﬁ'éé{%%hg% %Qﬁlc?gﬂiéﬁt 65 supplies
the drive circuit 68 with a signal output from_the jglitggnfcogver i&g 66, that
S, Qifl Q&ﬂlinlﬁfustyhﬁugjtmgdiﬁe fwagseol yhe fregperek-fvdul AF8d OSAgREISf t he
frequencies fwl. and fw2, as a wobbling signal. The drive circuit 6 8 wll

control the optjcal (i DaqNthetsigreconvented 66 will quepuh AthSF oove.
Al so,cofrﬁép‘(‘fﬂcﬁ@%to cFrF(?gélthfg%ﬁé\ﬁulﬁl%ld??ve t h?‘ﬁ%t i cal deflector 74

correspondi ngly to.the wobhling, _si HH‘Z‘ L8 flvaseid fehm sisownbbl ed,
nanelaywayefpoR ot die @'ﬁﬁﬁg‘é(a’ggi Qparoé%\r}g{tpes" Wobbl ed. Wth the aforenentioned

operations, an exposed portion correspondi , ; vey i s formed
on tfil@F@Gaéso&@xm@@ymtl&%ﬁ’éﬁtﬁﬁp‘feée%teflg’g’r;&'g .%ﬁggﬁ%?ebﬁ e gl ass

substrate 71 is subjected to devel opnent, el ectroformng,.,gtc. to produce a

starrglg[nel agl}\gdd&%ﬁhamed@msmtmdammcdﬂaﬁ@ at ntioned discs. 1-4
Disc drive Next, there will be described the disc drive according to the.
present 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 modulater 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 cofresponding to wobbled

groove is formed on the glass substrate 71 according to a format. Thereafter, the glass

substrate 71 is subjected to development, electroforming, etc. to produce a stamper,
and the stamper is used to produce the aforementioned discs.
1-4  Disc drive
Next, there will be described the disc drive according to thé_ present

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

recorded in the optical disc.




I nvention to record data to the aforenentioned optical disc and reproduce
data recorded in the optical disc. 5 Septenber 2005 34 Referring nowto
FIG 12, the disc drive according to the present inventiforeRtemeenddfhtically
illustrated in the formof a block diagram The disc drive is generally
Indicated wwth a reference 30. An optical disc 100, constructed as

expl ai ned above, is used as a recggding nediumw th the disc drive 30. For
recording or reproducing data to or fromthe optical disc 100, the optical
disc 100 is.set on a,t t pbl : : Vo ah& presdheinvenbpongs at a
const ant Refasng 1oy EPCF[@ ?%f@? aisiqg%‘geﬁ%(%brggggrdi ngpar ea on the opti cal

disc 100 being rotated is canngd a.l a i : : ddeqaatt@an opti cal
pi ckumématdx:allgaﬂupﬁwtedaﬂéh%vi?rf‘f Eﬁatbi‘y%‘( d'f‘%%‘?‘lr% :‘Tl g?%%fe%@ﬁ&% %ggopt i c%l di sc
100 and ADIP information enbedded as wobbl es of t%e ”al%k'edTQl?oxm ts

~ recorgeda@g widli a referédue 30.adk dpicabdisesl 04, REBHIEECYALBIR I So-" ¢al | ed
phase-change pits, and pits forned in the inner circunference-side enbossed

area.are so-call sefwhhithe deelrdri 3&al pickup | has disposed therein
a | adeps ft‘)saae%fog(gngmg(ger source, a photodetector 5 to detect a return

lirght fromthe optical disg 100 ] It4& opfibsl dsc 100 cidreveptgealand f ocus
t he | aser For gggor gt‘?{erer)‘i’cf%élfg g?tggo%g(;, and an optical system (not shown)

to radiate the laser light _to, the rgcordingyl f et i tdateadi sc 100
t hr ot 100ha &Ebjoaciﬁumtag&hg aEdéﬂ‘@tﬁﬁﬁlﬂ@ SQ“?%? r(ﬁbggrﬁg(?@nt of the |aser
light fromthe recording |ayer to the photodejector,.S -Furth t:he opti cal
pi ckyRidcit T@VFF%%%@lmnbtdimg agea d@ttg@t(mtw?éﬁ'csﬁ (90 %'Pgamﬁ%ﬂ;efi 1cg)f out put
l'i ght 4ro he | aser diode 4. The | aser diode 4

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 laser light to the recording layer of the optical disc 100 through

the objective lens 2 and guide areturn 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 Wavclength. The pumerical aperture (NA)

of the optical disc is 0.85.




emts a so-called blue | aser of 405. nmin wavel ength. The nuneri cal
aperture (NA) of the optical disc is 0..85. 5 Septenber 2005 35 The
objective lens 2 is supported by a.biaxial nechani sm 3 foveHeNben2096t h

tracking and focusing directions. The optical pick-up | is entirely novable
by a sled nechanism8 radially of the optical disc 100, The | aser diode 4
provided in the optical pickup | igsdriven by a drive signal froma |aser

driver 18 to enit the laser light. Information carried by the return |ight

fromthe i dfbcile fnd 90s! Sipbted bt biaxidl heddanisadtrmovablysndiethe it i's

converted i ) ricCa I gnal “corresponding to the Ilight intensity
of the detected |ight and supplied to a matrix circuit 9 including a
cur r drackiag A cEsRGHEGCHRNS rcuit, matrix cal cul ationl anplification

circuit, etc. to generate necessary signals b triXocal i of
current outlpusicat pivkap ! iseatirely masrabjsex & S%éd%?ﬁ@ﬁ@én & ngaﬁ&f‘&tjttﬁg
phot odet ector 5. The necessary signal s include a high frequency signal

(read L.gpgl ) corresponding to read data, a focus error signal FE and
'trackqugragfriﬁggosi gnal TE for use to make servo control, etc. Further, the

necessary ., signal s i,ngl ude: bliklkgh $ii@daken beredsiye aignalh- pul |

si gnal P/ ﬂlﬁ‘sﬁéers laﬁﬁﬁ Qrg’?“%ggpg@?iggﬁ@oﬁ V\lggbbbl es of a groove. The read data
signal output fromthe matrix cirguit 9 is supplied to a binarization

ci rcLﬁrd)mm{zlsﬂdtrwl’elrsr@re@'ité%lasﬁ"&ﬁ%b{d tracking error signal TE are supplied

to a servo circuit (servo processor) 14, and push-pul j i s
suppl i ed tiaf@nfaBién cartied by the return light from T optical dise foc>s UdpdceEd By

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

The read data signal output from the matrix circuit 9 is supplied to a

binarization circuit 11, focus error signal FE and tracking error signal TE are supplied

to a servo circuit (servo processor) 14, and push-pull signal P/P is supplied to a FSK

demodulator 24.

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




denodul ator 24. The ' -
. £a- push-pul | signal P/P a - :
i : S a groove wo
cih(racgﬁrlsxsfl rcuit 9 5 Septenber 2005 36 is pgocessed ibgl :an\?\oglblginal from
cireuit dgCOgreT}cggposed of the FSK denpdul ator 24, and %S%gﬁb@r&ﬂﬂo 25
oul | signal PP ey Specifically, an address is extracted from the ush(-’jmd
Ps supplied to of herar\é\?g\?;ﬁtcl;?fléwmt usted to decode the ADIP .inf olrorration
" . . | systems. The wobbl i i rcui

|| be described in detail later. The read data signal :‘Pgmcltirfgl ';mts?/is;em

circuit 9 is hinarized in the binar.l ' | '
" ] , t '
o Lrovsnheauiae Ao G cpAEib g of g ESK enddidmnc Bhenadupp) | o0

and as an encoder during dat i ti i
encogay e Pa 23 sndmibssdpssik 265 PG, F0AdRTesH T Prchited from
I on, e-interleaving, etc. to i ode, error
t he / ' , provide read data.,For_ r d
F0E HRK/ARC QARG P ogie ratashbldcleul. Webe asst ng, dedadgdfie SRR '

sync '
y he read data signal, and decodes the data on the basis of

the _read clock. Af. i i ' I FQUERY,
: keadinzg, T |
cunulig @mﬁgnlwpgiﬁggﬁg@%kggeg%%\% iﬁlrstsgﬁamggf fh:?m rrlglr}my 20. Agg?lrégdw '

output fromthe disc drive 30, d [
) e di 30, data buffered in the buf '
r ead voilltbeadescribed 7 detaddat&k i nterface 13 al so i ncl udedui Le[ h(rare(rjrlogél g(r)l {/Z 30

i's connected to an external host
ecor dog. Treadodan apdabhomohe marrei 84t pERNPHIE ShEbhnatont Do

host” conputer 40- During data reading, read data  _decoded an

buffer- " Yoot dupphied t6 anwheodeddadoder he Which fhagoreps g dododdred 1 the

cicu

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 aread output from the disc drive

30, data buffered in the buffer memory 20 is read out and transferred.

An interface 13 also included in the disc drive 30 1s connected to an external

host computer 40 and transfers data to be recorded, read data and various commands

between the disc drive 30 and host computer 40. During data reading, read data

decoded and stored in the buffer memory 20 will be transferred via the interface 13to

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




the host conputer 40. It should be n

th . oted that a read co '

Syg?zggcoﬁ?goffgerlgonunands fromthe host conputer 40 grgnguan?iggltg

System cont o berr 5dSeptenber 2005 37 via the interfé%%??ﬁ?ﬁg?ﬁgqpﬁe o?h

host’conputer be decpr ed fromthe host conputer is transferréd fromth °

post_comput er 49 tgr;gg gata witing. The data to be recorded is sent frgm

e e A et ed uffer mempry 20 where it will be buffered. In thi

addi ng an error Corfggtanlgoggco?ﬁfe:Pgangfe&ed data o be recor ded byls
b : . ! an .

dat avasthdantzrface Idrite to.the optical disc 100. ?ﬁgrgogg’aﬁgg Spgeghgg ;26

encode cl ock generator 27 to gene
| rate i b
- refer enceopl delotiarhaiak Aatariodh segowdser o the g siriier thihatbitd e
r/ decoder 12 will use the encode clock for. nmkin he 2-%y%:gncodin
e fossB Y ]

operat i ons, pIhe, & Heak Lti
g demewriting. TheglatioaR@te
t he %‘E}@?e c*oc supplied fromthe wobble PLL ZCEH Asﬁcr:fﬁt o] ce)gkagg\c/)(ran

'Athe_channl C k ,of, t [
oxarphe e B g AP R RIS
. Sinc
f r eqeasederfdacodér ﬂ%@néﬁh%‘f#fggagg'ﬁﬁ%hmg%% 9@?@&@218& o e

r~a clock having a frequency which

is an integral multiple of the f
encoqeetAGH cads) ﬁttatleaV'tﬂﬂld:&albe@&lr@ie aty ‘g(%éfl%v{ [i‘béﬁ%e%c%%g I%c tﬁg@k@%{}h% d't he
i vi ding

