; ABCDEFGHe3enno\ vxX\ 6TcF DI SK RECORDI NG MEDI UM DI SK PRODUCTI ON METHOD,
DI SK DRI VE APPARATUS Technical Field The present invention relates to a

di sk recordi ng nmedi um such as an optical disk and a disk pr ! hod
for producing the disk recording nmediumas well as a disk Jmmﬁ’m&l@&us

for the disk recording medium Background Art As a technique fQE rec i ng

and reproducing digital data, a data recording technique is avari'@bl e which

uses an optical disk (including a magneto-optical disk) suﬂmw F

exanple, a CD (Conpact Disc), an MD (Mni-Di sc) and a DVD (| mHMMLﬁmmmn
Versatile Disc) as a recording nedium The optical disk is a geggpal term
for recording nedia of the type wWREPERAPLASEr [ight is illuminated upon a
disk formed froma thin nmetal plate protected with plastic and a signal is
read froma change in reflected light fromthe disk. Optical disks are
divided into those of the type which can be used only for reproduction as
known as, DDSKIRECEXRAMYEeMERITD, AITH- RRPPEAGTIGN DYVET ROR) aBdSKhBBEVEBf t he
type on which user data is recordable as known as an MD, a CO-R, a CD-RW a
DVD-R, a DVEPARRET®@S DVD+RW and a DVDRAM For optical disk of the recordable
type, a magneto optical recording nmethod, a phase change recordi ng nethod,
a pignent filmchange recording nethod or the like is used to all ow
recordi ng of data. The pignent filmchange recording nethod is also called
wite-oncerggrridingrieifod and all ows data recording only once but does
not allowre-witing, and therefore, it is suitably used for data storage
applications and g frddenMeaiydid fon the JBONE 9-Hdi SRl réesLd thdg met hod
and the phase change ‘recording nmethod allow rewiting of data and are
utilized T9Lqyahi oSy PRI LabpeRSahedlBR! BqWh! BibRCAEGHOGLObaVari Ous Kinds
of contents data such as nusic, videos, ganes, application progranms and so
forth. Fur azhig k i di | ed a i deo
Recording)$%?éﬂdh5§£b £n8Q§%§¥og§% ?%EFeééé?gégg smgggugx %bVE%Y;Qg
significant i,ncrease _in_capacity. .Ln er,. [ rd.dat ] a di sk which
al [ows recdrdin §§1Yﬁeaﬁﬁ h %8¥06?Fc§ﬁgrgéégdfgégﬁgﬁﬂgdﬁegggﬁént film
change recordi ng nethod or phase change recordi ng nethod, guide neans for
perform ng tracking of 2 a data track is required. To this end, a groove
is formed in advance as a pregroove, and the groove or a land (a | ocation
of a trapeBdflaroer8s&TEection positioned between grooves) is used as a
data track. Also it is necessary to record address information in order to

all ow data to be AecdrigRehntaue pfeHcfFpFdiyg and reproducing

digital data, a data recording technique is available
which uses an optical disk (including a magneto-optical
disk) such as, for example, a CD (Compact Disc), an MD
(Mini-Disc) and a DVD (Digital Versatile Disc) as a
recording medium. The optical disk is a general term for
_recording media of the type wherein laser light is
illuminated upon a disk formed from a thin metal plate
protected with plastic and a signal is read from a change
in reflected light from the disk.
Optical disks are divided into those of the type

which can be used only for reproduction as known as, for



position on a data track. Such address information is sonetines recorded by
- wobbling a groove. In particular, while a track onto which data is to be
recorded is fornmed in advance, for exanple, as a pregroove, side walls of
t he pregroove are wobbled in accordance with address information. \Were
side walls of a pregroove are wobbled in this manner, upon recording or
upon reproduction, an address can be read fromthe wobbling information
obtained as reflected light information. Thus, even if, for exanple, pit
data or the |like representative of addresses is not fornmed on the track in
advance, data can be cord r epr,odu sired positjion. \ere
addr ess |n?%?m%??bn |é8adﬂe§8 gég aggbﬁlﬁggggé%vﬁng £BHF§ %b?, for
exanpl e, if address areas are provided dlscretelg on tracks; then it is
unnecessar §YP% ?%C%Pﬁcgdﬂ?égsggtafb? ERSRPFEPL18s3Ei knaYPadsafl Mhe
recordi ng cdga0|ty for actual data can be increased by an 3 anount by
whi ch the adePeBs areBsR¥an2bBVBrRii AaPBB-RY¢ FSDV8+Bé ABted PMAC absol ute
time (address) information represented by such a wobbling groove as
descri bed Bve Foar el AT K /bS othe er ierdabl @reypoova) magney P
(Address In Pregroove). Incidentally, particularly with a rewitable disk,
it is necesphigaloreeonding meiatdid,i en ghesddrlessge nfecornding mathod,
information (user data) which is recorded and reproduced by a user,
attribut esaobidmenti sklmndharger deogrdndgr mptaddcbironhpoke, ipul se
information and so forth as nunerical values for use for control as
addi ti onal useflotovsl Dowi Readydnag 68 Hheadi skheipidmehty fD1hhehatlge ess

i nformation. For such additional information, a high degree of reliability
i's requiregdecording method is also called write-once recording
method and allows data recording only once but does not
allow re-writing, and therefore, it is suitably used for
data storage applications and so forth. Meanwhiie, the
magneto-optical recording method and the phase change
recording method allow rewriting of data and are utilized
for various applications beginning with recording of
various kinds of contents data such as music, videos,
games, application programs and so forth.
Further, a high density optical disk called DVR
(Data & Video Recording) disk has been developed in
recent years and exhibits a significant increase in
capacity.
In order to record data onto a disk which allows
recording by the magneto-optical recording method,

pigment film change recording method or phase change

recording method, guide means for performing tracking of



The reason why a high degree of reliability is required is that, for
exanple, if attributes or additional information for control is not
obt ai ned accurately, then an apparatus on the user side cannot execute such
a control operation for establishing opti mumrecording conditions
correctly. As a nethod of recording such information on a disk in advance,
it is knowmn to formenboss pits on a disk. However, if it is intended to
achi eve high density recording and reproduction onto and froman opti cal
disk, 4 the prerecording nethod by enboss pits is disadvantageous. In

order to achjeve high, density recordi nd. r eproduction ont om an
opti cal di%k?aF? ?Egﬁécéésﬁ?§u%633br#&?H@“ﬁ?&%&é\ﬁt F® 1% d§é§9§$%§h, Wth
“a disk produceg%mjth a_stanper such tha% QPgroove and enb ts are

o] r

Ss .pi
formed at a"tFMEANFE 78 JePyCUFPPYTLI R ﬂF?ﬂXeg%o@eeﬁﬂﬂ {fe enboss
pits with different depths fromeach other. Therefore, it cannot be avoi ded
to make t heC8@btAN 0Pt RetEABBESLPRL SCERHAI SEELLAR BERLAIBRSFhe groove.
However, where the depth of the enboss pits is small, there is a problem
that a si ghaFveenadgeencgualftysednadt 2beabpt AFA€H-from t he emboss pits.
For exanple, where an optical systemincluding a |aser diode of a
wavel engt h of 405Akan aid b njestdne temeedrdmddess infoueat ko phase
change marks are recorded and reproduced with a track pitch of 0.32 um and
a linear dénsprgenftd.&2lawl Bataohbobandetooded disk haedageamioedr
(substrate) thickness of 0.1 mm a__ capacity of 23 GB (G gaBytes) can be
recorded opbtsitndnrepraddaed traockan Sypth caddrksk iaborgaal onabet er of 12
sometimes recorded by wobbling a groove.
In particular, while a track onto which data is to
be recorded is formed in advance, for example, as a
pregroove, side walls of the pregroove are wobbled in
accordance with address information.
Where side walls of a pregroove are wobbled in this
manner, upon recording or upon reproduction, an address
can be read from the wobbling information obtained as
reflected light information. Thus, even if, for example,
pit data or the like representative of addresses is not
formed on the track in advance, data can be recorded or
reproduced at a desired position.
Where address information is added as a wobbling
groove in this manner, for example, if address areas are
provided discretely on tracks, then it is unnecessary to

record addresses, for example, as pit data, and the

recording capacity for actual data can be increased by an



cm In this instance, the phase change marks are recorded onto and
reproduced fromthe groove forned 5 spirally on the disk, and in order to
suppress the medi um noi se to achi eve high density, preferably the depth of
the groove is set to approximately 20 nm that is, AA13 to A/12 with
respect to the wavelength A. On the other hand, in order to obtain a signal
of a good quality fromthe enboss pits, preferably the depth of the enboss
pits is A8 to A/4. After all, a good solution to a common depth to the
groove and the enboss pits cannot be obtained. From such a situation as
j ust described,, a nmethod, of. recarding necessar dditiional .information in
vance. | neBPaRS BY Kib5es Bt SOHE=aE Anaen. Cols Pes T APE SHemnded 1o
record the additignal information with a hi degree of reliabjlity.
3 ol osure of | nvencHBrtdaRs M ERS ShT P B ok B elrABE6ES ] nt o
consideration, it is an object of the present invention to record
addi t i onal 1PAPEMA&REPEN TEBTEESPEEE BEdSPRRadv HRPR11BFeOREP VR £ addr ess
information appropriately and with a high degree of reliability. In order
to attain ﬁﬁécébPééta§@§@rPﬁe&aé%édeATégcdﬁéﬁﬁéUFG TABepd8sent invention, a
di sk recording nediumis configured such that the disk recording nedium6
has a recoPdkeggoane)r epr 884t i(dddregisodni Rregardverem whi ch first data can
be recorded and reproduced in

Incidentally, particularly with a rewritable disk,

it is necessary to record, in addition to address
information and information (user data) which is recorded
and reproduced by a user, attributes of the disk and
recording and reproduction powers, pulse information and
so forth as numerical values for use for control as
additional information in advance on the disk similarly
to the address information. For such additional
information, a high degree of reliability is required.

The reason why a high degree of reliability is
required is that, for example, if attributes or
additional information for control is not obtained
accurately, then an apparatus on the user side cannot
execute such a control operation for establishing optimum
recording conditions correctly.

As a method of recording such information on a disk
in advance, it is known to form emboss pits on a disk.

However, if it is intended to achieve high density

recording and reproduction onto and from an optical disk,



accordance with a rewitable or wite-once-read-nmany recordi ng nethod and
fromwhi ch second data recorded in the formof wobbling of a groove can be
reproduced, and that the second data includes address infornmation and
additional information and the additional information is coded in
accordance with a first error correction nethod, and the coded additional
‘information and the address information are recorded in a state coded in
accordance with a second error correction nmethod. The first error
correction nmethod is sane as the error correction method used for the first

data. The dd|t| nal fornatl r_correction code ch tha
Cpeaadl s S5 BEapaLoLl] 8L RERBA Byl GO Jt%a‘% Suittiatd®: 0,
error correctlon odln of the f |rst dat.a, . mn, du are dded SO as
to have a code | A0 taFe Vﬁu?%ﬁﬁiq?Qﬁﬁﬁyl q?ﬂ?? recorded at

|l east in a lead-in zone in the recording and re roductlon regi on. According
to the preSeRfOTRTEheR 0P te ﬂ?gkfﬁ?ﬁdﬁﬁtPBElﬁéihGHs¥orlE #Psk recording
medi um having a recording and reproduction region into and from which first
data is to¥feFEREY de@ BaEmr Epfoateeus vikkcar gaAeeed depFhn d¥ewd tabl e
or write-once-read-nmany recording nmethod is configured such that additional
i nformati obisk pooddced witbrdaptempprhsuchi kBatear groeveraddi on net hod and
t he coded additional information and address information are coded in
accor danceenpo$is apsesoade efpomedoategt tomepeihods wadyadgfddeelwobbl ed
based on the second data is forned spirally to formthe recordi ng and
r epr oduct i bormeghengrdoeef andt tker embossr pttsoninkt Hodfesenandepshtshe

from each other. Therefore, it cannot be avoided to make

the depth of the emboss pits equal to the depth of the

groove.

However, where the depth of the emboss pits is
small, there is a problem that a signal of a good quality
cannot be obtained from the emboss pits.
For example, where an optical system including a

laser diode of a wavelength of 405 nm and an objective

lens of NA = 0.85 is used and phase change marks are

recorded and reproduced with a track pitch of 0.32 uym and

a linear density of 0.12 um/bit onto and from a disk

having a cover (substrate) thickness of 0.1 mm, a_

capacity of 23 GB (GigaBytes) can be recorded onto and

reproduced from an optical disk having a diameter of 12

cm.

In this instance, the phase change marks are

recorded onto and reproduced from the groove formed



error correction nethod used for the first data. The additional information
is error correction coded such that, to the additional information of a
unit of msnaller than a code length n in error correction coding of the
first data, mn dummy data are added so as to have a code length equal to
n. The additional information is recorded at least in a lead-in zone in the
recordi ng and reproduction region. According to the present invention, a

di sk drive apparatus which perfornms recording or reproduction onto or from
the di sk recordi ng nedi um described above is configured such that the disk
drive apparat ncl ude ad ut ans for di ng_out second data from
The vobpl et Gr bl OF the Gre aﬂﬁrapnarﬂﬁa.ﬁ SBFest "SogoteR toans for
perform ng error correction decodln in accordance with the _second
error corr@eisenteetfdiererhiol g%@%haydaPée?%56b$MttB? f#RBtRe’dout neans
to obtain the address information and the additional information coded in
accor dancet@ t Brepeefipssebr tor apprestnabaliel AodM, ahbBahddsyi dAAPR

i nformati on decodi ng nmeans for performng error correction decoding in
accor dancet@idhl2heithr sespecor toothecvavalaprghbdAtor the additi onal

i nformation coded in accordance with the first error correction nethod and
obt ai ned by the adndrigss aleeadihanaeains. ofider fio stbeatwra cotgrzl i oh aet hod
is sane as the error correction nmethod used for the first data, and the
addi ti onal goodogualion fecmdithg embossfpttberppeftonbiyether depthecti on
decoding and error correction coding for the first data. The additi onal

i nf or mat | opf degedémgosBapstadads, AVe tbeagddi taprat anfpravgoes of a unit of
m smal l er than a code length n in error correction coding of the first

data, m-nsguarvofatd hOcBRhbAr BEBEhOEoCOhEEELbORedaaAdERAE emboss

pits cannot be obtained.

From such a situation as just described, a method
of recording necessary additional information in advance
in place of emboss pits is demanded. Besides, it is
demanded to record the additional information with a high

degree of reliability.

Disclosure of Invention

Taking the situations described above into
consideration, it is an object of the present invention
to record additional information to be recorded in
advance together with address information appropriately
and with a high degree of reliability.

In order to attain the object described above,
according to the present invention, a disk recording

medium is configured such that the disk recording medium



for the data having a code length equal to n. The additional information is
obtai ned fromthe second data read out froma lead-in zone in the recording
and reproduction region by the readout neans. In particular, according to
the present invention, 9 when the additional information is recorded in
advance onto a rewitable or wite-once-read-nmany disk of a |l arge capacity,
the additional information is recorded by wobbling a groove together with
address information. Further, the additional information is coded in
accordance with the first error correction nethod, and the coded additi onal
informatigon and the address information, are coded in accordgnce with the

second er rdtS coHrreT T S Hred M of $R* BB AT HOR eb At Wat BEC TRRA, TFRE groove i s
wobbl ed with the second dat a. Cbnsequentl%, t he additional ,information can
be recordeth il thErsordied @@NobBI FRELERBOVRNE oFePRetUGREhI he addr ess
information. Further, the additional information is error correction coded
dual |y in aeeoFrdRmee WiEh 2 eewrikabhadosetbhbccPRee " EB8RFERENEN net hods.
Brief Description of Drawings FIG 1 is a schematic viewillustrating a
groove of recerdink nétlaed embddf nentwibichheepeededatinyenerdad in FIG 2 is
a schematic view illustrating wobbling of the groove of the disk of the
enbodi nenttd Gofnisf avsidhkimg i of va egrodvestcant bagrapmnotbtedsi gndl to which
MSK nodul ation and HMN nodul ation of the enbodi nent are applied: 10
that the second data includes address information and
additional information and the additional information is
coded in accordance with a first error correction method,
and the coded additional information and the address
information are recorded in a state coded in accordance
with a second error correction method.
The first error correction method is same as the
error correction method used for the first data.
The additional information is error correction
coded such that, to the additional information of a unit
of m smaller than a code length n in error correction
coding of the first data, m-n dummy data are added so as
to have a code length equal to n.
The additional information is recorded at least in
a lead-in zone in the recording and reproduction region.
According to the present invention, a disk
production method for a disk recording medium having a

recording and reproduction region into and from which

first data is to be recorded and reproduced in accordance



FIGS. 4A to 4E are diagrammatic views illustrating the MSK nodul ati on of
the enbodinent; FIG 5 is a block diagramof an MSK denodul ation circuit
for denodul ating an MSK nodul at ed wobbl e signal of the enbodinent; FIG 6
is a waveform di agram of an i nputted wobble signal and a synchronous
detection output signal of the enbodinent; FIG 7 is a waveform di agram of
an i ntegrated output value of a synchronous detection output signal of an
MBK stream of the enmbodi nent, a hold value of the integrated output val ue
and MK denndulated nndulation obj ect dat a; FIGS 8A to 8C are waveform

di agr anms |Il tra ation h n E 9 is a block
di agram of aﬁﬁ gwgé gn C|r§U|§n?% g% gtlécor&gbRMVnDdulated
wobbl e signal. of the e t a_wave d|a amof a

Fof or ence %aLP?arlé.aﬂa PGP égﬁ%G%bﬂgnﬁadﬁBaava 85?3%%°aa%s and a
second order _harnonic signal waveform_ generated in res onse to b

nodul at i onC8BPecindafsCrfpRCe1Yits § §§Fo?ﬁFaFa§Péﬁ?6F18ng@ﬁE 8fed HMNV
stream of the enbodi nent; 11 FI GS. 12A and 12B are waveform di agrans of a
synchr onoudndetbet Fofeduapdi tipgaal ibformatiMnsePeanferesfe enbodi ment, an
i nt egrated output value of the synchronous detection.output signal, a hoId

val ue of th@fbnméglanearguﬂpdﬁdvanuécaﬂndﬁmv¢d@hbbuaaﬁ@doﬁdderapron obj ect

data; FIG 13 is a schematic view showi ng a di sk | ayout
correction method, and a groove wobbled based on the

second data is formed spirally to form the recording and
reproduction region.

