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. InCD-R and CD-RW the groove is wobbl ed 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

(02 P el o B 81 5 Gl 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




|ike 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 1 : |, and a wobbling signal of 22.05 kHz in averag® $3RISDRHA3POr e
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, wobbl ed grooves G are fornmed as prefonnatted on

the gksGs efm@gj fﬁg&aw BPivfechPP " and ONGd 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
information thenselves are recorded as |and prepits LPP, not as wobbl es of

t he gnedubitiohNOARAM ddach is the phase change recordabl e version of DVD,
i nformati on such as an address is recorded as a groove wobbl ed based on the

phase modylah)on d%ﬁﬁgl(grgs"élé Qé‘g@ﬁ.’?gﬁ ik REoBIE - adch&Hing3R 5QcBGnSARW

i nformation g?epresen 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




AD[ 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-circuniference of
the disc. FIG 3A shows a sync pattern (AD[P sync unit). In this sync

patte t he fonper,  four, wobbles (WD to WB) are negative ones NWand the
" at t ADIB gt dREhaf thgwvabblesip)phase-opestiilated fop aerostinye mabblg B Whaaiks an ADI P
data unit being the data "0". In this ADIP.data unit, the |eadi ng wobble

WO i meganegapbble N tvtlasplacbiattemantely inta predéetmbvet obder boekat thiebbl es W
to WB as positive ones PW and the latter four wobbles include two wobbles

W anth D uas réneiddty 8 sVROBhaSHFW e bbles Wb and W as negative
ones NW Thusﬁﬁt he ADI gﬁd?ta l[Jni t%gpp‘gg)ém?s' data "0". FIG 3C shows an

ADI P dat a,uni ing the data /15, In this ADP datg.unit,. the |eading
wobbl e WO YL @#2@%#&%”&‘80%&%%*55\ WOE§WCV%?§G eé‘g?rtﬂ ?‘i‘)@\éﬁéﬁ?"@ar ee

wobbl es to WB as positive ones, PW and the latter four wobbles include

t wo t%@& the nysT gHEUIeTERCh O the disc orukthrnegative wobblbbiVEds weveblile W as
positive ones PW Thus, the ADIP data unit represents data "I". These ADI P
uni t svhose tead ant eridog elifeete bravardaha etdpidiscuaifcencprefdht eiwy,. ned  nunber of

such ADIP units represents an address or the |ike. 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

(cutting) PR sane [ @d,]g,r‘ am

mast ering) . Trﬁvgr:ﬂge rel atvrtl(gde Iﬂéq I cuI t to &g@@ﬁé F&) ﬁ/g'r, in case a
groove is bl ed accordin dat t onent at
Phe phase- b %&%ﬁ%ﬁﬂ%@@%%?ﬁ%ﬁﬁrﬁpm p B n IR ahT
crosstalk_into a read RF signal, causing a critical error. Al so sr nce the
PSK phisRWthe strpke at armblﬁm obsa adjasent trackhwilk egee awaseedmeﬁ

essential frequency band of a wobbling signal processing ci rcurt system

wi | | wevélophe Thu) incdass uhe tratk tpiteh lis vedicednarcatddebissran tSTIPh datarcaanot be
i nvention seek to overcone the above-nenti oned drawbacks of the rel ated
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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 extremeljr 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




medium . a cutting apparatus for production of the disc-shaped recording
medium and a disc drive conpatible with the disc-shaped recordi ng nmedi um
According to an aspect of the present invention, there iSS¢Hember

di sc-shaped recording nedi um having preforned thereon a spiral, wobbl ed
track as a groove or |land 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 part corresponding to a waveformresulted from FSK
(frequency shift keying) nodulation & information bit and a

si ngl e-frequency part corresponding to the waveform of a single frequency
wher eﬁr&brémdci'ef:bﬁﬁﬁg\ha?é&ﬂﬂﬁﬂf iBpreVed WiRélrédd &Kﬁa&%ﬁ&%ﬁ gfe't flbordih of

the frequencies being the sane as the single frequency whi otfer is
di ffepeng, fr e S , t hese frequencies being in,such a
rel ation ﬁé?@gg?;g %[#P !'§+1th Eérﬁﬁgﬁ@%gﬁ&? ‘ﬁﬁo'glé%ﬁc}ﬁﬁ?@&g BeAEBL#La and an
odd nynbey. of wobbles gl ternately in a predeterm ned cycle. The other
frequ w&ﬁqw%wtﬁewwﬁéﬁ%&@pe reeddeig medivmt i nes” hi gher 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

i nf or mat i oAcobrding e apesspert dfehgpreseht ifvenfisl, thefoismovitedhi disoashapsdy be
an integral mjlgé,ii ple of the perjod of the single frequency. In the

pr ed HCEPFAIRG nedium hexngyprafemmed tharponfa spial, siobbled trackjwsra groeve onay be

nor e ¢ hgn.about, 1 i,mes of that of the FSK _ information bjt 5 Septenber
2005 Tand along whlcﬁ &ata is recorde(i wherein the wobbie of the track 1s a serie% of

predetermined signal units each consisting of an FSK information bit part
corresponding to a waveform resulted from FSK (frequency shift keying) modulation of
information bit and a single-frequency part corresponding to the waveform of a single
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




7 part. According to enbodinents of the present invention, the integral
multiple of the predetermned units may correspond to a tinme length in a
recording unit of data to be recorded to the track. Th@%ﬁ%ﬁm@rﬁ’p@ck
frequency of the data to be recorded to the track may be an integral
-multiple of the single frequency. The frequency as the single frequency
may be a one between a tracking servo frequency band and read signal
frequency band. The FSK information it part may be formed on the basis of
a wayeform resulted from FSK nodul ati on of information bit as address

i nfo tion. The FSK nodulation for the FSK information bit part may use

two differgnt frequencies. e f these.frequenci es may, be tinyous in
bhase. wi ¢ KRG o meTpfhe droseitivv e tom ol ARGp R e
According to enbodi nents the present invention, the FSK nodul ation_ is an
VBK  ptedatenmined ninits mkasy copspandutoaa tiore langth ke areponding nrytdflataite bgar t
resulted from MSK nodul ation of the information bit, a 4-wave period of

t he tregaded ey tlastradkhe singl e 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 °
xanpiay; bax ong bBveen a tacking servo frequency band and read signal frequency band.
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. .




5 Septenber 2005 8 Disclosed herein is a cutting apparatus including :
means 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 20

Sept enb 05 9 neans for extracting a wobbling signal about wobbling of
the track from fop%enér%ﬁﬂé 0 4490 tsigtsllap 08 the $aSs 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,;




a wobbling informati on decodi ng neans for meki ng FSK denodul ati on of the
wobbl i ng signal to decode information represented by the information bit.
More specifically, the wobbling information decoding nedn2eriepberd0&de a
clock reproduction unit to generate, by a PLL, a wobbl e reproduction clock
on the basis of a signal corresponding to a single-frequency part of the
wobbl i ng signal, an FSK denodul ator to make FSK denodul ation of the
wobbl i ng signal corresponding to an FSK information bit part of the
wobbl i ng signal to provide denodul atigon data, and a decoder to decode
required information conposed of the information bit fromthe denodul ation

ot sl L e oM o D SEUATRCY Aot

correl ation jbetween the wobbling signal and a delay signal resulted from
del ayT%Bn'bﬁg]% b#1% ng signal by a period of the wobble reproduction

cl ock. The FSK denodul ator nmay include also a fr eqbgenc detection circuit
to make Fervekiingindoinatian deending imepns fonmhakingFSK dlemodidajien of theil | i ng
‘edges of the wobbling signal, existent within one period of the wobble
repr ogiebbliag sidrat ko decodeingoringidnSte thd I8y te inficinuateen bite above

correlation detection circuit and frequency detection circuit, the decoder

dowodul at by FESHICRR, I8 SidBHAIRYinfbBhRton Ul HEARS WAL AMAES o0s
Socoddpohenroductn it to GaerAte, By AL R Wobblé' feproducion cidck’on HE
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



decode the required information froma |ogical product of the denodul ated
data from the correlation detection circuit and that fromthe frequency
detection circuit when the PLL is being pulled in the &%aternegsrd®dbcti on
unit, and it decodes the required information froma |ogical sumof the
denpdul ated data fromthe correlation detection circuit and that fromthe
frequency detection circuit when the PLLips stable in the clock
reproduction unit. The decoder may include a gate generator to generate a

gate signal fog _th PLL i he cl ock. reproduction,.uni 0 he fact
that it decodé§m$¥ﬁ@“9ﬁbxﬁﬂaﬁPwﬁxﬁ¥‘ﬁﬁﬁﬁngm#H%’%E&ﬁﬂ?iﬂqﬁﬁsgﬁﬁg¥%$§i and
the PLL functions on the basis of the gate signal to proyide a PLL

oper at de¢pdsdbe seqibred pfermatiopalrem & lngiea ryadueipl the dem ¢<§ dﬂtaeﬁgahcy, of
t he wobbling signal. The disc drive may further include a spindle servo

means fhar coredlation detectich eiraudt sed tat fromh thes frequérvy deddution cirmitosthen then
cl ock, and neans for generating an encode clock synchronous with the

wobbl epmpaﬁgeﬁgogpne&i %kggnélo\siei&{ardcﬁmgg?bﬁmvsa?d it ﬂm@&@ﬁi@g"e\%&ﬁéﬁ to be

recorded. T Ing 1 ntormation deco may al so i nclude an

denodul gtor .. f ox makin K _modul at,i on,qf . an, MBK nodul at i gn. si .

cor r oo paan ot 1A RnT B i hesmOa el bomt i Rtei, %Bien ¢
generate denodu] ation data. The MSK denodul at or denodul at es éf; NEL@
nodul a€iteiHt andthat fremy the fregrengyedefeghion cspitoyhen the RA.Ls iesfablecip 1 t he

single frequency to provide the nodul ation signal. 5 Septenber 2005 Il The
wobbl i docke¢produddonimt i n the present invention is such that a wobbl ed

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.




track is formed as a series of predetermined units each including an FSK
information bit part and a single-frequency part based on the waveform of
a single frequency. That is, since the FSK (MSK) is pabt3emtembai@0@bbbl i ng
is little influenced by any crosstal k. Also, since the |and such as the

| and prepits has no mssing part, there will not take place any influence
of any land m ssing-part on data t?l be recorded. Since no pits are forned
in the land, nastering can be made With a single beam Further, the

wobbl i ng _has high frequency, copponent as in the P Thes bjects and
other  obj 866 3vohtlERebod ddoRiHHANHE SLIGR ERENHYRELHOR hAVR AL i | |
become nore apparent fromthe follow ng detail ed description of the best
nodetrhck icformedrag aceties hEppdetantineduets ¢ash inblodingie ASKnindermpaltt i on with
the acconpanying drawi ngs. Brief Description of the Drawings FIG 1

expl Bitgﬁﬂgapggl@i%@%eghgﬁ?g%@BﬂséMbﬂHe%vefd?hﬁ)fa?siﬁgwfaéc[lﬁenfzyr fhag of |and

prepit show i nformati on represented by

phase- nodul at s_of. . Fl.G. ' ' first
ermboth fet (67 FORAYESR) ESpdliel 4IE SR Blink it intucRe R Bty EBa® T (201 g
a wobbl ed_groove formed thereon, and FIG 4B is a partial . perspective view
of t Alsoggincedhe danglsuch)as the land pEsmts l&lSv%b‘B!%@*%P?‘QoWef%“'éﬁ'Pit © di sc
according to the present 5 Septenber 2005 12 invention. ]

place any influence of any land missing-part on data to be recorded. Since no pits are

formed in the land, mastering can be made with a single beam. Further, the wobbling
has no high frequency component as in the PSK.

These objects and other objects, features and advantages of the present
invention will become more apparent from the following detailed description of the
best mode for carrying out the present invention when taken in conj unction. with the
ﬁccompanying 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




FIG 6 explains an FSK information bit part of wobbling of the groove on
the optical disc according to the present invention. FIG 7 explains an ECC
bl ock on the optical disc according to the present i nvéneeRipmbena805g
explains a RUB structure. F[GS. 9A and 9B expl ain an address structure on
the optical disc according to the present invention. FIGS. 10A and LOB
explain an address structure on the optical disc according to the present
invention. FIG 11 is a block diagilam of the cutting apparatus used for

~ production of the optical disc according to the present invention. FIG 12
I S ajnkkREHn. di agram of the disc drive according to the present invention.
FIG 13 is a block diagramof the wobbling circuit included in the disc

drive aceer ¢ Bgibifs hAFIK fRBRnalibH BN p00f ROBblirigol theagioaeloritagram of

the corr etection circuit i1ncluded in the disc drive according to
t he present i nvention. ,Fl GS.%_?{SA trg- 15G show waveforns indicating points of
t i meopficalgissrrcearding b the RIEFYH BEYE on circuit is actuated. FIG 16 is a
bl ock di agram of the frequency detection cjrcuit included.,in the disc
drive acddfdihegxplairshan E?‘é%éxkock We'ih@i(lﬂ'il.cagdg@rﬂ% pEAgthe PFesEics 174 to
17E show waveforns indicating points of tine at which the

inventiot.

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.




frequency detection circuit is actuated. FIGS. 18A to 18F explain an MK
stream of wobbl es on a second enbodi nent of the optical disc according to
the present invention. FIGS. 19A to 19C explain a bit str¥ratemeenidP0Robbl es
on the second enbodi nent of the optical disc according to the present
i nvention. FIGS. 20A and 20B explain an address block for the RUB on the
second enbodi nent of the optical disc according to the present invention.
FIGS. 21A to 21 C explain a sync sibhal parton the second enbodi nent of the
. optical disc according to the present invention. FIGS. 22A to Zﬁgbexplain a
sync bit BEGSelPAdo I'He shewowaveliobodiindivetiag pords fpimeatt whih R&ording to
the present invention. FIGS. 23A and 23B explain a data part on the second

enboﬁgggéz{éyqjet QforPBdifds acllitéd.according to the present invention. FIGS.

24A tO explains an ADIP bit pattern on the second enbodi ment of the

optical dipe %@g{og{%?e{?i@égﬁolﬁgﬁgt%sagégﬁg@hg%gg REcor@ chibodidiback di agram

of the I ment of the optical disc
according to the present inyention. .FIGS. 26A and 26B explain the MK

- denoeilthgtapsicalliss acperdingitoghe G AR ser ved when the length (L) of the
wobbl e detection windowis L = 4. FIGS. 27A and 27B expl ain the MK

denodul atFIgs. vidhtot I9€ exiplainta bisstsidurehyswveldpesomthe seoosd smbodaent,ed when
the length (L) of the wobble detection windowis L = 2.