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 f_:ncoding

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 fwl of the monotone wobble. Since the wobble PLL

25 generates a clock of the frequency fwl of the monotone wobble, or a clock having
a frequency which is an integral muliiple 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 datato 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




12 is adjusted in waveformin a wite strategy 21 and then sent as a | aser
drive pulse (wite data WDATA) to the laser driver 18. The wite strategy
21 will make a 5 September 2005 38 recordi ng conpensat iP0PFPRRRET 3095 | ¢
will rmake a fine adjustment of optinmumrecording power for the recording
| ayer characteristic, spot shape of the laser light, linear velocity of
recordi ng, etc. and al so adj ust th§8vvaveformof the | aser drive pul se. The
| aser driver 18 supplies the |laser diode 4 with the |aser drive pul se

supplied as wite data WDATA t.q drivexth | : qecerdiagi on of
| asefedoirdini. cofimensataon,hat l(ip'f‘i%Q-‘Eﬂ%@gnﬁ?ifﬂ)‘&gmﬁﬁmb@ménugd on tlhg opti cal

disc 100 correspondingly to the data to be recorded., There i g§;al.s0

prov gg&‘% - 3B ARS rbeotdingotayer charroterigticsispelishapd quﬁg c}ﬁﬁl}o{@% (Jh Zuﬂ%aas er

driver %3 to keep a constant | aser output power£ lm)ltagouqti bei B%Ql nfl uenced by
t he - Lente t a ra1€3 At detwosawefonm of tholaseoaithg PHRE- | aser out put
pomewggﬁl%?greg(g@@’tgwgﬁﬁoaut pﬁ"? fromthe nonitoring detector 22. The APC

.circuit 19 is supplied, W th r.aei: gher dase putsetsoppliedom t he
syst em cortwedages Aryer E%S‘Meﬁgﬁ‘é@ﬁ%eqlggg?%g?%\?er 18 topattai n the target

val ue. The servo circuit (servo prqcess 14. i1 qusissarvo drive
si gnak svriterdaa WD A A be deive dhe ksgh awfé’é? ﬁ%{&%iﬁ%@ﬂﬁfgﬁ%?r%’?“ S| gngl TE

supplied fromthe matrix circuit 9 in arder. to. i nplenent,. V, erations.
Nor e _snesi{i cRhhgb pithRilbbe formed onith optcalalir Kb COREHRATIIER VM gnal “FD
and Pratki ng drive signal TD correspondingly to the focus error signal FE
and tracki nqq err@é’d signal TE, and supplies themto a biaxial driver 16.
Thi s 98180 BF T5OF$%F 16 wi Il drive the focus coil and tracking coil in the

There is also provided an APC (auto power control) circuit 19 to control the

laser driver 18 to keep a constant laser output power without being influenced by the

ambient temperature or other factors while monitoring the laser output power on the

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

with a target value of the laser output from the system controller 10 to control the laser

driver 18 to attain the target value.

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

from the focus error signal FE and tracking error signal TE supplied from the matrix

circuit 9 in order to implement servo operations. More specifically, the servo cureut

14 generates a focus drive signal FD and tracking drive signal TD correspondingly to

the focus error signal FE and tracking error signal TE, and supplies them to a biaxial

deiver 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




bi axi al mechanism 3 in the optical pickup 1. Thus, the optical pickup 1,
matrix circuit 9, servo processor 14, biaxial driver 16 and bj axi al
‘mechani sm 3 formtogether a 5 Septenber 2005 39 tracki ng B8P FI8°and
focus servo | oop- Also, the servo circuit 14 turns off the tracking servo

|l oop in response to a track junp conmand fromthe systemcontroller 10 to
provide a junp drive signal to theibiaxial driver 16, thereby causing the
optical pickup | to junp fromone track to another. The servo processor 14

generates a sled drive & Nobpe ARSI thedferdo heditet4 durnssoffribe as a
Iompé%ﬁ%iﬁ{ﬁ‘é%o%ﬁnﬁr@hﬁg%ﬁ?ngbgrror signal TE and under the access
control of the systemcontroll

( r 10. an ' itgnddodifiirs! ed

dri vérackBg seimeo laapag reFRARSE tqulqu Jugh %’éﬁl}tﬁ ﬁgas; e%tﬂlrir%?: éﬂi am s
correspondingly to the sled drive signal. sypplied from.thg s processor
. 14. |phe pbedergahgndive ﬁg'rlaicﬂodhéiﬂ%tﬂﬁ'éifﬁﬁ’ﬁﬂgn{he(%&f C%‘f’f’d@\%?hef (gét‘gréeéé froma
mai n shaft to support the optical pickup 1, sled notor and transm ssion

~gear, . . : k tb AnbHrrsl ed mechanism 8 is driven by the sled
driv@}%lﬁ?.tﬁﬂgf@éﬁ@ng‘ﬁtﬂ@ nblter y

cortespondingly to the sled drive signal, the optical pickup 1 is

sl edded agoor di ngl v, Th91 g} ,8LSpsiea K Sinal spiiclsiselasedinbui t 23 to

control the¥sh Orotate at a CLV. The spindle servo circuit
23 generates a spindle erro

r sj gnal , SPE . i | ock WCK
genesignad aby lowpassopynpomat Offﬁi‘g HARKS err&yn%lgtr? @rﬂ Ig ﬁaal rg%tr ‘ﬁg@g Efbrsg n? :

rotation speed information of the spindle nofor, 6, GO [ It with
i nf orEREbPBE Bkosistamproatetler i nant aunplicsthe siegel E"p%g@% ‘éﬁ'ﬁ%ﬁ%u?lﬁﬁg dat a

reading, the read clock (reference clock for decodi nﬂ) ——
sled driver 15 will drive the sled mechanism 8 correspondingly to the sled drive signa

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
trans;mission 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 I 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 aboﬁt a predetermined CLV reference speed.

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

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

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




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

-about the current rotation speed of the spindle notor 6, the spindle error
signal SPE can al so be 5 September 2005 40 generated by ¥R 7§%he read
clock with the information about the predetermned CLV reference speed The
spindle servo circuit 23 generates a spindle drive signal corresponding to
the spindle error signal SPE and sdfplies the signal to a spindle notor

driver 17. According to the spindle drive signal supplied fromthe spindle

Servo Chrsil byed p%\ﬁ‘ﬁ tROTORI Godoivith (He infermatiompbbuethepredaternisgdse drive
For e%amr)n[ e, g [

signaﬁefle o the spindle notor 6 to cause the latter to rotate
at a CLV. ‘t[he spi ndl,e servo circuit 23 also generates a spindle drive

Si gna@Lydte "é‘%%%ﬁq’?gl y to a spindle kick/brake control signal supplied
fromthe systemcontroller 10 to cause the,spjndle t or ' to
start, stThe spindlelsera: eirgit 4égeneatisd ?H‘\%d@pdrhvcﬂ YWY Coolrr%?)b@@ﬁ;tta i ons of

t he above-nenti oned servo. systemand wite/read systemare .com#’ol | ed by

the sy ]‘s?'iﬂcﬂ@%ﬂd?'di@ial KPR andedpbliesntie sigoebtoappedle mpEorsdayed,

contro r 10 nakes various control operations according to'cgg‘r&réceis

suppl jed from liddofroetharbendie Bepasartielsy m
contr ??%F"“ﬁo‘oit@%ﬂg‘%ﬁl gﬁ@g\}g%ﬁ[ g@e}id comrandbfor transfer of a data
recorded in the aptigal disc 100 f ; WhR! tdthe dfindlel | first
cont r@lﬂd[ﬁ@@@éﬁﬂlﬁ‘ifeﬁ&‘mﬂﬁbiﬂ& G c%lgagg] dﬁé} gugl%etﬁ?gg%r Ess’. Narlriel y, the

system controller 10 gives a command t servQ Ccircui v
pr ocaaswr)6 te! cahsecthevkatter thugtaéagsa @‘tag( OJSE? SRITGF SROY F}r? &oﬁ:z?cglssg a target

address specified by a seek command. Thereafter,_ the system cant rlol ler 10
cont rg%hérd}@sc&&ﬁﬁﬂbé drive signal correspondingly to a spindle kick/brake control signa

supplied from the system coatroller 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 which will thus cause the optical pickup [ to access a target address
specified by a seek command. Thereafter, the system controller 10 controls necessary
operations for transfer of data in a specified data section to the host computgr 40.

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




operations for transfer of data in a specified data section to the host
conputer 40. Thus, data is read fromthe optical disc 100, decoded,

buf fered and otherwi se 5 Septenber 2005 41 processed afdSeptenberedd08d dat a
-is transferred to the host conputer 40. Supplied with a wite conmand from
t he host conputer 40, the system controller-10 will cause the optical
pickup | to nove to an address whetlke datais to be witten. Then, the
encoder/ decoder 12 encodes the data transferred fromthe host conputer 40

as chiGQ%ﬁrﬁpQY&[ueIﬁﬂ diEd {secslafecciDed the Bostuppipuger 4¢.om the wite

strategy o the laser driver 18 as above, the data recording -is
effected. .The.dj sc,,dri ve: 30 n #R! olipukditi012hd systenected to
the [I ostsu@f%{pl‘j‘flg} a4H?lt€6\?e§@{el¥@dﬁ%ﬁdfl?é g?‘% vg élcordi ng toyt he present

i nvention is not connected to.the host conputer,.40 a y be. In
suchcentealtar 1 0awibeauss |thepaw&atl Pbﬁt'férpdﬁh@pqﬂaye ff adeess ¥ g5t g8V o0,

I nput/output interface will be different in_ constructiagn &ogn t hat shown
in Flgitted?. Tdratthe sncobe/dimbder 82 andodes thridategramferedirom e pshe made

according to correspondi ng operations of the control panel by the user and
LNer eoRAat 4058 REMARAULYIE! PHS viRbAaLIMDAIA Buppledrioat the Whiee di sc
a |

driv cording to the present invention may be constructed in many ot her

forns, and.can be, const.ruc I I ' or data recordin
or .$t€‘HP@fiaitt? ‘?l%@&ﬁ?v?rhfege&%%‘%q‘%hgllezgzri%uﬂietg&sys {es(r?if%‘céfl;%ded in the disc )

Lo Fi G B dine dbBprgoum Sui oragl Shificd? i PRIGeRTE0 e st e "
computer 40. However, the disc drive according to the present invention is not
connected to the host computer 40 as the case may be. Insuchacase, 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. Thatis, 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 termninals.
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 rccording 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 circuitis schematically illustrated in the
form of a block diagram. FIG. {3 shows the construction of the FSK demodulator 24,