The first error correction method is same as the
error correction method used for the first data.

The additional information is error correction
coded such that, to the additional information of a unit
of m smaller than a code length n in error correction
coding of the first data, m-n dummy data are added so as
to have a code length equal to n.

The additional information is recorded at least in
a lead-in zone in the recording and reproduction region.

According to the present invention, a disk drive
apparatus which performs recording or reproduction onto
or from the disk recording medium described above is
configured such that the disk drive apparatus includes
readout means for reading out the second data from the
wobbled groove of the disk recording medium, address

decoding means for performing error correction decoding



of the enbodi nent; FIGS. 14A and 14B are schematic views illustrating
wobbling in a PB zone and an RWzone of the enbodinent; FIG 15 is a
diagrammatic view illustrating a nodul ati on method of prerecorded
information of the enbodinent; FIG 16 is a schematic viewillustrating an
ECC structure of a phase change mark of the enbodinent; FIG 17 is a
schematic view illustrating an ECC structure of prerecorded information of
t he enbodi nent; FIGS. 18A and 18B are diagrammatic views . illustrating a
frame structure of phase change narks and prerecorded information of t he
enbodi nent; FIGS. 19A and, 19B are dlagrannatlc Vi ews |IIustr$t|n

rel ati onship BEFAEEANGE RUBEANENENSE8AARESSTHATt COFEPRELAR sREBROEhECT
enbodi nent and a bit bl ock which forms an address unit; 12 FIG 20 is a
di agr ammat Feevrearn| ddtrareag ausyRy EaﬁtrGPdaHtaHBF%§st9nPPt6%nthe
enbodi nent; FIGS. 21A and 21B are diagrammatic views illustrating nonotone
bits in th’éhGyﬁ@dpaﬁﬁ dnfeoneatibodanenthanaddbbiipael oanboreatiant a; Fl GS.
22A and 22B are diagrammatic views illustrating a first sync bit in the
sync part ofédetieirnbodongancanditthdbhat Ednsbbperordavareftsn 23A and 23B
are diagrammatic views illustrating a second sync bit in the sync part of
t he enmbodimethodpdanddatiditbdonabj enfodmbaionl 88coddAgamdaidBiare
di agrammatic views illustrating a third sync bit in the sync part of the
enbodi nent papdopRiibakrebrobpegkcdabn; decoding in accordance with
the first error correction method for the additional
information coded in accordance with the first error
correction method and obtained by the address decoding
means.
The first error correction method is same as the
error correction method used for the first data, and the
additional information decoding means further performs
error correction decoding and error correction coding for
the first data.
The additional information decoding means adds, to
the additional information of a unit of m smaller than a
code length n in error correction coding of the first
data, m-n dummy data to perform error correction decoding
for the data having a code length equal to n.
The additional information is obtained from the
second data read out from a lead-in zone in the recording

and reproduction region by the readout means.

In particular, according to the present invention,



FI GS. 25A and 25B are diagranmmatic views illustrating a fourth sync bit in
the sync part of the enbodi nent and nodul ati on object data;, FIG 26 is a
diagrammatic view illustrating a bit configuration of a data part in the
address unit of the enbodinment; FIGS. 27A to 27C are diagrammati c vi ews
illustrating a signal waveformof ADI P bits representative of a bit "1" of
the data part of the enbodi nent and nodul ati on object data; 13 FI GS. 28A
to 28C are diagrammatic views illustrating a signal waveformof AD P bits
representative of a bit "0" of the data part of the enbodi nent and
nmodul ati on ustratigg.an ggdregs format of
S

bj e data; FIG .29 i.s a_view ill

t he enbodiHﬁﬁb;g%?Gfdgbt?gnalv?8ﬁpfpﬁﬁ§PPa%Fnﬁegaagg InfSY Bt on contents
by ADIP bits of the enbodhnent; FIG 31 is a glock dgag%an1of in addr ess
demodul at i BRERi RcHPYEOF2PAE 8RB FERPICRrE82d3BANY 435K SfedildgPans
illustrating control tining$ of the address denpdul ation circuit of the
embodi ment CERRESLY33ANE0293EL APBAhatBESIRAEL AT &Fs T6FOEAGHAPY when HMW
denodul ation is perfornmed by the address denodul ation circuit of the
enbodi ment WolrPEENg33AJrgo3aCtapetiavedith ahdgeans 1ofoaratérant signal s
when HWMWV denodul ation is performed by the address denodul ation circuit of
t he enbodi Fenther, £he adgitsonali éntfpkhmasipat iggcdidekd inf ormati on of the
enbodi nment ;

accordance with the first error correction method, and

the coded additional information and the address

information are coded in accordance with the second error

correction method to obtain second data. Then, the groove

is wobbled with the second data. Consequently, the

additional information can be recorded in the form of a

wobbling groove together with the address information.

Further, the additional information is error correction

coded dually in accordance with the first and second

error correction methods.

Brief Description of Drawings

FIG. 1 is a schematic view illustrating a groove of
a disk of an embodiment of the present invention;

FIG. 2 is a schematic view illustrating wobbling of
the groove of the disk of the embodiment;

FIG. 3 is a schematic view illustrating a wobble
signal to which MSK modulation and HMW modulation of the

embodiment are applied;

10



FIG 36 is a diagranmatic view illustrating an ECC format for main data of
the enbodinent; FIG 37 is a diagranmatic view illustrating an ECC 14
format for disk infornmation of the enbodinent; FIG 38 is a bl ock diagram
of a disk drive apparatus of the enbodinent; and FIG 39 is a bl ock diagram
of a mastering apparatus of the enbodi nent. Best Mdde for Carrying Qut the
Invention In the follow ng, an optical disk as an enbodi nent of the present
invention is described, and a disk drive apparatus (recording and
reproducti on apparatus) which perforns recording and reproduction onto and

fromthe optical disk and a mastering apparatus used for. _production of the
opti cal di Sk ar 6 FhSecr iHedo o A GHAATIIAS Gi VA o i A G ng
order. 1. Wbhling Systemof the Disk 1-1. General Description of the

Wobbl i ng SRR fRH-BodubKt MruPht P am3odimerkbdul ation 1-4. |, Sunmary 2.
Application to a DVR 2-1. Physical Characteristics of a DVR Disk 2-2. ECC
Format of the Dattd®R-3 iAddr &P Pordiamaram-of aReMiK e PriBdvren
Recordi ng and Reproduction 15 data and Addresses 2-3-2. Sync Part 2-3-3.
Dat a Part @idsulit Coon edermodiilahing\dan eNSKIméduhatednwobldle Adiigesd
Denodul ation Crcuit 3. ECC Format of the Di sk Information

of the embodiment;

FIG. 6 is a waveform diagram of an inputted wobble
signal and a synchronous detection output signal of the
embodiment;

FIG. 7 is a waveform diagram of an integrated
output value of a synchronous detection output signal of
an MSK stream of the embodiment, a hold wvalue of the
integrated output value and MSK demodulated modulation
object data;

FIGS. 8A to 8C are waveform diagrams illustrating
HMW modulation of the embodiment;

FIG. 9 is a block diagram of an HMW demodulation
circuit for demodulating an HMW modulated wobble signal
of the embodiment;

FIG. 10 is a waveform diagram of a reference
carrier signal of the embodiment, modulation object data
and a second order harmonic signal waveform generated in
response to the modulation object data;

FIG. 11 is a waveform diagram of a generated HMW

stream of the embodiment;

11



4. Disk Drive Apparatus 5. Disk Production Method 1. Wobbling System of the
Disk 1-1. General Description of the Whbbling System An optical disk 1 of
an enbodi ment of the present invention has a groove GV serving as recording
tracks forned thereon as showmn in FIG 1. The groove GV is forned spirally
fromthe inner circunference side to the outer circunference side.
Therefore, if a cross section of the optical disk 1 in a radial direction
is taken, then a convex land Z and the concave groove GV are forned
alternately as seen in FIG 2. ., The groove GV of the optical disk 1 is
formed in a mobb“§ﬂ5§tqﬂﬁmmhgrd%ﬁipect tC)éktanqutial direction as seen in
FIG 2. The wobbl of thé it BF M S FHhpe T e pondi ng to a wobbl e
signal. Therefore, an tical disk drive, can_reproduce the wobbl e signal by
det ecti ng i%nChfﬂ%oBﬁpggF?%téﬂﬁeoﬁBEVFi6h§n6% PheaQr B8VeSERRI R ef | ect ed
light of a |aser spot LS illum nated upon the groove GY and extracting

vari ati on EBRpeRRAEsMBRt: hanoppblFFatedgeupBytt VYakdewrththespect to a disk
radi us direction when the |aser spot LS noves along_a recording track. The
wobbl e si ghgnRchienodesdabeardpedontpressignadr nat Pehd( Haphgspéathgddr ess
and other additional information and so forth) of the recording track at
the recordingeposteidonutfhervdbve, and BP0 damodisktddi medvdatpenf or m
address control and so forth upon recording or reproduction of data by
denodul at i olgjebe dddagess i nformati on and so forth fromthe wobbl e signal.

It is to be noted that, while the enbodi nent of the present invention
descri bed bel ow iBIGI revtied 4 eateryiicalia sskhdwindi £hdpslooveysecording i s
applied, the present invention can be applied not only to such an opti cal

di sk of thegrgtpevempegonehng type but also to an optical disk to which | and
recording wherein data is recorded on a land is applied. Further, the

present inventionread, besRpd et il 5 tedmOPLd CRl ewls SK1L Dist Reciggd and
groove recording type wherein data is recorded on both of a groove and a

land. HereyohB1thg oRtLhCcah dbsk AnQf ahhRuwPLEsENLF1¥he eRBodifeAk,; two
nodul ati on net hods are used to nodul ate address infornmation on the wobbl e

signal. One of tml S q%ﬁi(eéiggnﬂ]%%wi&yigmsgpgw@ign nmet hod. The

other is a metho ereln or der 'harnoni c gnhal is added

. : . h ey : . |
s changedPRtagEEbachelrihr e R8s BER-bHE PRt 8hn PRc e o - O
nodul ate t he agdula%[on object data. In the follow ng, the nodul ation

met hod wheFPBPRAERBYEn- nunber ed order har moni ¢ signal is added to a carrier
signal of a sign ypve apd the PQLATLLY. O &8 PAIIPRLE 2L 00]! g varied In
structure of a phase change mark of the embodiment;
FIG. 17 is a schematic view-illustrating an ECC
structure of prerecorded information of the embodiment;
FIGS. 18A and 18B are diagrammatic views
illustrating a frame structure of phase change marks and
prerecorded information of the embodiment:;
FIGS. 19A and 19B are diagrammatic views
illustrating a relationship between a RUB and an address
unit of the disk of the embodiment and a bit block which

forms an address unit;
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accordance wth the sign of nodul ati on object data to nodul ate the

nodul ati on object data is referred to as HWV (Har Moni ¢ Wave) nodul ation. In
the optical disk 1 of the present enbodi ment, a block in which a reference
carrier signal waveformof a sine wave of a predeterm ned frequency appears
continuously for a predetermned period is fornmed as shown in FIG 3. _. In
the bl ock, a wobble signal is . generated which includes an MSK nodul ati on
part in which MSK nodul ated address information is inserted and an HW
nodul ation part in which HWWnodul ated address information is inserted. In
ot her words, MsK ul.at ed, addy.ess_infar.nmtj.on a t dress
information 18 E?r%g' izf]gselﬁ &d cgaj’ta(%ﬁ%%a&eln Vploes"‘f tﬁqg'#s@%awgl % gsébkni%dFurt her,
one of two carriger_signals each.jn the formof.a sjne wave used for the MSK
nodul at i orP&h %.c%?r$%$r§?§n%Pl#o? t hge HRIP ADHPRE  on are used as a
reference carrier_signal described hereihabove. Further, the MSK nodul ation
part and the HMVERSHU &tiforplghrdl Bardr i Brsedmat 1 rP&"sht positions in the
bl ock, and a reference carrier signal for nore than one period is disposed
bet ween t hil NSKEpak ingnEcraeorippaSt 10| Ehessyrchearbt @Bl Ehat  a portion in
whi ch data is not nodul ated and only a frequency conponent of a reference
carrier siegmaddiuppeiarandsnpdubihadnepbjestrdetiato as nonot one wobbl es.
Further, in the foll ow ng description, the sine wave signal used as a
reference carri erFEInd2A a2 )ardudidmwramnat iomelger i od of the
reference carrier signal is referred to as one wobbl e period. Further, the
frequency diltderseirgeacéicatrsencsbfjhalini shéi xgdcfpanttbE theaeer
circunference to the outer circunference of the optical disk 1 and is
defined i neisc@iflane eantit hodul &t abhossheptwiabat he |inear velocity when a

| aser spot noves al ong the recording track.

FIGS. 23A and 23B are diagrammatic views
illustrating a second sync bit in the sync part of the
embodiment and modulation object data;

FIGS. 24A and 24B are diagrammatic views
illustrating a third sync bit in the sync part of the
embodiment and modulation object data;

FIGS. 25A and 25B are diagrammatic views
illustrating a fourth sync bit in the sync part of the
embodiment and modulation object data;

FIG. 26 is a diagrammatic view illustrating a bit
configuration of a data part in the address unit of the
embodiment;

FIGS. 27A to 27C are diagrammatic views
illustrating a signal waveform of ADIP bits

representative of a bit “1” of the data part of the

embodiment and modulation object data;
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1-2. MBK Modul ation In the foll ow ng, the nodul ati on nethods of the MSK 19
nodul ati on and the HMW nodul ati on are described in nore detail. Here, the
nodul ati on net hod of address information for which the MSK nodul ati on
method is used is described first. The MSK nodul ation is a kind of FSK
(Frequency Shift Keying) nodul ati on having a conti nuous phase in which the
nmodul ation index is 0.5. The FSK nodul ation is a nethod of nodul ati ng codes
of "0" and "1" of nodul ation object data in a corresponding relationship to
two carrier signals of a frequency fl and another frequency f2. In

hod wherejn, jf the nodul ation

particular, the FSK rm%ationr@'s a rrg(%
object data is "0 herPl 9 P et AR SFAIREFF sHtRARy f1 is out putted,
but if the nodul ation object data is "1", then_another sine wave of the
frequency H1RgteatpigteadsienpinhepvefarrheicAREPoPitRe FSK nodul ation
wherein the phases continue, the phases of two carrier signals continue at
a changeoveePreaPpgabivehefsaghisf “"RodafathendabpeparaPi. the t he FSK
nodul ati on, a nodulation index mis _. defined. The nodul ation index mis
defi ned byembedipgnt apdTmefeiatTohsobhectrdasaission rate of the
nodul ati on object data (tinme of a 1/smallest code | ength). The phase
conti nuous FSK notid at2dnisvereiew i sl Dudbtrst trad | @ MikKe@8s fomxdat abfon. I n
the optical disk 1, the code length L of

the embodiment;

FIG. 30 is a view illustrating address information
contents by ADIP bits of the embodiment;

FIG. 31 is a block diagram of an address
demodulation circuit of the embodiment;

FIGS. 32A to 32E are diagrams illustrating control
timings of the address demodulation circuit of the
embodiment;

FIGS. 33A to 33C are waveform diagrams of signals
when HMW demodulation is performed by the address
demodulation circuit of the embodiment;

FIGS. 34A to 34C are waveform diagrams of different
signals when HMW demodulation is performed by the address
dempdulation circuit of the embodiment;

FIG. 35 is a view illustrating disk information of
the embodiment;

FIG., 36 is a diagrammatic view illustrating an ECC

format for main data of the embodiment;

FIG. 37 is a diagrammatic view illustrating an ECC
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nodul ati on object data to be MSK nodulated is equal to tw ce the wobble
period as seen in FIGS. 4A and 4B. It is to be noted that the code length L
of nodul ati on object data may be any length only if it is equal to or
greater than twi ce the wobble period and equal to an integral nunber of
times the wobble period. Further, one of the two frequencies for use with
the MSK nodul ation is set equal to that of the reference carrier signa
while the other is set to 1.5 tinmes the reference carrier frequency. In

ot her words, one of the signal waveforns for use with the MSK nodul ation is

Cos(ot) or_-Cos iLle the other is 1.5~ or -Cos(l.50t). In order
to §nsért ﬁ%ﬁﬂ?ér%%ﬁmgifchngafﬁaﬁﬁ?é Sgﬁgéﬁlsmé%aﬁQFn f ghe op%ical disk 1
in accordance with the MSK nodul ation, method, _a differential codin rocess
is performed for B %at3f stfen Lﬁcﬂdf @Wa‘?#o‘% ‘Iénbf]éc Li¥ta in a gl gck

unit corresponding to the wobble period as seen in FIG 4C. In particular,
the streanfPP2¥fBURDEGl BRroRMbBBféREN At 8Rdnd del ayed data obtai ned by
del ayi ng the nodul ati on object data by one period of the reference carrier
signal are differBHti a}? yipperateck ¥Rt 20 b2 dhaie bing haPeRFa k2Nt | al
codi ng process is 21 referred to as precode data. Then, such precode data
are MSK nodfil bhedembogémentite an MSK stream The MSK stream has such a
signal waveformthat, as shown in FIG 4D, when the precode data is "0",
the MK stream exhibits a waveform (Cos(cat)) of the frequency equal to
that of the reference carrier or an inverted waveform (-Cos(cat)) of the
wavef orm Bestwiedet ferpcaeegendadati sheél'tnveheibBK stream exhibits a
waveform (Cos(1.5c~t)) of a frequency equal to 1.5 tines
In the following, an optical disk as an embodiment
of the present invention is described, and a disk drive
apparatus (recording and reproduction apparatus) which
performs recording and reproduction onto and from the
optical disk and a mastering apparatus used for
production of the optical disk are described. The
description is given in the following order.
1. Wobbling System of the Disk
1-1. General Description of the Wobbling System
1-2. MSK Modulation
1-3. HMW Modulation -
1-4. Summary
2. Application to a DVR
2-1. Physical Characteristics of a DVR Disk
2-2. ECC Format of the Data
2-3. Address Format

2-3-1. Relationship Between Recording and Reproduction
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that of the reference carrier or an inverted waveform (-Cos(l.5cat)) of the
waveform Accordingly, if the data string of the nodul ati on object data has
a pattern of "010" as seen in FIG 4B, then the signal waveform of the MK
stream has wavefornms of Cos(c~t), Cos(wt), Cos(l.5cat), -Cos (cat) , -Cos
(I.5cat) and Cos (cat) for each one wobble period as seen in FIG 4E. In
the optical disk 1, address information is nodul ated on the wobbl e signal
by converting the wobble signal into such an MSK stream as descri bed above.
Here, where nodul ati on object data is differentially coded and then NMSK
nmodul at ed é? descr|q§$ above, synchronous detection of the nodul ation

obj ect dat E°S9%% reason why synchronous detection is possible
in this manner is such as follows. 22 In differentially coded data
(precode data¥ 3rRe BYRCrfa3&§ (to "1") at a code changing point of the
nodul ati on obj ect data. Since the code | ength of the nodul ati on object data
is equal to of-gréat BRtehBArtwi ce the wobbl e period, the reference carrier
signal (Cos(c~t)) or the inverted signal (-Cos(cat)) of the carrier signal
is inserted i a-Bhé.| &bneenhal Pfothehdddoessl endohrmatt ithe nodul ati on obj ect
data without fail. If a bit of the precode data exhibits "1", then a

wavef orm of a2tdeqBddegseqbahmotiolithotni Cescubiat of the reference carrier
signal is inserted, and at the code changeover point, the waveforns are
connect ed 30 Eechrothet oftthé hpiphasesotheteoh adj usted to each ot her.
Accordingly, if the nodul ati on object data is "0", then the reference
carrier signabiyavetoren 505t )s IS exhibited, but if the nodul ation
object data is "1", then the inverted signal waveform (-Cos(c~t)) of it is
exhi bi t ed. 5Snﬂg@ktpgoéuagbégqggghggtect|on out put exhibits a positive val ue
if the phase is sane as that of the carrier signal but exhibits a negative
value if the phase is reverse to that of the carrier signal, if such an MSK
nodul at ed signal as descri bed above is synchronously detected with the

reference faf@§§ﬁlfﬁ§n§§§té%egft ﬁ%npggkatlon obj ect data can be

denodul at ed: e no since the MK nodul ati on adjusts

t he phase at 5¥%%%g_ n e%éh 032 egyam%%kfgﬁéwb%gtgglay IS generated

before the Ie I on”sigha i hvert ed.
Therelorel nen sy an MK Tl ol enl, g desribog it e 1o ve
invention has a groove GV serving as recording tracks
formed thereon as shown in FIG. 1. The groove GV is
formed spirally from the inner circumference side to the
outer circumference side. Therefore, if a cross section
of the optical disk 1 in a radial direction is taken,
then a convex land L and the concave groove GV are formed
alternately as seen in FIG. 2.