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




Best Mbde for Carrying Qut the Invention The present invention wll be
descri bed herebel ow concerning its applications to an optical disc, a
cutting apparatus for use in producing the optical discd3amerabeli2085 drive
for recording and reproducing data to and fromthe optical disc. The
description of the present invention will be given in the follow ng order:
First enbodi ment: 1-1 Physi cal chalgacteri stics of the optical disc 1-2

a

Wbbl i ng nmethod 1-3 Cutting appar 4us 1-4 Disc drive Second enbodi nent:
2-1 Wobbling method 2-2 Denpdul

ion Fi.rst .egbodi penty: 1-1 Physi cal
char elsgeevédswhes thef length dprofdae W eaﬁ@CBHQﬁ‘-Bgﬁ?wéﬁ ratgt'eri stics of the

optical disc according to the present invention and a wobbled track forned

on t BecAbUE For Ghaingd Out the Tuesmtiobed bel ow.  The optical disc according to
the present invention is included in the category of discs called "DVR

(data and;.yi i o) ayad isrebéloadanicsrdng iseipplinetdns ng net hod
dedi cat e??%gg%@%gégé%?ﬁr%g?%%S 15 r'?I'abl e | shows the typical

bet atrgea:[necr)pstic%fl d%sr(]:,ea EL{tisntg aeprf)ba,lga hg?or}tus%fin&)%dl%?ﬂg ti opsticet 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.




according to the present invention. Table | Laser wavel engt h405 nm
Nurerical aperture (NA)O.85 Disc dianmeter120 mm Di sc thi cknessl.2 mm

Di ametrical position of information 44 to 117 nm area TO=R8PYMBFHI080 m
Channel- bit |length0.086 mData bit | ength0.13 m Capacity for user data22.46
Goytes Average rate of user data transfer35 Miits/sec Recording

nmet hodPhase- change/ i n-groove recordisng The first enbodi mnent of the optical
di sc according to the present invention is a one using the phase-change
recording h ' ' @h&m o fldasopticdil diset er  of
120 nn1an&ggﬁ?ﬁggiﬁ%ggﬁ%?&%“%ﬂ%ﬁ?h%ﬁgggkg?gﬂgﬁggdand thickdgés of the
optical disc according.to the present invention are simlar to those of CD
(conﬁﬁ@@ﬂhﬂgégth§i¥e§V%lﬂﬂﬂﬁFFhl versatile disc). Like the conventional
simlar types of discs, the first enbodi nent of the optical disc has
defined thebdoh a | ead-in area, programarea and a | ead-out area, counted
from5 Septenber 2005

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




16 the inner circunference thereof. The information ar [ [

areas dianetrically covers an area ranging from 44 nn1$g Hgglﬁg:n%hghese

~wavel ength of the laser light used for recording or repbcibptmkerd@0a is 405
ran- 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 optigal disc, there is used an objective

| ens having a nunerical aperture (NA) of 0.85. The track pitch of the

recording track is 0.30 m channgl bit | h, '
bi t Kemghhen sirguadergnog e 1 o dorkB08h %“ae%aﬁ}‘:??‘ﬁé“ﬁ[ %@Zaﬁ%ﬁ )
_repor(_:h ng user data. User data can be transferred at an average rate of 35
Moi t giarpefricsliy oonkirs Bataaed sangied freaudbyomie J/dBik recordi ng nethod. Nanely
a groove is already fornmed as a recording track on the optical disc, and ’

data i s repenEedldnBili bEthelaey tight e@ fod feddrtingtaraepmducing datafpfd of a pl an

view, a first enbodi nent of the optical disc according to the present

Y © B ea el (el inl SulqiCHEASE: MEhlTsd dbballanbive A0 To fhis

0SSe are preformatted at the innernpst

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

erbodeaus thpiassr tian siiniecbia OF el eerarne Ll el I Btk 0 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 ment. 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 5 Septenber 2005
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




17 'disc is indicated with a reference 1. As shown, the optical disc | has
a groove GV forned thereon. The lateral wall of the groove GV are wobbl ed
adaptively to address information or the |ike, that isS %apterekgsd8Pngly to
a signal generated based on an address or the like. Aland L |ies between
two adj acent grooves GV. Data is recorded in the groove GV as nentioned
above. That is, the groove GV serves as a recording track. It should be
noted that alternatively, data may be recorded on the land L. as a

recording track or.in t roqve, Gy | Rerrpbes €V
inve-rdusmigﬁ lpd'@ﬂ%’e‘éf@rﬁ‘ 6%%6%&? diééslf“g‘gﬂ U{ri{édédt;l&; aéav\&gb[lglhia%gegg? the groove,

~which will be described in detail later,, Brief W . I wobbl ed
adaptfhiaby thevean. sTmkatergbwall af die @’QOF%@Y@HW’QW@H ag%ngagég P ggg&(%r t he

i ke, the optical disc according to the present invention i§ suitably

Usab'i[?%ﬁfna%ioﬁi eIgd, eat is] oogespaplinglytodi signahgeastatedt bassf 01 8w it t en
or rea 0 or fromthe optical disc 100 being rotated at a CLV (constant

ke A S et

efore, e nunber”of wobbles of a groove for one

turn of track will be larger as t roqve t Rebeding

ci r cumihe meﬁvtas@elﬁmqega‘ab%?sQf‘ﬂglsza'\'ﬁo%'g’ﬁ?fﬁg ?re\gt@ﬁ%(i alI%Igﬁxt , how t o wobbl e
the groove will be described: FIG 5 shows the st%ﬁﬁtur&l%na wabhl e, unit
on t hgackptlt skduldibecnated thatiatigrmasivehe dag ggg e TeROINE Th™CThRE  gi Gove i s

wobbl ed to define a series of the wobble units shown 5 Septenber 2005
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




18 in FIG 5. As shown, each wobble It i
_ _ ;o unit is conposed of an FSK i '
gln][ pa:)';)bl and ? singl e-frequency part. The single-frequency par-tI PLglrlrJrgglson
wob%l wob! nez 19i ng \(/:\x;(tglblel ng frequengy fw . For this par® Sanirmberadfe is
: corresponding to the frequency fw | [
fsl)pglai-fr?aquency part provides a series of 65 vvobgl es )c/)f \tNhe-f-rrg::]ﬁenc fw
ror ueﬁgp ]?\'Ntu shoul d be noted th the single- frequency wobbl e of t%e

q y is also called "nonotone wobble". On the other hand, the FSK

information bit part includes wobbles result M @b
. . d | |
i nf ofEIGOR, Asechewrs ieagh wabbls ﬂ\"érl%ﬁ?“'(’f"éﬁigﬁﬂ?gg o"lﬁv&m'cﬁ Plrl\e d‘gﬂ ° ADth
sane as the frequency fw of the nonotone wobhbl e ,and t[] °lsthe

Irqu@(ﬂ%yﬁin%ﬁé{@myr@a.mm sinpbe-Groquandsb partingly 6%89.3/8'1*’%%%?‘{%@8? 2ngt h 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% i
FSK information bit part has a period of

~six nonotone wobbl es as abqve, and it | : \ ]
S ngborrpin Hﬁﬁréwﬁi@; S st AR RS Sebes Of o
) , Is effect f ' :
cr osgbakkblsies wElthe é‘ﬁeqhanc;eﬁwﬁ eﬁlo\r/ gﬁalcr)'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 tlke callodf mwgcwewegg%ar Pﬁeﬁﬁ'& d

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

o _ _ |
0t of L theP RSk iFOGRIAL bit pRcRRMuddewobBles nisntind: from K part 1<
shoul d be set to h ' es, the single- frequency part

~ Sept emsbdatigoel RD[Ia’\{t?fo?‘m%%E)}i? t%agé ugfr)l%eiv}oh(ﬁﬁ'e@&lt RRERRs SIphRE. the

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.




19 This does not neans that the single-frequency part should never be set
to have a period of |less than 59 nonotone wobbles. Practically, however,
the period of the single- frequency part shoul d propert?&%’t@égef@pﬁ
considerations given to requirenments such as perm ssible ranges of the
crosstal k, PLL locking tine, etc. One FSK information bit part having a
period of six nonotone wobbl es repgesents one I nformation bit as ADI P
data. As shown in FIG 5, an addresS or the like as ADIP data is
represented by information hits from ADLP, unit atdgpefidK
i nf OrTHa¢ doss rot tnepns that thesingle %ﬂl}?&&???&ﬁ@ﬁ%‘%&’gﬁ%‘?%%@% ?h P
si ngl e-frequency parts. Because of the address sfructure t DI P data
whi Cly e dd thgg sesonotud wobblest Atactiealls howsaer, rtéﬁ paEiod ?ﬁl&\c %}ﬁgtt%he
monot'one wobble is 478 or 957 kHz, for exanple., On the other hand, the
ot her ffegue”%g \ﬁﬁg\@lfigﬁﬁgerfi be bhew iRionmidetations gives to e $HERISHUGRer t han
: rex

t he ffF%ﬁ %93 le. That is, the frequency fw2 is 717 or
1435.5 kHz. However,

) the val ue . gices fwl and fw2 are not
i mi tasqaelrmlstsﬂéeaﬁtﬁﬁé-orféﬁ? F‘@ﬁ@‘iﬂ‘ﬁ&?e[éy&%(grlﬁégg%gl e, the frequency fw2 may be
1/1.5 times higher than the frequency fw 1, It kh&obbRguenci es
fw !l and fow §8Kulixnfopmtleﬂalbhp%éllj"iaﬁl Ehpqlq&epgtas ?)gr%ﬁét)ﬁg]ttonever? and odd

nunbers of wobbles are made with both the freq ies in r&dgker m ned
cycl %Sp}c%eﬁ@%ﬁetiﬁﬁ)rﬁfaﬁ@uﬁcw ARMPi data.. Bstshepd m#ﬁgﬁ&f af‘t?a?lrﬁi??%e fr gquency
fw a

ove, the period of six wobbles of the ;&E%memgmslré@
correspond t hat - ' | e cRfatibh difsrfeam S ts the
abové*l?eeﬁ‘%ﬁ't[ﬁﬁ (F]ag? lf%ﬁ%@@rﬁ%ﬁ% ngg)d r?ulnbers of wobbl es made in the
predetermned cycle. |f this regui ' tth sidpde FSquaaoppattat i on can
be K infponaic hiyits dscaglst i op TR maklyRith slife

Because of the address structure of the ADIP data which will be described i

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 fwl, for example. Thatis, the frequency fw2 is
717 or 1435.5 kHz However, the values of the frequencies fwl and fw2 are not
d ones. For example, the frequency fw?2 may be 1/1.5

s fwl and f§v2 should

{imited to the above-mentione

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




20 the disc drive which will be described in detail later. The information
bit represented by the FSK info-nation bit part conposed of the wobbles
resul ted fromthe FSK nodul ati on of the ADIP infonnatiof, Saptgraere§05usi ng
the two different frequencies fw and fw2, will be described below wth
.reference to FIG 6. It should be noted that in the fol I owi ng description,
the frequencies fw and fw2 are igya relation of 1 : 1.5. In the FSK
information bit part having the period of six nonotone wobbles, a period

of two nonot one Mbblﬁi}ﬁéﬁ? Eﬂgma@%tg@?%gpannel bit. Ther efore, in one FSK

i nf otlrwdlsodrlbﬁ:w rée channel bits fonn together one
information "0" bit. The FSK nodul a -S gguency fw. i
i's a chanmab jdfotmation bit repeesenisd l!fé’rﬁ%‘?mlq “é‘%‘ﬂ&?‘%%%ﬁpbg. That "is, in
t he perl od of two nonotone wobbles of the fre uen fwl, te%? v%?gbl es of
the { gfg@g&é rEWllFed Sron® theWFSKe miodu xtionowbthes AL T s 1

Such annel bits in one FSK information b|t part represen

i nformation bits,. r gegomiarbe dysarjbadabalovowihd dat a "
1". ugmgetecHYG “ttaf%%(i&éfﬁég f\ﬂ’%d "I, respectively, represent a

cluster sync. In th| s c | ne I t ugaeyiptiod, ahe incl uded
i n sesfeezmdentoaFfer ibod Ibfs §F‘ V\@ﬁg ﬁgrbqf‘ 1!?’@laofs‘)‘hgl own i rﬁ) FIG 6. Three
channel bits being "1", "1" and 0" E%pectlvely, represent a secondary
Sync & eIqﬁeﬁdgﬂa,;q?fwﬁat’fld feidansonatehsionstbl e5oof t he frequency fw2 are included
in series in a period of four nonotone wobbles, and a erlogB

nmonot one X@HP@ITP?% 1ﬁ$Jrhfh‘Hdﬁ%lt thavmgdhepehodmfrﬁb?hm :Ngcl udes
e .

two wobbl requency Three channel bits being "1". "0" and

period of two monotone wobbles is taken as one channel bit. Therefore, 10 one FS

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 thc;, 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 “l” 0 and




5 Septenber 2005 21 "O0", respectively, represent data "0". In this case, a
series of three wobbles of the frequency fw2 is.included in a period of
two nonotone wobbles, and a period of four nonotone wobcteptemberd08hi ng t he
2-wobbl e period, includes four wobbles of the frequency fwl. Three channel
bits being "I"™, "0" and"1", respectively, represent data "1". In this case,
t hree wobbl es of the frequency fw2Zdre included in series in a first

period of two nonotone wobbles, a period of two nonotone wobbl e fol | owing
the 44t gk \,\KE’%&V&% réprebettatata 6" vimbihlisesaset. atseeies édbeascyoblles, o e a series
of threé bbl es” of the frequency fw2 is included in the |ast period of

oy fedend) fy ? P[Ilcqadffffﬁ} @B@‘{S‘d oPRRo fidkotdeowaBbleomnd 4 ppasd of foat is, one

ADI P ﬁﬁl‘fenﬁg vvn I'n represents one i nf ormation bit, and such

it ormanpiser wbpieen ol e DA g Bo G AL ﬁ%ﬁ&??%?”@%‘gﬁ‘%.kﬁi’f o

exanple. In this case, 98 ADIP units partially laid. é wobbl 8 roove are
gat heﬁa@;d{ﬁyfwrlmThmmﬁwnﬂlﬂbltﬁrbmg o, Qhﬂ%dwll respgPtivRly, ‘E?Qr?ﬁ%'g A¥ed | at er
with reference to FIGS. 9 and 10. In this enbodinent, an integral multiple

of wobpil g L{ﬂistc%séatﬁf*eé)ﬁbbﬂlea of hefteqesatynfd ari inchidedonsetiegincs firsls ponds to

the tinme Fengt of a data recording unit to be recorded along a track. The

data el o S0 Uit SBbbRS RbEHidd BE BF8 iushdiDhs wobbiak FollPimdUR | ncl udes

~an ik resses nthe followng, there wll be described

Fcspeei petyd inga %{)525 wohbletas e SR o aed BETe T ARG FYBPIS o5 ot p
units. In case one
of the frequency fw2 is included in the last period of two monotone wobbles.
As above, one FSK information bit part, that is, one ADIP unit as shown in FIG.
5, represents one information bit, and such ADIP information bits are gathered to form
- address information. Address information representing one address on the disc is of
98 bits, for example. In this case, 98 ADIP units partially laid as a wobbled groove are
: gathered to form address information. This will further be described later with
reference to FIGS. 9 and 10.