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




formof a block diagram FIG 13 shows the construction of the FSK

denodul ator 24, wobble PLL 25 and address decoder 26 included in the
wobbling circuit system As 5 Septenber 2005 U 42 show?, SetiembgK005
denodul ator 24 includes a bandpass filter 31, conparator 32, correlation
detection circuit 33, frequency detection circuit 34, discrimnation
circuit 35, sync detection circui4236 and a gate signal generation circuit
37. The push pul | signal P/P supplied as a wobbling signal fromthe matrix

cir Cgll F%@Qie'nﬁﬁiu‘lz&oi he haddesa bdddpess Jiteof3 k, heorrgaateinddul at or 24,
The ndpass I'ter 31 has such a characteristic as passing two different

frequenc hat EomusRibo cirddie

af or X8R t‘BHé{?tesqt'r?&ICércflﬂgc?ugﬁgugﬁ(gg?&gﬁ%&f—'afrmllt%‘:‘pgc#lnat f'on bit Eart A

si gnal conmponent of the frequencies fw or fw2 fﬁ t hrough t he bandpass
fiI't85, mcidetott ¢zt 3hag é%&ﬁrﬁ‘gpélt%“r“c@m“rﬂgmﬁ ari zed push- pul |

signal P/Pis supplied to the wobble PLL 25, correlation detectian circuit
33 and fThapeskyullsigel Pdhseppload as Bwobbieg sighal Eom thesBalik ¢fEeH!ined as a
PLL to nmake phase conparison with respect to the binarized push-pull

si gnglis g}@;g&c}}ogﬁ@g&{ gsgaﬁ]hgm%ﬁh@m%déi‘%lﬂﬁmmﬂloIle.ﬁ'SbandeaSS fitepush- pul |

sign wever pus I signal P/P for a period corresponding to

theFKlnfo art of ql atvg@t e si gnal
GATES] o R BSharastREp ﬁ&%@%ﬁ*‘éﬁﬁ*@%ﬂ “é**‘f"&%élgﬁaﬁ%@ B acr i bed 1

ebbfrequéndie 6] ApidwR sl SR e BRKETER PO RPN ESF ook ek
ihgs the single frequency fw itself or a frequency haV| ngfwa2 r aé;[slsé)d of
i Nt egyrahfatibh bit part. A signal component of the frequencies fwl or P

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 cotresponding to the
monotone wobble of the single-frequency part is locked. Thus, the wobble clock
WCK has the single frequency fw1 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 fonger, than that of the




the single frequency fw. Note that the single-frequenc

af orenmenti oned wobbl e unit has a period su?f | Ci en'?l y | gnggﬁt ?Lrtggarrpl e
nore than 10 times |onger, than that of the 5 Septenber 5Xsember 208K ’
information bit part. Therefore, the PLL can easily be pulled in. The
wobbl e PLL 25 makes phase conparison solely with the nonot one wobble of
the frequency fw .on the basis of ghe gate signal GATE. So, the residual
jitter of the wobble clock WCK generated as above is considerably reduced.

The |l e. cl ock h irs il in Ci i i
5§gﬁ§ﬁ$ﬂﬁgﬁ,§‘%i°‘%f§%§; a“&%%i‘%‘%%‘a%ﬁ%ﬁﬁﬁé%@%d%‘?“%ﬁ?"3}1; e it il be

( Il on an di f ' aabd
havi ng bedheadiit Bbb 2 ik s it trdls R FeoRpSe Al (R %
supplied to the end clock generator 27 and spindle servo circuit 23, where
it Wolthd freysattyalv oo the bases ohithe gfﬁ@él,gﬂakq:'ﬁ‘c"gé-t g@, theiss u@kb'gtﬁr is of a

hi gh accuracy with less residual jitter, the encode clock has an inproved

R s e, g
S el Tt om0
ﬁig; f?ﬁ&é{:fuj%@%%&ﬁbﬁ § Brduss deghiet 26 PplsiEHLl Re FrRERRESK TP Pon
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described later. The correlation detection circuit 33
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 information bit past of the wobble
.unit. Therefore, at least one of these circuits 33 and 34 may be provided in the FSK
demodulator 24. However, when both these correlation detection circuit 33 and
frequency detection circuit 34 are provided in the FSK demodulator 24, there takes
place an effect which will be described later. The correlation detection circuit 33
" makes FSK demodulation by detecting a correlation over two periods of the wobble

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

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




makes FSK denodul ati on by detecting a correlation over two periods of the
wobbl e clock WCK, and denodul ates the channel data. The_ frequenc
detection circuit .34 makes FSK denodul ation by counti ng® §9@f§§‘bﬁhXQ95e
period of the wobble clock WCK, 5 Septenber 2005 44 and denodul ates the
channel data. The constructions and operations of the correlation
detection circuit 33 and frequency fetection circuit 34 wll be described

| ater. From each of these circuits' 33 and 34, there aétr?mextr?%t erg channel
bit data, aboyt, t he FSK- a RAlctiont mad oparatiocs o cofrelye hannel
bits %P?@“lééesgh%gﬁnggp{g#htfﬁgc%otone wobbll)es as shown in FIG 4, and

they are supplied _to t di scrim nat i £ il ba Aesdditsedliaser ilrbmat i on
ci rcudeteeﬁommuﬁﬁ:i@ﬂéh%‘my (%}%C?\?gﬁd&ecgﬁs%ﬁfi ed from both the

correlation detection circuit 33 and frequency detechi ' iggi34 and
provi gag shtcddBlecuics’ 30Rad ﬂhéﬁlﬁf@Iaf%P%tf%cgﬁﬁéﬁ%%“eitbﬁ%tggpr%ﬁﬁgtﬁe% channel
bit value. The discrimnation circuit 35 supplies the channghgi t val ue
thus cal dglgét%a esbtitfe, thhhR, SUNandeti€cas dmnoit bus tin3guitsToied PEHEIRU S i on

e

ci rcult tects a sync on the basis of periodicity Ori' t he supplied
channel bit val As o | £5 4if8h thehair€ kuppléed sy e disctiodaa{i@mhannel

bi t vmqm@éom'Wﬂggki'“aﬁi‘gw‘fﬁ% Soin the Fsﬁlbi nformation bit part of
three channel bits, the top channel bit is always "I", as shown in FIG 6.
On t heirow#8p. hand, in a period corresponding to the single-frequency part,
t he FSK-denodul ated channel bit value ig al s 0. T e first
"1 after ghsdijcesniahtivheirchiimie ANt OR/éﬁééi\S‘Y‘B“lWI"Pluﬁgggﬁél?&f}(gﬁto op of the
FSK information bit pat, and the period includi ng such "1." w !3I4 br?d

equi V%'oﬂlmthé Qorrelfation detection circuit 33 and frequency detection ctrcutt a

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 syac detection circuit 36. The sync detection circuit 36 detects async on the basis
of periadicity of the supplied channel bit value.

As shown in FIG. 6, the cluster sync includes channel bit values <17, “1” and

«§”. Also, in the FSK information bit part of three channel bits, the top channel bit is

always “17, as shown in FIG. 6. On the other hand, in a period corresponding 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 period including such “1” will be equivalent to

‘a period of a wobble unit. By detecting such periodicity, it 1s possible to know the

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

is detected in a2 wobble unit, it can be determined that the wobble unit is the top one




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", "1" and "I" is detected in a wobble unit, it TapPtEBPEA0ni ned
that the wobble unit is the top one 5 Septenber 2005 45 of 98 wobble units
formng together a cluster sync, that is, One ADIP information. The sync
detection circuit 36 thus detects as5sync timng and supplies a sync signal
Sy to the gate signal generation Circuit 37 and address decoder 26- The

gat e %‘IP g%b%&aﬁ f%’ﬁ%ﬁf h%lﬁllér Sdusepeyd, efatas ganee AR IENBLO@ % ¢ he

basi so supplied fromthe sync detection circuit 36.

That is, since the period.of. bb hicvhs ¢lhpnadd ltes & $yAhg of the
sync si gnafh&yyng détep%!?'ilGEFCBﬂa%énﬁ\'Puﬁé{g%#%?osﬁr}gt i on\gt;wilt ggpr’[?t in the wobbl e

unit can be known by counting clocks of the, fre Wd. Thelolg basis of
the s%igﬁapgg nglthSYate Higrsal gengeationseigg 3&%@@;@%?&8@%? period of the FSK
inforn&tion bit part is generated to control the phal%g corrpgri@gymﬁperat I on
of the wopbl e %‘L“ g@cmtgq ddirtatas hywgbignal GasT Bht RS 5T B e

f or eg®eHy Bt e discrimnation circuit 35 ANDs or ORs the channel bit
val ues from both .t cor,r el ati Stréin36 CTawils, sdBeathe pex y

det ecsigonl‘éYrSélHPhc‘gﬁfo“% the cc‘?#%&géarfi on circuit 34 will AND such channel

bit values for a period down to th |l =1 o 1Mo bbtied Rifithe FSko
| ocki mbb[mrﬁdtimkW@rfolﬁéﬁgitW‘é‘ ttﬁgﬁg‘a& glﬁ”ﬁ%l %iigt?ect ?on and the gate

signal GATE derived fromthe detected sypc. th | &f Yiad ues
suppl %r%r&lﬁﬁaﬁw paithi der webblei it d?@flé?,@%/ RBHWBAlsl?yc ﬁgyﬁn%r&z&ﬁ%@f Er)tt;quency

det:eclion circuit 34 are ANDed as above, the channel. bi & Rave
: .- C 0
frequency fwi on the basis of the sync signal SY. Thus, a gate SLgnalt é?&r’ﬁf

the period of the FSK information bit part is generated to control the phase comparing

operation of the wobble PLL 25.

foregoing that the discrimination

Note that although it has been described inthe

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 AN

1 t
such channet bit values for a period down to the pull-in of the wobble PLL 25 to

) : B
locking, made based on the aforementioned sync detection and the gate signal GAT
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 detecthn,

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



 based on the sync detection, .the operation should be sh

inproved reliability, whereby the sync can be det ected with an inproved

accuracy and less error. On the other hand, after thes%gée@béf};ﬁgg]gg“bnto

OR since the sync can be guarded based 5 Septenber 2005 46 on periodicity.
Especially, by ORing the channel bit values supplied. fromboth the
correlation detection circuit 33 and frequency detection circuit 34,

m ssing of the detection due to a drop-out of the channel bit value can be

redug E‘dli’ ﬂtﬁzﬁé@g édéelaﬁgl @gtOng)ﬂféBéﬂa‘ﬁﬂepﬁiﬂ vaRiedeupghed iath bothrthyed

reliabiTity ThHe discri ion circuit 35 acquires an FSK-denodul at ed

h I both th
cor r EPHEIBR w%%séq?%ﬁ*evvéég?n$§cs%§§9§#s%aféﬁ%‘% %ﬁﬁefff’@#%% o33 arter
th bbl | ock WCK b t abl I th
ke dettiction e aa Hovb-Bt aBR kMRl it Ay Aa N reatoctau TS e A bi ¢ of
"the FSK information bit part of each wobble unit represented by three

changigforiiation candesieppldédwithhimproted raliabditybi t to the address decoder 26.
The address decoder 26 can acquire address information of 98 bits having

previ ousl sth%?s%rm%aLah i3S fl6s GAFSK-Qealil e LoltitheBbwatgeui ring

information brts wt erence etlmng of the sync signal SY, thus

“decogde e Dad e r pplies
t he gﬂi)@@gqgﬁlc %%ﬂﬁ‘é“l’s‘%f% &? q%i@ﬁ@"@&%}lgﬂggrd‘r% e lﬂngér}pcc}ﬁ Fecti on
circuit 33 to nmake the FSK denpdul ation is égnstwﬁgeg as sho 1| n FI G
14. Fhandfstqusory deteghian diepuitnift plenths wabble SFRIEFREEPI%B2 shown
‘in FIG .