The groove GV of the optical disk 1 is formed in a
wobbled state with respect to a tangential direction as
seen in FIG. 2. The wobbling of the groove GV has a shape
corresponding to a wobble signal. Therefore, an optical

disk drive can reproduce the wobble signal by detecting
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synchronous detection output is delayed by a 1/2 wobble period so that an
accurate detection output may be obtained. FIG 5 shows an MSK denodul ati on
circuit for denodul ati ng nodul ati on object data from such an MSK stream as
descri bed above. Referring to FIG 5, the MSK denodul ation circuit 10
includes a PLL circuit 11, a timng generator (TG 12, a multiplier 13, an
integrator 14, a sanple/hold (SH) circuit 15, and a slice circuit 16. A
wobbl e signal (MSK nodul ated stream) is inputted to the PLL circuit 11. The
PLL circuit 11 detects edge components fromthe wobbl e signal inputted
thereto to generate,a wobbl e cl ock synchronized with_the reference carrier
si gnal (CoSfet§FPOoThee o8RGt PRt hbbbF Ot bk ggogﬂ%p@Yegr?% the timng
generator 12. The timng generator 12 generates_a reference carrier signal
(Cos(wt)) 55htpFbadzEHINFt Al t hel a®9Bl 8001 LS sibhaninaped t @aOR heket o.
Further, the timng generator 12 generates a clear signal (CLR) and a hold
si gnal (HGQEDyoveoRVt Ardwekbractingkvarhat tbearompgnants GeR)the a signal
generated at a timng delayed by a 1/2 wobble period froma start edge of a
dat a cl ockopposheenedgé aposnt bbpecyitat aesbest honandiskodadieagth i s equal
to twice the wobbl e period. Meanwhile, the hold signal (HOLD) is a signal
gener at ed @iractiohnghdel ayedlbyea 3p2twnbbheveer adbdnfranrancocediingdge of
the data clock of the nodul ati on object data. The reference carrier signal
(Cos(~t)) geaexated by the timng generator 12 is supplied to the

mul tiplier 13. The clear signal (CLR) generated by the tim ng generator 12

i's supplied to thehd RiGBE Midghthl TheeNdds siamal a{ddPldddgener ated by the
timng generator 12 is supplied to the sanple/hold circuit 15. The

mul tiplier;d8.pHhtiphi 3 bnggwegpl £48k888! ahAPYLhEeH LBgieienky the
reference carrier signal . (Cos(~t)) to performa synchronous detection

process. Theesyachr gROushYdereeLad gyt puL sbgdshshs BuABLi 8d ERethe

i nt egr at or e I ntegrator perforns an integration process for the

i gnal synghegpaualyedeiecbed D dficeql Uil i &A%, 1ds L doibe gghed that

the integra ars-i nt egr'at ed 0 zero at a generation

Sapl of hol BOEFREG) £I36 R anBPE: Phos it B0y ACERDollEpt TAPHETER Phe

IntegratOrr%érgéugtgggeg?thggatbg1ngodulating the address

information and so forth from the wobble signal.

It is to be noted that, while the embodiment of the
present invention described below is directed to an
optical disk to which groove recording is applied, the
present invention can be applied not only to such an
optical disk of the groove recording type but also to an
optical disk to which land recording wherein data is
recorded on a land is applied. Further, the present
invention can be applied also to an optical disk of the
land and groove recording type wherein data is recorded
on both of a groove and a land.

Here, in the optical disk 1 of the present
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of the hold signal (HOLD) generated by the timng generator 12 and hol ds
the sanpled value until a next hold signal (HOLD) is generated. The slice
circuit 16 binarizes the value held by the sanple/hold circuit 15 using the
origin (0) as a threshold value and outputs the binarized value with the
sign reversed. Then, the output signal of the slice circuit 16 nakes
denodul at ed nodul ati on object data. FIGS. 6 and 7 show a wobbl e signal (MK
strean) generated by the MSK nodul ati on descri bed above of nodul ation

obj ect data of a data string of "0100" and out put signal wavefornms fromthe

circuits of ,th .%%ﬁ%denndula ion circuit %g when the wobbl e sjgnal is
Cnput ted (THFGIVER GenBRUTaEHRELTT ClF £10P8, ST espRed] vol JoUrtaTs (o be
not ed t hat e axi s of abscissa (q%eof FIGS. 6 and 7 indicates the period
nunber of 3HEFSRODLHREPERTOET FPTs T sl € nal §hphit t SNSusHbIed gifal  (VBK
strean) and the synchronous detection output_signal (MSK x Cos(~t)) of the
wobbl e si gﬁ‘fblMSIﬂ/eéﬁ%%}m‘éfP et Kenbyg) thedpbationtBgthedd dliut val ue of
the synchronous detection output signal, the hold value of the integrated
out put valdiemnts thanefehod uvze eeli moziul eveonnebpered dardepubpumerdct rom t he
slice circuit 16. It is to be noted that the reason why the denodul at ed
modul at i orsiopjektisladddedt putd ecafroer t hegsal cef carsime ddvesamiel ayed is a
processing delay of the integrator 14. As described above, where nodul ation
obj ect datthe spalidfetendf athy lcaresn hndsideal MBK ohangadetini n such a manner
as descri bed above, synchronous detection of the nodul ati on object data is
possi bl e. accordance with the sign of modulation object data to

modulate the modulation object data. In the following,

the modulation method wherein an even-numbered order

harmonic signal is added to a carrier signal of a sign

wave and the polarity of the harmonic signal is varied in

accordance with the sign of modulation object data to

modulate the modulation object data is referred to as HMW

(HarMonic Wave) modulation.

In the optical disk 1 of the present embodiment, a

block in which a reference carrier signal waveform of a

sine wave of a predetermined frequency appears

continuously for a predetermined period is formed as

shown in FIG. 3. In the block, a wobble signal is

generated which includes an MSK modulation part in which

MSK modulated address information is inserted and an HMW

modulation part in which HMW modulated address

information is inserted. In other words, MSK modulated

address information and HMW modulated address information
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In the optical disk 1, address information MSK nodul ated in such a manner
as described above is included in the wobbl e signal. Were address
information is MSK nodul ated and inclined in the wobble signal in this
manner, the anount of high frequency conmponents included in the wobble
signal is reduced. Accordingly, accurate address detection can be
anticipated. Further, since the MSK nodul ated address information is
inserted into nonotone wobbl es, crosstal k which the address information may
apply to adjacent tracks can be reduced, and consequently, the S/INratio
can be inproved. Further, in_the present optical disk. 1, since M5
nDduIationaB%j%E?eHé?a ESnd5£f§§ﬁBﬁrBﬂﬁ&§?9n8e98cgb& Qi&czénnﬁﬁFﬁggﬁf 27
denodul ati on of the wobbl e signal can be perforned accurately and sinply.
1-3. HMW MDR®I @f | BHOHERF TaRTaddeBassi ARBRMARI ShendadlMaPifof FB8PRod whi ch
uses the HMWW nodul ation is described. The HWV nodul ation is a nodul ation
met hod whe¥ave wpedvéarnthbeMely BrdulahapPRoAnd i gaariry asddedalt 0% carrier
signal of a sign wave and the polarity of the harnonic signal is varied in
accor dancethgt BMVhwodhgatdpbnnedal asednasbpecefdaeaceocavdikat sigodés. In
the optical disk 1, the carrier signal for the HWVnodul ation is a signal
of the samde$ceijnedcheaadnahevsanefyhaser astiidid$eK ahodhbat edberpace carri er
signal (Cos(~t)) which is the carrier signal for the MSK nodul ati on. As an

even- nunbeaed thdeHMWamodnilatsobgnphrtoabe dddedse8i at2dtiy famentSi n(2~t)
whi ch are second order harnonics of the reference carrier signal (Cos(W))

are used, pogithenanphi tHdeb0bckhemhiisasetrt@enbeabBliridde s@hnal2 dB with
respect to the anplitude of the reference carrier signal. The m ni num code

Lgngth of pedUhatEOBnARI BAE BaF2oHSi§eHikPokHCBethReORRE MBRT badt( peri od

and the HMW part.

It is to be noted that a portion in which data is
not modulated and only a frequency component of a
reference carrier signal appears is hereinafter referred
to as monotone wobbles. Further, in the following
description, the sine wave signal used as a reference
carrier signal is Cos(wt). Furthermore, one period of the
reference carrier signal is referred to as one wobble
period. Further, the frequency of the reference carrier
signal is fixed from the inner circumference to the outer
circumference of the optical disk 1 and is defined in

accordance with a relationship with the linear velocity

when a laser spot moves along the recording track.

1-2. MSK Modulation

In the following, the modulation methods of the MSK
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the reference carrier signal). Then, when the code of the nodul ati on obj ect
data 28 is "1", Sin(2wt) is added to the carrier signal, but when the
code of the nodul ation object data is "0", -Sin(2c~t) is added to the
carrier signal to perform nodul ation. Signal wavefornms where the wobbl e
signal is nodul ated in accordance with such a nethod as descri bed above are
illustrated in FIGS. 8Ato 8C. FIG 8A shows a signal waveform of the
reference carrier signal (Cos(c~t)). FIG 8B shows a signal waveform of the
reference carrier signal (Cbs(c t)) to which Sin(2w) is added that is, a

si gnal wavef qr hen th i on_o ¢t data i,s "1" 8C shows a

o onal vavEpdriRErSh aRE FREcHEL B Pp?é?lepgﬁaﬁ HBscEikef) TroteREcn
-Sin(2cat |s a de that sj gnal wavef orm when t he nodul ati on obj ect
data i beefRElls Hef ge TR aCRRLAL Lo TEERTh DhesGREPEal di sk 1. the
har noni c S|gnal to be applied to the carrier _signal is a second or der

har moni ¢, B P§mﬁB%OF|ﬁPFeUh%ShtﬁéesgégndoéﬁdéFlﬁﬁrWﬁﬁh@d Bt U&RY si gnal
may be added if it is an even-nunbered order harnonic. Further, while, in

the opticalSdfigRcIibedl §izssecond order harmonic is added, a plurality of
har moni ¢ signals may be applied sinmultaneously such that both of a second
order harnoni ¢ arthen N3irnddwlateiomat sromi kind eofidi@d $Fredtenepusly. Here,
where only positive and negative even nunbered order harnonic signals are
added to t8eki2® Keyihglemodutatiber haivgngl ai pohliiaucasnehaskr am t he
characteristic of the generated waveformit is possible to synchronously
det ect t hewhtorr ahedmupaudkeatnwihblekheshar soni Thei PSRRI BodnUat hbegiat es t he
synchronous detection output for a period of tinme of the code Iength of the
nmodul at i onaochgeebddaEambaudammeyl ab8ekhefnmodul ahdom1” of modulation

object data in a corresponding relationship to two

carrier signals of a frequency fl and another frequency

f2. In particular, the FSK modulation is a method wherein,

if the modulation object data is “0”, then a sine

waveform of the frequency fl is outputted, but if the

modulation object data is “1”, then ancther sine wave of

the frequency fl is outputted. Further, in the case of

the FSK modulation wherein the phases continue, the

phases of two carrier signals continue at a changeover

timing of the sign of modulation object data.

In the FSK modulation, a modulation index m is
defined. The modulation index m is defined by
m= |fl - £2|T
where T is the transmission rate of the modulation object

data (time of a 1l/smallest code length). The phase-

continuous FSK modulation where m is 0.5 is called MSK
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object data. FIG 9 shows an HMWV denodul ation circuit for denodul ating
nodul ati on object data froma wobbl e signal HWVnodul ated in such a manner
as descri bed above. Referring to FIG 9, the HWVdenodul ation circuit 20
includes a PLL circuit 21, a timng generator (TG 22, a multiplier 23, an
integrator 24, a sanmple/hold (SH) circuit 25 and a slice circuit 26. A
wobbl e signal (HWMWN nodul ated stream) is inputted to the PLL circuit 21. The
PLL circuit 21 detects edge conmponents fromthe wobbl e signal inputted
thereto to generate a wobbl e clock synchronized with the reference carrier
si gnal (Cq;%;t%%..The generated wobble clock is supplied to the timng
gener at or 1 %9??n1ng generator 22 generates a second order harnonic
signal (Sin(2~t)). synchronized with the wobbl e signal inputted thereto.

Further, the tim¥y genéRitiGasligdndratds £ad%drergtdhdt 'cLR) and a hol d
signal (HOLD) 30 @ fromthe wobble clock. The clear signal (CLR) is a
si gnal gerfRP@tEalt BN PRI hddta atethe (MEgeedrlatedt &S cederlofOt he
nmodul ation obj ect data whose m ninumcode |length is equal to twce the
wobbl e periwkce Mzenitoblele ther ot desi geenr IHATFS| s4A angnéP. geiferisi ed at a
timng of an end edge of the data clock of the nodul ati on object data. The
second order barmored shanath¢ Stode~19nggeneraf edothylahioni abngeygener at or
22 is supplied to the nmultiplier 23. The clear signal (CLR) generated by
the tim ngdaenanay dse 22ny Slengpph | @dl ¢ oi £ hit | hé eggak brt@4or Theehokd si gnal
(HOLD) generated by the timng generator 22 is supplied to the sanple/hold
circuit 25hdmecwikdd ifhé oSl &ubéi Pbd esnd hequebbte shopategral

number of times the wobble period. Further, one of the

two frequencies for use with the MSK modulation is set

equal to that of the reference carrier signal while the

other is set to 1.5 times the reference carrier frequency.

In other words, one of the signal waveforms for use with

the MSK modulation is Cos(wt) or —-Cos(wt) while the other

is Cos(1l.5wt) or -Cos(l.5wt).

In order to insert modulation object data into a

wobble signal of the optical disk 1 in accordance with

the MSK modulation method, a differential coding process

is performed for a data stream of the modulation object

data in a clock unit corresponding to the wobble period

as seen in FIG. 4C. In particular, the stream of the

modulation object data and delayed data obtained by

delaying the modulation object data by one period of the

reference carrier signal are differentially operated. The

data obtained by the differential coding process is
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inputted thereto by the second order harnonic signal (Sin(2~t)) to perform
a synchronous detection process. The synchronously detected output signal
is supplied to the integrator 24. The integrator 24 perforns an integration
process for the signal synchronously detected by the nultiplier ,_ 23. It
is to be noted that the integrator 24 clears its integrated value to zero
at a generation timng of the clear signal (CLR) generated by the timng
generator 22. The sanple/hold circuit 25 sanples the integrated output
value of the integrator 24 at a generation timng 31 of the hold signal
(HOLD) gengr at ed Qy t he tinin% gege ator 22 and hol ds the sanpl ed val ue

S ? i §2

until a nekt fbfg Fana? PFEE Bnerated. The slice circuit 26
bi nari zes the val ye held<§ﬁ t he sanpl e/ hold circuit 25 us'qgéthe origin (0)
as a threshol d vatfRF amPOutPiRLIhedt Yyt NHe BHES | ue. Then, the
output signal of the slice circuit 26 nmakes denodul at ed nodul ati on obj ect
data. FIGgenerate andM3Bastseanp shewy NiHnsireamy d1dy iuds el §9nahe HWY
nmodul ati on descri bed above of nodul ation object data of a data string of
"1010", a vewefersi ghat,gemeshowd by FRE. HIW nvbanathenraadodat gatasi gnal
wavefornms fromthe circuits of the HWdenodul ation circuit 20 when the
wobbl e si ghal “0%, i hhat¥8H sbrehm e Uéhedal waivefiocinr ¢0os (@0) ) refpecti vel y.
It is to be noted that the axis of abscissa (n) of FIGS. 10 to 12B
i ndi cates the peegodnaunbguadf tbhehabbbEetper reflerehCe d8rshewsotrhe
reference charier signal (Cos(ct)), the nodul ati on object data of the data
string of 440ifAYerddd waveform (-Cos(wt)) of the waveform, but when

the precode data is “1”, the MSK stream exhibits a

waveform (Cos(l.5wt)) of a frequency equal to 1.5 times

that of the reference carrier or an inverted waveform

(-Cos(1l.50t)) of the waveform. Accordingly, if the data

string of the modulation object data has a pattern of

“"010” as seen in FIG. 4B, then the signal waveform of the

MSK stream has waveforms of Cos(wt), Cos(wt), Cos(l.5wt),

-Cos(wt), -Cos{(l.5wt) and Cos(wt) for each one wobble

period as seen in FIG. 4E.