In this embodiment, an integral multiple of wobble units each being a
predetermined unit of wobbling corresponds to the time length of a data recording unit
to be recorded along a track. The data recording 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




5 Septenber 2005 22 address is included one RUB, a section of 98 wobble
units corresponds to a section where data is recorded as one RUB. In case
two addresses are included in one RUB, a section of 196 Semtemeerns{i0ps
corresponds to a section where data is recorded as one RUB. First, the
structure of an ECC (error correction code) block of data to be recorded
W || be described with reference t-9 FIG 7 for explanation of RUB as a unit .
of the to-be-recorded data. One ECC block is also called "cluster". It is

one bl ock formed hy ad¢i.png an ..err ' dred it @ séctidre

r ecoadidrgss ﬁs‘ﬂé‘:h‘é‘ﬁa qﬂﬁ%%« af?c?%og%q@(%ﬁgﬁhhggcgggg%sed of 495 rows of
recording frame of 1932T (where T is a channel cloc £ he data).
One GRerdilatalks resondedsw dusyREB. In&aS%%ﬂﬁaafesfﬁeafE@Bﬁg‘gk‘{)g%ﬁgg?é of data
and parity as shown in FIG 7. The " 1932T" corresponds to nonot one
wobb| s f {,-Afpgg HOBYRNtS obrtespandSio a keetlonovhars dah b GRET Qe of the
frequencyr} (= 478 kHz). More specifically, 69 channel clock periods T
of d (with the frequency fw of 957 kHz), or 138 channel clock periods
- T of a (with the frequency fw of 478 kHz), correspond to one nobnotone

wobbl e period of the frequen T i oFagnaw B8 the
data is 68::‘&33hqmﬁrumf%r?%c%’r Eﬁgwﬁﬁg‘ ?g“ggq‘%ﬁ?d@ %gg%r 478 kHz x 138. That
is, the channel clock frequency of the data is .an in ltinte of the
monot@pededvatibbe desarthedrnuith rolraserediG. rar xplanahER Rﬁ%@ﬁ % %‘9& dat a
recording can easily be generated froma wobble clock reproduced by the PLL

11 oM AR AR ot ARl Ata Of
| 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

wobble frequency, which means that an encoded clock for data recording can easily

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




?hge;é%gngfgciogﬁoﬂ a wobbl ed groove. Addition of a run-in and run-out to
the ECC Block ! wn in FIG 7 yields a RUB (recording unit bl ock) as shown
inFlG 8 RE i s conposed of a guard GD and preanbl e Po/Sepembenliobn of
19327 at 1 te feg| nni ng of the ECC bl ock, and a postanble PoA and guard GD
Therefore ut h(ca) Rlng?)lz-sr Zt bIt ggkeg? o 3t2‘rll'§(45$C e o o it fo
ore, . rows, which is a uni :
(r:g?(r)regl g%d O{le or LV\D pi eces of address information as ADI P in:‘f)r];rg[igﬁta
co qnw%ﬁb&dvg’rgmsf;c a RUB. First, an exanple of one address correspondin
L0 cnarolbfs gD adgreggscgglr)?gs\émoagsr?ferencg to FIGS. 9A and 9B and Tablg
n ( _ 0 _Qne ,(the fr e
mnfapne Aebibba dfa dif8inkdirl rnifreut mth%ECgf bl@#@ shews & ﬁ@rZ%%lfrﬁl salt gf 1%2?
I s case, since one recording frame of 1932T of RUB c% sponds to a-
i

per g@gg@@%ﬁﬁg@ocﬁ% FRB il FIG: & iigBasicomposed ped Budf 497 (=

695 es as shown in FI

G 9A In case one dd
corresponds_to i adar ess
22" e LR e TS5y LR IABECTO R 5, i
bits as above, 98 wobble units  will i G ormed froma bl ock of 98
‘wobbpeA msl miandAiD as EI@-%,ofﬁé%gﬁg clna 'r#tthé'm.El‘i‘;(? ﬁg{}g&a&}‘ stio hinm)not one
corresponding to a period of 71 nopnotone wobbl es. )

IS cppOpetheferar, TR U mrmmacam.fb1&3zaa<ﬂﬁ7WﬁW§eWHg? a%i‘dﬁi‘ ?lgitof‘é‘]?ﬁ%‘)ﬁﬁ'n& 322

wobbl es included in an ADIP unit, and ormati on
_ ( / : 65 nonot one wobbl i '

I . : _ es. One i

Ix.t recor(i]m:g“.' 'Ohl ofF bk p@cbssof-'efﬂfﬁ@si ihestnenion aa AR inbhRnapR §OFESPon et

v

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 s,

~ one wobble unit is composed of an FSK information bit part whose period is of $1X

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

Onpe information bit as shown in FIG.61s takcn from éach of 98 ADIP units to




5 Septenber 2005 24 form address information of 98 bits. The bits included
- in the address information are as shown in Table 2: Tahle 2 Total 98
" bitsDescription Primary syncl bitC uster sync Auxiliary doreRembei00e yst er
address24 bits (3 bytes) Auxiliary datad40 bits (5 bytes) ECC24 bits (3
bytes) The top one bit is sync information. It corresponds to a cluster
sync. The next 9 bits are auxilia4 information bits. The furthér 24 bits
(3 bytes) define a value of cluster address. The next 40 bits (5 bytes)
are FYuhladdress infbananon ofioBbits. Theditsastluddd ibtheaddsedsyinbymatmmmagn ECC f or
the address information. In case two addresses are included in one RUB, the
addr §hb§(1$ﬁr'fa<‘|rbbé)ﬁl of 98 bits is conposed as shown in FIG 10 and Tabl e
I"e ota

3. T 8 bitsDescription Primary syncl bit'/z cluster sync
Q:J)J!slt:a?r}&ﬂj%uels r?i fj;t giocL:thseESagS{ g:;524 bits (3 bytes)2 addresses per
Total 98 bits Description
Primary sync l bt Cluster sync
Auxihiary bits 9 bits
7 Cluster address 24 bits (3 bytes)
Auxiliary data 40 bits (5 bytes)
ECC 24 bits (3 bytes)

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

In cése 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)




5 Septenber 2005 25 ECC 24 bits (3 bytes) In the above case, the frequency
fwl of the nonotone wobble is 957 kHz. The period of one wobble
corresponds to 69T. In this case, since one recording franePtendsnadlss RuUB
corresponds to a period of 28 wobbles, one RUB will correspond to a period
of 13916 (= 28 x 497) nonotone wobbles as shown in FIG LOA |In case two
addresses are included in one RUB, 28 period of 6958 nonot one wobbl es, being
a half period of one RUB, is one address (ADI P) block. Since an address is
formed frpmra—98=brt—btqek 11T IS _case g5 wel T, 98 Wobble units will be

i ncl uded | BC& period of d38dits fbbdedne wolbl es, being a hal f| peri od of one
RUB. One wobbire unit - corresponds to the Tength of a period of 71 nonotone
‘wobbl es, as shown in FIG 108. Therefore, an FSK information bit part
havi ng a period of six nonotone wobbles, being an ADIP unit, and 65

nonot one wohbl es formtogether one wobble wunit as oW, d-N 9A and
9B. One i m&wiwsﬁamﬁht? §eﬂw rld?f‘? tgﬁéﬂo‘ﬁ?m@%wﬂBﬁg '\gﬁ%@d‘t[%g?g‘?m addr ess
i nformation of 98 bits. The bits included in the address information are as
showpetiod ofloGe wobblEhwrtaspondetdbTi sinstms cagef sineatansrecprdipgrffa@gonds to a
cluster sync for a half cluster. The next 9 bits are auxiliary information

bits gipp o?RU@%bn%ﬂp&:\dssto(ag)erM&S% febbhe, afc RUB adH codtegpond té he hal f
cluster. The next 40 bits (5 bytes) are auxiliary information bits. The

| ast 2464 L8 153101199 h97ThBRokE 88bILE &s 3GATR FIO! 20MRYA @Ase two

addresses are included in one RUB, a period of 6958 monotone wobbles, being a half

period of one RUB, is one address (ADIP) block. Since an address is formed from a
98-bit block in this case as well, 98 wobble units will be included in a period of 6958

* monotone wobbles, being a half period of one RUB. One wobble unit corresponds to
the length of a period of 71 monotone wobbles, as shown in FIG. [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.




5 Septenber 2005 26 The wobbling nmethod adopted in the present invention
has been described in the above. In effect, the wobbling nmethod in the
present invention is featured as follows: For wobbling S%o%eRiempaicil05;
predet erm ned wobble unit is formed froman FSK information bit part
corresponding to a waveformresulted from FSK nodul ati on of information
bit and a single-frequency part corggesponding to the waveformof a single
frequency fw and such wobbl e units are continuously connected in series.

That is, the FSK infor i qn _bit. part hayi bRERUEBEileed I t
enbedded thla¢ mbhhng|metg§ﬁ5@ﬂal"i°§ﬂ lggﬁgpr S%Kgﬂgv\% {jgghi’rack (groove). The
partial existence of the FSK information bit part Fmts L der abl y
r educget ftfovedvier sffeet thae twobbling srethad dndhe Presig h“‘féﬁ'&lqt} o Eéag}"t%gﬂéél S
narrow. Two different frequencies fwl and fw2 are used in the FSK
rmdulgtliqﬂ...t‘o form the FSK information bit part. The frequency fw is the
same 58 The frequency of the nonotone wobble, and the frequency fw2 is 1.5
times higher than.the.fregye B AW ETRhE iefortrest fronean &d&ve. Thus,
entPBBlipgf o JfHy hptadelermingdy

t hese freq are in such a relation that each of them

has an even nunber of wobbl es and an odd nunb d&ipately in
a pr eftfoanatiore bitpact @QF“FSPOPEE%F@I@ Wave %TGSHE%C} ?JOL%P?,W@}I %bbl e period

of the nonotone wobble is one channel bit as i nfﬁr mat | fn Pi Fasi §. Peri od

of t hp,fHStfatior bit and acingbe-freguency past FeEP MgFoitHE WS FIYY 8t 4 81% Wobbl es,
‘nanmely, to a period corresponding to an integral nultiple of_the. nonotone
wobhl ﬁeaﬁéAc%vfr heg SudteRbbbRurk@Nire idoutiaubaslpconnected in series. That is,

the FSK information bit part having actual information bit embedded therein will
partially exist on a wobbled track (groove). The partial existence of the FSK

~ information bit part permits to considerably reduce the adverse effect of crosstalk even

‘when the track pitch is narrow.

Two differeat frequencies fw1 and fw2 are used in the FSK modqlation to form

the FSK information bit part. The frequency fwl is the same as the frequency of the

monotone wobble, and the frequency fw2 is 1.5 times higher than the frequency fwl

for example as mentioned above. Thus, these frequencies fwl and fw2 are in sucha -

relation that each of them has an even number of wobbles and an odd number of

wobbles alternately in a predetermined cycle.
in the FSK information bit part, a 2-wobble period of the monotone wobble is

one channel bit as information bit. The period of the FSK information bit part

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

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




5 Septenber 2005 27 easier FSK nodulation. In the wobble unit, the period
| ength of the single-frequency part is nore than about 10 tines %nger
than that of the FSK information bit part. Thus, the suffPH'eH ?ryio Pong
period of the single-frequency part in relation to that of the FSK
information bit part can Facilitate the reduction of adverse effect of
crosstalk. In a relation between tBé wobbling and recorded data, the
integral nultiple of the predeterm ned units corresponds to a tinme |ength
of RUBREIMY modaRPodi Ng unit of data to be recorded on the track. An

i ntegral nunber of addresses, one or two, as AD P information will be

i ncl uded ijn nggggb@{r}g@@gﬁ%a ﬁ]@h beast difgledtahiengy paet meeorctthanwobbl ed

groove an he groove. The channel clock frequency
of the data to be recorded to,t track | Lot gl (Ul Fiigkatlof the
si nglabofit & tiemsonggr tyn f\ﬁbﬁ&?ﬁ%&!‘r}&%ﬁ?’&%@%‘? : iR%‘g qglrlllg’ encode cl ogk for the

data recording can easily be generated by dividi webbl e - ck
genenghepetiod of darsingle-fredsncy partingefatiof e thaf Otf\rﬁlﬁ? [’g% ‘\f‘ﬁ%“ﬂ% %'ﬂ%ﬁe wobbl e

is 478 or 957 kHz for exanple as above. This frequency is of a frequency
bandg?jﬁ%%ef}uchﬂﬁtetth@%dmﬁioﬁ%m&fm&f&myofcbtmst;hﬂ(.near 10 kHz) and read

sign requency band (several or nore MHz). This feature nakes it

possi ble Lo separae, And: A §G0lAPLRI alolepEkaNtERtcErahnliiply ofwobb! es

Wi t hout a_r“} TR, etween the servo signal and read signal. The
o e ok B b Sl I R i o eemlg amrone of
' 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




5 Septenber 2005 28 defined and two frequencies fi and f2 are used. The
nodul ation index is H=I1fl - f21/fb where fb is a transm ssion rate of a
signal to be nodul ated. The nodul ation index is normal I9Sepigmeer3q@s, o an
FSK whose nodul ation index His 0.5 is called "MSK" According to the
present invention, the two different frequencies fw and fw2 are
continuous in phase with each otheB8at the point of shift fromone to the
other in the FSK information bit part. Thus, the FSK information bit part

Wil et -hana adYiredqlicltids Hoaen ey aramedn dite medifatihdndebid Hng lfly-t he PSK.
1-3 Cutting apparatus Next, the cutting apparatus used for producing the

o SO P8 OB EusrhfsFON (G BPH SREl 8P Bo thdylBRAICTRE vsdlilaiTbe 0l sc

pr od y consists-of a so-called mastering process and

l'icati ...Th terl : : ducti
Gownindes GBIV SRS o7 Larvy SkoERETR AR Bk LT AR Al "y "

the replication process coves the steps of productions in which the
stanp@iSK3. used for mass production of optical discs as the replica of the
stanper. More specifically, in the nmastering process, a polished gl ass

substrate Ac%o?cﬁﬂ%r k& ﬂxe MiebshtRhed Ridie diestwo difiRrgitdrayueesicstivl laget fws exposed
0

to a | aser beam ormpits and grooves in the photo resist layer (this

is the so-called "eutting"). .|l ' bPBRite fBll Snd@ L@ tigd behieh i portion
of tRE f)‘i’l‘?ﬂ‘ﬂ‘quéé'il-?ﬁa?eayéﬂ,&‘lbggg}%gﬁg%%%% 0 thefrgnborslsed area at the

“innernost circunference side of t i.sg, . . .
the FSK information bit part. Thus, thehlgSIg 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,




5 Septenber 2005 29 and a wobbl ed groove is cut in a portion correspondi ng
to the groove area. Dare for the pits in the enbossed area is prepared in a
process called "prenmastering". After conpletion of thef%%ﬂ¥?m§9ffﬁﬁ phot o
resist layer is subjected to predeterm ned processes such as devel opnent,
and information is transcribed to the netallic surface by electroformng
for exanple to forma stanper neceggary to replicate the disc. Next, the
stanper is used to transcribe information to the resin substrate by the

I nj ecwéwgéﬁggﬁ%é‘%ig%ﬁ%%h%j %@ﬁ,gnq{dge@tthe%rbay@ar&n the resin

subst product 1s finished by maki ng processes such

as shaping of the, substrate int a ,desired_di fergi  FIG 11,
t he cutti%bﬂfégfﬁﬁr@?u@t%ldﬁo&ﬁi%8?%Seflh%regr sgﬁ%p%&?%\ljgntgi %[rﬁﬁigssﬂalmll%gtrat ed in
the formof a block diagram As shown, the cutting apparatus includes an

opt i CprerAystédng’ 70 in which a laser beamis radiated to a glass substrate 71
having a photo resist |ayer formed thereon to cut the photo resist |ayer, a

drive systgm ggmg,g,t{dﬁt @&‘eth@heumh@sthsuplscbtbaresis'tll,ayandlSaSB‘D}gﬁ@ld B? ocessor
60 to convert input data into data to be recorded and control the optical

Syst e (e A d btV LRM Atevdipnfthl! SRl inkHThAMD & iridodibed ta thaser

|"aser exanpl e, an acousto-optical type

optical nodulator 73 (A to dulate {0 t ¢®i ni ng

P omimealiasistacsoly AP BANE B RUNN . dahet pinp L ecdiay

acoust o-optical type optical deflector (AOD) 74 to deflect the | aser beam
com pgplidatsthe disc.