“owing (o the pull-in of the PLL, then makes discrimination between the data “0” and

| a5 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 aﬁd 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

f0.

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

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

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

the EX-OR 113.




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 dela ' I 2 1S
connected to the other input of the EX-OR 113. 5 Sept é%éeo;t&ﬁlb%gb% The

wobbl e clock WK is supplied to a IT neasuring circuit 111. The IT
measuring circuit 11 | neasures one period of the wobble clock WCK and
controls the delay circuit 112 togprovide a delay equal to one period of
t he wobbl e cl ock WCK.  Therefore, the EX-OR 113 makes | ogical operation

bet ween t w@@ﬁgqcksmgsm ! euég;@ PYShrRidlrinyl Gipchicdel Y FthebdT t he

Egriodfof : e outpu : I OR[13 1s subjected to extraction of
wer frequency ¢ onents in a Lo s fil.ter, 1 | ' in a
conp&?eé'ﬁﬁ’fm&i@‘?u‘ﬁ'ﬁgp BieAsyes age E?%‘ﬁgﬁi’ﬁd}‘ﬂﬁ%c‘c‘?St%g%@&d %W‘P%&%‘J’%de del i vered
as a latched output at a D-flip-flop 116 at the timng of the bl e cl ock
WCK. ddhay disuitheld mupmwidepa delayesuah to anpperiod of ghe wob C@%m bit in
units of a period of two nonotone wobbles, and is supplied to the

di scihRidiatd Bk EXLOR {1 PhakddRgaRe bptiaiontryveéar the pushighd! signabied i
detection circuit 33 are élhowngim{rii EI és. n15A to 15C[im:‘sNontmeEl tgg? theI o

il SR e A
Pl o subjseiefdo sxBrAaYR PP BRI RIEPGEI o2 JPVPRS Pt dudcld ve. "Shown
as the cluster sync in FIG 6. FIG  15A shows the wobble clock WCK_ The
EX- (hinadized $n aupphpaatos t k5. a Thisi binatizetisygneh fjom Ithe cgmparatsnhil 15 FTc 158
and the binarized push-pull signal,
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 chaﬁne[ bit in units of
a period of two monotone wobbles, and is supplied to the discrimination circuit 35. |
The operating waveforms of the correlation detection circuit 33 are shown in
FIGS. 15A to 15G. Note that the operating waveforms include push-pull signals to be
- supplied for a period of the FSK information bit part as the cluster sync. That is, the
period shown as the FSK information bit pat in an input push-pull signal shown in FIG.
15B is a binarized series of nine wobbles of the frequency fw2, shown as the cluster
sync in FIG. 6. |
FIG. 15A shows the wobble clock WCK. The EX-OR 113 is supplied with a
binarized push-pull signal shown in FIG. 15B and the binarized push-pull signal,
shown in FIG. 15C, which has been delayed by one wobble clock period in the delay
circuit 112. Supplied with these push-pull signal_s, the EX-OR 113 provides an output

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




shown in FIG 15C, which has been del ayed by one wobble clock period in the
delay circuit 112. Supplied with these push-pull signalsgedififnéPoodR 113
provi des an output as shown in FIG 15D. This output is shaped by the

| owpass filter 114 to have a 5 Septenber 2005 48 waveformincluding only
the | ower frequency conponents as shown in FIG 15E, and binarized in the

“conparator 115 to have a waveform ags shown in FIG 15F. This signal is

supplied to the D-flip-flop 116 fromwhich it is delivered as |atched at
the tJ : : I | I ' Gwll be
suppwdﬁfﬁn gﬁﬁn@éﬁeﬁhﬁé‘%ﬁﬁﬁgfﬁgﬂﬁ% i tré&%@ﬁghtégfﬁ \tqﬁg Ig‘? g (I::S r@i’ ?n&%at i on
circyit 35.,.The expl anati i made here taking.t F Ipformation bit
e + biarid it e ORPEgiRE | 28 toffnve oy dontas o in Afiar B TRRS! per o
corresponding to the FSK information bit pat is "H' for —a 6-wobble clock
per i dusupplieddothe Prllip-flop lilhdramaritich ibistdeliverad asalaéched) atdhe gime pf 1

and "1" in units of the 2.-wobble clock period (period of tw nonotone

wobbkigswo bbb tsIkW CK eTRusMalstgrabshiyvay idBIG d Sl be sumiledasam BSKaddr ess
bit of the cluster sync in FIG 4. If the waveformis an FSK i nfonnati on

bi t_RanbdlBHL ARG B Biudio fe dibgrimifdifor BYEliLBT Ml LEBRnRREAG i Il be

as s as address bits of d avi ng been
the. Fge derd G i ESRubHoRBeton b BRE T LS Rbtara e PR gh S ek P or oove.
The frequency fw2 is 1.5 tines higher than the frequency fw 1, for exanple.
The theayareafoine £0rf thie penwdfeszrespendingdadhe ESKanfarmmtiarnbit patitsh 1Y fethem shows
an even nunber of waves and an odd nunber of waves in a predeterm ned
cycl £6-woblsle@lock period as shown. That is, the channel bits will tak¢ values of “1”,

“1” and “1” int units of ;:he 2-wobble clock period (period of two monotone wobbles).

Namely, there will be provided a waveform showa as an address bit of the cluster sync

in FIG. 4. If the waveform is an FSK information bit part indicating data “0” or “1”,

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

4.

As having been described above, the optical disc according to the present

invention uses the two different frequencies fwl and fw2 for wobbling a track or

groove. The frequency fw2 1s 1.5 times lhigher than the frequency-fwl, for example.

The frequencies fwl and fw2 are in such a relation that each of them shows an even

number of waves and an odd number of waves in a predetermined cycle. In such a

case, the binarized push-pull signal and ‘the binanized push-pull signal de[aye_d 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




case, the binarized push-pull signal and the binarized push-pull signal

del ayed by one wobble clock period of the frequency fw ggftembér spBOSi te
phase to each other for a wobble part of the frequency fw2, nanely, for an
FSK- nodul ated part corresponding 5 Septenber 2005 49 to the channel bit
value "I", as will be seen by conparison of FIGS. [5B and 15C. Thus, the
FSK denpbdul ation can easily be donggowing to the XC-OR logic for exanple.
It should be noted that the denodul ati on can of course be done by the EX-

OR |l agi.c as well .as any 8t her . [ ' ection
Ci chgttﬁ%&ﬁ%ﬂ%‘% bit e d i % WHngé_&g‘tlﬁg%&@a#ganzong Sv's naEgﬁ%éﬁ@'
denodul ation is constructed as shown in FIG .16. T[]es)g S(B- pg)l l. sj gnal
bi narThusd the fiSke degrgshulaftasy cap 3 ¢j dorg ewing to dhe {;p Relpatg é? ri sing
edge count circuit 121 which counts a nunber of rising edges of a
push-ggidple i Brbbuidbenery tiatchedanothativolsahefcbucse hagkony thsBdndi ngly to
the result of counting, the rising edge count circuit [21 provides an

out pl{ﬁft{g(géic% wdll a ar-ﬁh@theplﬁgéﬁl opkrdtit. ri sing edge count circuit 12.1is

connet to one of Inputs an " OR gate 123, and also to a D-flip-flop

122 The si | supplied.to the Diflip-f4 : i ock in
the D-fli j{h%{%&ufgg)‘? gteptiga F':S?'&‘EE’)‘%SFSJP&&?Q? Lfﬁa\ei%ngglﬁ@%&ng@’, cl ock
WCK, and supplied to the other input_ of t_h%(CJR gate 123. The OR output from
the orksdiSK deaadalationdgcenstrugied @s shownds FlUeh@nnel bit in units of a
period of two nonotone wobbles, and supplied to the discrimnation circuit
-35. The Oﬁ‘ﬁé?dshq)ubﬁw'%ﬁmt inaizetihe fheecpmpamntated? cthiosn ¢inrlddit [34sare shown
in FIGS. 17A to 17E. The operating waveformns include push-pull signals to

be s g&%l.ie?idm 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. Correspondingty 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 aiso to a D-flip-flop 122. The sigﬁal 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 wobb{es,.and supplied to the discrimination circuit 35.

The operating wavéfon:ns of the frequency detection circuit 34 are shown in
FIGS. 17A to 17E. The operating waveforrﬁs include pusﬁ-bull 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 infonﬁation‘ bit pat in an input push-pull signal shown in FIG. 17B

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



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 angd t push-pul |
signal shown in FIG 17B is a binarized series of ni né%ﬂpgir%ogt he

frequency fw2, shown as the cluster sync 5 Septenber 2005 50 in FIG 6.