In the optical disk 1, address information is
modulated on the wobble signal by converting the wobble
signal into such an MSK stream as described above.
Here, where modulation object data is
differentially coded and then MSK modulated as described
above, synchronous detection of the modulation object

data is possible. The reason why synchronous detection is

possible in this manner is such as follows.
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t he second order harnonic signal (Sin(2ct), -12 dB) generated in response
to the nodul ati on object data. FIG 11 shows the generated wobbl e signal
(HWstream. FIG 12A shows the synchronous detection output signal (HW
32 Sin(2~t)) of the wobble signal. FIG 12B shows the integrated out put
val ue of the synchronous detection output signal, the hold value of the

i ntegrated out put value, and the denodul ated nodul ati on obj ect data
outputted fromthe slice circuit 26. It is to be noted that the reason why
t he denodul at ed nodul ati on obj ect data outputted fromthe slice circuit 26

is delayed is a pyocesst f [ r % scrl bed above,
wher e nodul ati on 6gject %Eﬁé?%%?%i%?éé%ﬁn@%ﬁ?ya%%%%} %H§§¥ gh ?R@Vnndulated
in such a n cki ped_above, .synchronous_det ecti.on, of the
nodul ation o0 jg%§g%agggishp s%?b?e?bﬁﬁ Fﬁgnnggchlagsﬁfl?hsddress
information H dul ated in such manner. as descyi bed above is included
in the mob%?%&¥¥gggp.g%%§Ft gag?esgqnﬁQHFEﬁiQ) ¢ s- eI ol B Rd and
inclined in hf wobbl e signal in this manner, frequency conponents can be
restrict ed™3Ad #he°BnBRAECHf ARFGN1 Fr BGHBACHOCBAPEREAESTI RBROJEHLFR t he
wobbl e signal can be reduced. Consequently, the S/Nratio of the
denodul at i bR otitpRiteoPerhadwobbeersfgranceanabsienprdgadl dRasdesldate
address detection can be anticipated. Further, also the nodulation circuit
can be forpedtheomnuerbedi eignagnatCgenethti of thecarrriargemgnaii on
circuit for a harnmonic of the carrier signal 33 and an addition circuit
for outputisi ynaestefi ihetheolgeherahadh ofrthet spdandengthi oyl thieed
significantly. Further, since high frequency conponents of the wobble
si gnal ar encddlgetionabspeanstietangitphontf 6anhti onf o lopt i chltigde sks i s
facilitated. Furthermore, since HWVnodul ated address information is
inserted iptecoswotiave ¥Rhbbess the, then a waveform of a frequency

equal to 1.5 times that of the reference carrier signal

is inserted, and at the code changeover point, the

waveforms are connected to each other with the phases

thereof adjusted to each other. Accordingly, if the

modulation object data is “0”, then the reference carrier

signal waveform (Cos(wt)) is exhibited, but if the

modulation object data is “1”, then the inverted signal

waveform (-Cos(wt)) of it is exhibited. Since the

synchronous detection output exhibits a positive value if

the phase is same as that of the carrier signal but

exhibits a negative value if the phase is reverse to that

of the carrier signal, if such an MSK modulated signal as

described above is synchronously detected with the

reference carrier signal, then the modulation object data

can be demodulated.
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crosstalk to be applied to adjacent tracks can be reduced, and
consequently, the S/INratio can be inproved. Further, in the present

optical disk 1, since HWVnodul ated data can be synchronously detected and
denodul at ed, denodul ati on of the wobbl e signal can be perfornmed accurately
and sinply. 1-4. Summary As descri bed above, in the optical disk 1 of the
present enbodi nent, an MSK nodul ati on net hod and an HWAN nodul ati on net hod
are adopted as a nodul ation nmethod for _, address information on a wobbl e
signal. Further, in the optical disk 1, a sine wave signal (Cbs(cat)) of an

equal frequency i anagdkgqgebgg@ th99€ ogléégq$§$q¥§§ ﬁ§§€ ﬁhe VBK

nodul ati on met ho a carrier requency used Pati on.

Furth bbl h .0 h . | (Co
i ch o aat 40363 BRE WERARaRLateEh %8Pﬁdg§a%g38§%%{ 'aﬁén%e?%‘é‘en(t e )

nodul ati on_si ks inth bble signal. In E opt | cal Kk t he
present en@%ﬁgﬂﬁ %oﬂav?na iEXhlﬁ 86hELaGRS: PEACES Hb§c??8@§ 8 o € since
the signal of the frequency used for the MSK nodul ati on and the harnonic
si gnal useay'f'l%r@ﬂ@uﬂmﬁﬁema@. §ROBAE i AnVEraefonshhprafere: n"kdRy do
not interfere with each other, detection of each of the signals is not
i nf | uencedSBYhnBRAUMEK| BAdBSABEHCRLSNEE BRe desREAbsSHgRRPVETRST EP0PE, t he
address information recorded in accordance with the two nmodul ati on methods
can be det@emeduhittdecefeai rrkgmpAccordi Agitggrehéoacwandeoy ifewrceher ol of the
track position and so forth upon recordi ng and/ or reproduction of the
optical disknchnoheusnpebeetdioRuptheput if tleéagddr bysai Af/@r mabbde r ecor ded
in the MSK nodul ati on and the address information recorded in the HW
modul at i onpbavedt ke shae dat aceartent detekedohheuvagdresay bkor mati on can be
detected with a higher degree
obtained.
FIG. 5 shows an MSK demodulation circuit for
demodulating modulation object data from such an MSK
stream as described above.
Referring to FIG. 5, the MSK demodulation circuit
10 includes a PLL circuit 11, a timing generator (TG) 12,
a multiplier 13, an integrator 14, a sample/hold (SH)
circuit 15, and a slice circuit 16.
A wobble signal (MSK modulated stream) is inputted
to the PLL circuit 11. The PLL circuit 11 detects edge
components from the wobble signal inputted thereto to
generate a wobble clock synchronized with the reference
carrier signal (Cos(wt)). The generated wobble clock is
supplied to the timing generator 12.

The timing generator 12 generates a reference

carrier signal (Cos(wt)) synchronized with the wobble
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of certainty. Further, since one of frequencies used in the MSK nodul ation
nmet hod and the carrier frequency used in the HW nodul ati on are set to a
sine wave signal (Cos(~t)) of the sane frequency and besides the MSK
nmodul ati on and the HMWV nodul ation are perforned at different portions in
the 35 wobble signal, upon nodul ation, for exanple, a harnonic signal may
be added to the wobble signal after it is MSK nodul ated at the position of
wobbl es to be HWMW nodul at ed. Thus, the two nodul ati ons can be perforned
very sinply. Further, where the MSK nodul ati on and the HWVN nodul ation are

hobbi e or Soaa=per Bt ot RaPRSEE" parbEeRt fret Fhor BBy CrehSEReE M an be-
Can b per PERRBACRIL A CPLAl Rignas. TRERY! BRI Bn oeta SboReS 1R0BR)s cal -
O e 5B, SRS kb e Pobt ElATa e Fa solor ™ o
described. First, an exanple of physical paraneters of a DVR disk to which
the presenPSRAARESE fbrfn lménapﬁﬁiéaeﬁsbz,adéé@rWB@BlelPeFéoﬁofﬁémnoted
that the physical paraneters are an exanple, and it is possible to apply a
wobbl e forfaEtdesceipedobepodats ahoechepfophecapduilskion @bfitetent physi cal
characteristics. An optical disk to be formed as a DVR di sk of the present
exanpl e i sdahaophpeal mingkunntodehilehgdat asi €g881 to twice the

wobble period. Meanwhile, tﬁe hold signal (HOLD) is a

signal generated at a timing delayed by a 1/2 wobble

period from an end edge of the data clock of the

modulation object data. The reference carrier signal

(Cos(wt)) generated by the timing generator 12 is

supplied to the multiplier 13. The clear signal (CLR)

generated by the timing generator 12 is supplied to the

integrator 14. The hold signal (HOLD) generated by the

timing generator 12 is supplied to the sample/hold

circuit 15.

The multiplier 13 multiplies the wobble signal

inputted thereto by the reference carrier signal

{Cos(wt)) to perform a synchronous detection process. The

synchronously detected output signal is supplied to the

integrator 14.

The integrator 14 performs an integration process

for the signal synchronously detected by the multiplier

13. Tt is to be noted that the integrator 14 clears its
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recorded in accordance with a phase change nethod, and as the disk size,
the dianmeter is 120 nmm Further, the disk thickness is 1.2 nm In other
words, fromthe paraneters given, the outer shape of the optical disk is
simlar to that of a disk of the CD (Conpact Disc) type or a disk of the
DVD (Digital Versatile Disc) type. The |aser wavel ength for
recordi ng/ reproduction is 405 nm and a blue |laser is used. The NA of the
optical systemis 0.85. The track pitch of tracks on which phase change
marks are recorded is 0.32 um and the linear density is 0.12 um A data

bl ock of 64 KB is used as a recording/regroduction uni t, anﬁﬁtge f or mat

ef fi ci encyFESAPPrERi Fat BF yE 82280 Thtis? ¢RREHF KO LHAENY QhetBF of 12 cm
achi eves a user data capacity of 23.3 Goytes. As described above, the
groove rec®FeRhgS HRRbd (FERUsBBNeBR e at Ae r BEBE Y ngenEF&Eo1312hows a

| ayout (regional configurationg of the entire disk. As regions on the disk,
a lead-in zone, &hfatRmoiRy Flraditoultd 2amrlge dispds@aprated t he i nner
circunference side. Further, froma point of view of a regiona

confi gur atpebpuegaa liegof ethbe dingeanatoeplt bdatt & openehat 8gn timheg
circunference side of the lead-in zone is a PB zone (region only for

repr oduct i ofi) thandoidiesiggadn (HODD) t fenevdeedcbycuné et emtegsi de of the

| ead-in zone to the | ead out zone is an RW(region for recording and
reproduct i génerdtier!| tadahd EObE&si Bhoosampdacdvabuéhentdbes sede from a

radius of 24 mm The range from21l to 22.2 mmin
hold signal (HOLD) is generated.

The slice circuit 16 binarizes the value held by
the sample/hold circuit 15 using the origin (0) as a
threshold value and outputs the binarized wvalue with the
sign reversed.

Then, the output signal of the slice circuit 16
makes demodulated modulation object data.

FIGS. 6 and 7 show a wobble signal (MSK stream)
generated by the MSK modulation described above of
modulation object data of a data string of “0100” and
output signal waveforms from the circuits of the MSK
demodulation circuit 10 when the wobble signal is
inputted to the MSK demodulation circuit 10, respectively.
It is to be noted that the axis of abscissa (n) of FIGS.
6 and 7 indicates the period number of the wobble period.
FIG. 6 shows the inputted wobble signal (MSK stream) and

the synchronous detection output signal (MSK x Cos(wt))

of the wobble signal. Meanwhile, FIG. 7 shows the
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radius is a BCA (Burst Cutting Area). The BCA has a unique ID unique to the
di sk recording nediumrecorded in a recordi ng nethod of burning out the
recording layer. In short, recording marks are formed in a concentrically

j uxt aposed relationship to form bar code-like recorded data. The range from
22.2 to 23.1 mmin radius is a prerecorded data zone. In the prerecorded
data zone, disk information such as recording and reproducti on power
conditions, information for use for copy protection and other necessary
information (prerecorded information) is recorded in advance by wobbling of

the groove; spédAAtyd f QL IBE: OPathe dESkne THEnkhRESo0E d8fOEHREHON NMENti Oned
are information only for reproduction, and the BCA and the prerecorded data

zone neke r egy y o EPpr ct} ri er ei nabove.
38 V%iIeégﬁ%ggr%$%%%§Ug%hgg?gﬂéogép?%cﬁﬁdggg iggggigﬁgﬁeégggﬁg protection

i
i nformatiop, as, h&@r@gcgccﬁ’érgc?gﬁx%g{?&%&&?Pa%bﬁx}i&%ﬂ:@ed&@&’y protection

information 1S used, exanp 0 performt ow ng. In an opti cal

di sk system.according to the esent . enbodi nent ,..regi st ered dr.jve apparatus
miker o and W heRerso T e ST SEE U FRREEL TP e ! Ha S ity o
drivekey representing such regjstration is_provided. |f hacking occurs,
Chen tho GrRYERED® of Saet aiey T oo denPaele sBd By brbttal SRACFRr or mat; on. A

medi um or a drive having the nedi akey or the driveke an be disabled from
recor di ng %%Har%%?%@%%?goﬁr%%sEﬂeoﬁl{ﬁ% FhFSPhEt?gnlglaefﬁﬁe@eéa-?n zone, a

test wite area OPC and_a ,
processing delay of the integrator 14.

As described above, where modulation object data is
differentially coded and then MSK modulated in such a
manner as described above, synchronous detection of the
modulation object data is possible.

In the optical disk 1, address information MSK
modulated in such a manner as described above is included
in the wobble signal. Where address information is MSK
modulated and inclined in the wobble signal in this
manner, the amount of high frequency components included
in the wobble signal is reduced. Accordingly, accurate
address detection can be anticipated. Further, since the
MSK modulated address information is inserted into
monotone wobbles, crosstalk which the address information
may apply to adjacent tracks can be reduced, and
consequently, the S/N ratio can be improved. Further, in
the present optical disk 1, since MSK modulation object

data can be synchronously detected and demodulated,
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def ect managenent area DVA are provided within the range from23.1 to 24 mm
The test wite area OPCis used for test witing upon setting of

i n radius.
recordi ng

| aser powers upon recording/reproduction.

and/ or reproduction conditions of phase change marks such as
The defect managenent area DMVA is

provided to record and reproduce information for nmanagi ng def ect
information on the disk thereon and therefrom The range from24.0 to 58.0
us is set as the data zone. The data zone is a region into and

mmin radi
from 39

whi ch user data are actually recorded and reproduced as phase

change mal ks, Jeat A00eoEr o Sc001 @ SBeBoMLLY padpUssLs,sal as the

| ead- out zone.

ad-out Zoné€ inclu

3eBR

to that in_the Iggﬂ9iggﬁone a?d is further used as a buffer area for
u

al | owi ng ancove?

is, the test wite area,

r epr oduct i

and reproduced. FIGS. 14A and 14B show a manner of the tracks in the RW

zone and the PB Z8HE MedEckG%el y. FIG 14A shows wobbling of the groove

nagenent area simlar

AYy. The range from23.1 nmin dianeter, that
to the | ead-out zone is the RWzone (recording and

on region) into and fromwhi ch phase change marks are recorded

in the RWzone while FIG 14B shows wobbling of the groove in the
prerecorded zone HW it R ERiGRARS N eifea RAY drrdu i@ Sne iR it eh ( ADI P)
is formed in advance by wobbling the groove forned spirally on the disk in

order to ahsew thackMigmodniataod fesodesheihedove on which the address

The HMW modulation is a modulation method wherein
an even-numbered order harmonic signal is added to a
carrier signal of a sign wave and the polarity of the
harmonic signal is varied in accordance with the sign of
modulation object data to modulate codes.

In the optical disk 1, the carrier signal for the
HMW modulation is a signal of the same frequency and the
same phase as those of the reference carrier signal
(Cos(wt)) which is the carrier signal for the MSK
modulation. As an even-numbered order harmonic signal to
be added, Sin(2wt) and -8in(2wt) which are Second order
harmonics of the reference carrier signal (Cos(wt)) are
used, and the amplitude of them is set to an amplitude of
~12 dB with respect to the amplitude of the reference
carrier signal. The minimum code length of modulation
object data is set to twice the wobble period (period of
the reference carrier signal).

Then, when the code of the modulation object data
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information is forned, information is recorded and reproduced as phase
change marks. As shown in FIG 14A the groove in the RWzone, that is, the
groove tracks on which the ADI P address 40 information is forned, have a
track pitch TP = 0.32 um On the tracks, recording marks each in the form
of a phase change mark are recorded. The phase change marks are recorded in
a linear density of 0.12 umibit, 0.08 um ch bit in accordance with the RLL
(1,7) PP nodul ation nethod (RLL; Run Length Limted, PP. Parity

Preserve/ Prohibit rntr (repeated mininumtransition runlength)) or a like
met hod. Wer e, S, rk. Length,ranges f 2T tp 8T, and
The ol | 658 whric Fonbtht! otoraaqf LRGKaectRkrirRattintre PaLoMAEH | n a
wobbl i ng perl 69T and a bbl i ng a | ityde WA o pproxi mately 20
) T aRfesST | HED RAthGRe L P ReEphadetanange0iny kS LaNBOE b or ded
such t hat the wavel engt h bands thereof do not overlap with each other so
that they hay2#eedheethd FaFrieRcelgnRaletecPPbhorRele8rLaFHENENR (carri er
noi se ratio) of the wobbling of the address information is 30 dB after
recordi ng where tHamsEhdvaliefidrns Weteithamphihe o2igess B¥ror rate is

| ower than 1X10-3 including the influence of a stepping novenent (a skew of
t he di sk, medeotasédginaadisrdahaaceithdsygohf armarhofbaawdeberibrd tracks
formed fromthe groove in the 41 PB zone of FIG 14B have a greater track
pitch and asbgveatee wbbbstngtedpint BTESt h&A the8Cr ackRBG T odAeshdwsnat he
groove in the RWzone of FIG 14A In particular, the track pitch TP is
0.35 um astghde waebbfopg périthe irefFoeraye ddwer Wabbsidqga hmiCobyde) WA i s
approximately 40 nm(p-p). The fact that the wobbling period is 36T

signifies that g¢Pesherordi sgghaNeaaveessint yrothpr eegeoeded cateieation is
hi gher than the recording linear density of the ADI P information. Further,

since the shgriesticobese) FheagpnimBhksi s ( ZEtAtBQ 6868endi Reaki Rear adensity of
t he prerecorded |nfornat|on is lower than the recordlng | i near density of

EEE Iggaign;@éféﬂﬂf WREEBorhOwREASEnENABEE1 HRE bl ébﬁ@%@r dgda0Rkonghe tracks in

FIG. 8C shows a signal waveform of the reference carrier
signal (Cos(wt)) to which -Sin(2wt) is added, that is, a
signal waveform when the modulation object data is “0”.