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



5 Septenber 2005 30 the |aser source 72 based on a wobbling signal, a
prism75 to bend the optical axis of a nodul ated |aser beamfromthe
optical deflector 74, and an objective lens 76 to conveyeRPERREMAIS at ed

| aser beamreflected at the prism 75 and radi ate the converged | aser beam
to the photo resist surface on the glass substrate 71. The drive system 80
includes a notor 81 to rotate the gloass substrate 7 1, an FG 82 to
generate an FG pul se for detection of the rotation speed of the notor 81, a

i di 83 ' I il elid yptitedrasesf of and
zelrvlo&%clgﬁne;[f%{’\l@P ’i%lﬂfsleﬂqﬁat er?l'l:?&i&gﬁHQ%tﬂr@r@ﬁ 1o badd did yptn ol and a

to contro e rotation speed of the notor 81 and
sliding notor 83, tracki.ng qf th. qbjectiV ive NBRs S6omal
processmdtéﬂedrléi'rflﬁct@@‘%fff’g}ﬁﬁ??%‘@aqcc'e%ﬁhr%ﬁg{ﬁoﬂ %o?b ingut data by adding
an error correction code or the like to sourc ata f.r a ¢ for
exanplgavergsithe madilamd laeebean poflegied al the @zlSFg7 5? %}‘ﬁﬁaééﬁqﬁmﬁfeo“ﬁ{eu%?%{&c)r ded by
maki ng a predeterm ned processing of the input data fromthe formatting

ci r cuj, tlﬁjﬂﬁb redl§tauegelontfeallass substratgedl . a dat a generator 63,
par al ‘ag?[?%eear@a converter 64 and a sign converter 66 to generate a

wobbl i ng sy gnal. for Wbl §ipgBs BEAAKPR1 (JAStEd WBglass Rbsieatsdil, 60 FGur t her
e

synt hesi s ¢ SKHOL PV Cct one of the signal fromthe | ogical

operation circuit 62 and that fromthe,si : I WwpW it as
one 820 igenoiase gndHapulsentpr é‘*’f&ﬁq?&%' EEF‘b‘u?‘E}a@‘g‘ﬂé@%‘?i"\f&ﬁ? ﬁ‘é‘g%‘ﬁt i cal

nmodul ator 73 and optical deflector 74 on, the basi sngglthe sig{s}ghe{fromthe
synt hglgdifig giowoe83 tbeliderthe hass subsieats i@rf&diﬂi)\b’é’é"e@g ANEA SHEP TEEE V& el ock
generator 91 to supply a master clock MCK to the logical o _erat{'_.ain circuit

62 et g4 v, A0GrA BUSTHEMAMAUPeE®bF e Mmbtdo8 Land shdingreotasr84 tracking o

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




5 Septenber 2005 31 controller 84, data generator 63, etc. on the basis of
the master clock MCK supplied fromthe clock generator 91. The naster
clock MCK supplied fromthe clock generator 91 is divi dcgerigmberiZ0q
frequency divider 92 to provide a bit clock "bit Ck". The bit clock "bit
Ck" is divided by eight in a frequency divider 93 to provide a byte clock
"byte Ck". The byte clock "byte CK%jis supplied to a circuit system where
it is required. Wien cutting the photo resist layer on the glass substrate

71, the serv antrol | er ' e dleclMOKdsupplied t he
Ioil\?égﬂi @Q{acggwfr@gqrsé’;? ﬁhf.' &h@gﬁﬁ%ls‘ JiGhepRatatdlec SUpp

pr es eonty e’ no 1 torotate the glass substrate 71

at a constant linear velogcity and the slidi : | dryckhe
r ot atfioig tHeaskckuteseratoe 911 e Haskt, éPle rl\ggﬁ ggbg{ele(?gfrrér@dﬁ{va th a

predeterm ned track pitch. At the sanme tine, the outgoing | aser~peamfrom
the | 45eF§0T IRl ytEkssdkauonch i GlRTH S e it et bl SR ca
def'l 74 i

tor where it will be nodul ated based on the data to be recorded,

el DEXTLARSGITRRY! B Sight ' divatertdieto proveda d byl ens 76
? g thﬁ%ﬁ@fcggc}(eg’@ksﬁcpgg%uéﬁ} ?{%ht&lﬁ%t[&émj( ivatart3eto pro; ens

e glass substrate 71. Thus, the photo

resi-st is_expoged, hased o aba-s .q E9Eui€ Yidtbmowhére iesbossed
ar ea cecl Heyte ‘?”ﬁgfbyé? F@’&fﬁfhg’é’g%% 2€3§39%'?&¥‘ﬁ’ea‘5‘?‘§%‘, ythe i nput dat a
having the error correction code or the |ike added thereto by the

f or maknirgd.ci rcuit 61, namely, the data to be recorded to the enbossed
area, such as control data, is supplied to the |ogical ;})Pegationoci rcuit

62 where iWhid dfinedhesphdes aesiso lager eudhdeglass substrate he' serv

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.




5 Septenber 2005 32 At the timng of cutting the enbossed area, the data
to be recorded is supplied to the drive circuit 68 via the synthesis
circuit 65. The drive circuit 68 controls the optical. rfoeRRt@mBer 2885t o
on-state at a tinme when bits are to be fornmed, and to off-state at a tine
when no bits are to be forned, according to the data to be recorded. Wth
t he above operations, an exposed pgrtion corresponding to an enbossed pit
is formed on the glass substrate 71. At a tine ofb CUttliI{]el% t hﬁgg{io ve area,
t he system controlle A dieares ahiu data @l beagrcpraad I G ta

suppl i ed Atég E‘Wé“%l%f%ﬁéggg&%{?@ﬁ%% and corresponding to the FSK

information bit part and singe-freque drivOkireyRG8 evntrdis that a
genetatlos dfise ganoit H8ega she ayd S‘BPﬂ—ﬁg{la@S" gPﬁ%nrlt he basis of the byte clock

"byte CK" or a period corresponding to the single f NeYoffAtse, for a
per i %ﬁﬁgglrlhgamf&imd@-smtaeamnﬁm {5 "Hﬁ%?)i?’g f‘g%?%‘?’o#ﬁle data generat or
63 generates necessary data correspondi ngl yhé]é te%dgqe?}”fegé eﬁ[ units formng
toget her. t he, af qﬂF,né' Ry ed fasdedseccobdinghto tifhaataite 14 he data
gene@&f‘&'rm%gfhﬁgﬁ‘rgra esrbcﬁannel bit data corresponding to a ctl)ustﬁr sync,
secondary sync, data "0" and oded Abrtdnidotespondieggondi (goeFcCeach FSK
peri od. O‘Wl{iblﬁlfi%g'?owe&%tf%nsggﬁéegg?%?d 3 generates the above data "0" or" .
- 1" in such a predeterm ned orge[\r that data collected fromthe ADIP units
Wil ;ﬁpirsrfoﬁnedbnsth@glaaaw‘%ﬁéat@ lf'ue and additional information. The data
output fromthe data generator 63 is forned intg,a rd B kel eam
corres ponqm? tinfe bheufirg theogioovbiarewthe %Yﬁt%(goﬂglpgl%?eq??ég?l@gl converter
pli

64; and supplied to the sign converter 66. The si ggé Canv%rrés;e)(rmg@lguses t he
; L ngeat a
S07¢ aslelqﬁgntiiaei %lu?p ARk YP dRE-0G el draralthe data seineeatRd2 ape ©Q

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 -




5 Septenber 2005 33 predeterm ned frequency correspondingly to the data
supplied, and outputs it. - Therefore, for a period correspondi hg . tqo the
single frequency, the sign converter 66 wll conti nuouél%%?ﬁ' 209P ne
~waves of the frequency fw. Also, for a period corresponding to the FSK
information bit part, the sign converter 66 will output either a waveform
of the frequency fw2 or a one of the frequencies fw and fw2 as shown in
FIG 6 correspondingly to the content represented by the FSK i nfornmation

bit part, nanely, any one of t nE e daid sypats data " 0"
and m@teqmng%%e Kel r§85&0&‘?§}§§é§ g&pgﬁi es’suPﬁe drive circuit 68 with a

signal output from_ the sign converter. 66,.th ' 'S & 6he single
f r eq(¥eeyfoos, fana E&z{odwmeap%&ng i“@l‘l‘?ﬂ sggpetﬁgq&%neé ﬂg}]eisllgg&? \ﬁv{/?@a{nd fw2, as a

wobbling signal. The drive circuit 68 wll conftvé ol I@Qe gt i Calri dul at or
73 t%pﬂeéﬁﬁ\h&u%@ pugsit dine fwavesaoftsofeequanes, fthe 4FPy & & PEUTY 68 will
e

driv e optical deflector 74 correspondingly to the wobbling . signal.

Thus, the Iaqslﬁgrﬂt@grpg[@m\@snﬁw&bﬂ@@ﬁﬂ; the sigpeotventer 62 podamtpit eathgF oove i s
e

WobbICQHCSPRE afor enent | oned operations, an exposed portion

correspondi ng to a_.wobbl ed roQve i f Biek IR | GindsBv B adsitcwne 71
accoradival‘gf:fpﬂné)fﬂb‘-‘rﬁﬁﬂ?‘eWeﬁ’%nggrO%et(ﬁetﬁgl as eﬁSlj"bstrate 71 is subjected to

devel opnent, electroformng, etc. to produce , bltharst anper is
usedif FI@r6du:respdmlmgl§5rt@ﬂﬁﬁqrswdeafeéﬁgﬁeﬁ%yﬁ&mﬁ?%a@gt , ri’fahér e will
be described the disc drive according to the prgsent ,inveption to record

dat fin%&egf,eal@fdﬁc%ﬁﬂbim Symic| smjondﬂ@bsyal@ddaféﬁr(b’oqj@ed%ﬁt recorded in the
optica sc.

The synthesis circuit 65 supplies the drive citcuit 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
drive

control the optical modulater 73 to on-state in order to form a groove. Also, the

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.




5 Septenber 2005 34 Referring nowto FIG 12, the disc drive according to

the present invention is schematically illustrated in the formof a bl ock
diagram The disc drive is generally indicated with a fefepieneer 2085 An
optical disc 100, constructed as expl ai ned above, 1is used as a recording

mediumwi th the disc drive 30. For recording or reproducing data to or from
the optical disc 100, the optical 34isc 100 is set on a turntable 7 and
rotated by a spindle notor 6 at a constant |inear velocity (CLV). A signal

recording area on th I el di helofdineab ahegrdssunt swanhed 1By a | aser
light em B@&T‘Pgmvﬁﬁ) EE¢1 g%lth%?§%ud:)rg% to read pit gata witten to a track

formed on the optical disc 100 apd, AD|P.in ' Wgegb@g-a bbl es of

t he tclrakatiChbly ustﬁatﬁédﬁrth‘*egor&éOgﬁtbﬁo%ﬁd'ﬁﬁéa?{l'%q&oc?rred as a vvo%%l ed

groove are so- called phase-change pits, and pits forned i &Q@ janer
céﬁ% ab[fnet S. 0ISLé

~ ci r cydienen Geitls h defeesias3d Anapabdiscslfls SPPIIERHAL S opti cal
pi ckup | has disposed therein a |laser diode 4 as a | aser source, a

phot ggﬁgﬁgf%)%ge%ghﬁpg‘?ﬁ&ﬁhnﬁwﬁtﬁttﬂé Hiscidtie 30.0m the optical disc 100, an
e

obj e converge and focus the laser light on the optical disc

100, and an optical system (not ) pfit&l dike 100sire optagtal to the
recor di nng&y%%Ofé'F‘gt erer)‘{’a‘écélfg g’?tglgg\%oﬁ(%rﬁrtgﬁgﬁ fhe obj ective lens 2 and

gui de a return conponent of the | as | i ght (fr recistidtdindagyer to
the it bilkiseset on dturiiabichéan ﬁ%taéﬁffhﬁélsgﬁ?dé%ﬁ‘g%}lﬁﬁ%or Dorat€s a monitoring
detector 22 to detect a part of output light: frqQqmt aser di 4. The
| aserveg;cq@e%@w mA Ssli\%a;krecetdiegi atdauen |the é’rpt’@ﬁ{ &55 {bﬁné’?lﬁgv%\?%ﬁ%gﬁat h. The

| “a )

numrerica erture ( of the optical disc is 0.85. _
" 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 soufce, 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.




5 Septenber 2005 35 The objective tens 2 is supported by a biaxial

mechani sm 3 novably in both tracking and focusing directions. The opti cal
pickup | is entirely novable by a sled nechani sm 8 radi & $§ptembendd050pt i cal
disc 100. The | aser diode 4 provided in the optical pickup t is driven by a
drive signal froma laser driver 18 to emit the laser light. Information
carried by the return light fromthe optical disc 100 is detected by the
phot odet ector 5 where it is converted into an electrical signal

corresponding t.o .t he gt LBbRB& bYYa Blaxidlenétbhatted thogahlyandotlippl i ed to
a matrix ﬁ thJ?Ct\bvq lr?glr;&g'?nsélbg curﬁ'ent -vol tage conversion circuit, matrix
calculation/anplifjcation circuit, etc. to generate necessary signals by
mat r itrackingandiacysingrdiegs o8/t  out puts froma plurality of photo acceptance

units in the photodetector 5. The necessary signals.inglu ]
frequency '[Sliegﬁftica[ piekdp dais ansiranmovably byea ﬁ'@ﬁdﬁ?fg‘aflgn? gaf&gglé a(?e tggf ocus
error signal FE and tracking error signal TE for use to nmake servo

contrQql.. grther, the necessary signals include a groove wobbling
si gnacf ,“Cﬁgﬁr‘rﬁfﬁ a push-pull signal P/P as a signal for detection of

wobbl es of _a grooye., Jhe r . i . Pyé dfivembyhedmaesignadi rcuit 9
I's suppli éﬁ‘et]gs%l_ d/‘Bf{'ﬁgr‘??ﬁ?ﬁgﬁq%ﬁ?gglﬁ?ﬂ?ﬁ%cus elrrorysi gnal FE and

tracking error signal TE are fugé).i ed to a servo circuit (servo processor)
14, dncmpulaberpiniverdifeamipe [as ied to a FSK denpdul ator 24. The

ush-pull signal P/P as a groove wobbling signal ,frxro ro) ' ircuit 9
i P [nfog:mation cartied by gt]he:- return light frmg the gptwal dlscnf()td1 & SRt d 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
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processed in a wobbl i i

t he ing circuit s

e P e e e el e S G e

wobbl ’ ed from the push-puld> r

relevgnflgfrcxfr used to decode the ADI P |nforngt|onp|s sup%??tdﬁ?g g?ﬁ .

detail later Thesystgns. The wobbling circuit systemw || be deseribed o

i the binarrzatiorea _data signalifromthe matrix circuit 9 is binarizeldn
n circuit | 1 and then supplied to an encoder/decoder 12

whi ch functrons as decoder.
o Wl k8 hedtl PeK afethadulato
a ispiocessgd 1MESYeh %H’r&%bc"dtaﬁyé lTﬁlj%ncoder/ decoder 12 rraliggcggérrgdgrglt Pgn

of run-length limted code, err
pr ovla%mma@maan@addmdweﬁépé R w@ﬁm%?ﬁ%*eéé%?eé@%d‘g%t??%fest by

PLL processing, a read clock synchr
decod %l}l{}ﬁﬁﬂfn mt[ma hadis vﬂfblﬂét@?gc?légfti&‘i g@%ge rﬁgg\c& a:tf?’r;w?pdat and

r eadi
der/decoder 12 will cunul ate the data decoded as above

into_a_buff
bufféﬂ@gﬁ}ﬂﬁg{lwm%ggg H%?réle ‘ét&uit@yﬁteﬁ-rsor’ﬁhehmhblmgQIFQW"eSysgqgn dat a
|s read out and transferred. An interface

13 also included in th drsc d
. led | rive 30 is connected to
corrputrtélrbmdbsanbedﬂadgﬁgrlé (®fata to be recorded, read da?g :)ride\r/g?: ougost

connands bet ween the disc drive 30
oG, rhiedavn dgvoora maarcatot s SYTYES i e MR

transferred vra the interface 13
to the host conput
e . er 4
ot ed th Mt@ﬁﬁ encoder/daodeand?2 Vﬂﬂd%‘étp[@g%ﬁ fdé&frl)% ?ﬁe

host &
st o er 4 are pplred to a systemcontroller 10
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 is connected to an external

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

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

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

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

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




5 Septenber 2005 37 via the interface 13. On the other hand, data to be
recorded fromthe host conputer is transferred fromth%ost conput er 40
during data witing. The data to be recorded is sent fr epct?fﬂb?r%@?f ace 13
to the buffer menory 20 where it will be buffered. In this case, the
encoder/ decoder 12 encodes the buffered data to be recorded by addi ng an
error correction code, interleaveyand sub code, and encoding the data as
data for wite to the optical disc 100. There is also provided an encode
cl ock generator 27 to generate an encode clock which will be a reference
cl ockid the ikerfaceddodi ng when data recording is made. The encoder/ decoder

12 will use the encode clock for maki t he abo I 3 Rparedions. The
- encode cl ogkthenesdtamd, ﬁﬁtagf@r{@r@F@E‘rqdﬂgo%@ggéo%ﬁggﬁﬁ?&oﬁggahe wobbl e cl ock

WCK supplied fromthe wobble PLL 25. As menti oned abovq?, t he ﬁt&@ﬁnnel cl ock
of the dﬁﬁﬁi@s‘% B fuBG 0l aehing dafa witiag3 Therlatd b besecep ed SGEPLAOML 2

i nt ettt I'pl'e*of the frequency fw 1 of the nonotone wobble. Since the

~ _wobbl e PLL . 25 gener at fwhdie if welibe bofferod. bi thineas®iBe one
wobbltlag 1r5¢rf§ceclfg§kﬁwgk’}?ﬁ%a“§@%c%ge‘ﬁ%y whi ch is an integral multiple of the

frequency fw, as a wobhle clpc 464 adiingrat erro27 can
easi Iemcgdmﬁ}e&bdetalhzmﬁa%g theo R&Bl\#&‘;ﬂ%&l?ﬁngg??ﬁg fr%encygof t he wobbl e
clock WCK. The data to be recorded generated,thyou GRdigtBeby the
encoqgileeg6R86de, iridrieaveatd subaddena ‘Wﬂ(’gﬂ% thg @g%ﬁéégg?tﬁgt egy 21 and then
sent ‘as a laser drive pulse (wite data WOATA) to the laser driver 18. The
write SLIALSEY0RL Wil meke a

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 aboye encoding

operations. The encode clock generator 27 generates the encode clock from the

- wobble clock WCK supplied from the wobble PLL 25. As mentioned above, the

channel clock of the data to be recorded is of 66.033 kHz, for example, which is an

integral multiple of the frequency 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 multiple of the frequency fwl, as a wobble clock

WCK, the encode clock generator 27 can easily generate an encode clock by dividing

the frequency of the wobble clock WCK.