FIG 17A shows the wobbl e clock WCK. The rising edge count circuit 121
counts a nunber of rising edges of ¥ push-pull signal in every cycle of the
wobble clock WCK. In FIG 17B, each rising edge is shown with a small
circlgFI&s 6seen from FIGS. 17B and 17C, the rising edge count circuit 121
provi des an output "0" when one rising edge has been counted w thin one

wobbl e cl { QflWhi | A o] einh ; dges have
been countas e o K B K R ol e put
and a signal shown in FIG, 17D, del ayed, a. period I T by, t D-flip-flop
199, ettt felioig Gdee 959 Tastnal FgBeLi S sytiesothsurobhf 1 ¢

17E. The si(gnal t hus %enerat ed is supplied as an FSK-denodul at ed channel
bit cletluW K. IhEIG $¢B; eachatsingiedger s showasyitlrh smalsirphatAvseandromde her e
taking the FSK information bit part of the cluster sync as an exanple. So,

t he VRN, Q7Baner | 2 eh@fEingddgs o6 12d providesad Sikpun 0T itien@mebi t pat
iIs "H'" for a 6-wobble clock period as shown. That is, the channel bits

Cper tHHE PR 255 (Rop chumie il ong wbPblé b8 Berdbfwflle WP gRg Pert o
e KRG PGSR A D GRS PEeB PR LR BM AP A TIGE 176, (e
Vﬁverﬂ?lzsq—[]h:;ﬁ(\)f:dbdt atlsl Iilepoeurqial?t(,jal\;\fi lalsigtzlil 2[?0\22 ?t\;\n% I(a}.s !?Sfj ﬁgtiiec? Lttp%ri?)]:i 1(1{“3%3 oo
 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 eXampie. So, the waveform for the period

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

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

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

provided a waveform shown as an addreés 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 fw1 and fw2 are in

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




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

fwl and fw2 are used for wobbling a track or groove. I, qUsIY les fwl
and fw2 are in such a relation that each of them shovvssg %@gn nu%ber of

waves and an odd nunmber 5 Septenber 2005 51 of waves in a predeterm ned
cycle. Thus, the FSK denodul ation can easily be done by the very sinple
circui't construction as shown in FIsg& b. Note that the above counting of
ri sing edges nay be replaced with counting of falling edges. Second

“enbodifentss iﬁl'a]%re %ghhﬂ&gerﬁéfct@dThﬁéﬁtthetﬁSK 3666060l66RINERIly Ve ddie present

I nvention w scri It should be noted that the second enbodi nent
al so ,concerns a @lesc c:%l | e exa e band t he physi cal
al

d "DVR' faqr
char 45t &8 ety sunglp it &ﬁ’f’?%&{% g%&é‘?‘@“ﬂ to those having previously
been described with reference to Table 1 and FIGS. 4A and 4B. The _cutting
appar at us Nafe thasdhe aboyeemmdingrd teyng edgesanay: be seplased witthcanstipg afor
pl aying the optical disc are also basically simlar to those having
previfgmm@/edgeg_n descri bed concerning the first enbodi nent. So, the
conponent's of the second enbodi ment, also used in the first enbodi nent,

wll not [ y more. Only the wobbling nethod and associated
denodul at ?ﬁa&ﬁgg{ﬁ%gagﬁl ferent fromthose in the first enbodinent, will be

descri bed ,her ebel I n the explanation of the denodul ating nmethod, there
will al sozb dg\z‘b@w ﬁﬁ‘ogxarrpl e of the construction of a denodul ation

~circuit used in the disc drive included in the second enbodi nent and
correspondi ng Next, the second embodiment of the present invention will be described.

[t should be noted that the second embodiment also concerns a disc called “DVR” for
example and the physical characteristics of the optical disc are simi[af to those having
previously been described with reference to Table | and FIGS. 4A and 4B. The
cutting apparatus for use to produce the optical disc and the disc drive for playing the
optical disc are also basically similar to those having previously been described
concerning the first embodiment. So, the components of the second embodiment, also
‘used in the first embodiment, will not be described any more. Only the wobbling
method and associated demodulating method, different from those in the ﬁrst
‘embodiment, will be described hercbclowl. In the explanation of the demodulating -
method, tﬁere 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 I8F show the waveforms of wobbles which are when there are

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




to the FSK denodul ator 24 shown in FIG 12. FIGS. 18A to 18F show t he

wavef orms of wobbl es which are when there are used and\%ém) key
shifting) nodul ation also included in the aforenenti oned ptenber 2005
52 FSK nodul ati on nmethod for nodul ati ng an address of a wobbled groove and
a wobble detection window of L = 4 for. denodul ation of the address. It
shoul d be not ed that "L" indicatess#the |length of the wobbl e detection

wi ndow and "L = 4" neans that the detection unit corresponds to a period

of fopg }W&ﬂﬂ f ' ress
I nf o- nat |rﬂg)n tgﬂgnemreec ec to aﬂ%ﬁ?ﬁgﬁr%\%&?@%Hg%m\%a%/&gf%??na?gat a) in

FI G t he.dat a b e t.o proyid re d tta a hown in

[l G i@gﬁét wifparof £ 2 fifer dgmipqiadrtt e sate S, PRE AR fid Bfe ot a
is set "I" at the tine of logical inversion of the data. The MSK nodul ati on
is dodé mdmaﬂe} thi dengitle of e w obbleadetoctior minday pedles 43 e thedbeat i on
signal as shown in FIG 18F. According to the second enbodi nent, two

di f f efet@dtido’ afitegeidpohdd tandl geridd ef €ous atbrodtnd eobhflks. moWhkatdaa. The
frequency fw is the same as a carrier frequency for the MSK rmdul ation as

hown,, A

fsrgquency [flr{(/[;v{ *ﬂaﬂ“"'hg?%‘a E\{/@@g ﬁy?[frl]ﬂ%dnstp%tege%éﬂgggﬁot v%lﬂ%l?&?ﬁdb frequency

fw f F 18Af b f th

1 eqilh S F BB HRELCH ERefheidri i e ea%&é?%?o”ﬁwd%n@y%%iéa%nd to a

pre-code data "1", while one wobble of the frequency f the sane as the

car r ishownrindUGnd§E. cBor exaoples therdataps precertodedtse thet tt@p@mﬂm data FI G 18B.

A perlod of 1.5 wobbl es of

is set “1” at the time of logical inversion of the data. The MSK modulation is done
using the pre-coded data to form a stream as an MSK modulation signal as shown in
FIG. 18F.

According to the second embodiment, two different frequencies fwl and fw2
are used for the MSK modulation. The fréquency fwl is the same as a carrier
frequency for the MSK modulation as shown in FIG. 18C. The frequency fw2 is .5
times higher than the frequency fwi (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 ﬁmes higher than th.e carrier frequency correspond to a pre-code -
data “1”, while one wobble of the frequency fw!l 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-




t he frequency fw2 corresponds to a period of one wobble of the frequency
fw carrier frequency). FIGS. 19A to 19C show streans fberdopgbbl e -
wavef ormincluding an M5 K 5 Septenber 2005 53 nodul ated part- FIG 19A
shows a nonotone bit which is a7 series of wobbles of a single frequency
(which is the frequency fwl ). The nonotone bit includes 56 nonotone
wobbl es. FIG 19B shows an ADI P bits3has al so a period of 56 nobnotone
wobbl es. The ADIP unit being of 12 of the 56 nonotone wobbles is an MSK

o . / o . M : . 518 Feod
I n Orrﬂgﬁhﬂ%%ﬁﬁgywl%g@fgw? FllhBﬁOt'Mﬁ@HtPW'idFﬂs' Qf@ag?i _(Igﬁ%‘l?ébﬁlés_ bha pre-code

dat a requencies fw and e MSK information

bit part, includes ddress, i nf ormati opn. \The-,0t her 44 10t O les in
the RgleLfeausney (o8uch o3 Yo TreaoREd” ort HondRieRgH oy LTSI 3B
frequency fw). FIG 19C shows a sync bit having also a _period of 56
nonotreprotand NabblesofFighi IOB siewhanAdNE bib bas alsofaperiod aﬁég HBPNefo8gnc unit .
The pre-code data is MSK-nodul ated with the frequencies fwl and fw2 as

aboveyobhles: MHeOAMHPI @it iteingepf eldeof etle LH6 nngrant avabldés ihensyBK uni t .
The ot her 28 nonotone wobbles in the sync bit are a series of 28 wobbl es of

LD 4Rk ok AT S BTSN (RBARIE ik egRootone bt
des e noh BadtcmanaisS 81 Bha fude JHF SR Mo bR PGSRl o g
AN LR WCINE S LIS Stk R Rl e e
reference to FIGS. 7 and 8, "RUB" is a data
44 wobbles of the single frequency (= frequency fwl). FIG. 19C shows a sync bit
~ having also a period of 56 monotone wobbles, of which 28 monotone wobbles form
together a sync unit. The pre-code data is MSK-modulated with the frequencies fwl
and fw?2 as above. Sync information is represented by the pattern of the sync unit.
The other 28 monotone wobbles in the sync bit are a series of 28 wobbles of the single
frequency fwl (= carrier frequency). The ADIP bit, monotone bit and sync bit
correspond to one bit which will form an address block (of 83 bits) being one piece of
address information (ADIP) and which will be described below.
According to the second embodiment, one RUB (recording unit block) being a -
- unit of data recording includes three ADIP addresses, as shown in FIGS. 20A and 20B.
R As having previously been described with reference to FIGS. 7 and 8, “RUB” is a data
unit consisting of one ECC block haviﬁg a run-in and run-out added thereto. In this

case, one RUB includes 498 frames (498 rows). As shown in FIG. 20A, a section

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




unit consisting of one ECC bl ock having a run-in and run-out added thereto.
In this case, one RUB includes 498 franes (498 roms).£f§%§ggwﬁ,@m5FlG
20A, a section corresponding to one RUB includes three ADI P address

- bl ocks. One address bl ock 5 Septenber 2005 54 is conposed of 83 bits as
ADI P data. As shown in FIG 19, since the ADIP bit and nonotone bit
correspond to a period of 56 nonot@pe wobbl es, one address bl ock
corresponds to a period of 4648 (= 83 x 56) nonotone wobbl es. The nonot one

bit, . syn i | P bj a I ijgus; ihgd with
et erisiERoStdp S ' RO Sh6. s SRHRTRTIEL 1D Sk REPALHEEH BEC

VBK- nodul at ed ,wavef orm_ wobbl es. Ochj 20B shows tb&}% structure ne

addr éBenafpae bit qerEespeaddesa peaedk afr S mongtpac wibblgse ong ‘?:Sssgl?ﬁgl part of
eight bits and a data part of 75 bits. The sync signal part of eight bits

i ncl wdeespands Bynpertibdok 4648 ¢h 83Fx 6 munutonn svdbblesaticanenstpe Wit.t . The
data part of 75 bits includes 15 units each of one nonotone bit and four AD

[P RihSpi | havi hiislABeeBEE ed with esfepshdeQol®IRI n have
pr evitggﬁéw-gggejﬂpngggcaﬁ%ée%a\(}mﬁ%/ﬁ%‘g?%sr[gncg to CFrl G 19. The syng bit and ADI P

bi t ovigde a wobbl e iNg.. an K- I d e |

st ruc urLerg‘SfSyt"I“feg'gfﬁ'él _g?%lhaﬁltr?ﬁ?!t\%\'f\ﬁ nﬁdtg)eﬁ%‘gesg)ﬁ%éh%m@aﬁéﬂre ereeféﬂlg to

FIGS. 2 [A and 21B. As shown in FIGS. 21 A and 21 B, the sync signal part
is favawBlEst rom f our sync bl ocks "0", "1", "2" and "3". O the four sync
bl ocks, the one "0" is fornmed fromone nonotone bit and sync "0". The sync

bl ock " 1FIGs20Bshews fthe strocteraofionoaddtsss biouk. 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 previoﬁsly been
described with reference to FIG. [9. The syhc bit and ADIP bit provide a wbbble
having.an MSK-modulated waveform.
First, the structure of the sync signal part will be described with reference to
FIGS. 21A and 21B. |
As shown in FIGS. 21Aand 21B, the sync signal part is formed from four sync
blocks “07, “17,“2” and 3 Of the four sync blocks, the one “0” is formed from one
monotone bit and sync “0”. The sync block “1” is formed from one monotone bit and
sync “17, the sync block “2” is formed from one monotone bit and sync “27, and the
sync block “3” is forméd from one monotone bit and sync “3”.