It is to be noted that, while, in the optical disk
1, the harmonic signal to be applied to the carrier
signal is a second order harmonic, it is not limited to
the second order harmonic, but any signal may be added if
it is an even-numbered order harmonic. Further, while, in
the optical disk 1, only a second order harmonic 1is added,
a plurality of harmonic signals may be applied
simultaneously such that both of a second order harmonic
and a fourth order harmonic are added simultaneously.

Here, where only positive and negative even-

numbered order harmonic signals are added to the
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The wobbling waveformis fornmed in a sine waveformin the RWzone, but may
be recorded in a sine waveformor a rectangular waveformin the PB zone. It
is known that, if the phase change marks have a signal quality of a CNR of
approximately 50 dB where the band width is 30 KHZ, then by recordi ng and
reproducing data with ECCs (error correction codes) added thereto, a synbol
error rate |lower than 1X10-16 after error correction can be achieved.
Therefore, the phase change 42 mar ks can be used for recordi ng and
reproduction of data. The CNR of the wobbles regarding the AD P address

i nformation_i B on-r rded t f _phase ch e mar ks where

t he band m?gkﬁrggcgocgﬁ%iegugﬁggggegﬁegﬁ%% @Féﬁ%g'qgﬁPPtéﬂ s just descri bed
is sufficiept for thetaddrgs% infornat%ga i f %gterpoLgtLon grotggtion based
on conti nuft§rars&FititaLt PontPE BEPFOPHREY. YREREGER, #5r 1PhBO§PEPEEOr ded
information to be recorded in the PB zone, a degree of signal quality

hi gher thah®t RENEREBOBPUSHYJBSERGE t18 gRAPTEFeEhkaBRiSEMcHkbe thEr ks shoul d
be secured, Therefore, in such a PB zone as_shown in FIG 14B, a groove
physi cal | yPBFPPREENEIEPBASt RBAgiBESETRRSEhENRVWEYBREIPEORSr ABGSCELPSL , by
maki ng the track pitch wider, the crosstal k from adjacent tracks can be
suppr essedPufRdtbfodoabPrrgodhefwobprecinphet gade LRBgENRCEaBe i nproved
by +6 dB. Furthernore,, by using a rectangular wave as the wobbl e waveform

t he CNR camogelafmprovebjbgtagpteximatenpde2atiB th&hmotloflaking CNR is 43 dB.
The recordi ng bands of the phase change marks and the wobbles in the
prerecordedbgata dehe.are different 43 fromeach other and are 18T (18T
is one half of 36T) for the wobbles and 2T for the phase change narks, and

in this regard, aFTAR ®f sovbs dbh i BMbdahsddl atceordinghyt f&e CNR of the
prerecorded information is equivalent to 52.5 dB, and even if -2 dBis

estimated asmadalesshgl woaununiohr eByadiasant Frasks, wbhB1eNBighaaqui val ent
to 50.5 dB. In short, a degree of signal quality substantially equal to

that of thgvghasauthaedeinBsksni 8 RRhakbReds aBdckhBewORBLRY signal can be
used appropriately for recording and reproduction of prerecorded

information. FlGrdfeitiMFt{Qteca sl atingn JELOGh of 1 B eLeeonded
information for form ng a wobbl ed groove in
20 includes a PLL circuit 21, a timing generator (TG) 22,
a multiplier 23, an integrator 24, a sample/hold (SH)
circuit 25 and a slice circuit 26.

A wobble signal (HMW modulated stream) is inputted
to the PLL circuit 21. The PLL circuit 21 detects edge
components from the wobble signal inputted thereto to
generate a wobble clock synchronized with the reference
carrier signal (Cos(wt)). The generated wobble clock 1is
supplied to the timing generator 22.

The timing generator 22 generates a second order
harmonic signal (Sin(2wt)) synchronized with the wobble

signal inputted thereto. Further, the timing generator 22

generates a clear signal (CLR) and a hold signal (HOLD)
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the prerecorded data zone. An FM code is used for the nodul ation. Data bits
are illustrated in (a) of FIG 15: channel clocks in (b) of FIG 15~ FM
codes in (c) of FIG 15: and wobble waveforns in (d) of FIG 15, in a
vertically juxtaposed relationship. 1 bit of data is 2 ch (a 2-channel
clock), and when the bit information is "1", the FMcode is represented in
a frequency of one half that of the channel clock. On the other hand, when
the bit information is "0", the FMcode is represented in a frequency equal
to one 44 hal f that when the bit information is "1". As regards the

wobbl e wavef or an FM code. may be recarded directly in tlhe formof. a
rectangul a VE, Wi r e wave
| ot EGBVENS DUPPRES GLACKwi S Fetior e (Gt o 188 by
as seen in (d) of FIG 15. It is to be noted that the FM code and_the
wobbl e wav@$RFFRFHEY AhvR SLBANPaPfe?nStaEtsPOdR Ph 2efaBRdtPFRoPiFIG 15
as the patterns of the opposite polarity to those of éc) and (d) of FIG
15, respecthgengdulatioehobiiees dataFNnesdcnADENNAL FOAS akelgslriBed above,
the FM code waveform and the wobbl e waveform (sine waveforn where the data
bit streanedgal 100100102 theseehbia pgriof. FINgamhidkey dsifush lsldhown in (h)
and (i) of FIG 15, respectively. It is to be noted that, where the
patterns shbogmaln(felDands(&)sbfn&l Gedérateduseda theify cbdenwanéf or m and
t he wobbl e waveform (sine waveform are such as illustrated in (j) and (k)
of FIG 15ed@e20f E€Xke Fdatat cbdckhef Daha And&ECEtionmabjéot ghase change
mar ks and
second order harmonic signal (Sin(2wt)) generated by the
timing generator 22 is supplied to the multiplier 23. The
clear signal (CLR) generated by the timing generator 22
is supplied to the integrator 24. The hold signal (HOLD)
generated by the timing generator 22 is supplied to the
sample/hold circuit 25.
The multiplier 23 multiplies the wobble signal
inputted thereto by the second order harmonic signal
(Sin(2wt)) to perform a synchronous detection process.
The synchronously detected output signal is supplied to
the integrator 24.
The integrator 24 performs an integration process
for the signal synchronously detected by the multiplier
23. It is to be noted that the integrator 24 clears its
integrated value to zero at a generation timing of the
clear signal (CLR) generated by the timing generator 22.
The sample/hold circuit 25 samples the integrated

output value of the integrator 24 at a generation timing

31



prerecorded information is described with reference to FIGS. 16, 17, 18A
and 18B. First, FIG 16 shows an ECC format for nmain data 45 (user data)
to be recorded and reproduced in the formof a phase change mark. As an ECC
(Error Correction Code), two codes of an LDC (long distance code) for main
data of 64 KB (= 2,048 bytes of 1 sector x 32 sectors) and a BI' S (Burst

I ndi cat or Subcode) are available. Main data of 64 KB illustrated in (a) of
FIG 16 is ECC encoded in such a nmanner as seen in (b) of FIG 16. In

parti cul ar, an EDC (error detection code) of 4 Bis added to the nmain data

of 1 sector g B,.and. th EC i s_encpded fo th .32 _sectors. The LDC
is an RS(22B, t536h° %)Sl?ﬂﬁ% §O£ h ﬁ@ﬁfﬁ@g8888VoﬁB tBUB9%f the code
| engt h 248, data 216 %nd glst nce 33. 304 cgde rds are i nvol ved.
Meanwhi | e, IFRPERHRT BFS, 21 t}éo S 750 BSERBWA iﬁW?E? BRtEL® B8%Fs ECC
encoded as seen in (d) of FIG 16. In particular, the BISis an RS(62, 30,
33), that PeldamlgRd{ REBALEBY| HROEFNEHAESBF the code | ength 62, data 30 and
_, distance 33. 24 codewords are involved. FIG 18A shows a frame structure
for main data in & RWerelrahic i dotarires Dheleswkiddiekbove and the
BIS formthe frame structure shown. In particular, one frane has a
structure offie 1sanpBlefhchdi acrades datas{B88 Bhe ardgin BDS &% B) , data (38
B) , aBlS(1B) , data (38 B) , a BI'S

threshold value and outputs the sign of the binarized

value.

Then, the output signal of the slice circuit 26
makes demodulated modulation object data.
FIGS. 10, 11 and 12A to 12B show signal waveforms

used for the HMW modulation described above of modulation

object data of a data string of “1010”, a wobble signal

generated by the HMW modulation and output signal

waveforms from the circuits of the HMW demodulation

circuit 20 when the wobble signal is inputted to the HMW

demodulation circuit 20, respectively. It is to be noted

that the axis of abscissa (n) of FIGS. 10 to 12R

indicates the period number of the wobble period. FIG. 10

shows the reference charier signal (Cos(wt)), the

modulation object data of the data string of “1010”, and

the second order harmonic signal (E£Sin(2et), -12 dB)

generated in response to the modulation object data. FIG.

11 shows the generated wobble signal (HMW stream). FIG.

12A shows the synchronous detection output signal (HMW x

32



(1 B), data (38 B) disposed in order therein. In short, one frane is forned
fromdata of 38 B x 4 = 152 B and BISs of 1 B each inserted for each 38 B.
A frame sync FS (frame synchronizing signal) is disposed at the top of one
frame of 155 B. One bl ock includes 496 franes. The LDC data are di sposed
such that even-nunbered codewords such as Oth, 2nd, codewords are positioned
at even-nunbered frames such as Oth, 2nd, ... frames and odd nunbered
codewords such as 1st, 3rd,codewords are positioned at odd-nunbered franes
such as 1st, 3rd, frames. For the BIS, a code having a nuch higher

correctiongg 'k tyetban th he E% i sed an%halnnst all
errors aresggg?gg ZdeIEﬁsh%rEbﬁg %Pgauseg cg%g &%%%% iStance is 33
whil e the coge Ie ﬁ ﬁ erefgr %naF BI.S fr%n1mﬁthin whi ch
an error i&" 8953 8 QERPBE UgeHSi R*t EefBV G ﬁBOHﬁnHGFec pGR decodi ng of
an ECC, the EISS are decoded first two adj acent ones of the BISs and
the frame SYhRUESSiHNEhe Fpﬁnﬁoégrﬁéﬁﬂﬁeogfth?G}nfgﬂréFé i RUEPKSr, the data
38 B sandwi ched between themis regarded as burst error data. An error
poi nter i sVadded ?BdtHEedQ?EOQBlBteﬁh@OQBéaG§@§ gpjecthdaépror pointer to
perforn1p0|nter erasure correction. Consequently, the correction capability
can be rai SeBPWAEAdCERPEr EiewsLACEOFLECHILEN26n] yIbyls heo IDE nqhed Bl S
i ncl udes address information and so forth. The address is used where
addr ess i ntbahathenrbgsanwsbhil thg demodeliasedomodudilkabheochgech t he case of
a ROMtype disk or in a like case. An ECC format for the prerecorded
i nformati odatg outputted from the slice circuit 26 is delayed is a

processing delay of the integrator 14.

As described above, where modulation object data is

differentially coded and then HMW modulated in such a

manner as described above, synchronous detection of the

modulation object data is possible.

In the optical disk 1, address information HMW

modulated in such a manner as described above is included

in the wobble signal. Where address information is HMW

modulated and inclined in the wobble signal in this

manner, frequency components can be restricted and the

amount of high frequency components included in the

wobble signal can be reduced. Consequently, the S/N ratio

of the demodulation output of the wobble signal can be

improved, and accurate address detection can be

anticipated. Further, also the modulation circuit can be

formed from a carrier signal generation circuit, a

generation circuit for a harmonic of the carrier signal
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shown in FIG 17. In this instance, for the ECC, two codes are avail able

i ncl udi ng an EDC (Long Di stance Code) for main data of 4 KB (1 sector 2,048
B x 2 sectors) and a BI'S (Burst |ndicator Subcode). Data of 4 KB as
prerecorded information illustrated in (a) of FIG 17 is ECC encoded as
seen in (b) of FIG 17. In particular, an EDC (Error Detection Code) of 4 B
is added to the nain data 1 of one sector of 2,048 B, and the LDC is
encoded for the 2 sectors. The LDC is an RS(248, 216, 33), that is, an RS
(Reed Sol onon) code of the code length 248, data 216 and di stance 33. 19
codewor ds arg involveg” NbanmhiLﬁ, for the BIS, data of 120 B shown in (c)
of FIG 172P§ BBCA8AE5488 S4T58&h FRT(QPLBREFPEINETS P S&° iT¥Q ar, the BI S
is an RS(62, 30, 33), that is, an RS 48, Reed Sol onpn) code of the code

|l ength 62, 9§AE5386°8nF1dFetaRece23s. TRoGAMRIdEWEFAdS 1and Tiirpsitddd. FIG 18B

shows a frame structure for the prerecorded information in the PB zone. The
data of th&UEDRedesEinpedhapbyEraAuenny BPBPPOLALEhO LT thse wobblet ure shown.
In particular, one frane has a structure of 21 B which includes a frame
sync FS (1sBpnaldats ¢eduBpd, alBpbSmgstByingdapan( FoBnadiioposdd i n order
‘therein. In short, one frame is formed fromdata of 19 B and BIS of 1 B
i nserted i pptheadlataskA fisafecsyncaE8d(frane synchroni zing signal) is
di sposed at the top of one frame. One block includes 248 franes. Also in
this instance, foruttieeBhGrea sDkee NENW Nodu NaEdd hagheesgorrecti on
capability than the code of the

information is inserted into monotone wobbles, the

crosstalk to be applied to adjacent tracks can be reduced,

and consequently, the S/N ratio can be improved. Further,

in the present optical disk 1, since HMW modulated data

can be synchronously detected and demodulated,

demcdulation of the wobble signal can be performed

accurately and simply.

1-4. Summary

As described above, in the optical disk 1 of the
present embodiment, an MSK modulation method and an HMW'
modulation method are adopted as a modulation method for
address information on a wobble signal. Further, in the
optical disk 1, a sine wave signal (Cos(wt)) of an equal
frequency is used for both of one of frequencies used for
the MSK modulation method and a carrier frequency used
for the HMW modulation. Furthermore, monotone wobbles in

which only the carrier signal (Cos(wt)) on which no data
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LDC i s used, and al nost all errors are corrected. Therefore, a synbol of
the BIS fromw thin which an error is detected can be used in the follow ng
manner. Upon decoding of an ECC, the BIS, is decoded first. If two adjacent
ones of the BISs and the frame sync FS are in error, the data 10 B or 9 B
sandwi ched between themis regarded as burst error data. An error pointer
is added to the data 10 B or 9 B. The LDC uses the error pointer to carry
out pointer erasure correction. 49 Consequently, the correction
capability can be rai sed when conpared with correction only by the LDC. The

BI'S includ i.nfor nat i d forth. h ded d
2one. | br o SEoT RN LERPEr at RO aeRoesr BEVFHoEnECFBPATOF 18 wobbi i ng- gr cove,

and accordinﬁli addr ess iEfonna%kon bé % wobbl i ng groove is not involved.
Ther ef or e, " 485 88s STARPUTed FPEhYOBPSS S1g88d for accessing. As can be
seen fromFIGS. 16 and 17, the data and the prerecorded information in the

form of phase chatyetMRrkREEeRbtIthe Lafe ERecPEperRE remeedBieRt t he ECC
format. This signifies that an ECC decodi ng process for the prerecorded
i nf or mat i oR2¥aRIbeueReduceBiBgUEatirBURE dpSEERPRAI ehoper f BLRSCaiRECC
decodi ng process upon reproduction of data in the formof phase change
mar ks and shendlskRidiheefzppacacususand ifopr the MBE wmbfluéhréhop endhar dware
configuration. 2-3. Address Format 2-3-1. Rel ationship between Recording
and Repr odtbeéi bardahacardgAddr essds £olre thri HMWnmpdadeating amd deproducti on
of the DVR

relationship wherein they do not interfere with each

other, detection of each of the signals is not influenced

by modulation components of the other signal. Therefore,

the address information recorded in accordance with the

two modulation methods can be detected with certainty.

Accordingly, the accuracy in control of the track

position and so forth upon recording and/or reproduction

of the optical disk can be improved.

Further, if the address information recorded in the

MSK modulation and the address information recorded in

the HMW modulation have the same data contents, then the

address information can be detected with a higher degree

of certainty.

Further, since one of frequencies used in the MSK
modulation method and the carrier frequency used in the
HMW modulation are set to a sine wave signal (Cos(wt)) of

the same frequency and besides the MSK modulation and the

HMW modulation are performed at different portions in the
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di sk of the present enbodinent is a recording and 50 reproduction cluster
of totaling 498 frames forned by adding a link area for a PLL and so forth
of one frane to each of the top and the bottom of an ECC bl ock of 155
synbol s X 496 frames shown in FIGS. 18A to 18B. The recordi ng and

In the address
format of the disk 1 of the present enbodi nent, one RUB (498 franmes) is
recorded as
wobbl es as seen in FIG 19A. In other words, one RUB is recorded for the

reproduction cluster is called RUB (Recording Unit Bl ock).
managed in three address units (ADIP 1, ADIP 2 and ADI P 3)

t hree addres nits. In the address format, one address u
totaling 84SBPEE PREPAUr nEP8IDTPEILR

it

is. forned from

t4C8ynéCpaftBRACT52hREMEP S dat a

part. In the address format, a reference carrier signal for a wobble signa
to be recofdeBabnmaypPegreded £9 hAheo¥rhelsi §haratcadter) it aAdMEXbit of
the wobble signal is formed from 56 periods of the reference carrier signa
as seen i npfglateg apcebedragiyionhef| vagbhest tenbepEMiloncdelasbBl e
period) of the reference carrier signal is equal to 69 tinmes the |ength of
one channeThe$, phhsetwhangdslathensefaneheepreatfrirmedsivgnal sfopls6 peri ods
which fornms one bit is hereinafter referred to as bit block. 51 2- 3-2.
Sync Part Fue-he, shbeseatbet MEBEnhibduilation ehdt heesyMd padulehibhe address
unit. The sync part is a portion for identifying the top of the address
unit and isréopaeformed at different portions of a wobble signal

and at least a monotone wobble for one period is included

between the two portions, a disk can be produced with a

higher degree of accuracy, and demodulation of an address

can be performed with certainty.

2. Application to a DVR

2-1. Physical Characteristics of a DVR Disk

Now, an application of the address format to a high

density optical disk called DVR (Data & Video Recording)

is described.