The data to be recorded generated thro ugh 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




5 Septenber 2005 38 recording conpensation, that is, it will nmake a fine
adj ustment of optimumrecording power for the recording |ayer :
.characteristic, spot shape of the laser light, |inear %&%@m%r&oos
recording, etc. and al so adjust the waveform of the |aser drive pulse. The
| aser driver 18 supplies the |aser diode 4 with the | aser drive pul se
supplied as wite data WDATA to d%éve the | aser diode 4 for em ssion of

| aser light. Thus, a pit (phase-change pit) will be formed on the optical

di sc 100 correspondingly to the, data {0 be. ‘ getSrcdihgo
provieteedan o@lﬂ@e(matl@,ﬁg%alﬁa ’éBﬂllr‘B‘Tﬁﬁe Pk 8&-{‘&%&?3&218 rtll;ﬁlragrl the Igser

driver 18 to keep a constant |aser output power w thqut bgj tdbuenced by
the _anRi &8} theTeesding lyer ohnrmtewi ot \NR?IP"e 0:% ?ﬁaﬁrng’l”@%e“@gser out put
povveP on the basis of an output fromthe nonitoring detectof 22. The APC

c| rC’“HOGﬁtﬁpﬁ(g@?Al%%% MildlsRadjasotic wavefernobf thelaseserveBtSEt from the

syst & to control the laser driver 18 to attain the target

.val ue. The servo circyjt er I A LaeneE dties pubscisopplisdr vo dri ve
si gnal s frlkl@ﬂﬂ&%ér‘ﬂﬁﬁﬂés‘gﬁ’&ﬂ%%ﬁ%rlc(ﬁégggmaftr acki ng errpor signal TE

supplied fromthe matrix circuit 9.i der to LNy NMoh$erMusoRer ati ons.
Mor e 5§ pattefdataVPAT Ao dewvéhe;fase&ato&fﬁhﬁe%?g‘?ésm A Rcts T drive si gnal FD
and tracking drive signal TD correspondingly t the focu rara.si ghal FE
- and &,“@'ﬁkﬂ?@ﬁﬁﬁﬁ pit) @flbbe Tcﬁnnahdnstg*ppptléé fﬁ?féﬁqq Soﬁeﬂ?%fﬁ%&& tgrtlh\%er 16.
Thi s PBidxral driver 16 will drive the focus coil and tracki ng coil in the
bi axi al chani s in the optical pickup 1. Thus, the optical pickup 1,
na-tridﬁt%ﬁrarel&%fetcor@%éservo processor 14, biaxial driver 16 and bi axi al

mechani sm 3 form togeth

There is also provi d Gn 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




5 Septenber 2005 39 tracking servo | oop and focus servo | oop. Also, the
servo circuit 14 turns off the tracking servo |loop in response to a track
junp command fromthe systemcontroller 10 to provide %ﬁﬂ"ﬁ‘?’iz\%f’si gnal -
to the biaxial driver 16, thereby causing the optical pickup 1 to junp
fromone track to another. The servo processor 14 generates a sled drive
signal on the basis o Fa sled errogg signal as a | owpass conponent of the
tracking error signal TE and under the access control of theﬁyﬁtem
controljer 10, and | Sbanaklshott sdredl citicuitel4 1BnsTofE the| ed

dri véﬁackgl&\ﬁqrfm3??@§Hﬁﬁ48&§$%%chgni sm 8 correspondingly to the sled drive
signal supplied fromthe serv 0CEesSso E?ﬁ'm ek IBeatoNe8 | ncl udes
a neamkmgﬁermbxowndﬁmmﬁsﬁ%gfmm ?@iugﬁtsl%a t '?o %(Jpport the opti cal

pi ckup 1, sled notor and transm ssiqn gear, etc. As the sled r in the
sl ed |paghapiiEaSuig diive signalytotthe beaxaal (ﬂ'&fqrdér t@ge%pqtgg%#bﬁ %‘g&@aqt o the
sled drive signal, the optical pickup 1 is sledded accordingly. There is

al Sotpgél&\ﬂ gﬁ&@-ﬁ LidbRe B8k @ @hottiert 23 to control the spindle notor 6 to

rota e spindle servo circuit 23 generates a spindle error

S e ol The SRALEEAf L dEndR £oied Afie YpRabOD ot ol bla $lbd el e PLL

25, nanel a current rofati on speed informati on of the

spindl e motor 6, and conparing it wth i t4 Fhonessker m ned
CLV s@mﬂamadowpéﬁdqo@wt&gﬁﬁh&aﬁg‘% ?’E@Idﬁq%@ ngnglgggfegl ock (reference
cl ock for decoding) generated by the wobble PLL 25 i%ﬁt@e engfndy‘édecoder

21 i $ohitbPbiEid Systabaoutiotier 10 andsupplivsdhs signal ey s Wik ndf'E motor 6,
the spindle error signal SPE can al so be

sled driver 15 will drive the sled mechanism 8 correspondingly to the sled drive signal

supplied from the servo processor 14. The sled mechanism 8 includes a mechanism

(not shown) formed from a main shaft to support the optical pickup 1, sled motor and

transmission gear, etc. As the sled motorin 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
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-information about the predeterm ned CLV reference speed. The spindle servo
circuit 23 generates a spindle drive signal correspondhﬁquﬁm?ﬁémgﬁindle
error signal SPE and supplies the signal to a spindle notor driver 17.
According to the spindle drive signal supplied fromthe spindle servo
circuit 23, the spindle notor drivér 17 applies a three-phase drive
signal, for exanple, to the spindle notor 6 to cause the latter to rotate

at a CLV, | i1 6 8LivithaRe alfsanagen abatehepreditaaniedr i ve
Si gnaﬂcnggf’t%-&;§%§§mb%§lﬁ§§§%y%@g?ﬁgI e ki ?:k/ brgie control signal supplied

fromthe systemcontroller 10 to cause the spindle notor driver 17 to
st ar tCLVaietisencieiicdr at e or decel erate t he spindl e notor 6. Qperations of

t he above-nentioned servo system and witelread system ralled by
the systerf tmnindilelservol@mdz%(geﬂ?@ﬁsaﬂ SrH‘E‘i“&,‘ﬁ' Hﬁr%l'g?gl Cﬂ?ée%g 9@?@%‘. 9
controller 10 nmakes various control operations according to cormE.?ds

tory fravedy S{-em

suppl th?(j; fHeridiSified ISP Apdtspplits tiFosigexkim RespindHecHs
controller 10 is supplied with a read command for transfer of a data

recorggcdqrhglg;tggkgggm e ?Eﬁ}ﬁps&ﬁ;ﬂ{e&ﬁ@nf{ﬁa%pir&ﬂmaw cid€yit 28, tel | fir st

contr eration access to a given address. Nanely, the

system controll er. 10 gives a comm - r ' ' leedniadl
pr oc epsasHy mofonATTKeT k/@gfi‘ﬂpel\‘ceﬁ@ﬁ@:%%fe tﬁﬁelwégﬁi"%g’l%g?giﬁlﬁg}%’&?g acpéesg a target

address specified by a seek command ergafter, the sys ol ler 10
cont rabrite oe saaseytheclatiente sals gt at@aﬁfiﬁe SPie SeFyP ‘fégg]cﬁ% dat a
section to the host conputer 40. Thus, data is read fromthe apti,cal disc

100, g?:ﬂ%ﬂﬂé’sda spinffecirb@ sigthl ebhespératingly to a spindle kick/brake control signal
supplied from the system controller 10 to cause the spindle motor driver 17 to start,

stop, accelerate or decelerate the spindle motor 6.

Operations of the above-mentioned servo system and write/read system are
controlled by the system controller 10 formed from a microcomputer. The system

~ controller 10 makes various control operations according to commands supplied from
the host computer 40. For example, in case the system controller 10 is supplied with
a read command for transfer of a data recorded in the optical disc 100 from the host
computer 40, it will first control the seek operation for access to a given address.
Namely, the system controller 10 gives a command to the servo circuit (servo
processor) 14 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 '




5 Septenber 2005 41 processed and a requested data is transferred to the
host conputer 40. Supplied with a wite conmand fromthe host conputer 40,
the system controller 10 will cause the optical pickup 5ISQR§9'H’B‘3"23095 an
address where data is to be witten. Then, the encoder/decoder 12 encodes
the data transferred fromthe host conputer 40 as nentioned above. The
wite data WDATA is supplied fromthe wite strategy 21 to the |aser
driver 18 as above, the data recording is effected. The disc drive 30 shown

as a@o‘%é?s?&' fad £ rdd|estel2dtpisapnigsdred t6 the hestiostputeotput er 40. However,
the 8isc drive according to the present invention is not connected to the

host co n\?\#:f;ﬁ; lbegp 5& }aﬁ@aﬁ%ﬁc@uﬂﬁ%@ Srotn (i ;ﬁ;}s? cﬁﬁﬁﬁtter&lop ¢ Qyseanel and

di spl ay € data i1 nput/outp interface will be

different in construction fromthat shown in Fl 12 I e data
r ecocatitrellesnld wdbeaisashe @chaépié:kﬂ‘&a]b@ WRYE (e Bﬁ%eﬁﬁwpglg;‘gét%@poo%%i ng
operations of the control panel by the user and there shoul l%gj rovi ded
var i uistetiat Phém it /enudderddceder dAiencodee th datadranstersed sramn Hhe 195t he
present invention nay be constructed in nmany other forms, and can be

con SE&#& heed 49%'5 ?rrllgitﬁﬁleﬁraibﬁ%.d'?ﬂé saitedat:oW DATA fsaapphédiroar therepitdduct i on.

Next , e wobl circuit systemincluded in the disc drive according to
wobbrFHEEE R 40tk P ERitiads SERTRE PO Py RIE ML D2, Brock
PLL 25 aritheditcabavaldd dERTS FhERaRmEL it FiHo | AdPIAG e (0T 5L em As

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 recording or

reproduction.

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

Referring now to FIG. 13, the wobbling 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




5 Septenber 2005 42 shown, the FSK denodul ator 24 includes a bandpass
filter 31, conparator 32, correlation detection circuit 33, frequency '
detection circuit 34, discrimnation circuit 35, sync détSeptéwberci005uit 36
and a gate signal generation circuit 37. The push-pull signal P/P supplied
as a wobbling signal fromthe matrix circuit 9 is supplied to the bandpass
filter 31 of the FSK denodul ator 242 The bandpass filter 31 has such a
characteristic as passing two different frequencies, that is, the tw

freq 'ﬁe-ﬁ%é W rangnfoilatsed4i indllidesahobaidpass ditied 3li,neprapatateiuddey part
n

and ormation bit part. A signal conponent of the frequencies fw or
fw2 passed through the.ban ' : 3-S5 1b1 k&S iddtidnh@rcennpar at or
32 HECIHIRg %B&é‘i‘f-‘“tgﬁl’ ?'%gﬁé%‘té?f H%%"ﬁ“éﬁ%ﬁ??’i#?? the wobbl e PLL 25,
correlation detection circuit 33 and fregaLi:encea/i deégx;tion circuit 34. The
wobbB8, s3iric diSe¢teordeissuihaliand agapg s1opal ROCEAUGRHELA 3 finari son with respect
to the binarized push-pull signal P/P and generate a ,wobble clock WK
synchr onoTte \piubh-pullssiguas B/Dsupplsdasd wobblingmigeokironethsuBHNx #1f<Ui gnal P/ P

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

uni t 3:i ﬁsy@ﬁ\%ﬁge E% W@%ﬁgeﬁ%&@ﬂ of INEESK dembdidagrd. Ttgrizmndgasefibter on

circe ¢ . escribed in detail later, whereby a push-pull
208 it SRS b LR Rl s st frocency
e TR s LA B BRI
[] han?:{fbgielrti?g dﬁf\;f ;it.Ci ﬁe\nstil yallcoor;gecrn’ler]:toéf fh);afr;gllgéncri?sr ?w& hoarnf\)vlf p;[a.sgeeé | onger,

i at@on Hkep gn p

through the baﬁdpass 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




5 Septenber 2005 43 FSK information bit part. Therefore, the PLL can
easily be pulled in. The wobble PLL 25 nmakes phase corrpa1ri son solely with

t he monotone wobble of the frequency fw on the basis &fSepienben2908i gnal
GATE. So, the residual jitter of the wobble clock WCK generated as above

i s considerably reduced. The wobble clock WK thus generated is supplied to
various circuits in the FSK denpdg}ator 24 and also to the address decoder
26, where it will be used for FSK denodul ati on and decodi ng of the AD P

|t ORI | Al Phit B Ml GrRE Mo daobhbesilyd pullaf grence to FIG 12, the

wobb Supplied to the end cl oc generator 27 and [

servo circuit 2 re it, wll be used as | 5in

wobbl e ol gk wabkle ELERS mikiptase BBt Rt e horeRLble, 2° the
encode clock has an inproved accuracy, the sTt bili of . reco dih

oper afiflen fiequénmyrfrcised theababis ofthesgaie signal, G ngbﬁdtt‘é '?Sé\‘\r%?b‘t‘ﬁf Pgl is al so
I nproved. The correlation detection circuit 33 and frequency detection

Ci T i d wABbR ol WCK! gendpsrad uk abeve Basonsidedatily redixedded as an FSK

information bit part of the wobble wunit. Therefore, at |east one of these

Lo oS0 TR AR Bl S Sty gttt
cf f oS Kidkorondwlar Hangaliorosiaafdiest Gopmr 20, vafkis RIFRERAIRE FSACE, 2ss
ool o A s Ao StV Eralieh BREARED o the
detection circuit 34 nmakes FSK denpdul ati on by counting edges in one
per i QP hefiEndORPFEGCI2Ckhd\¥obble 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,