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




sync "I", the sync block "2" is fornmed fromone nonotone bit and sync "2",

and the sync block "3" is fornmed from one nonotone bi \t;_&)%nq sgn(‘mﬁ I n '
each sync bl ock, the nobnotone bit is a waveform of 56 LG PRe si ngl e

5 Septenber 2005 55 frequency representing a carrier as previously
mentioned, as shown in FIG 22A. The sync bits include the four types- sync
bits "0" to "Y as above. Each of tsgese four types of sync bits provides a
wobbl e pattern as shown in FIGS. 22A, 22B, 22C and 22D. Each sync bit is

conpose f ; | ' | . o , and 28
mno?@%‘g’e&ﬁ%g‘?@%%ﬁt@ésglér}?l\étﬁgp ge"g(?{éélg??%{enr@%g’ I'n %gﬁpglr ﬁ@?if%% each ot her.
FI GS. 22B, .22C, 22D an 2 how a wobbl e wayeform,pattern -i.n , a,.sync unit
and a dat d N§apmEr tsa‘élcgﬂértgggo'i‘%W@Fﬁthb'é%r e df‘%@g?@-th@cb\ﬂlgbl e
pattern. As shown in FIGS. 18D and 18F, one channel bit as the channel

| nf orthedel fonr typesrefsyoo bits pooradera mabbdd pattem anshowone FGBHLE4, 2ZABchannel
bit streamas the address information is pre-encoded into a pre-code data

as S@@ﬁm DI BRE %&l(}f bit Y et RReVRIF %T??h% gglﬁ%mﬁglaepwef&rm pattern.

First, the sync bit ornms a channel a strewn 10 10000" in the

it ' |G 22B. ' ' di
o mitangRob R e Cingofiag BB DB BBl BT E0MTR spgebeePone "o
' ifically, th [t.o" ' MBK- npdul at ed bbl e.patt
that Georp el horn B2 AR AU b D Esbencs HGLPS W tpan A8 aibol cq of
the frequency Mwhile a part corresponding to "0" is one wobble of the
f requegay uhvw dnd Thints pattehi as 4ddreso mibrmatomcoetsmndinnta the wedirle 100

~1000"" in the sync unit as :
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 10001000 1000000000000000™. More specifically, the sync bit “0”
provideé 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 par,t 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 w‘obble waveform corresponding to a pre-code data

stream 100010000000 1000100000000000”.

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




shown in FIG 22C, and provides a wobbl e waveform corresponding to a
pre-code data strewn "1000100000001000100000000000". e T
forms a channel bit data stream™ 1000 100" 'in the sy-ng(;§e E%I'ﬂg%rgi@S

Sept ember 2005 56 shown in FIG 22D, and provi des a wobbl e waveform
corresponding to a.pre-code data stream "1000 100000000000 1000 10000000".
The sync bit "Y' fortus a channel st data strearn " 10000 t 0" in the sync
unit as shown in FIG 22E, and provides a wobbl e waveform corresponding to

2 prepeoin %Z%@%@rﬁ%ﬁov&ﬁg% %9%9@@%@9@@56&%&%?@%&" re-@&{!;\eh %ﬁﬂ[ e

patterns o S are I n each sync" bl oc us, di sc

drive can d t.erns of sync units in the sync signal
part,S@%ﬁ@ﬁﬁbﬂﬁ@ﬁ?@@ﬂ@ogfﬁqm between the sync units. Next, the
structure of the data part of the address block will be described with

r ef er ence The snGbit ‘B3 Aoang azbenngdisdaantrpam il 800 U’ in thagypguptt a8he dat a
part is fort-ned from15 ADI P blocks Cr.0211 to "14". Each of the AD P

bl oc kol iRFIG. IEE Send PR6villey & wolbble whvefaah coRkEpdidinkto i prd-atie date  nonot one
bit and four ADIP bits. Simlarly to the sync block, the nonotone bit in

g?(r:]gls r%%&mgogémdmogowy (Hroiognof a series of 56 wobbles of the

y representi ng e carrier, as shown in FIG 24A. Since one
dr ess | gt Poros ! S e die i b B bR :ﬁt‘%ﬁ%@&gﬂ%]‘e o ADI P
245, s e etcatarg of e Tout patorts of syuc unis 1 the syre Signal pars & 0 |
_ synchronism can be attained between the sync units.
Next, the structure of the data part of the address block will be described with
reference to FIGS. 23A and 23B.
As shown in FIGS. 23A and 23B, the data part is formed from 15 ADIP blocks
“0” to “14”. Each of the ADIP blocks is of 5 bits. The five bits of each ADIP block
include one monotone bit and four ADIP bits. Similarly to the sync block, the
monotone bif 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 in_cludes four ADIP bits, fifteen ADI? 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 |




pattern with the ADIP bit -having a value " | ", and a data patten ‘as
address information corresponding to the wobble w avef C shows
a wobbl e waveformpattern wth the ADIP bit having a v%?%}jteﬁb&mé%d a data
pattern as address information 5 Septenber 2005 57 corresponding to the
wobbl e waveform Each of the ADIP bits "0" and "1" is represented by three
channel bits in a period of [2 nongyone wobbl es. One channel bit is a
period of four nonotone wobbles. The ADIP bit "I" forns a channel bit data

stream "100" 4n th i o] kN Wit qprpvi des a
mbbl.cé’”?ﬁﬁgﬂ‘?‘&}gn#"c éﬁ@s%é’%i"%ad%f"o‘ﬁg \;I)Er}‘ghc%ﬂd:te&dﬂﬁ)stb Eﬂgaﬂﬂ " ?‘L%%ofoog’oooo" .

More specifically, the ADIP bit "1" p | des such VBK~nodu. dat,ed wobbl e
bat t aeprosaated b fhia Clgmnehbity od peded BET TRGotBEE SHTDIES- 1 DRe Fhapdels g

wobbl es of the frequency fw2 while a part corresponding to "Q" is one

~ wobblbgét isfa drod sffguenmndtond wobbles hda AIDIP bitG1” faans FeBapmelbibdata 0" f or ms
a channel bit data stream "010" in the ADIP unit, nanely, it provides a

mbb'sgreﬁﬁy@m’rmfiﬁé AISFEORA B9 showA IRFEG RS, Bairely! (19A0Yidéd A00066(801000"
- The above wobbling nmethod according to the present invention is

character.i zed as fo

 havi AGRRVER GrorEPORARedt Yo ooRd, (iagsRERT TAROBLORRNICEL" BiteZy e P11
 baseaporifiondy ik RO 1F pes s hrdeosnpt el el gt LAY o))
- Nanely, the MSK-nodul ated parts in which the actual infonnation bit is
_enbeddgrgt of ihle pesode datacdreespandingriod 1hah biSevobblek of theobegpenan vl
- while a part corresponding to “0” is one wobble of the fref.luency fwl. As shown in
FIG. 24C. The ADIP bit “0” forms a channel bit data stream “010” in the ADIP unat,
" namely, it provides a wobble waveform corresponding to a pre-code data stream
“000010001000™.
The above wobbling method according'to the preseat invention is characterized
as follows:
Wobbling is a sequence of ADIP bit and sync bit having waveforms,
respectively, derived from MSK modulation of the information bit, and a monotone
bit providing the single-frequency part based on the waveform of the single frequency
fwl (carrier frequency). Namely, the MSK-modulated parts in which the actual
information bit is embedded will discretely be laid on a wobble track (groove). The
discrete presence of the MSK-modulated parts contributes to a considerable reduction

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

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




di screte presence of the MSK-nodul ated parts contributes to a considerable

reduction of adverse affect of crosstalk even with a pi tch.
The MBK nodul ation uses the two different frequenci es%gvép?%él%a@%. O

these different frequencies, the 5 Septenber 2005 58 frequency fw is the
sanme as the frequency of the nonotone wobble (carrier frequency). The

frequency fw2 is a frequency 1.5 tisges higher than the frequency fw 1, for
exanpl e, whereby the relation between the frequencies fw][ and fW2 is such

t hat f?’%ﬁJé?l% R P i?&h@?&g@%@%@e%ﬁggﬁ o e ArloRbRGHEL WoIE N cafttkrodd 1N a

pr ede m ned cyc tion bit part, the, period or four

nonot one wobpl i S one hannel . bit (i se i,t. correspen to the length

(L agtusmey b The inonet B2 oA fadusacii -+ B b RRRBE Fetfersd® Tho
period | ength of the MSK-nodul ated part of the ADIP bit is a period of 12
monotferie fendingsle, wherebi she elpieon berwsenithe diequaneigs &w | ang) trdhissush t he
cycl e of the nonotone wobble. These features wll facilitate the FSK

denoqyh@ih® hurhPedsh8f Hoth Mel ¥iRqubhéibs Virt | alkangdeterévendahdt edd inhe MSK
denmodul ati on can be easi er because the denodul ation is done in units of a

period of a plyrality of wobbles, for exanple, a period of four nonotone
mbblpég&etmﬁ?glciﬂem between the wobbling and data to be recorded is such

‘that an integr umper (three, for exanple). of addresse s -ADl P
i nfor mat | Oh ik SASIC Sefogatiembt irh b BAGOTAY KRS BOIHERN OPRES 50851 e
groove and data to be recorded. In the MSK information bi-t part, the phases
‘ar e chatnelUnt §inataset heopwispondsf tas Hief length fetdarmfi the wobbleedetceionw and
fW2. Thus, the wobbling by the MSK nodul ation will not include any high
fr eqygh@ywy RIFRAAE Mic Aformation 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
mﬁ[tiple of the cycle of the monotone wobble. These features will facilitate the FSK
demodulation. In the disc drive which wil be described later, the MSK demodulation
~ can be easier because the demodulation is done in units of a period of a plurality of
- ‘wobbles, for example, a period of four monotone wobbles. The relation between the
wobbling and data to be recorded is such that an integral number (three, for example}
of addresses as ADIP information are used per RUB to provide matching between the
“wobbled groove and data to be recorded. In the MSK information bit part, the phases
are continuous at the point of shifting between the frequencies fwi 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 1n the Secqnd _




in the wobbling by the PSK nodul ati on. 2-2 Denodul ati on The denodul ati on
corresponding to the wobbling nethod in the second 5 S 59
enbodi ment of the present invention will be described ﬁﬁ$§g§ﬁ%ﬁﬁ2@

shoul dbenoted that the disc drive is simlar in construction to that shown
in FIG 12 and circuit conponents provided instead of the bandpass filter
3 1, conparator 32, correlation de&bection circuit 33 and frequency '
detection circuit 34 in the FS K denodul ator 24 in FIG 13 will be

descrdhBshiiehiof @le§i8RGR inwnfibfwillbe &QLribé®hdfelcorORhalidbe nbhdr e are
provi ded bandpass filters 15 1 and 1. 52 mul tiplier 153, adder 154,

accunyl at,or 155, . sanpl-e-and hol circu't,l 6 cand | ~cqr 7:as:shown in
e Wl dip I TR AL PRafofiilotle im R B RS Vo SBRiC 56
address decoder 26 and encode cl ock generator 27, etc- included in the
secom@Mpansats paawtded wstgadialthe thandpasselibieodh, camparator 32 aprrelgtignl | not be

descri bed any nore. The output fromthe circuit shown in FIG 25 (output

f r omdebetiohiciuit B7Ind Feqsanepldeesttion ditwitdd4 o iheiBSK idemariulstor 2436 i ncl uded
in the FSK denodul ator 24 shown in FIG 13. Nanely, it is assunmed that the

i sciyp 19k AbeCldsEHbbd i RXAERASIPELG M. Cireuit 36 and gate signal

generation circuit 37 shown iIn are simlarly provided downstream

~of the cirgcujt in HG 25 A push-pull, signal /P |

oobbl i ng. EPbHia PR Aeatialion; thegs bt PiovEted hitdbass efs TERRATEAT o eacn
of the bandpass filters 151 and 152 in FIG 25. The _bandpass filter 151
has sudplierchi, adder | 3, iascumutatonl 2 bwampde st byldgaruat 156 and a slicer