First, an example of physical parameters of a DVR

disk to which the present address format is applied is

described. It is to be noted that the physical parameters

are an example, and it is possible to apply a wobble

format described below to another optical disk of

different physical characteristics.

An optical disk to be formed as a DVR disk of the

present example is an optical disk onto which data is
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fromfour first to fourth sync blocks (sync block "1", sync block "2", sync
bl ock "3" and sync block "4"). Each sync block is formed fromtwo bit

bl ocks including a nonotone bit and a sync bit. In a signal waveform of a
nonotone bit, as shown in FIG 21A, the first to third wobbles of the bit

bl ock fornmed from 56 wobbles are fornmed as a bit synchronizati on mark BM
and the fourth to fifty sixth wobbles followi ng the bit synchronization
mark BM are forned as nonot one wobbles (a signal waveform of a reference
carrier signal (Cos(w))). The bit synchronization mark BMis a signal

vwavef orm genesaed by Q@&P?%}r{éé‘twgh”Qdﬁﬂéé‘%%oi?hg%éfﬁm%g@{:?,O%né as

predeterm ned code pattern rdentifyi e top~o block. In
parti cul ar he. bi t ch i i is a si vef or ner at ed
by differ evﬁ}ftl£ aﬁ%kc%%‘?‘(%g %@%uﬁg%%%ﬁeggj{%cf%a@%'oﬁlgf%lfee%\gtt?r;em#lqe code
pattern and allocatin regue i,n accordance.with the sign of the

di fferent igrfjrf/k%%‘?i%dl a?aé rf“ﬂ i gﬁ{oo e%d"fcé%da%'haﬁrcfrﬁe B R o | ength L
of the 52 _ nodulation object data_is equal .to_twice the wbble period. In
Che pr ecori Ehmt ke ‘A OPhnShabay T of AE abohifigh By S FekonBURLaRFngs

nodul ati on obj ect data wherein the value for _one bit (for two wobble
periods) i%hafrofsar@tdkded BRethB HFPMBIRENPERFratYBA RErR BiEK AL
particular, the bit synchronization mark BM exhibits a signal waveform
wher ei n waive® oPViR 6P1gChal 1Vereatile-Dbsgcr~type-Cos(1.5 wt)" appear
successively in a unit of the wobble period. Accordingly, the nonotone bit
can be gener at ed The desmmatWane strodtnoths até oor dbjettepipdu¢thibon ngs a code

405 nm, and a blue laser is used. The NA of the optical
system is 0.85. |

The track pitch of tracks on which phase change
marks are recorded is 0.32 um, and the linear density is
0.12 ym. A data block of 64 KB is used as a
recording/reproduction unit, and the format efficiency is
approximately 82 %. Thus, the disk of the diameter of 12
cm achieves a user data capacity of 23.3 Gbytesﬁ

As described above, the groove recording method is
used for the data recording.

FIG. 13 shows a layout (regional configuration) of
the entire disk.

As regions on the disk, a lead-in zone, a data zone
and a lead-out zone are disposed from the inner
circumference side.

Further, from a point of view of a regional

configuration regarding recording and reproduction, the
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| ength corresponding to 2 wobbl e periods) as "10000...00" as seen in FIG
21B and then MSK nodul ati ng the nodul ati on object data. It is to be noted
that the bit synchronization mark BMis inserted not only into the nonotone
bit of the sync part but also to the top of all bit bl ocks described bel ow
Accordi ngly, upon recording or reproduction, if the bit synchronization
mark BMis detected and used for synchronization, then synchroni smof the
bit blocks in the wobble signal (that is, synchronismin the period of 56
periods) can be established. Furthernore, the bit synchronization mark BM
can be used as_a reference for s eC| tgg %he i nsertion, 05|F on of vari ous

nodul ati on™ 335 Srgnal eﬁ%?%?nﬁ* &84T P 02PRE b t 2bf8ck°"Fn t he
si gnal wavef or m of tﬂ ?gnc bi t f the“LIrSt sggc bl ock (%¥nc "0" bit), as
shown in FHEIRIA OthE FPFsTEREC HFFHO bbfRd TBELOBI S5ERMf bRfed from 56
wobbl es forma bit synchroni zation mark BN1 and the 17th to 19th wobbl es
and the 27PhteH 99¥ﬁu%5%5?%§eiﬁH@@i@ﬁth? BRfiTaR KBRenbBAUFBEi dA2fAErk MV
whil e the remai ni ng wavef orm of the wobbles are all nonotone wobbles. In
t he si gnal owWavepPBEmisf anh&Wsyiregsian dfonr hee srrediid syne beperdgsihent 1
bit), as shown in FIG 23A, the first to third wobbles of a bit bl ock
formed from 56 wobls desddrim wdrid sy deioni s d orn nerk BMpemnsiiddie 19th to
21st wobbles and the 29th to 31st wobbles individually forman MK
nodul at i onf remka Mvaahis eof h24 rremai iy meaved of momf21 heo w2 esm aie all
nmonot one wobbl es. In the signal waveformof the sync bit of the third sync
bl ock (syncad2lisbit)a BSAskBwAst nCktGingddArebihe fTHStBE® lids ral wobbl es of a
bit block formed from 56
unique ID unique to the disk recording medium recorded in
a recording method of burning out the recording layer. 1In
short, recording marks are formed in a concentrically
juxtaposed relationship to form bar code-like recorded
data.

The range from 22.2 to 23.1 mm in radius is a
prerecorded data zone.

In the prerecorded data zone, disk information such
as recording and reproduction power conditions,
information for use for copy protection and other
necessary information (prerecorded information) is
recorded in advance by wobbling of the groove spirally
formed on the disk.

The kinds of information mentioned are information
only for reproduction, and the BCA and the prerecorded

data zone make the PB zone (region only for reproduction)

described hereinabove.
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wobbl es forma bit synchronization mark BM and the 21st to 23rd wobbl es
and the 31st to 33rd wobbles individually an MSK nodul ati on mark MM whil e

t he remai ni ng waveform of the wobbles are all nonotone wobbles. In the
signal waveform of the sync bit of the fourth sync block (sync "3" bit), as
shown in FIG 25A, 54 the first to third wobbles of a bit bl ock forned
from56 wobbles forma bit synchroni zation mark BM and the 23rd to 25th
wobbl es and the 33rd to 35th wobbles individually forman MSK nodul ation
mark MM while the remai ni ng wavef orm of the wobbles are all nonotone

wobbl es. The MSK synchroni zation mark is a signal waveform generated by MK
modul at i ng nndulaW%b%eoB?%cPrﬁﬁf%QB@e%.%@%ﬂe%%?%ih%ﬁlﬁﬁﬁ%'pg?Fern simlarly
to the bit synchronization mark BM In particular, the MSK synchroni zation
mark i s a SKGARIewaFePdr Rr§éfEtarad Ipfogmatépanasalthy PE8TrRGOFEET ati on

obj ect data of a predeterm ned code pattern and allocating a frequency in
response t anfRamagdenothereiai f teeesrrsl Pyotededodatiaformaitd ono ise not ed
that the mnimum code length L of the nodul ati on object data is equal to
twi ce the wskbl e fper eadmple,t e peesemtn ckhamfbé lowigiggnal wavef or m obt ai ned
by MSK nodul ati ng nodul ati on obj ect data wherein the value for one bit (for
two wobbl e periodsy as &Saticslreétcekdedsaemt hecbrdisyncdrohezatesantark BM
In . particular, the bit synchronization mark BM exhibits a signa

wavef or m wagbedimeavef ekt stk re@odirive epbhratGesmakers- @3 Hiskcat )"
appear successively in a unit of the wobble period. Accordingly, the sync

bit of themhikesk SMACBERGKo0RR thel BRsIVBES,Oanki b) medn ake yoerezat ed by
generating and MSK nodul afi ng such a data stream (having a code | ength

Rt i s St e L T A
MBK modul ating sugh Ra@RIRy occurs, then the drivekey or mediakey is
recorded as copy protection information. A medium or a
drive having the mediakey or the drivekey can be disabled
from recording and reproduction based on the information.

In the lead-in zone, a test write area OPC and a
defect management area DMA ére provided within the range
from 23.1 to 24 mm in radius.

The test write area OPC is used for test writing
upon setting of recording and/or reproduction conditions
of phase change marks such as laser powers upon
recording/reproduction.

The defect management area DMA is provided to
record and reproduce information for managing defect
information on the disk thereon and therefrom.

The range from 24.0 to 58.0 mm in radius is set as

the data zone. The data zone is a region into and from
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stream as shown in FIG 23B. The sync bit of the third sync bl ock (the sync
"2" bit) can be generated by generating and MSK nodul ati ng such a data
stream as shown in FIG 24B. The sync bit of the first sync block (the sync
"3" bit) can be generated by generating and MSK nodul ati ng such a data
stream as shown in FIG 25B. It is to be noted that the insertion pattern
of the two MBK nodul ation marks MM into the bit block is unique fromthe
insertion patterns of the MSK nodul ati on marks MM into the other bit

bl ocks. Therefore, upon recording and reproduction, synchronism of an

address unihjeanuBereghahl hshed hyaYBk deepdukat hng the webkle sisgnal to
discrimnate the insertion pattern of "the MSK nodul ati on marks MM in the

bit bl ock apdcdi LRLNAL L at |east one .. of the four sync bits, and
denndulatigngggdégég§§iﬁékg ‘the data part described bel ow can be perforned

accordi ngly. 2-3-3c Dalg.Pact26s, 1 G, 26 shaws:f Blhjgontiouatign of the

data part in an a €ess he " data " part~is a portion’in i ch™act ual
data of address information is_placed and is forped.from15 first to
ReEpiERac By 1qad £

fifteenth cRET(ABFB b TRV ADF P61 0Bk U98%) 2 BRERADI P bl ock
i ncl udes one nonotone bit and four ADI@ bits. The nonotone bit has a signal
wavef or m sTAPREFTERt REE3s M LPR EPGEN2EAINESER dfadhd NABCrBSHARE
represents one bit of actual data, and a different signal waveformis
exhi bi ted 6épéHHFﬁ6ruH§ﬁdtﬁé GoRUERES G ehé Ofoded 1O 1if e 3D BVELTIR t he code
contents represented by an ADIP bit are "1", then the first to third
wobbl es of UPRE BPEkBREck formed from 56 wobbles forma bit synchronization
mark BM and the 13th to 15th wobbles forman MSK nodul ation mark MM and
the 19th to 55th Tebbtasg¢ofnom Addllmni on pagmebéri hehaMAL 31" thder ei n
Sin(2cat) is added to the reference carrier signal (Cos(cat)) while all the
remai ni ng webbl esite haee,atwavékolmadf-ominabare iwolihlee®RW lzongarti cul ar, an
, ADI P bit whose code contents represent "1" can be
(recording and reproduction region) into and from which
phase change marks are recorded and reproduced.
FIGS. 14A and 14B show a manner of the tracks in
the RW zone and the PB zone, respectively. FIG. 14A shows
wobbling of the groove in the RW zone while FIG. 14B
shows wobbling of the groove in the prerecorded zone of
the PB zone.
In the RW zone, address information (ADIP) is
formed in advance by wobbling the groove formed spirally
on the disk in order to allow tracking.
Into and from the groove on which the address
information is formed, information is recorded and
reproduced as phase change marks.

As shown in FIG. 14A, the groove in the RW zone,

that is, the groove tracks on which the ADIP address
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generated by generating and MSK nodul ati ng such a nodul ati on obj ect data
(having a code length equal to 2 wobbl e periods) as "100000100...00" as
seen in FIG 27B and adding Sin(2c~t) having an anplitude of -12 dB to the
19t h 57 to 55th wobbl es of the signal waveform after the MSK nodul ated as
seen in FIG 27C. Were the code contents represented by an ADIP bit are
"0", the first to third wobbles of the bit block forned from 56 wobbl es
forma bit synchronization mark BM and the 15th to 17th wobbl es form an MSK
nmodul ation mark MM and the 19th to 55th wobbles form a nodul ati on part of
t he HWW " O erein -Sin(2~t) is added to the reference carrier signal (Cos
(cat) ) mh%?ggﬁm?t%ﬂ% %%nﬁ?ﬁ%ﬁﬂ'mBBBFe§ Eﬁ@%kap%EQEngnfos'ﬁ%nBWone

wobbl es. In particular, an ADI 1~ bit whose code contents are "0" can be
generat ed by genéttatihfy ERFIVBK TGN Jaieh e din dthonfoB) &t dat a
(having a code length equal to 2 wobble periods) as "100000010...00" as
seen in FI& PRase apdanddi RarkSpae2ueyFondefing Be ampise wehande -m2rleB to the
19th to 55th wobbl es of the signal waveform after the MSK nodul ated as seen
in FI G 280reAsedesdedbed abbyrearhdebsityonfeflt $2o0amyhet ADDPO8 bits are

di stingui shed dependi ng upon the inserted position of the MSK nodul ati on
mark M [mmpahtbitl an, actordenbBKwioduthti RDLMaLK7MVPPsmbdsgéatedni n t he
13th to 15th wobbles, then this represents that the ADIP bit is "1", but if
t he MSK notétiadd OORDBF KRMM LeéngoEeLifdteq, t he: 16akito 17th wobbl es, then
this represents that the AD P 58

Preserve/Prohibit rmtr (repeated minimum transition
runlength)) or a like method.

Where a 1 ch bit is 1T, the mark length ranges from
2T to 8T, and the smallest mark length is 2T.

The address information is recorded in a wobbling
period of 69T and a wobbling amplitude WA of
approximately 20 nm(p-p) .

The address information and the phase change marks
are recorded such that the wavelength bands thereof do
not overlap with each other so that they may not have an
influence on detection thereof.

The CNR (carrier noise ratio) of the wobbling of
the address information is 30 dB after recording where
the band width is 30 KHz, and the address error rate is
lower than 1x1073 including the influence of a stepping
movement (a skew of the disk, defocusing, a disturbance
and so forth).

Meanwhile, the tracks formed from the groove in the
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bit is "0". Further, the ADIP bits represent bit contents sane as the bit
contents represented by the inserted position of the MSK nodul ati on mark MV
in HWV nodul ati on. Accordingly, since the ADIP bits represent the same bit
contents in the two different nodul ati on net hods, decoding of data can be
performed with certainty. A format of an address unit wherein such a sync
part and a data part as descri bed above are represented conpositely is
shown in FIG 29. According to the address format of the disk 1 of the
present enbodi nent, bit synchronization nmarks BM MSK nodul ati on marks MM
and HWW nodul ation parts are di sposed discretel n one. address unit. Then,

nonot one WoBbFRREfoF FbFe %ﬁ%nh%YeI%a%¥eﬁﬁ%rmEB%?5 BéFFBdaﬁgeadlsposed
bet ween adj acent nodul ati on signal parts. Accordlng , ho interference
occurs betGeedterevepalingi arrsigndesthandthfetraaksi doaredi §5alhs can be
denodul ated with certaint 2-3-4. Contents of the Address Information The
addr ess fokEh@tabeoveeimDriei Rforanei of FEGor #88-in such a manner as
descri bed above is such as illustrated in FIG 30. The ADI P address
i nformati on incl Udepadtiulsr anthe@4 park tpd thih sTRres dUddd o, tdedin 59
The ADI P address information of 36 bits includes 3 bits of a | ayer nunber
(layer no.thetw@bbbihaypernod bst 38T &nd thet webbyéngr empidinge WA bits
(RUB no. bit 0 to layer no. bit 18) for a RUB (Recording Unit Block), and 2
bits (addressaperoRithabel addoess (pop) bi tTHe foit tttiee wgsresisoblogks for 1
RUB. Further, 12 bits are prepared for AUX data such as a disk IDin which
recordi ng gepdbdi 0YS36WCHigRiEeE8r €hAE the recording linear density
of prerecorded information is higher than the recording
linear density of the ADIP information. Further, since
the shortest phase change mark is 2T, the recording
linear density of the prerecorded information is lower
than the recording linear density of the phase change
marks.
No phase change mark is recorded onto the tracks in
the PB zone.
The wobbling waveform is formed in a sine waveform
in the RW zone, but may be recorded in a sine waveform or
a rectangular waveform in the PB zone.
It is known that, if the phase change marks have a
signal quality of a CNR of approximately 50 dB where the
band width is 30 KHZ, then by recording and reproducing
data with ECCs (error correction codes) added thereto, a

symbol error rate lower than 1x1071® after error

correction can be achieved. Therefore, the phase change
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and reproduction | aser powers are recorded. The AUX data is used for data
recordi ng of disk information hereinafter described. An ECC unit for the
address data is a unit of totaling 60 bits in this manner and is forned
from 15 nibbles (1 nibble = 4 bits) of Nibble O to N bble 14 as seen in
FIG 30. The error correction nmethod is the nibbl e-based Reed Sol onon code
RS(15, 9, 7) wherein 1 synbol is forned from4 bits. In short, 15 nibbles
are for the code length, . 9 nibbles for the data, and 6 ni bbles for the
parity. 2-4. Address Denodul ation G rcuit Now, an address denodul ation
circuit for d%gndulab%ngga dress_infornation froma DVR,di sk o he address
d I

] f
format desCribad“dbo S8x pPEi HEGCTRANY ﬁpé.r§ErP§u§t598c?de§éFam
showi ng the address d dulation circuit. Referring to FIG 31, the address
denodul at i on cirdﬁ?? @%Ei% | WP €S cTRITELIRT, The ARKEt #AFR§S§ener at or
32, an MK multiplier 33, _an MSK integrator 34, an MSK sanple/hold circuit
35, an MBKIBEPEBEiPRuiLf 38, dB &pné BEBoHEFCBdedngtakeVsk RBdEEss decoder
38. The address denodul ation circuit 30 further includes an HMVti m ng
gener at or gRangs MRMKRuUWhEBEI 8he4Bandnwipiphi AsegPakbe -44, an HWW
sanpl e/ hold circuit 45 an HWVslice circuit 46 and an HWV addr ess decoder
47. A wobbl e si gn3dch eprasiuced ¢f onden@®VRigabkty sas npust edesoribedPLL
circuit 31. The PLL circuit 31 detects edge conponents fromthe wobble
signal inpustedffheiehd forgeher atidraswohhlfermhadknsytichroni zed with the
reference carrier signal (Cos(~t)). The generated wobble

interpolation protection based on continuity
discrimination is performed. However, for the prerecorded
information to be recorded in the PB zone, a degree of
signal quality higher than the CNR of 50 dB equal to that
of the phase change marks should be secured. Therefore,
in such a PB zone as shown in FIG. 14B, a groove
physically different from the groove in the RW zone is
formed.