5 Septenber 2005 44 and denodul ates the channel data. The constructions
and operations of the correlation detection circuit 33 and frequenc
detection circuit .34 will be described later. From each® 8ePEME8e2WS cuit s’
33 and 34, there are extracted channel bit data about the FSK- nodul ated
wobbl e, that is, "0" and "I" as channel bits in units of a period of two
nonot one wobbl es as shown in FIG 444 and they are supplied to the

di scrim nation CI rcuit 35. The discrimnation circuit 35 ANDs or ORs

channel &Pz&n ' r PRk chRituctibas aed optatiousobéeserichHIan r cui t 33
and fﬁ% HB@ |on c?‘?actélt 34 and provides the ANDed or ORed channel

bit value as a FSK— de ul at ed I Eh&ilsidslatarmbrati on
ci r cudttegBor appwit 83 ‘E‘H%?ﬁ‘ﬁ@lfgctu%ﬁ "lt}ght%&/u?hgg?gul ated to the sync

detection circuit 36. The sync detection cirguit 36 s;;,g[.g on the
basi Seadlf oPieb®dicoiitsy 33fant §hmp|ar%EX%%réﬁ%8 a‘b‘f"t'%\} ‘?ﬁé%@ in FIG

6, the cluster sync includes channel bit values ""I' Al so,

| n t he @8 R, topapt ‘Uf’ dhclemnehbitsdn LmlissOf%rPérlpgd) H%hnel bit
M@'ﬁ;té@%ﬂﬁé stﬁgwn in FIG 6. On the other hand, in a period

cor respondi [&ggtpﬁgt;g as 5o ' %r‘ﬁ‘ £ {6 W elMel thRR dre supphﬁﬂ@ dmhsunauwl@manna

bit vEHIQHOL} eretore, the first after a series of the
channel bit values "0" will beat the top of the FSK information bit pat,
and t becpéddod i ncl uding such "1" will be equivalent to a period of a

wobbl e unit. By detecting suc er| odicjty, .possIi the
period of Q‘ﬁéfdlmmmtmmclrcust grscé‘é“ﬁ‘?ﬁfﬁ @' gﬁ Wé]??d(gla "1,
"1™ and "I" is detected in a vvobble un|t it can be .determ. ngg th&lt the
wobbl %OHIH lth L§rkiBiohOfetefBon circuit 33 and ﬁ'equency detection circut an

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




5 Septenber 2005 45 of 98 wobble units form ng together a cluster sync,
that is, one ADIP information. The sync detection circuit- 36 thus detects a
sync tinming and supplies a sync signal SY to the gate <19pRIPMB®IRI05t i on
circuit 37 and address decoder 26. The gate signal generation circuit 37
génerates a gate signal GATE on the basis of the sync signal SY supplied
fromthe sync detection circuit 36.45That is, since the period of a wobble
unit is known fromthe timng of the sync signal SY, the period of the FSK

information bjt part in Trelelal i bysanhdtds korenALIY Yt ¢l ocks of
t he tbf%ﬁf@hglp ?&F%%omi?%%a5| S %fukl?heysync signal SY. Thus, a gate signal

GATE to nmask the period of t SK j LeRiRine #al tuppliegengyft ed to
control th'éhfphm;ed@@ﬁﬁ%icﬁﬁl“tgge&'élﬁid(?gécﬁ gﬁxg ngb}ge PLL 25. Note that

al though it has been described in the foregoi t - TH SThE Wafat i on

ci rc“%i%ﬂgﬁﬁ%@%h@ga@ﬁgmﬁ%wbmm CIERURL g’;ﬁg‘ggg‘gﬁeg%%%géﬁﬁt%e cor r@gl ati on
detectPon circuit 33 and frequency detﬂeggt%gjhmn&rcuifﬁqlésﬂéb?&e S%ﬂc

di scrimnation.ei Lbie 34 ddrelatéd\R gateisigne i f peri od
domn?'&“?ﬂ%e”ﬁgﬁltﬁ[{ GG 3 Bbbl e BLL 25 to | ocki ng, nalgg ba%adq n t he

af orenment i oned syng .detect i Patie36) diak 1GATES Aoy m t he
det ecsgnawﬁcsupmécgﬁfé’“&ﬁh%ﬁ& (g#‘?ctsgfﬁes 1suppl ied fromboth the correl ation

detection circuit 33 and frequenc ' kK/Cyhé pddodrof tASIDSI as
above wobbée mlliaimbﬂlO\Mntfo}EItL%ﬁW&gé% tﬁﬁ%ﬁ%g@ﬂggﬁ abi | |pty, wher eby the sync

can be detected with an inproved accuracy. and | es -1 O hehot her
hand, 'x?ifomlﬁﬁéllﬂ%ﬂp hrtiia (higl weliblenumig a8 k%‘ﬂ@“s%gggg{l{égtcil%%% ét he

operafion should be shifted fromAND to CRsincethe,sp& be .guar ded
2 ' i ATE'totna
based frequency fwi on the basis of the sync signal SY. Thus, a gate SLgnz

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

operation of the wobble PLL 25.

Note that although it has been described in the foregoing that the discrimination

circuit 35 ANDs or ORs the channel bit values from both the correlation detection

 circuit 33 and frequency detection circuit 34, the discrimination circuit 34 will 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




5 Septenber 2005 46 on periodicity. Especially, by OR ng the channel bit
val ues supplied. fromboth the correlation detection Gidduhna>085d

o frequency detection circuit 34, mssing of the detection due to a drop-out

of the channel bit value can be reduced, whereby the AD [P information can
be decoded with inproved reliability. The discrimnation circuit 35

acqui res an FSK-denodul ated channelgbit value by ORI ng the channel bit

val ues supplied fromboth the correlation detection circuit 33 and

freg %ﬁ”@é@ﬁ%&i@ﬁﬁ&&hﬁ B tORhfHcethdne] bihalrs supphec¥\Eohdrnimake st abl e

oW ng t I'T-in of the PLL, then makes discrimnation between the data
"0" and ,"1" I_Af or mat | bi f |- g i (RN oF:] each
wobbrerahtion, EeuluneuBuicely v Faskify dricsliph ARl 26 icsiF ok R
information bit to the address decoder 26. The _ad rezé clg{gtglde[{lg%ﬁ can
acquidetecsiandas o & drair-put 9fghe shaml bitvaluesanbg rpdusedoWEe P WYSER AlYDI ai ned
"wWith reference to Tables 2 and 3 by acquiring information bits with

r ef epefoemation che beidecadedivithimpeyned sdlgbditySY, thus decodes an address
val ue Dad enbedded as a wobbl ed groove, and supplies the address value to

Lhe syst eiye ol Rhidfiod BicctltS Siftedhh FSKIBLAGH Ul il bitddlge make the

ESK denodulation is const LUCt as shown in FIG 14. The push-pull Isi ggal
- dePaiEieate SR iV e FRTBALRHR bl R Slfetalloh EreesB Pt PO “Gat o

113. The output of the delay circuit 112 js cqQnne o the ot-her input of
‘the BXaar f:[elcgt_ency detection circ>t/ut 34 after the wobble c?o& %8& %)ecomes stag e P

owing to 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.




5 Septenber 2005 47 The wobble clock WCK is supplied to a | T neasuring

circuit 111. The IT neasuring circuit | | | neasures o | -t he
wobbl e cl ock WCK and controls the delay circuit 112 to pe?pg‘%/‘f‘@%%t’%m ay

equal to one period of the wobble clock WC K. Therefore, the EX-OR 113
makes | ogi cal operation between the push-pull signal and the push-pull
signal del ayed by the period of |T47 The output fromthe EX-OR 113 is

subj ected to extraction of |ower frequency conponents in a |owpass filter

114 and bim%\,gg@ge ic([]?e‘??‘. R3S @ﬁﬁgliﬁigyc%;[gemawﬁﬁg&%@it gnal. Themt he

conpar at or vered as a output at a D-flip-flop 116 at

the timng of. the bbl e cl ock . o Jhe l.atched ' n out put
0+ proasuHnggirgiig hhhRERSHEE STperpd et b s PR YR PR RS b ob.
and is supplied to the discrimnation circuit 35  Th op?r ting wavef orns
of t delaganircmitat iZoto pretveds 2 delayi equal to ese acaod wb\he we 1@3.0@53&/(86- 15G. Not e
that the operating waveforns include push-pull signals to be supplied for

a p_e"l-"h LB, HREERSBR N PMaREd 0gidal bpeditiondrtwéen theyrishrpudymgnalfined is, the
peri od showm as the FSK information bit pat in an input push-pull signal

Tl R R R TR R DL D P,
FI G sulgeet8Ado eniastio of Joberenvesy] Canepries FERJRRPRS Bt ARG 0 o
been -del ayed by one wobble clock period in the delay circuit 112. Supplied
wi t hbinheiged jushequparakirghkd. s ThetanexeaRsignal fiony it sompasatosut 15 3% shown in
FIG 15D. This output is shaped by the | owass filter 114 to have a
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




5 Septenber 2005 48 waveformincluding only the | ower frequency conponents
as shown in FIG 15E and binarized in the conparator sldatfndioesa

wavef orm as shown in FIG 15F. This signal is supplied to the D-flip-flop
116 fromwhich it is delivered as latched at the tine of the wobble clock
WCK. Thus, a signal shown in FIG 15G w || be supplied as an FSK-

"~ denodul at ed channel bit value to thge discrimnation circuit 35. The

explanation is nade here taking the FSK information bit part of the

clus i f.Qr na spondi n
B BT oS i BT b T st gn

to the -wobbl e cl ock period as

showp. That,.i t he chann its will take val ues " c1".and "M in
i t D in BiegoBtAEecr Sk KA i g SROVR BlGiol o ThidsisteL)
Nanely, there will be provided a waveform shown as an address bit of the
cl usissupphed tothe El-mp-ﬁopllfwtfr@nwalvéhatmd@lvafﬁd@dawmdraﬁébﬂém%pf part

I ndicating data "0" or "I", +the waveformfor this period will be as shown

as aggy webbleicleekoW Ckat Bhid)a stnal shiovw it FIG. 4G el bewigdiddbarandeSiKr i bed
above, the optical disc according to the present invention uses the two

Fr ecteRuulfGRUERGCEBIC Ve it ieis, SitRat HRESDL DA PRolafaf S 1e” he
evenitale e tabing i S Tairone Qo bt BABe P cWRbreS R 48 S 2Bl moied oycl 6.
In such a case, the binarized push-pull signal and the binparized push-pull
si gnthie wiavefyen foytheperiodotsisrespondiog tpdhe BaKanfammationdbibpatis Tl fere in
opposite phase to each other for a wobble part of the frequency fw2,
nanej §-whbhle fodkJerioriad sHoveh. PThat BotHecR@nd] bigs will take values of “17,

“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




5 Septenber 2005 49 to the channel bit value "1", as will be seen by
conparison of FIGS. 15B and 15C.  Thus, the FSK denpdulsgigameépgssi |y be
done owing to the XC-OR logic for exanple. It should be noted that the
denodul ati on can of course be done by the EX OR logic as well as any ot her
| ogi cal operation. The frequency detection circuit 34 also included in the
FSK denpdul ator 24 to nake FSK deggdul ation is constructed as shown in
FIG 16. The push-pull signal binarized in the conparator 32 shown in FIG

(s g BRBRen G Oy T FHP R PAT by Kool MU A TR ek

Correspondingly to the result of,_ counting, the risi edge, count circuit
121 prlos, dbe slenmdulateon gan -epsily %qeéo%pﬁrmg &9 tﬁﬁgg%@%nlj’gé‘d Ccount
circuit 121 is connected to one of inputs of an OR gbate 123, and also to a

D-f | igkafdpte k2Boulthise sétgd shatshpdemedulationtvandficbipsefbenorieoby the Edel ayed one
clock inthe Dflip-flop 122 by the latch output at the tine of the wobble

cl oc : ' idgaput of the OR gate 123. The OR

out pt@%?n%ggﬁezp%h\&g?@egyg%s!%%ghdtmbut "0" or "1" as a channel bit in
units of period of ,two. nonot. bbl | 4i

di scrim niﬁlﬁgﬁ%ﬁef‘%ﬂ?wﬁ%@ ‘*"r'ﬁ%“‘gg’gfl i'H&%@?@‘r@?ﬁﬁgF eﬁﬂ)éﬁ'l?e}téggér%%y
detection circuit 34 are shown in FLGS. _11:A t? 17E. The operating

wav e fakesF Sk deawslufation. is sopstengied ps shewpdn &lGplfed for a period of the FSK

information bit part as the cluster sync. That is, the period shown as the
- FSK i nf or Thti mshiyhill piinal biremizedpint theustmpadators Y reblovehom®lith BB @& 17B s
a binarized series of nine wobbles of the frequency fw2, shown as the

cl us%ﬁﬁpl@ﬂ% 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



5 Septenber 2005 50 in FIG 6. FIG 17A shows the wobble clock WCK. The

ri sing edge count circuit 121 counts a nunber of risi edge

push-pull signal in every cycle of the wobble clock V\%&S.eﬂq%né?rgoo%& each
rising edge is shown with a small circle, As seen from FIGS. 17B and 17C,
the rising edge count circuit 121 provides an output "0" when one rising
edge has been counted within one wolfbl e cl ock period while providing an
output ".1" when two such edges have been counted. The signal shown in FIG

17C, ptl@ gorovi ded as the output, and a signal shown in FIG 17D, del ayed
a period IT by the Dflip-flop 122, are ORed by the OR gate 123 to provide

an” out put 9% SiyuBbihs ] GopbfilolRoNTIEN Al Alina GRREHLAE cirbu DR | ed as

an FSK—de nnel to nation ci rCU|t 35 The

expl anation i s made he.retakln t he, FS Jnf rmation bjt
o DSt b B G P G ShE WBCHRE apiSbrpi L righal Fosvarngyals obfte wPPlhondi ng

to the FSK information bit pat |s H for a 6-wobbl e clock period as
showlodhWCKs [n 6. ¢RBeash risingedgd is shawa wigh asmadcirale, As seendpam' 1" i n
units of the 2- wobble clock period (period of two nonotone wobbl es).