157 as shown in FIG. 25. It should be noted that the components such as wobble PLL
25, address decoder 26 and encode clock generator 27, etc. included in the second
embodiment are similar to those shown in FIG. 12 and so will not be described any

more. The output from the circuit shown in FIG. 25 (output from the slicer 157) is

supplied to the discrimination circuit 35 included in the FSK demodulator 24 shown
in FIG. 13. Namely, it is assumed that the discrimination circuit 35, sync detection

circuit 36 and gate signal generation circuit 37 shown in FIG. 13 are similarly provided
downstream of the circuit shown in FIG. 25.

A push-pull signal P/P supplied as a- wobbling signal from the matrix circuit 9 -
in FIG. 12 1s supplied to each of the bandpass filters 151 and 152 in FIG. 25. The
bandpass. filter 151 has such a characteristic as to allow frequency bands
corresponding to the frequencies fwl and fw?2 to pass through it. The bandpass filter
151 extracts a wobble éomponent, that is, MSK-modulated wave. On the other hand,

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




F

corresponding to the frequencies fw and fw2 to. pass through it. The

bandpass filter 151 extracts a wobbl e conponent, that J - | at ed
wave, On the other hand, - the bandpass filter 152 has sdug%tﬁﬁﬁbg% band

characteristic as to pass only the 5 Septenber 2005 60 frequency fw, that
Is, a carrier conponent, and thus it extracts the carrier conponent. The
adder 153 nmultiplies outputs fromthg bandpass filters 151 and 152. The
product fromthe adder 153 and an output fromthe accunul ator 155 are

suppl i [ T I L. [55. i | eared by a c| ear

o1 ool Fpeh 86 116G citter (RO QREHTHI PGS i 5RTabR i BREER pOtbopenf ™)
period_ of fwo bbl.es.(in case L = 2). Therefore, the accunulator 155 wl|l
pr ovi gg‘ea?ﬁfdieﬁllggp&tl%lhﬁﬁéﬂ{ﬁ@“ﬁ%omﬁ@e éé‘?dﬁ?@s Ite‘fso‘tﬁrl g {9 Thepmdust The
output fromthe accunulator 155 is held in the sanple and hold circuit 156.
The sdmph ¢theamdildndlS8 aoi mawitpitFomahplaesumnkitdrd sdsarthappligd ed thataddee tim ng
of a hold control signal sHOLD. The output fromthe sanple and hold

ci r cuii54 136 iasclhREdZES is Eka}éwahicf&rrs@m fszfIﬁQnﬁt% oggﬁ%mfcﬁffahr The

bi nari zed data output I1s a channel bit ta form ng address informtion,
and supphkied..to a dowpstream<ci;rcuit, n ly, to the ,di.scripm nation
cir cuf"{%%?ge Sa(smscﬁﬁflvﬁ _:N%? Py gperigd qﬁ“‘f%‘é”ﬁﬁ@ﬁﬂ“rﬁ%ﬁtlf b"r@cif‘%ﬂ??‘g@éhfﬁ he data
i s discrimnat egﬁeo _“ave a value as an ADIP bit_or sync bit. The ADIP bit
t hus acfusplatarnbixavill previdds: aedntegraked walue dos the qwaiwd 26 fonows twe FI GS. 12
and 13 where it will have the AD P address thereof decoded. The sync bit
wi-| | webblescessed in the sync detection circuit 32 in FIG 12 in the sane
manner as described with reference: to FIG 12.
The output from the accumulator 155 is held in the sample and hold circuit 156.
The satﬁple 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 supp lied to adownstream circuit, namely, to the
discrimination circuit35 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
discrimninated is supplied to the address decoder 26 shown in FIGS. 12 and 13 where
it will have the ADIP address thereof decoded. The sync bit will be processed in the
sync detection circuit 32 in FIG. 12 in the same manner as described with reference
to FIG. 12.
The MSK demodulation will be described with reference to waveforms shown

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

- wobble detection window 1s L. = 4.




The MSK denodul ation will be described with reference to waveforns shown

n FIGS. 26A and 26B. The waveforns are ones devel oped gth L of
the wobble detection windowis L = 4. 5 Septenber 200%%618'}9}3%&@%A shows
pre-code data, a wobble waveform MSK (L = 4) formed correspondingly to the
pre-code data, and a carrier frequency as an output fromthe bandpass
filter 152 (BPF out). FIG 26B showslan output fromthe adder 153 (Denbd
out), output fromthe accunulator 155 (Int (L=4)) and an output fromthe

sanmpl e andFIGoREAcktical preloddd Ha@La%bbehhvpfomaMSK (In =t B forthedpl i er
153 of the wobble waverorin MSK (L = 4) as shown in FIG 26A by the carrier

gﬁgqggﬁﬁf‘r‘n}f‘g’@ﬁr@ﬁé ‘%ﬁﬁ%vb%ﬁ?g‘t?s%@p?%h&%@& ‘3”%5?3‘??”‘?’“?#1’4?@‘@ ¢ 208
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wobbl es as well to provide the output (h (L=4)). The wavefonn of the
out pubuhoytpaafipni thebicnamylatdr L Iny(k+d)) shid @eroutpt fromdbe sample amdinnel bi t
data yet to pre-code. FIGS. 27A and 27B -show wavefori-as devel oped when

the | galdt Birduiffl 56N (DRhD! e Miglkiplithdn %ﬂﬁ@%ﬁ&qﬂzer P53 AF fhe WoBble 26A and
26B, pre-code data, wobbl'e waveform MSK (L = carrier frequency (13PF A

L) B 35, SR Sl e 1
(1|§§2) rogiir S %51%‘3[;\@5%‘81% 05;7}6@%51&278 g[éguiéﬁ Pl %tz{c%[]ur{u atopel5§u cf pI er
| adder 154 provide the signal (Int (L=4)) integrated in units of four wqbb{es. 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 [53
(Demod out), output from the accumu[ator [55 (Int (L=2)) and an output from the
sample and hold circuit 156 (h (L=2)) are shown in FIGS. 27A and 27B.
Mu!tiplication in the multiplier 153 of the wobble waveform MSK (L = 2) by the
cmier frequency (BPF out) provides the signal (Demod out) as shown in FIG. 26B.

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

of two wobbles. The integrated signal (Int (L=2)) 1s sampled and held in the sample



carrier frequency (BPF out) provides the signal (Denod out) as shown in

FIG 26B. The accunul ator 155 and adder 154 provide t ' t (L=2
integrated in units of two wobbles. The integrated sig2g§é@gﬁ?g?%ég%)(is )
sanpled and held in the sanple 5 Septenber 2005 62 and hold circuit 156 in
units of two wobbles to provide the output (h (L=2)). The waveform of the
output (h (L=2)) is binary-sliced bg2the slicer 157 to detect a channel

bit data- yet to pre-code. According to the present invention, the length

of th q@gm %&ﬁ& 9651 iRUnfis"90Mvo GRIBLRS foNsrooRRetettutpuP@ (02 )f allpd ural i ty

of wo ereby the MoK denodul ati on ™ can be done, easily and

accuratel y. Wi | et hrough G | i ted si
nal (raps ot tdbuteut Cu TR AR ST ARANeBTE RS G cHeeb 5
FIGS. 27A and 2713, respectively, the length (L = 4) of the wobble

det ecblitdﬂtwfrtd@\pfwcpﬂe-provi de an integrated area 2 tines |larger than that
provided by the length (L = 2), and thus the signal will be 2 tines

| ar ger. Thacawidigy tithe ptesentinvehtiomahe bengeh of theswolbblgeletachian windpw when L =
2 but,,-2 times larger. Thus, when L = 4 in total, the signal-to-noise

(SIM ' ' 3 i v bi t

L o et BRIy g e e asnd e b
engt e wohbl e detection windowis increased owing to the wobblin

net hd‘d‘“gﬁet%?'i’:ﬁ ?f'bg?[g'(f' CHFalE¥nt invention, it will be understood that thg

MBK denodul ati on and ADI P decoding are nore reliable |n the foregoing, the
present i myemnillde segs theaighdensapatizan befiween the iniggrated signa (tnt) and "

sampled and held signal (h) shown in FIGS. 26A and 26B and FIGS. 27A and 27B,
respectively, the length (L = 4) of the wobble detection window will provide an
" integrated area 2 times larger than that provided by the length (L = 2), and thus the
signal will be 2 times larger. The n,oisé 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 ts smaller than that with L=2.
Therefore, since the length of the wobble detection window is increased owing to the
- wobbling method éccording to the prcseﬁt 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 appératus for use to produce the disc and the disc
drive in which the disc is used as arecording medium. However, the present invention

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




‘enbodi nents of the disc, cutting apparatus for use to produce the disc and

the disc drive in which the disc is used as a recordi ' wever,
the present invention is not limted to such enbodineggggﬁﬁbH%E§ e
nodified in various forns without 5 Septenber 2005 63 departing fromthe
scope of the present invention, defined by the clains given later.

| ndustrial Applicability As havi ng @een described in the foregoing, the

di sc-shaped recordi ng medi um according to the present invention has forned

t her edgpactibbfios: drcitopt offthe prassnginveatio®sdadinedrigdbe elainnegiven dmat. units
each consisting of an FSK information bit part and a single-frequency part

corr ' veformof a single frequency. Since FSK-nodul ated
FaRE e L

(or s are thus discretely forned, the influence of a

crosstal k from.adj acent bhl.ed tracks. is . reduced, ich is ver sui tabl e
For - an i niUTBHEhbeg drseiitedan i Fcuone: e pdpethiar o Iadburg: + oh.
That is, the present invention is suitably usable as the wobbling nmethod
for caccardjeg tapar pregendinventiohdas formad therpan avehbleg cartuphigritioh ihe present
i nvention includes nmeans for generating a' series of predeterm ned signal

- uni t sedag bf qrevasatiret sgwdl Il epsh consieGhg been FSKMifOkmavgH bt pan of
information bit and a signal part of a single frequency. Nanely, the

one 50, LA o SgRep g 9 0 g i1 e 1
capagily Top 015001 Ver AR SAMolSD) AS PSR ADAED Bhulcd Tne
| influence of a crosstalk from adjacent wobbled tracks is reduced, which s 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 méans for
generating a series of predetermined signal units each composed of a signal part
fesulted 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 intcnded for a Jarger -
recoding capacity.