First, by making the track pitch wider, the
crosstalk from adjacent tracks can be suppressed, and by
doubling the wobble amplitude, the CNR can be improved by
+6 dB.

Furthermore, by using a rectangular wave as the
wobble waveform, the CNR can be improved by approximately
+2 dB.

‘The totaling CNR is 43 dB.

The recording bands of the phase change marks and

the wobbles in the prerecorded data zone are different
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clock is supplied to the MSK timng generator 32 and the HWVtim ng
generator 42. . The MSK tim ng generator 32 generates a reference carrier
signal (Cos(~t)) synchronized with the wobble signal inputted .thereto.
Further, the MSK tim ng generator 32 generates a clear signal (CLR) and a
hol d signal (HOLD) fromthe wobble clock. The clear signal (CLR) is a
signal generated at a timng delayed by a 1/2 61 wobbl e period from a
start edge of a data clock of the nodul ati on object data whose m ni num code
| ength is equal to twi ce the wobble period. Meanwhile, the hold signal

(HOLD) is signal .generated at a tim del.ayed b 1/ 2 wobbl e peri od
from an engr8ﬁgga8p PﬁgeaaﬁgchSEKEBE Rﬂ@TnﬁﬁuPQFigﬁ%3bPéc@63&t§9rThe

ref erence cgrrie% s%%nal (Cos(wt)) generated by the MSK tim ng generator 32
i s suppl i eBREo"PRBLIRBKARA ElpEPér tBS. PRASeCFBARJSi BAdkse CERE d&Bnerated by
the MSK timng generator 32 is supplied to the M5K integrator 34. The hold
si gnal (HOER}SgéREPEEed 2bFNRNEIMBK St Ui 4§ gbheiaedr 32 is supplied to the
MBK sanpl e/ hold circuit 35. The MSK rmultiplier 33 nmultiplies the wobble
signal inputted theeerdinglyhethefelRnet therprerstondéd (Dosownayicon
perform a synchronous detection process. The synchronously detected output
signal is sapphiédatenth&éoMSK.bnti@gr andr e34n Tlie-RBKBI dkegsationtad perforns
an integration process for the signal synchronously detected by the MK

mul tipliera83a ttrossthdkbampahedfirbat athachhK trtegeat ehe34NRl €ars its
integrated value to zero at a generation timng of the clear signal (CLR

gener ated byulifeldhK tbmbogsgener atorsB@rt The sanpreshghglicircuit 35
sanpl es the 62 i nt egrated out put val ue of the Kintegrator 34 at a

gener at i onghh Wi Ag @ﬁbbhgnhqbd1§igg@hl(EELE%agee%reh@dpﬁxshh%hyﬁéetining
generator 32 and holds the sanpled value until a next hold signal (HOLD) is

gener at ed. ndhrsMBK shiaenel! Ch bi [ : I hel.d t he MSK
sanple/holg ci?cuit 35 uging thg ggfgrgg%UEEESEESFﬁ?egﬁglg%vg ég and

0)
out puts th§p?£8§£&é€€1yak5§ %EEBrH?EgCQ QUF§¥ggaﬁgaaEgegf the output signal

of the MSK slice circuit 36 makes a denp atiron object data

stream Th d .ects a sync bit in the sync part froma bit
pattern ofﬁfﬁggggnggﬁlgpfg%mggﬁgﬁéutputted fromthe MSK slice circuit 36.

The Sync decoder gfq establ § Ses, SYOCNL RSN & s e @i gssuni t from the
prerecorded information for forminé a wobbled groove in
the prerecorded data zone.

An FM code is used for the modulation.

Data bits are illustrated in (a) of FIG. 15;
channel clocks in (b) of FIG. 15; FM codes in (c) of FIG.
15; and wobble waveforms in (d) of FIG. 15, in a
vertically juxtaposed relationship.

1l bit of data is 2 ch (a 2-channel clock), and when
the bit information is “1”, the FM code is represented in
a frequency of one half that of the channel clock.

On the other hand, when the bit information is “07,

the FM code 1s represented in a frequency equal to one
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detected sync bit. The Sync decoder 37 generates, based on the

synchroni zation timng of the address unit, an MSK detecti on w ndow
representative of the wobble position of MSK nodul ated data in the AD P
bits of the data part and an HWVN detecti on wi ndow representative of the,
wobbl e position of HWVnodul ated data in the ADIP bits of the data part.
FIG 32A illustrates a synchroni zation position timng of the address unit
detected fromthe sync bit and FIG 32B illustrates a timng of an MSK
detection window while FIG 32C illustrates a timng of 63 an HW

det ecti on wi ndo he Sync. decoder, 37 supplies the,MS5K detecti on wi ndow to
t he MK adg%igs%hégoﬁgﬁ 3§h§n§lguﬁ8%95§a ﬁ@nHﬁﬁVdgtection wi ndow to the HWMW
timng generator 42. The MSK address. decoder 38 receives the denpdul ation
stream out put t ed #F oFFYREIRBKIE| VeROLE r CaV 2B as?An Y npatet Ra¥ebs, detects
the inserted position of the MSK nodulation mark MMin an ADIP bit of the
denodul at edegardest féarrbasedNoithEhé ONBK Ofe fe EECEANIUAGSWWATE diP¥Er i mi nat es
code contents represented by the ADIP bit. In particular, if the insertion
pattern of mBHeolMBErwds&el Bei secradedofint fbeADoRMbof jBs sdiieh wavisattSer n as
shown in FIGS. 27A to 27C, then the code contents of the ADIP bit are

di scri m nasedgnagn" X4) bdt FiI.t Be.i nsertion. pattern of the MSK nodul ati on
mark of the ADIP bit is such a pattern as shown in FIGS. 28A to 28C, then

t he code cont ent sIbfisheo AbkPnbtédatkati sbei AMnadéd asd" Ohe Whbhlet he MSK
address decoder 38 outputs a bit train obtained froma result of the

di scri m nawvkoefagmViKyatdressuchf @atrkiros. aEhehldMW tinr (&g genrer@or 42
generates a second order harnmonic signal (Sin(2~t)) synchronized with the

wobbl e si gaal riraputibed st haeebatheemst be wakblppelsatl dJolkEtiar, tdhe HW
timng generator 42 generates a clear
those of (c) and (d) of FIG. 15, respectively.

In such rules for FM code modulation as described
above, the FM code waveform and the wobble waveform (sine
waveform) where the data bit stream is “10110010” as seen
in (g) of FIG. 15 are such as shown in (h) and (i) of FIG.
15, respectively.

It is to be noted that, where the patterns shown in
(e) and (f) of FIG. 15 are used, the FM code waveform and

the wobble waveform (sine waveform) are such as

illustrated in (j) and (k) of FIG. 15.

2-2. ECC Format of the Data
An ECC format for phase change marks and
prerecorded information is described with reference to
FIGS. 16, 17, 18A and 18B.

First, FIG. 16 shows an ECC format for main data
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64 signal (CLR) and a hold signal (HOLD) fromthe HWN detecti on w ndow.
The clear signal (CLR) is a signal generated at a timng of a start edge of
t he HWWV det ecti on wi ndow. Meanwhile, the hold signal (HOLD) is a signal
generated at a timng of an end edge of the HWVdetecti on wi ndow. The
second order harnmonic signal (Sin(2w)) generated by the HWVti m ng
generator 42 is supplied to the HWnultiplier 43. The clear signal (CLR
generated by the HMWWtim ng generator 42 is supplied to the HWVi nt egrat or
44. The hold signal (HOLD) generated by the HMWtim ng generator 42 is

supplied t? t he HNMVsangle/hold circuit 45. The HMWNultiplier 43
mul ti pli es'#FRE WoBbPE &% ghal FERpLEeed2PAeF8PEORYCERelBetBRITBEBeP T har moni ¢
signal (Sin(2~t)) to performa synchronous detection process. The

synchr onoud| Bh3ee eeh@ugdurdtk- signal is supplied to the HWVintegrator 44.
The HMWWVintegrator 44 performs an integration process for the signal
synchronously detfsctasd BSL t e navivGarnegtien U3le)lt two tapdes nof eant hat t he
HWVintegrator 44 clears its integrated value to zero at a generation
timng of kbe Cleay dighahc¢ Ct®iepeheramednbgatheofiVidt KRi fg @efédBat or 42.
The HMW sanpl e/ hold circuit 45 sanples the 65 i nt egrated out put val ue of
the HW i betgeatof Bdsattargen®? aseonotkini andod Bhe hBLdssi gnal (HOLD)
"generated by the HWVtim ng generator 42 and holds the sanpled val ue until
a next holIhsignedr ($6bEYdés gesesqabelabla.
Main data of 64 KB illustrated in (a) of FIG. 16 is
ECC encoded in such a manner as seen in (b) of FIG. 16.
In particular, an EDC (error detection code) of 4 B is
added to the main data of 1 sector of 2,048 B, and the
LDC is encoded for the 32 sectors. The LDC is an RS (248,
216, 33), that is, an RS (Reed Sclomon) code of the code
length 248, data 216 and distance 33. 304 codewords are
involved.
Meanwhile, for the BIS, data of 720 B shown in (c)
of FIG. 16 is ECC encoded as seen in (d) of FIG. 16. In
particular, the BIS is an RS (62, 30, 33), that is, an RS
(Reed Solomon) code of the code length 62, data 30 and
distance 33. 24 codewords are involved.
FIG. 18A shows a frame structure for main data in
the RW zone.
The data of the LDC described above and the BIS

form the frame structure shown. In particular, one frame

has a structure of 155 B which includes data (38 B), a
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particular, since the HWVnodul ated data is for 37 wobbles in one bit

bl ock, if the clear signal (HOLD) is generated at n = 0 (n indicates the
wobbl e nunber) as seen in FIG 32D, then the HWVsanpl e/ hold circuit 45
sanples the integrated value at n = 36 as seen in FIG 32E. The HWVslice
circuit 46 binarizes the value held by the HWWsanpl e/ hold circuit 45 using
the origin (0) as a threshold val ue and outputs the code of the binarized
val ue. Then, the output signal of the HWVslice circuit 46 makes a

denodul ated data stream The HWMNV address decoder 47 discrimnates code
contents rgiéﬁjinhfd 5g eagh AD| P bit _from the denodul ated data_stream
Then, . . the ddr esS2bBcdder Bar BuBpdt $1aBbit 4BF&i h38bBar nédBEfom a
result of the_discrimnation as HWaddress information. FIGS. 33A to 33C
show si gnalllwBVef 82F8 WABNBaAndAPPPSBHt 1jhesdesosbessanent Bnagkory is HW
denodul ated by the address denodul ation circuit 30. It is to be noted that
66 the a®hs &rampsépsfarpay &rom| dsta3gA 88 B3€ #ndi 84Re® Bhd peri od
nunber of the wobble period. FIG 33A shows the reference carrier signal
(Cos(wt)),BitBe abddl Bt eeahobpeetrtddt fomheaehc38eBcontents are "1" and a
second order harnonic signal waveform (Sin(2~t), -12 dB) forned based on

t he nodul ati on ob} eftamatsynd-|I& BREamdoswgneh gemer aieds impldl g ssgnal . FI G
33C shows a synchronous detection output signal (HWX Sin(2~t)) of the
wobbl e si gdakpoasdi ateghat edpoutpuohevalkufeobft hesSBNChoREMBoERt €Cti on

out put signal, a hold value of the integrated output value and denodul at ed
nodul at i oninb]l e@esdabg eubpetted fromthe HWVslice circuit 46. FIGS. 34A
to 34C show si gnal waveforns when an ADIP bit whose code contents are "0"

|5 HMW derodul at eth byrsdies s SERSMLAts 9 CEESYT dvd-nbdibBelO b

codewords such as 0th, 2nd, .. codewords are positioned at
even-numbered frames such as 0Oth, 2nd, .. frames and odd-
numbered codewords such as 1lst, 3rd, .. codewords are

positioned at odd-numbered frames such as lst, 3rd,
frames.

For the BIS, a code having a much higher correction
capability than the code of the LDC is used, and almost
all errors are corrected. 1In short, the BIS uses a code
whose distance is 33 while the code length is 62.

Therefore, a symbol of BIS from within which an
error is detected can be used in the following manner.

Upon decoding of an ECC, the BISs are decoded first.
If two adjacent ones of the BISs and the frame sync FS in
the frame structure of FIG. 18A are in error, the data 38
B sandwiched between them is regarded as burst error data.

An error pointer is added to the data 38 B. The LDC uses
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the axis of abscissa (n) of FIGS. 34A to 34C indi cates the period nunber of
t he wobbl e period. FIG 34A shows the reference carrier signal (Cos(~t)),

t he nodul ati on obj ect data whose code contents are "1" and a second order
har nmoni ¢ si gnal waveform (-Sin(2w), -12 dB) forned based on the nodul ati on
object data. FIG 34B shows a generated wobble signal. FIG 34C shows a
synchronous detection output signal (HWWX Sin(2~t)) of the wobble signal,
an integrated output val ue of the synchronous 67 detection out put signal,
a hold value of the integrated output value and denodul ated nodul ati on

obj ect datg ou%gutted fromthe HWVslice ¢ircuit 46. As descri bed above,
the addres§"BefibldAFaPPoRTEFr EQi PES6OERNPAAPERE ST AEHFBNFRAEEEHRLPAf or mati on
of an address unit recorded in an MSK nodul ated form and perform MSK
denodul ati on and $NVHGERRRIU Bt | B RREE R ehecaalebliton ¢amiky. 3. ECC
Format of the Disk Information In the disk of the present exanple, data of
di sk i nforhatFef WBepecompadedswalbi cpPonartinhopndyi b thet BBCtorm of a
wobbl i ng groove together wi th absol ution address information of ADIP
addresses. |n partheBEH , inaludes atdhiesss f rfetnatfian &QC smi fofon.t he ADI P
i nformation descri bed above with reference to FIG 30 includes AUX data of
12 bits (r€beruddbetssOikousedewkerbi bddi2gssandfobrat2ohi by are utilized as
disk information. The disk information is forned from for exanple, 112

byt es fornedbbyingl beebiragid2nbit svefi 1EECcbhecks eheABhRei BFORMRDMON and
includes attributes and control information of the disk as hereinafter
described. type disk or in a like case.

An ECC format for the prerecorded information is
shown in FIG. 17.

In this instance, for the ECC, two codes are
available including an EDC (Long Distance Code) for main
data of 4 KB (1 sector 2,048 B x 2 sectors) and a BIS
(Burst Indicator Subcode).

Data of 4 KB as prerecorded information illustrated °
in (a) of FIG. 17 is ECC encoded as seen in (b) of FIG.

17. 1In particular, an EDC (Error Detection Code) of 4 B
is added to the main data 1 of one sector of 2,048 B, and
the LDC is encoded for the 2 sectors. The LDC is an

RS (248, 216, 33), that is, an RS (Reed Solomon) code of
the code length 248, data 216 and distance 33. 19
codewords are involved.

Meanwhile, for the BIS, data of 120 B shown in (c)

of FIG. 17 is ECC encoded as seen in (d) of FIG. 17. 1In

particular, the BIS is an RS(62, 30, 33), that is, an RS
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Contents of disk information recorded on the disk 68 i n advance usi ng AUX
data (reserve bit O to reserve bit 12) in ADIP information are descri bed
with reference to FIG 35. FIG 35 illustrates contents of disk information
formed from 112 bytes and indicates the contents for each byte position in
the 112 bytes. Further, FIG 35 indicates the byte nunber (nunber of bytes)
as a data size of each of the contents. In 2 bytes of the byte nunbers 0
and 1, a code "DI" is recorded as an identifier of the disk information
(disc information identifier). In 1 byte of the byte nunber 2, the version
of the format of the disk infornmation is indicated. In 1 béte of the byte

nunber 4, (Reefr3FEoRaRbeForR PhethPskOPRT dPREER0RZDI 88Kk2i 30i ABFcated. In 1
byte of the byte nunber 5, the nunber of frames_ in the disk information
bi ock is i AdFEared. 3Pn 1FPYE ecoiewPrdpyake nimpbelved. t he byte nunber .. used
in the frame of the disk information block is indicated. In 3 bytes of the
byte nunbers 8 tFi®, B8RBosleowepz ebeanmait $veuoturedfsk tlype such as a
rewitable/ ROMtype is recorded. In 1 byte of the byte nunber 11, a disk
di anet er 6Prersachdad, ihfpreaanpheinlfBenm®Bi gonrdi cated as a di sk size and
a format version is indicated. In 1 byte of the byte nunber 12, the nunber
of The data of the LDC described above and the BIS
form the frame structure shown. In particular, one frame
has a structure of 21 B which includes a frame sync FS (1
B), data (10 B), a BIS (1 B), data (9 B) disposed in
order therein. In short, one frame is formed from data of
19 B and BIS of 1 B inserted in the data.
A frame sync FS (frame synchronizing signal) is
disposed at the top of one frame. One block includes 248
frames.
Also in this instance, for the BIS, a code having a
much higher correction capability than the code of the
ILDC is used, and almost all errors are corrected.
Therefore, a symbol of the BIS from within which an error
is detected can be used in the following manner.
Upon decoding of an ECC, the BIS is decoded first.
If two adjacent ones of the BISs and the frame sync FS
are in error, the data 10 B or 9 B sandwiched between
them is regarded as burst error data. An error pointer is

added to the data 10 B or 9 B. The LDC uses the error

pointer to carry out pointer erasure correction.
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| ayers of a nufti-layer disk is indicated as a disk structure. In 1 byte of
the byte nunber 13, a channel density, that is, a capacity, is indicated.
In 1 byte of the byte nunber 16, presence or absence of a BCA is indicated.
In 1 byte of the byte nunber 17, a maximumtransfer rate of an application
is indicated. In 8 bytes of the byte nunbers 24 to 31, the | ast address of
the data user are is indicated. In 4 bytes of the byte nunbers 32 to 35, a
recording speed is indicated. In 4 bytes of the byte nunbers 36 to 39, a
maxi num DC reproducti on power is indicated. In 4 bytes of the byte nunbers
40 to 43, a maxi mum reprodu tionhgomer when hig%Bfreﬂuenc nmodul ation is

f

applied is indi cat@USSERSREHYt eENBf CPRECHYL R nGABRPL 28Yt 52B5P®a recor di ng
power at a nomi nal recording speed is indicated. I.n 8 bytes _of the byte
nunbers 56786569, "AePe COPBIREG I HMED SOTA SRS SYdithe dhled i s
indicated. 70 In 8 bytes of the byte nunbers 64 to 71, a recording power
at a m ni mum r ecofdengl8pérglidepnafddsead. inhormpiienopneheopfestAunber 72,
a recording nulti pulse width is indicated. In 3 bytes of the byte nunbers
73 to 75, anfithst prececdirdgdpdlage wiodieh ipseinedioratesd . infiprRadyitoss igf t he
byte nunbers 76 to 78, a first recording pul se position at the nom nal
recordi ng speeddes iimditthat gdrm 3 abwiobdldhda yerdoptes mmtbers 79 to 81, a
first

accordingly, address information by a wobbling groove is

not involved. Therefore, an address included in the BIS

is used for accessing.