NarmelBIG3. heBand HC hRe n@mg\etl%@dmmtwaitqam;ﬁbms aﬁoﬁ?)tﬂdm’ edenlirie of the
cluster sync in FI G waveformis an FSK information bit part

B e
detectLan AL o3d. ey v L LSt ent Lhegtenc o [ m@@@a o e
rel attllll?snp:or\]/?ci[ede:sctrllleocjqu&]te g]mfg(;\tl\ésna? ghoev\(/ne Tn rfl'llj(r}b ?500&1\3%5 Z p%?l%dalnl‘ ggd nunber
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




5 Septenber 2005 51 of "waves in a predeterm ned cycle. Thus, the FSK

denodul ati on can easily be done by the very sinple cir, ction as
shown in FIG 16. Note that the above counting of r|S|ﬁg§%%8§§&§%&% be
replaced with counting of falling edges. Second enbodi nent: 2-1 Wbbling
met hod Next, the second enbodi nent of the present invention will be
described. It should be noted thatsit he second enbodi nrent also concerns a
~disc called "DVR' for exanple and the physical characteristics of the

opti G wQezésqn;a a;g‘eﬂét@hhﬁ{edt@d@ OFRud) %ﬁb K a&%&em&bﬁ hesdhsdowRrddied Wi th

reference to and FI'GS. 4A dnd 4B. cutting apparatus for use to

dyce, th | the disc d | th tical di
B o dbcenay s oS 5% w{lhé?b(?"@?5U§Y'y”8eenede§5rEE‘é‘d -

concer ni nghthe first enbodi nent. So, the conponents of the second

enbodi nentlNotaitkas the gbevd epurntimgrafiteting atdersi manbe roplacedipithroundisgafoed any
nore. Only the wobbling nethod and associ ated denodul ati ng net hod,

di ffe{hﬂmgédg@m those in the first enbodinent, will be described herebel OW.
In the explanation of the denodulating nethod, there will also be

descri bed the construction of a denDduIatlon circuit used in
the disc ggPJ§¥?ﬁ@F85ﬂ%ﬁln t he second enbodi nent and corresponding to the

FSK denoduyl at o FIG 12. FIGS. 18A to 18F show t he waveforns of
hobbt et B SR at, he ced o K (ni ni mum key shifting)

' nDduIatlon al so included in the aforenentioned
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




5 Septenber 2005 52 FSK nodul ati on nethod for nodul ating an address of a
wobbl ed groove and a wobble detection wi ndow of L = 4 ﬁ&d%b'o tion of
the address. It should be noted that "L" indicates the5f$%)rt1%§ 0 tghe
wobbl e detection window and "L = 4" means that the detection unit
corresponds to a period of four nonotone wobbl es. Wen data waveform
(channel bit) as address informati g2 to be recorded to a wobbl ed groove is
the waveform (data) in FIG 18D, the data is pre-encoded to provide

pre- cpgie 1ﬂ@édtﬂat‘?&1 mggﬁ) tog ﬂldﬂl@atir@zﬁlx qf&éss%ﬁer%leH%??&% zﬁldi Swhbslzencoded

so that t pre-co a s set” " at the time of |logical i1nversion of

t he data..The.NsSK ul atd on i s e W ng t,he pre-co data,t,0 . forma
ot r ectBtioh gV B oA (of dembydiftan AR dRSs IESRERR bR gt o The
second enbodi ment, two different frequencies fw and fw2 are used for the
VBK niddUinglicates. thhength of thwipbblg detsctionewindnw gad 3 Leady ivasanstthaidhency f or
the MSK nodul ation as shown in FIG 18C. The frequency fw2 is 1.5 tines

hi ghefetédtion uhie dorespendy thw perdodhas feumanrioetes velshled. tWhan3dah that of
the frequency fw), for exanple. As shown in FIG 18A for exanple, 1.5

bbl : ' ' t ' f:
 Corr ot (hans ERERGdAS AR BenESc D IR bR B nd Tt
showntt eprfarnaay i ble: LEDofedn fOhraBosd 4 e ledmaredy ftods ©
corresponds to a lgeri od of one wobble of the frequency fw carrier

fr eqsboawn)in RIGGESE 1 oFon exaraples Hundatane prasercadedsio thapiishpis-cadestast m

~ includi ng an MSK

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-




5 Septenber 2005 53 nodul ated part. FIG 19A shows a nonotone bit which is
a series of wobbles of a single frequency (which is thesdhaRsienpysfwW ).

The nmonotone bit includes 56 nonotone wobbles. FIG 19B shows an ADI P bit
has al so a period of 56 nonotone wobbles. The ADIP unit being of 12 of the
56 nonotone wobbles is an MSK information bit part. That is, the MK

i nformation bit part is the pre-codg data MSK- nodul ated with the
frequencies fw and fw2. The MSK information bit part includes address

| nf Ofrggguﬁfédfﬂé}ﬁ eméé W@Qtlﬁaﬁoeﬁa@tﬂz@mdh Ishfsé[?bfol?gotﬁﬂ@s afgaeries of

44 wo es o single requency = requency ). 19C shows a sync

bi t also erlod 6 nonot Ies t one
Wobblsé%g ?gg?ﬂuepﬁlj ligh 4 stﬁ?l etncy-rﬁ% re- ?rhe %ﬂﬁ%g ated with
the frequencies fwl and fw2 as above. Sﬁnc |nf or rratlon i s represented by
the paonatone gobblas. Jikt LR showstare AQYIRhit has alsact pereodvebBP dBonGfopge sync
bit are a series of 28 wobbles of the single frequency fw (= carrier

frequastsbles. The ADIP bait, beﬁ?@fdmeoﬁltheﬁﬁnwmobt twoltldes éspanMSK one bit
which will form an address ock (of 83 bits) being one piece of address

| LQZSE@@E@F‘&.&@W R Rl e S S
v o piusil st (e eivefeics 'f%%ﬁgﬁs Thsr e Rl Pt Pardides. g &
a data wunit consisting of one ECC bl ock havin run-in and run-qut added
t her address mforhatio bl otbne4ﬂumnqi@nw@bblt§8nftgwhélll’( bogre aweyies A5 shown i n
FI'G. 20A, a section corresponding to one RUB includes three ADIP address
bl ocks . wEbsleadfitiRssinBleo®équency (= 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




5 Septenber 2005 54 is conposed of 83 bits as ADIP data. As shown in FIG
19, since the ADIP bit and nonotone bit correspond to ' 56
nonot one wobbl es, one address bl ock corresponds to a ég§§g%h8%1§%?8 (= 83
- X 56) nonotone wobbl es. The nonotone bit, sync bit and ADIP bit are as
havi ng previously been described with reference to FIG 19. The sync bit
and ADIP bit are formed to have MSKznodul ated waveform wobbles. FIG 20B
shows the structure of one address bl ock. The address block of 83 bits

i ncl udes hgnal__p, ei L d f lits. The
sync 18 Faﬁ'i’log&géfﬁ 3 g’l?l% eaisg‘ﬁp i%%tsa |%§%B§¢§[§S{P gﬂ?} g;? h%hg? g‘gi%ﬂe{gcﬁég? Hone

monot one bit and one sync bit.. The data part of 75 bits includes,15 units
each rapnefaae r%tnm@moadttoa%aem%ro%f prongitpae Wﬂ‘i’é’?%HBF CESt ,gF nc bit
and ADIP bit referred to herein have previously been described with

r ef erconespddsiioG pddod d1id648 e 8Bit Sap hoaditendmtobblasy The monmiispedit,havi ng an
MSK- nmodul at ed waveform First, the structure of the sync signal part wll

be dgone bRAAIUDIP bRLA BIRRHE prévi6isly BebAdasditel Vith ASfoRIRUTOIICE] CS, 2 TA

and the sync signal par ormed from four sync blocks "0",

"2" d '3". O the foyr yauc bl ocks, (theyone .\ & 15f ne

mnoﬁgneTﬁ‘Ftsyé‘ﬁdé’éfﬁ'g H&ﬁ’ Qﬁearg Emeiotahgvel'M% #%?hrlr@é&? S%Jn‘{egﬁ}elﬂnnnot one
bit and sync "1", the sync block "2" is forned from one nonotone bit and
syncWUbb,leSand the sync block "3" is forned from one nonotone bit and sync

""3". In each sync bl ock, the nonotone bit is a waveform of 56 wobbl es of
t he si ngl BIG. 20B shows the structure of one address block. The address block of 83

bits includes a sync signal part of eight bits and a data part of 75 bits. The sync signal
part of eight bits includes four sync blocks each of one monotone bit and one sync bit.
The data part of 75 bits includes 15 units each of one monotone bit and four ADIP
bits. The monotone bit, sync bit and ADIP bit referred to herein have 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




5 Septenber 2005 55 frequency representing a carrier as previously
mentioned, as shown in FIG 22A The sync bits include5t e.fo réf €s: sync
bits "0" to "3" as above. Each of these four types of égﬁ%aﬂﬁ?'(%govides a
wobbl e pattern as shown in FIGS. 22A, 22B, 22C and 22D. Each sync bit is
conposed of a sync unit having a period of 28 nonotone wobbl es, and 28
nmonot one wobbl es. The sync units arg different in pattern from each other.
FI GS. 22B, 22C, 22D and 22E show a wobbl e waveform pattern in a sync unit

pat 1 ayoRel Be EhCh F B RE B RIS e ERE RO £ BB e

i nformati g correspongds, t period of four_npnotane bbl es.. hannel
bit strearh Bfi“ﬁeb‘tsa'@ﬁﬁ’é@stﬁ? %‘?'6‘? Wﬁbm%gﬁ eéue)ﬁ’cogeﬁs m‘?@-aﬁﬂ?@(’gode dat a
as shown in FIG 18E to provide an MSK-nodul ated wobbl e waveform pattern.
Fi r stthedetfous typeskiftsyhio bits promdes  marbibdd phiterncashownne&iiS18280888.i n t he
sync unit as shown in FIG 22B. Nanely, it provi des wobbl es correspondi ng

1o apreaedon datisiy@ab 4 08REA0A 001 WRDUMAONAARE Wheriblict 28

specifically, the sync bit ' provi des an MSK- nodul ated wobbl e pattern
tho. et JophBS fi2F Bo5al RS e CRRr i WS e hftekSpudnbalBRE 07 The
0 Tikeors gach ofber. FIOSCRURA2G, 2200n S 3l Haw roUPleow F BB G or m
corresponding to a pre-code data stream "1000100000001000100000000000".
The awgac hinit 4’ a fdatapatteahanaddreks infdanatist ceansporldgy 6@ 'the wable sync uni t
* 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 100010001000 [000000000000000”. 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




5 Septenber 2005 56 shown in FIG 22D, and provides a wobbl e wavefonn

corresponding to a pre-code data stream "100010000000 000".
The sync bit "3" fornms a channel bit data stream™ 1000%2%&&%%9%%@8%“ uni t

as shown in FIG 22E, and provides a wobbl e waveform corresponding to a
pre-code data streant 1000100000000000000010001000". The four patterns of
the sync bits are laid in each syngebl ock. Thus, when the disc drive can
detect any of the four patterns of sync units in the sync signal part, a

sync %%%Wﬁ@”gﬁ’?h%{&a@gwﬁs Q%f%lﬂgﬁ@wwhpﬁfo%%rﬁégééédingj%&Rré-b@d@&g[tuCt ure of

t he a part 0 ress b be descri bed " wt reference to

FIGS. 23A a | »23A and 23B, the data part is forned

f r omSiE3RD) W@?Qgéﬁmﬁw&t\mwh&@a@ch of the ADIP blocks is of 5 bits. The
five bits of each ADI P bl ock include one nongtone bit and fou ADI P bits.

Si ni | ar |y The syime batyi3¢ forms k chiahaclinhdata sweant [PP0RHE hinAbe syne 8BK a8y ovi des a
waveform of a series of 56 wobbles of the single frequency representing

t he GRbiWnah FIGS23MNA providb&a wdbble Whnstormoerréipdnditg arkpicchdadmaf our ADI P
bits, fifteen ADIP bl ocks formtogether address information of 60 ADI P

m);ztsgr%mlabomgbeg@éj@g@ga@@ ®ppan ADI P unit having a period of 12

nonot one wobbl es. FIG 24B show a wobbl e wavef orm

Br ose | MG pekerts o s oty ieg o <o sves RireEs ST BRERBSC shows o
mebbld?scmg;{g gnmdgtaetcg ae;ynof the four patterns of sync units in the sync signal part, a
. | synchronism can be attained between the sync units.
Next, the structure of the data part of the address block will be described with
reference to FIGS. 23A and 23B.
As shown in FIGS. 23A and 23B, the data part is formed from 15 ADIP blocks
“0” to “14”. Each of the ADIP blocks is of 5 bits. The five bits of each ADIP block
include one monotone bit and four ADIP bits. Similarly to the sync block, the
monotone 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 |




with the ADIP bit having a value "0", and a data pattern as address

I nformation 5 Septenber 2005 57 corresponding to the Y rm Each
of the ADIP bits "0" and "1" is represented by three ﬁ%%&%’f‘w%ﬁ s()%i n a
period of 12 nonotone wobbl es. One channel bit is a period of four

nonot one wobbl es. The ADIP bit "L" forns a channel bit data stream "100"
in the ADIP unit as shown in FIG 234B. Nanely, it provides a wobble

wavef orm corresponding to a pre-code data stream "100010000000". More

specificallya: | PR TR i S A MEK IR G4 2 bl e

pat t éﬁoﬁrq%ﬂgﬁdmghtg)aﬁ% ?)f&ﬁ%ee \%arvg?c(f:rgﬁd/eq%gp a&%g}eﬁles pong?ﬂggtdt oaﬁ%' Vl?SQI. 5
wobbl es of t frequency .while t correspondin 0."O" i s one
wobblrepEEeRlg %D’rt@ its ‘%PE‘HQ&H&? qugongﬁ@%ﬁ’é Qﬁ?ﬁgﬁ?‘t‘e "0" forns
a channel bit data stream "010" in the ADJP unit, nanely, i rovi des a

It .
~ wobbltét isavgsripdofifour espatdisgobbles. The AJdtRbUAHE fgtmea@ham@dugdmlooo".
The above wobbling nmethod according to the present invention is

char agpten Z@ ifthd ADPAGait WO BRbWA th FEG 2248 4 bRIEEly Ot ptBlidebiatwabllesync bi t
- havi ng wavetforns, respectively, derived from MSK nodul ati on of the

 based B ToRE erPORder 10 ne BEsts fREoYLAGO AIpopaRIGIY T PRNEREY Oy
 embocteaitianlty, the g7t Bicy 15 6rpdier St ioR-B il o G SFRChEhat i gor o o
- presence of the MSK-nodul ated parts contributes to a considerabl e reduction
.of dﬁld\af?:r%ﬁf thisfpreicodé datzsmtespondingriofilt s & Snsobbles of dek fisiquency fiwd MBK
" 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




uses the two different frequencies fw and fw2. O these different
frequencies, the 5 Septenber 2005 58 frequency fw i55$%§ﬂ 2%65the
frequency of the nonotone wobble (carrier frequency). requency fw2 is
a frequency |.5 times higher than the frequency fw , for exanple, whereby
the relation between the frequencies fwl and fw2 is such that the nunbers
of both the frequencies are alternagely even and odd in a predeterm ned
cycle. In the MK information bit part, the period of four nonotone wobbles

= Onﬁe(yﬁ{?ﬁgnﬂrl RS tthé dﬂl Vg@sd‘?; itfe ‘ﬁ% cBP%‘i}SthEOHfo%télfé"%Jblﬂé Taftlerof the

wobbl'e tion formng nformation bit. The period | ength of

t he K- nodu art I P b| t r. not one wobbl es,

t hat fequesc ?{Tga ”ﬁﬁch%‘”?ﬁ% adF %ﬂue“ﬁﬂlltf BF@% *8'?‘?{ ?‘é‘vitﬁs M HEY nonot one
wobbl e. These features will facilitate the FSK denpdul atjon. In the disc
dr i vefwihifahexdntple behereby thordation betwaendhebiequeneigs fwtliand fwehis weheasi er
because the denodul ation is done in units of a period of a plurality of

wobbligs thenbnBOR! 6F BotRetieOfeqhiehsivs dronsltanstety hleas andhedd einaki on
bet ween the wobbling and data to be recorded is such that an integral

nunber ¢t hre f exarrpl e) of addresses as ADI P information are used per
RUB tPSG‘é‘?tSR}’i“g‘Sdﬁg?'cm ng between the wobbl ed groove and data to be

the.poi ni Tofha KRS grmetoB D b th eBdenardets fIvtaing ReBblRjE ofFhe” ™
wobbl ing by the MSK nodul ation will not include any high. -frequency
| corrpohmnrtelatﬂt (inncaseeit wonlespondsbte theelengih foduMatafoihe wobbloedetgationi on
window) forming the information bit. The period length of the MSK-modulated part
of the ADIP bit is a period of {2 monotone wobbles, that is, a period being an integral
mﬁ[tiple of the cycle of the monotone wobble. These features will facilitate the FSK
demodulation. Inthe disc drive which will be described later, the MSK demodulation
~ can be easier because the demodulation is done in units of a period of a plurality of
- ‘wobbles, for example, a period of four monotone wobbles. The relation between the
wobbling and data to be recorded is such that an integral number (three, for example}
of addresses as ADIP information are used per RUB to provide matching between the
“wobbled groove and data to be recorded. In the MSK information bit part, the phases -
are continuous at the point of shifting between the frequencies 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