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




- apparatus in which infon-nation such as an address can be extracted from
the wobbl ed groove forined on the disc-shaped recordi mgsdpéeihnsen2ohbr e
particularly, the clock reproduction unit can easily and accurately
generate, by the PLL, a wobble 5 Septenber 2005 64 reproduction clock on
the basis of a signal corresponding to a single frequency part of a

wobbl i ng signal, having a waveformédf the single frequency. The disc drive
can operate stably by generating an encode clock for processing the data
to berepfsductiof clockith (i babig of BisiEHal c6QEMRNARTY fodl silals Fe itnkthparaitol e
reproduction clock- The PLL can operate based on a gate signal generated
on t j: ion N t ration only
it SweBBlide Sleshl havyiE RENERSAROr e sPel i ufheR P8 A HARE A b1 g
signal. Thus, the PLL permts a qujcker pull-in to |ocking and, a, nore
accuropegate skoly BE ﬁP-B%ﬁB‘E‘f‘E@H.e“PBF[? ﬁh?rct@ R BragssBing the AABAONRE F@rded . s haped
recordi ng medi um according to the present invention includes a

si nglaadfmalqng spymdieeserve toatrolaseden thegtdblils reppodddtairedlioci. ITdrgRELt han t hat
of the FSK information bit part. So, easy pull-in to "locking of the PLL
usl ”%ah"lﬁ)eﬁdtegiﬁeﬂ TR0 8afeYsiRaall dnerAed Yl bakReof K geedtibRMo Of a

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

Fr eqtadge dESebla B BBEABh- bl B8 cSebi et erndidla ARETIHEE", cCor ai ng
medi ym havi ng prefor rrecl) hereon a spiral, wobbl ed. . .
_ equency part o% tl(i)e wo b&mg signal. Thus, the PLL permits a quicker pull-in to

lbcking 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
.sufﬁcienﬂy [bnger than that of the FSK information bit part. So, easy puli-in to
locking of the PLL using the single-frequency pa:t 1s 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.




track as.a groove or |and along which data is recorded, wherein the wobbleée
of the track is a series of predeterm ned signal units ch consisting of
an FSK information bit part corresponding to a vvaveforrfg%élﬁrlngﬁrdio?)%’_om FSK
(frequency shift keying) nodul ation of information bit and a

si ngl e-frequency part corresponding to the waveformof a single frequency
wherein two different frequencies arebSused in the FSK nodul ation; one of

t he frEhQAENS es being the same as the single frequency while the other is
different fromthe single frequency, and these frequencies being in such a
rel atilon t adissasttaped redeedinganedinm havingprefornedeherontespial, wobtie¢s and an

odd nunber of wobbles alternately in a predetermned cycle. 2. The
di sc- g Zoov ek dantbalpngveltick dataris recoriled, ovhénein thewheblde mftthe ot her

frequency has _a.freguen 1.5 tines or 111.5 tinmes higher than that of the
one %ﬂe%%lérﬂ;§(?rl%s_0 mgeaﬁg@émé‘ﬁ stgnal upitgicagh momsiptingsokan FSdcth in claim

1, wh WA g i nfanyation_ bit. part = WO eriod of .
fr equansratiOp et ot PoBRTRHo Wkl o B st B OB Rmesbosiifls
i nf or netingh niidul Fiﬁfo?'ﬁé A r i ' - ile]s in claim
1, wherein the p%tﬁ)inood engtﬁﬂ1§ gﬁ%tﬁﬁg Sﬁ@é &r?ﬁg?%%#@ﬁsﬁ §é\q}¥1§ itéﬁ’?n
i nt egmadvefornt oph single fraguairki od of the single frequency. 5. The
di sc-shaped recording nmediumas set forth in claim1, wherein in the
pr edet er ni mdgreinitwo dififerque freauicheieg ite wdedtinehs FSH sddubmiepncy part is nore
t han about 5 Septenber 2005
one of the frequencies being the same as the single frequency while the other is
different from the single frequency; and
these frequencies being in such a relation that each of the frequencies has an
even number of wobbles and an odd number of wobbles alternately in a predetermined

cycle.

2. The disc-shaped recording medium as set forth in claim 1, wherein the other
frequency has a frequency 1.5 times or 1/1.5 times higher than that of the one

frequency.

3. The disc-shaped recording medium as set forth in claim 1, wherein in the FSK
information bit part, a 2-wobble period of a frequency as the single frequency

corresponds to one channe] bit as information bit.

4. The disc-shaped recording medium as set forth in claim 1, wherein the period
length of the FSK information bit part is an integral multiple of the period of the single
- frequency.

5. The disc-shaped recording medium as set forth in claim 1, wherein in the

predetermined unit, the period length of the single-frequency part is more than about




66 10 tinmes of that of the FSK information bit part. 6. The di sc-shaped
recording mediumas set forth in claiml, wherein an integral nultiple in
the predeternined unit corresponds to a time length of 2 PeRI®MAEMNYO%it of
data to be recorded to the track. 7. The di sc-shaped recordi ng nedi um as
set forth in claim1l, wherein the channel clock frequency of data to be
recorded to the track is an integral Itiple of the single frequency. 8.
The di sc-shaped recording nediumas set forth in claiml1l, wherein a
frequenc as.t.he sin f.requency . i.s a one between a tracking servo
frequ32H&nﬁ%ﬁﬁﬂ5%G%ﬂ%géggﬂﬁﬁﬁnmﬂPB&Wéﬁgy band. 9. The di sc-shaped recording
medi um as set forth in claiml1, wherein the FSK information bit part is
fornmed on the basis of a waveformresulted from FSK nodul ati on of

informpatio P P %%gf i s@l;iino . | SC- . recor.ding nmedi um
as se{Ha for ?gllyi(%m%l%gl 1@%@3 ?}% e %ﬁgw?%ﬂgﬁlgla’i@nﬁf eei‘[q.ﬁleal}:%kegrap

I nf or madltigle i the Peédetdtafified Wit EdiréoRAL 16 b FRUETRA] 'cﬁﬁl% ne is
conti nuoug in phgse with the ot hers?{;lt t he pol nt gﬁﬁgﬁﬁ&ﬁ#ro h%ﬁegﬂt)o t he

ot her dafa tb.beTteeoddesttosthapedkr ecor di ng nedi um as set forth in, claimil,
wherein the FSK nodul ation is an MSK (m ni mum shift keyi ng) nodul ati on.

12. The di sc-shaped recordi ng nediumas set forth in claim1ll, wherein in

t he SK ipforymation hit part resulted frogm MSK npdul ati on of the
i nf or fat i oﬁjhsi 1§C-§hagp r %@}g)medm@swt forth in claim 1, wherein the channel

clock frequency of data to be recorded to the track is an integral multiple of

the single frequency.

8. The disc-shaped recording medium as set forth in claim 1, wherein a frequency
as the single frequency is a one between a tracking servo frequency band

and read signal frequency band.

9. The disc-shaped recording medium as set forth m claim 1, wherein the FSK
information bit part is formed on the basis of a waveform resulted from FSK

modulation of information bit as address information.

10.The disc-shaped recording medium as set forth in claim 1, wherein the FSK
modulation for the FSK information bit part uses two different frequencies of which the

one is continuous in phase with the other at the point of shift from one to the other.

11.  The disc-shaped recording medium as set forth in claim 1, wherein the FSK

modulation is an MSK (minimum shift keying) modulation.

12.  The disc-shaped recording medium as set forth in claim 11, wherein in the

FSK information bit part resulted from MSK modulation of the information bit, a 4-




wobbl e period of the frequency as the single frequency corresponds to one
channel bit as information bit. 13. The di sc-shaped recordi,n nlﬁéj um as
set forth in claim12, wherein: the FSK infornmation bit %g?ﬁ?te&@g qoé'—’d from
MBK nodul ation of the information bit includes two different frequencies
of which the one is the sane as the sjngle frequency and the other is a
frequency x _tinmes higher than the sinigle frequency; and the 4-wobble
period includes a period of four wobbles of the one frequency and a period
of X wo s af .t oL her frequenc t hree wobbl es of the one frequency.
14. Th\é(gﬁe’@@-e?ﬂgﬁgﬁfr CHIECH ﬁmﬁ&@ﬁe@éw wwppﬁa%mnﬁ nnghldtes n x =
1.5 . .. There is provided an optical disc having preformnmed thereon
a spi rlgf%%g%t track as a grove and/or land along with data is to be
recorded. The track is wobbled for a series of predeterm ned signal units
each conposed of an FSK information bit part based on a waveformresulted
from ASK nmidi¢ dite-shaptld rebblin@hicdiurbids sePfbréh B ¢lRn 2, SAgBRY Part based on
a waveformof a single frequency. The FSK nodul ati on uses two different

f r equenci eshoFSKhinfdrmdtiendieparsreshited fom MSK heodvilatineoff the infenaxti@nbitt he
other is different fromthe single frequency. These different frequencies
are i inelydss dwce datfersnt frequensiash obf whinhmthe onen isvhe sambeas die wiglees and
an od erﬁ%gggjrr a:% thV\é)ct))ttlzllele sa lec%&én%?ft e{ir%lés%i&e@rtﬁgf %:heer sTng?I%dﬁ'qu%%lngj/; and

the 4-wobble period includes a period of four wobbles of the one frequency and a

period of x wobbles of the other frequency and three wobbles of the one frequency.

14.  The disc-shaped recording medium as set forth in claim 13, wherein x = 1.5.
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ABSTRACT

There is provided an optical disc having preformed thereon a spiral wobbled
track as a grove and/or land along with data is to be recorded. The track is wobbled for
a series of predetermined signal units each composed of an FSK information bit part
based on a waveform resulted from FSK modulation of information bit and a singe-
frequency part based on a waveform of a single frequency. The FSK modulation uses two
different frequencies of which the one is the same as the single frequency and the other is
different from the single frequency. These different frequencies 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.