The "denodul ati on corresponding to the wobbling nmethod in the second 5

Sept enber 2005 59 enbodi nent of the present invention w ri bed
herebel ow. It should be noted that the disc drive is S‘%’%ﬁ%étgﬁﬁ?rﬁﬁﬁ%
construction to that shown in FIG 12 and circuit conponents provided

I nstead of the bandpass filter 31, conparator 32, correlation detection
circuit 33 and frequency detectionsgircuit 34 in the FS K denodul ator 24 in
FIG 13 will be described with reference to FIG 25. For the MK

dermoduBhdiftient bh@leSrasdnt MvRntida wvildRARAsAbE héRbelotw LUtaRuld B&notedu! ti pl i er
153, adder 154, accunul ator 155, sanple and hold circuit 156 and a slicer

157 owp- i FIG 25.. 1t should be pot,e hat th Orpo t ch as
wobb! Bapi st ety g sEitat in, SRR, REHES A%in, I BIGH TRoRE Bt
included in the second enbodinent are simlar to those_shown jn FIG 12
and sempanengoproyededemsteri S thapandprss filtere3 buegpnparignd L heogelabgnt shown
in FIG 25 (output fromthe slicer 157) is supplied to the discrimnation

ci r cudetecdfnioicuitdSdardhfrtfencpidedativaudiadudr 32 the BEK demddutator 24 tarel y, it
Is assuned that the discrimnation circuit 35, sync detection <circuit 36

and qage |3iENal. ASOAGEY WHh RRGEHES (PFIghenn in FIG) 13 are simi larly

. prov ~downstreamof the circuit shown in FIG 25. A push-pull si gnal .
ouppi i ea FF LRSS IPRo R pclEre ald B fal Bidps AR LpRangll S, 2 1S
bandpass filter 151 has such a characteristic as to allow frequency bands
cor r supepliernkd 3 edderel 34, ageramslaser 131, sample and heldrisuut hpeagH 4 glicerhe
bandpass filter 151 extracts a wobbl e conponent, that is, MSK-nodul ated
wav e | 5Pas tlievoidBIG. 1250 dt 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 mn 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

t he bandpass filter 152 has such a narrow band characteristic as to pass

only the 5 Septenber 2005 60 frequency fw 1, that is, Sa%%)qrre) ﬁgrrponent
and thus it extracts the carrier conponent. The adder _ 28 _
outputs fromthe bandpass filters 151 and 152. The product fromthe adder
153 and an out put fromthe accunul ator 155 are supplied to the adder 154.
The accunul ator 155 is cl eared by agglear signal CLRin units of a period
of four wobbles (in case L = 4) or a period of two wobbles (in case L =

c nt egr at ed val ue for
the p'é?f?‘ﬁ{?f‘%f fillfia WEP&%&P@&%@ 8 e Bing R BholBa 155 <
held i th | e.and hol d circuit The s |l e and hole circuit 156
sanpl é@lc eﬁigﬁgutl% l@l‘@#‘iﬁ‘l‘ts Oll"l‘i'éeé sg?te@ '{%I%Fd Edht The Psediieal  sHOLD.
The output fromthe sanple and hold ci rcuit 156 is binarized by the slicer
157 f drare theadderdSipad anoutpditfeorni thaucaedukledra SSutrpsuppledtctiender bi t
data form ng address information, and supplied to a downstream circuit,

nanel Y54t TheRecudiibesd FBﬂ@E%e%Pech* S‘é’[c%asr%%nQFCEqum ‘ﬁ?n%%l oﬂfeuf he

discrimnation circuit 35 I SCrim nat ave ue as an

ADI P bj nec b The ADI P t hus crim nat | i to the
addr eS0oRs R asRL o rf‘r?"*EP&’;é’ft tyip yﬂab%fwh%ss't te%f'i' HEde. B Aol p
address thereof fecq ed e sync bit will be processed in the sync
det ec¢aydlatar ) mom an Anfegrated 5%‘[% fanthe peawdies doiped twa h

reference to FIG 12. The MSK denodul ation will be described wth
r ef erenbbleso waveforms shown in FIGS. 26A and 26B. The waveforns are ones

devel oped when the length L of the:

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 sSHOLD. The output from the sample ane 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 circuit 35 asshown in FIG. 3. In the discrimination circuit 35, the data
is discriminated to have a value as an ADIP bit or sync bit. The ADIP bit thus
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 |
syne 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.




wobbl e detection windowis L = 4. 5 Septenber 2005 61 FIG 26A shows

pre-code data, a wobble waveform MsK (L = 4) forned corggépﬂ&gg%%gg to the
pre-code data, and a carrier frequency as an output from andpas
filter 152 (BPF out). FIG 26B shows an output fromthe adder 153 (Dermd
out), output fromthe accunulator 155 (Int (L=4)) and an output fromthe
sanple and hold circuit 156 (h (L=@4)). Miultiplication in the multiplier
153 of the wobble waveform MSK (L = 4) as shown in FIG 26A by the carrier
frequency FBREF26A! shovy pid-clede tina, 3i @obble( RavefbravtVISKS(Is ko formed G 26B.
The accunul ator 155 and adder 154 provide the signal (Int (L=4))

anph SqT SRy RUGAY 63 o phELSIMERT G o Fificr RLREYER 21 S0 Bt ‘?%uf)) '
\gﬁ?gtga%&a@\é\%itﬂig% P@}ﬁ @ ﬁﬁcg@‘g’@y‘ Owgémgﬂ é@ﬁ' ?ﬁq %ﬂf@t@@[{b&“& nnel bit

data yet to pre-code. FIGS. 27A and 27B show waveforns devel oped when the
| engt but), edtpubfromthishiceunetater | Th(Ink (dod)) epd an-owpuissonthesasplesnd and 268,
pre-code data, wobble waveform MSK (L = 2), carrier frequency (BPF out),

out pukolidr e dibe Sedde (L5 ﬁ?ﬂc@t‘lﬁd in O8E PRLidpin 15% ACtienuobbly 155
(I'nt (L=2)) and an output fro sanmpl e and hold circuit 156 (h (L=2))

27 t 53 of
e SIS T s i K AR A5 0 SRS S ©
d h De t h I 26B. T t 155
and abouided5eS 5 (éem%’& ogﬁg#,qh%ﬁwim"%‘f&sz@ﬁ Somcuaisronisognd
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

ViR




of two wobbles. The integrated signal (Int (L=2)) is sanpled and held in
the sanple 5 September 2005 62 and hold circuit 156 i ng t[%bg,f 60‘@

wobbl es to provide the output (h (L=2)). The vvaveformo%é]é% put (h
(L=2)) is binary-sliced by the slicer 157 to detect a channel b|t data yet
to pre-code. According to the present invention, the length of the wobble
detection wi ndow can be increased ¢b a period ofa plurality of wobbles,
whereby the MSK denpdul ati on can be done easily and accurately. As will be

seen L ‘Pdd&hcﬁ' qsﬁsrqwetme@rb WedbldM BYRVRIE dledia urrmg =2y)d Tlkanpl ed

and -hel d si gnal shown in FIGS. 26A and 26B and FIGS. 27A and 27B,
respectiv

prOV|H@VEﬁWXVthﬁpﬁﬁeg%%ﬁéng1?% pféﬂgﬂgﬁgkg%hﬁffpﬁgg$% yﬂ%he | engt h
(L =2), and thus the signal wll be 2 tines larger. The noise when L = 4

will h’@tdatﬂeyeztﬂrmoﬂarger than that when L = 2 but f-2 tines larger.
Thus, when L 4 in total, the signal-to-noise (S/N) ratio will be better
by 3 dB thaébrm&g‘tolthem?esei[hmlveﬁm 12, the hengioh o f drerwobbie detdctondvinslosmal | er

than that with L = 2. Therefore since the | engt h of the wobbl e detection
W ndo Aﬁelhegagé(?ﬁﬁ%@aﬁ&got we%bbee WRERed tRckAIdHBgodaldtm pr esent
| nven I on understo hat the.” ©MSK denodul ati on and ADI P

decodi n re nDr reld abl e. In the foregoi ng, the present invention has
been é@pﬁFHQHF enbodi nents of the disc, cutting appar at us
for use to produce the disc and the disc drive in mhrch th sc s used
as a recorAl will fsditeem thraugheompatnirombelzesn thayaiseraigd signal ?lné 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 ttccording to the prcsent 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 apperatus 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




‘is not limted to such enbodi nents but may be nodified in various forns

w t hout 5 Septenber 2005 63 departing fromthe scope ‘ﬂp eﬁ@ t
i nvention, defined by the clains given later. |ndust ri%fa?é &Bpléca |gl ity As

havi ng been described in the foregoing, the disc-shaped recordi ng nedi um
according to the present invention has formed thereon wobbl es each of which
is a series of predeterm ned signd3 units each consisting of an FSK
information bit part and a single-frequency part corresponding to the

wav ef gepartifig frosi thal stopeedithe pyesentSinveatibbklofodd! st the daims\ikembstat.at ed)
parts are thus discretely forned, the influence of a crosstalk from

adj actisPRl St Lbifigks 1s reduced, which is very suitable for an
irrprol\?lemant gﬁpﬁt ﬁe Ir cording density with a smaller track pitch. That is,

the presenf jinvention,is guitably.usable as i.he wobhlin thod,.for a

| ar go- o apdtt A4V Pedh deskstbedif Fh ot (e discah e e R MieBny

i nvention_includes neans for %enerati ng a series of predetern ned signal
uni t siceaeshng éonpless present mivenynahap fotmed dhercoravdbdes g8 abadiich iiva of
information bit and a signal part of a single frequency. Nanely, the

- one- hedss oftpred@efBidedbigail udtts 2doR cOMskfing B€ a6 K igfordapianditpaftor use to
produce a di sc-shaped recordi ng nediumintended for a |arger recoding

copacil, s kil SRk 0 RUBH TSI ., o
extract ediLgom L, Wpbbl gio arogue FATIEd. &0 1he ghSi SNApSheRL i n0
| 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




- reproduction unit can easily and accurately generate, by the PLL, a wobble
S5 Septenber 2005 64 reproduction clock on the basis of sag&jiénsdr 2005
corresponding to a single frequency part of a wobbling signal, having a
wavef orm of the single frequency. The disc drive can operate stably by
generating an encode clock for processing the data to be recorded, and
maki ng spindl e servo control based@n the wobbl e reproduction clock. The
PLL can operate based on a gate signal generated on the basis of the sync

det eglepfdduction Rk dirthe batisbif e sidal 88QEdndihgadlasinNgle Frapng9Plart of
corresponding to the single- frequency part of the wobbling Signal. Thus,

the P, -m i -] | i a -ac te clock
ropr chitioBBE St MBI oRlfelosh of Bhe el REa@ieyS TRR SiR0GHNE SRer g

medi um according to the present ipvention includes a single-frequency part
of wRERate ﬁ%‘%llﬁé gg ERNPELNG @frenerds prc;p?q éﬂa@é@cetSﬁaa therdatagho hEscoesicd,
i-nformation bit part. So, easy pull-in to |ocking of the PLL using the

si nglaadfmalqng spymdieeservo sopwskhased .oriTthe wikible esprddiuaidroclockf ThesPlghal
corresponding to the FSK information bit part of the wobble can be attained

easi loyn Mprae Pusad Ynya e dehsl %&Lﬁrﬁ‘éﬂr&{ el IRRIISH Biet 4T Qbtebfi8AUSNCY
detection. 5 Septenber 2005765 AIMS L A disc-shaped recordi ng nedi um

i cRTRHE 4 SEPE, BT B8 eRoREDS ot ot bordieborh, B0 R Coiller 2570 °"

redet erm ned signal units each consistjng of an FSK | .
.p L %requency part o% tﬁe woq)bﬁmg 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

sufficiently [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.




i nformation bit part corresponding to a waveformresulted from FSK

(frequency shift keying) nodul ation of information bit d.a
si ngl e-frequency part corresponding to the waveform of 'ggg‘?tﬁrﬁpﬁrgoroéquency

wherein two different frequencies are used in the FSK nodul ati on; one of
the frequencies being the sane as the single frequency while the other is
different fromthe single frequency; ®&nd these frequencies being in such a
rel at iCbhAiNMS each of the frequencies has an even nunber of wobbles and an
odd nunber of wobbles alternately in a predeternmned cycle. 2. The
di sc- shaped disgeshdipnd recatding medmen hivingiprefortiedi therbon Wpiel Rvbbisiegt her
frequency has a frequency 1.5 tinmes or 1/1.5 tines higher than that of the
one ftF grooye orhandialong sthigh datacis seatirdgd,mebienen the webbleaftthei n cl ai m
1, wherein.in the FSK infornatjion bit part, a 2-wbble_ period of a
frequ Ba §Wéesspﬁdqrgdﬁe§%% §1g“@i)ilflét§|§‘@ﬁh§qn§1$§% ehamh®K pi t as
I nfor | ity I.sG-shaped recordin I U et forth.in claim
1 e i e Ot BB B el R o w IR (Epanercyes
i nt egalingynidd Ao ofihBrRsHbR Bi ) LG ndh
di sc-shaped recordi nog mﬁ%@gltgégtaggﬁ %Iﬁi%hﬁ%?‘é{ ‘?&Pvﬁﬁgf’“z(ihﬂ-grit(ﬁﬂ’tehe
pr edeweaveforad ofinisingld fie gidyod | ength of the single-frequency part is nore
than about 5 Septenber 3005 66 10 tines of that of the FSK information bit
part. 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.

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




6. The di sc-shaped recording nediumas set forth in claim1l, wherein an
integral multiple in the predetermned unit corresponds to a tine |length
of a recording unit of data to be recorded to the track’ Septempar 2005

di sc-shaped recording mediumas set forth in claim1, wherein the channel

cl ock frequency of data to be recorded to the track is an integral nultiple
of the single frequency. 8. The di sc-Shaped recordi ng nmediumas set forth
inclaiml, wherein a frequency as the single frequency is a one between a

tracking.servq .freque hapnd and read signal frequency band. 9. The

di sc-s]‘%gtb@ﬂs ng@tté?gﬁ&nﬁ%ﬁilﬁﬁﬁ%ﬁgﬁtblﬁm-h in claimi1, wherein the FSK

i nformation bit part is forned on the basis of a waveformresulted from FSK
nodul ation of information bit as address information. 10. The di sc-shaped

e POk o areee ool el AUAEAE Pbolotten Bitel '
The ofmar L e o LD oRIRSS a e RReRRO rePbrdil i 1 1

wher eidata toebdSicordanbiiol theiteki s an MSK (ni ni mum shi ft keyi ng) nodul ati on.
12. The di sc-shaped recording nmediumas set forth in claim1l, wherein in
the FSK information bit part resulted from MSK nodul ati on of the

inforgatiop,bif., 4 Sept enber 2005 67 wobbl e period of the frequency as
t he si‘ngl ehﬁéﬁ%%@dﬁ?@@ﬁ%@dﬂm@ﬁée&mm clgim lawhmwndhmhammlbi_ t.
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-




13. The di sc-shaped recording nediumas set forth in claim 12, wherein: the
FSK information bit part resulted from MSK nodul ati on of heti fo tion
bit includes two different frequencies of which the one PEPIEREEL as the

single frequency and the other is a frequency x _tines higher than the

singl e frequency; and the 4-wobble p%%iod i ncl udes a period of four wobbles
of the one frequency and a period of 'x wobbles of the other frequency and
t hree wobbl es of the one frequency. 14. The di sc-shaped recordi ng nmedi um as

et forthJin clgim/13, wherein x = 1.5
3 wogblle penoa 'of the frequency as the sméle frequency corresponds to one channel bit as

information bit.

13.  The disc-shaped recording medium as set forth in claim 12, wherein:
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; 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.