As can be seen from FIGS. 16 and 17, the data and

the prerecorded information in the form of phase change

marks adopt the same code and structure for the ECC

format.

This signifies that an ECC decoding process for the

prerecorded information can be executed by a circuit

system which performs an ECC decoding process upon

reproduction of data in the form of phase change marks

and the disk drive apparatus can improve the efficiency

in hardware configuration.

2-3. Address Format
2-3-1. Relationship between Recording and Reproduction
data and Addresses
The unit in recording and reproduction of the DVR

disk of the present embodiment is a recording and
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recordi ng pul se position at the maxi numrecording speed is indicated. In 3
bytes of the byte nunbers 82 to 84, a first recording pulse position at the
m ni nrum recording speed is indicated. In 1 byte of the byte nunberl 88, an
erase multi pulse width is indicated. In 3 bytes of the byte nunbers 89 to
91, a first erase"pulse position at the nom nal recording speed is
indicated. In 3 bytes of the byte nunbers 92 to 94, a first erase pul se
position at the nmaxi mnumrecording speed is indicated. In 3 bytes of the
byte nunbers 95 to 97, a first 71 erase pul se position at the m ni num
recording speed is jndicated. In_1 byte of th g te nupnber 98, a flag bit
r epr esent ATRECTICEHIA fot s Fey of %ﬂg%}%%% é%gs g?QeFeéﬁFﬁéﬁ.the byt es
ot her than those of the byte nunbers given above are all reserved. Such
di sk infordddinm asliRscierdiabovelts feeofdefionth| ehserenftaBERWPZzone in
the | ead-in zone described herei nabove with reference to FIG 13. Wile the
i nner circeAterehcensiger oind hieh¢ eet i omzohean sEEGrabdcksod PBSzone and has
prerecorded data recorded therein, the RWzone into and from which data can
be recor desiyrarell $ epr 4o ciramnes ashovnaheceFWeSh 188 phas8Behdbye recordi ng
method is fornmed next to the PB zone. Recordi ng of absol ute addresses
(recordi ngreaotdiend cama of ear ovbindot i oy grosvey as ABDLPednROGBmation is started

(Recording Unit Block).

In the address format of the disk 1 of the present

embodiment, one RUB (498 frames) is managed in three

address units (ADIP_1, ADIP 2 and ADIP_3) recorded as

wobbles as seen in FIG. 1%2A. In other words, one RUB 1is

recorded for the three address units.

In the address format, one address unit is formed

from totaling 83 bits including 8 bits of a sync part and

75 bits of a data part. In the address format, a

reference carrier signal for a wobble signal to be

recorded on a pregroove is a cosine signal (Cos(wt)), and

1 bit of the wobble signal is formed from 56 periods of

the reference carrier signal as seen in FIG. 19B.

Accordingly, the length of one period (1 wobble period)

of the reference carrier signal is equal to 69 times the

length of one channel of phase changes. The reference

carrier signal for 56 periods which forms one bit is

hereinafter referred to as bit block.
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at the top of the RWzone. Together with the AD P addresses, the disk
information is recorded using the AUX data (reserve bit O to reserve bit
12) in the ADIP information. Since the lead-in zone is a region which is
accessed first when the disk is |oaded into a disk drive apparatus, where
disk information is recorded at least in 72 the lead-in zone, the disk
drive apparatus can suitably read in such various kinds of infornmation as
descri bed herei nabove with reference to FIG 35. It is to be noted that,
since the ADIP information is recorded simlarly also in the data zone,
also it is possible to record the disk informati on making use of bits as
the AUX data PAtoé-heYd&t &2%éne. In short, the disk information having the
configuration described above nmay be recorded repetitively over the overal
area of the RWzons. MR sheweers it ororigwin hehorlf fiohe thenAmpIrt
information, the ni bble based Reed Sol onon code RS(15, 9, 7) is described
wherein 1 sypnbbé addfesseunitomThdisynapalescis beddetdmabove in
connection with the ECC block format of FIG 30. For the address

i nformat i ondentifgingf thei eop o6 tke adHyesschnah endoiscoormetli on codi ng
met hod as descri bed above due to the characteristic that the address
informati ofro® reaer dedssuceessuyehysoncabldeRk asgnct bdoek not',make a
serious problemeven if some error occurs therewith. On the other hand, for

the di sk i 8{penBLbER, 22~ hi ghge beyek eBroangokyaet boBcRerhOY .t h@ack hat for
the address information 1s required because the disk 73 i nformation

includes i 8{REMBILER Wi eBrABKEEr8m! €187 BNECHUBBRSI €Rel dhAdgaRd
reproduction onto and fromthe disk 1.
monotone bit and a sync bit.
In a signal waveform of a monotone bit, as shown in
FIG. 21A, the first to third wobbles of the bit block
formed from 56 wobbles are formed as a bit
synchronization mark BM, and the fourth to fifty sixth
wobbles following the bit synchronization mark BM are
formed as monotone wobbles (a signal waveform of a
reference carrier signal (Cos(wt))).
The bit synchronization mark BM is a signal
waveform generated by MSK modulating modulation object
data of a predetermined code pattern for identifying the
top of a bit block. In particular, the bit
synchronization mark BM is a signal waveform generated by
differentially coding modulation object data of a
predetermined code pattern and allocating a frequency in
accordance with the sign of the differentially coded data.

It i1s to be noted that the minimum code length L of the
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Therefore, in the present exanple, for the disk information, higher |evel
error correction coding (coding according to a first error correction

met hod) is performed first, and then the disk information is allocated as
AUX data (reserve bit O to reserve bit 12) to the ADIP format. Accordingly,
disk information to be recorded as ADI P data is first subject to coding
according to the first error correction nmethod, and then subject to coding
according to a second error correction nmethod of the nibble based Reed

Sol onon code RS(15, 9, 7) so that an ECC bl ock of the ADI P information of
60 bits ngx error,coryection ding is

e. forned., Consequently, dua 0

applied t ?a%lﬁFéﬁniﬂ?é?ﬁgtaﬁﬁé ?%r?ﬂ%? F%,tVﬁc?héh%rﬁgghieexanple,
coding simlar to error. correction coding for user. data which is recorded
and repr oddREHORn dCtIBIRIE/Th SR frs et chiffgel iy method i s
applied to the error .. correction coding for the disk information so that
a higher e?PPbRrieedrkrtM3K vagabpring magjubst b aphact THatar YBRredhrecti on
coding nmethod for user data (main data) has been described herei nabove with
reference teeFr@lugsfornoparbitullfer tvep weebleaparsopdsh ks, “ifieiss
RS(248, 216, 33), that is, the RS (Reed Sol onobn) code of the code |ength
248, data 2dgomddddast bheeb8B, syschseditatibhembd . BEI GIB6 illustrates an
LDC in the formof data of 216 bytes and a parity of 32 bytes as a 1 ECC
codeword opa?dB8chytes. thbsbitosyhbrrdhskathbnrmatrkoBM &kriRS(248, 216, 33),
that is, the RS (Reed Sol onon) code of the code |ength 248, data 216 and
di stance 38ighslusgdesSorinl Aahkyelinrwh@forms of “Cos (1.5 wt),

-Cos(wt), -Cos(l.5 wt)” appear successively in a unit of

the wobble period.

Accordingly, the monotone bit can be generated by

generating such modulation object data (having a code

length corresponding to 2 wobble periods) as “10000..00”

as seen in FIG. 21B and then MSK modulating the

modulation object data.

It is to be noted that the bit synchronization mark

BM is inserted not only into the monotone bit of the sync

part but also to the top of all bit blocks described

below. Accordingly, upon recording or reproduction, if

the bit synchronization mark BM is detected and used for

synchronization, then synchronism of the bit blocks in

the wobble signal (that is, synchronism in the period of

56 periods) can be established. Furthermore, the bit

synchronization mark BM can be used as a reference for

specifying the insertion position of various modulation
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LDC. FIG 37 shows the ECC format for the disk information. The AUX data is
formed from12 bits for 1 ADIP word (the format of FIG 30), in short, from
1.5 bytes. A franme (D frane) of the disk information is formed from 96

ADI Ps, that is, from 144 bytes. The informati on anount of the disk
information of 1 DI franme is 112 bytes as seen in FIG 35. To the 112
bytes, 104 bytes of data "FFh (_ 11111111)" are added as dumy data to
obtain data of 216 bytes. FIG 37 shows an ECC format wherein a parity of
32 bytes is added to the data of 216 bytes. In this instance, the data is
an RS code of the code | ength 248, data 216, distance 33 and parity 32. 75
In short, %h%nfkﬁi?%Fﬁﬁ?aﬁgeéndEﬁﬁiiﬁﬁﬁaﬁnéécBPﬂiH@ttBlpﬁ§~LDC (1 ong

di stance code) sanme as that for user data described herei nabove with
reference to FI GInghdwignal vfareiwk ¢hfthentyon bbeoprstatbinaving a
high level error correction capability simlar to that for user data, and
consequent synctheockl (apnti t'9”i bitugnmeat edowRuLhh&ZG.t BEAdi skei nf or mati on
is incorporated into ADIP information and formed as data for reproduction
only whi chfisstetordetirdnwbohelésr ofod Biwobbbtkgfgrmede framd58i nce it is
not recorded in the formof enboss pits, it is suitable for a high density
di sk i ke wbebpeesenimeabpdt nephchkFonibetiohnmardi sk, dahdetapparahus, there

isS no necessity to provide a new circuit systemfor an error correction
process upes 1ephofuEbiles ghdt BBedp3kh to 29th wobbles individually
form an MSK modulation mark MM while the remaining
waveform of the wobbles are all monotone wobbles.
In the signal waveform of the sync bit of the
second sync block (sync “1” bit), as shown in FIG. 2334,
the first to third wobbles of a bit block formed from 56
wobbles form a bit synchronization mark BM, and the 19th
to 21st wobbles and the 29th to 31st wobbles individually
form an MSK modulation mark MM while the remaining
waveform of the wobbles are all monotone wobbles.
In the signal waveform of the sync bit of the third
sync block (sync “2” bit), as shown in FIG. 24A, the
first to third wobbles of a bit block formed from 56
wobbles form a bit synchronization mark BM, and the 21st
to 23rd wobbles and the 31st to 33rd wobbles individually
an MSK modulation mark MM while the remaining waveform of
the wobbles are all monotone wobbles.

In the signal waveform of the sync bit of the

fourth sync block (sync “3” bit), as shown in FIG. 254,

54



information. This is because the circuit section for performng an error
correction process for user data can be used comonly. .. Furthernore, the
dummy data need not be recorded on the disk 1. In particular, when an error
correction process is performed upon error correction coding or upon
reproduction, 104 bytes of the dummy data "FFh" may be added to 1 ECC code.
76 Therefore, the nunber of synbols to be recorded on the disk 1 can be
reduced and the recording linear density can be increased to raise
reliability or the recording capacity can be increased. 4. Disk Drive

Appar at us ggma a d'sg drive ,a tus icgg an.recor.d/ reprduce_such a
disk 1 as %chB%E Boéhlfg Qggﬁiﬁﬁeafhﬁ| %3§18ﬁgm£°5m8§ngfaﬁr3?ion of
the disk drive apparatus. The disk 1 is placed opto a turntable_naot shown
and is driV%hb%%grg?ﬁ?eaaPlE EYASPARPLIERRESP WRF&cPy E@Evfﬁﬁygérgpindle
nmot or 52 upon recordin?/reproduction operation. Then, AD P information
(address ah®l @PsR VAPBIRat #BA) tBRbAdHEdtas3wEBbIPRELEF drEdVéduaadis in the
RWzone on the disk 1 is read out by an optical agckup (optical head) 51.
Further, pferBcapd¥aKineerkation marknM¥dubdlastaebbEmagnéndgr oove tracks
in the PB zone is read out. Further, upon recording, user data is recorded
as phase chwawngéormrRk€ bheawpbhiksi arehalRWheontobg whbbépsi-cal pi ckup, but
upon reproduction, the recorded phase
The MSK synchronization mark is a signal waveform

generated by MSK modulating modulation object data of a

predetermined code pattern similarly to the bit

synchronization mark BM. 1In particular, the MSK

synchronization mark is a signal waveform generated by

differentially coding modulation object data of a

predetermined code pattern and allocating a frequency in

response to the code of the differentially coded data. It

is to be noted that the minimum code length L of the

modulation object data is equal to twice the wobble

period. In the present example, a signal waveform

obtained by MSK modulating modulation object data wherein

the value for one bit (for two wobble periods) is “1” is

recorded as the bit synchronization mark BM. 1In

particular, the bit synchronization mark BM exhibits a

signal waveform wherein waveforms of “Cos(l.5 wt),

-Cos(wt), -Cos(l.5 wt)” appear successively in a unit of

the wobble period.

Accordingly, the sync bit of the first sync block
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77 change marks are read out by the optical pickup. In the optical pickup
51, a laser diode serving as a laser |ight source, a photodetector for
detecting reflected Iight, an objective | ens serving as an output end of
the laser light, and an optical system (not shown) for illum nating the
| aser |ight upon a disk recording face through the objective | ens and
introducing the reflected light fromthe disk recording face to the
phot odet ector are fornmed. The |aser diode outputs a blue | aser beamof a
wavel ength of 405 nm The NA by the optical systemis 0.85. In the pickup
51, the objective lep "ig supgorted for nove in a trackin dir%ction

) a eflt

. nt

and a focu$tig WrEct? onPby) a2 Mo ExFEnFETHERAi B JRUPFREFN9t ABdePKr e
pi ckup 51 is supgorted for mpvenent in a disk radius direction by a thread
mechani smB3dulating pachkradiabie shrede ppakupIsa £odariceathi ealaldrive
signal (drive current) froma laser driver 63 to emt |aser |ight.
Refl ected FPghtWollpbe nRer6det ons t fleowl skn 1FTG. dé2Bet eBiminke elywethed into
an el ectric signal corresponding to an anount of received Iight by the 78
phot odet ec¥RC apdit i ¢f stippl sedond shecebbecki ¢theégagnct D14 hatdi gavircuit
54. The matrix circuit 54 includes a plural nunber of current to voltage
conver si onogi genetstedudyi genpeati ngndndpl ki madudbat thgcautk andase forth
corresponding to output current froma plurality of light reception
el enent s oftthampast sdetecinrFIGhe2 BBt r iTheigyaid tbiHd dhushgetier ad es
necessary signals through a matri x operation process.

sync block (the sync “2” bit) can be generated by

generating and MSK modulating such a data stream as shown

in FIG. 24B. The sync bit of the first sync block (the

sync “3” bit) can be generated by generating and MSK

modulating such a data stream as shown in FIG. 25B.

It is to be noted that the insertion pattern of the

two MSK modulation marks MM into the bit block is unique

from the insertion patterns of the MSK modulation marks

MM into the other bit blocks. Therefore, upon recording

and reproduction, synchronism of an address unit can be

established by MSK demodulating the wobble signal to

discriminate the insertion pattern of the MSK modulation

marks MM in the bit block and discriminating at least one

of the four sync bits, and demodulation and decoding of

the data part described below can be performed

accordingly.

2-3-3. Data Part
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For exanple, the matrix circuit 54 generates a high frequency signal
(reproduction data signal) corresponding to reproduction data, a focusing
error signal and a tracking error signal for servo control, and so forth.
Furthernore, the matrix circuit 54 generates a push-pull signal as a signal
relating to wobbling of a groove, that is, as a signal for detecting
wobbl i ng. The reproduction data signal outputted fromthe matrix circuit 54
is supplied to a reader/witer circuit .. 55 while the focusing error

signal and the tracking error signal are supplied to a servo circuit 61

and the push pull_sign i.s supplied to a wobble circuit 58. The
reader/writer cirfciit %LS ?ﬁe‘?"f%r%sbjat b‘F‘?ﬁ&i‘%‘é’f?W%r%ﬁe@%e, Cgaﬁ'aepﬁ%ﬁﬁcti on
cl ock production process by a PLL and so forth for the reproduction data 79

signal to +BpRBdAEEr8&fauRehd olfte fidR Prkle thahRPHetRs Hhd'iphlies the
generated data to a nodul ati on/ denodul ation circuit 56. The

nmodul at i onpgEWBdufatproffcpredapessbnfasnabésnalisuntared aAgdséstion as a
decoder upon reproduction and another functioning section as an_encoder
upon recor 8pngedUpovamr épr 6dusti on, fificeandbl ADLBnbdeatdul(APIBnbeépekuit 56
perfornms a denodul ati on process of a runlength limted code based on a
repr oduct i ®h” ctockDa@B8 hldekolilLAl) pr acassi AP Anl &IC Enchadsd davoder 57
performs an ECC encodi ng process for adding an error correction code upon
recordi ng maofloBonECEideandi Bgupr AbDEssbies.perform ng error correcti on upon
reproduction. Upon reproduction, the ECC encoder/decoder 57 fetches data
denodul at ed by t henémsid et oo/ siedogkld ad | 91gnal waveform similar to

that shown in FIG. 21A. Each of the ADIP bits represents

one bit of actual data, and a different signal waveform

is exhibited depending upon the contents of the code of

the 1 bit.

If the code contents represented by an ADIP bit are

“1”, then the first to third wobbles of the bit block

formed from 56 wobbles form a bit synchronization mark BM

and the 13th to 15th wobbles form an MSK modulation mark

MM, and the 19th to 55th wobbles form a modulation part

of the HMW “1” wherein Sin(2wt) is added to the reference

carrier signal (Cos(wt)) while all the remaining wobbles

have a waveform of monotone wobbles. In particular, an

ADIP bit whose code contents represent “1” can be

generated by generating and MSK modulating such a

modulation object data (having a code length equal to 2

wobble periods) as “100000100..00” as seen in FIG. 27B and

adding Sin(2wt) having an amplitude of ~12 dB to the 19th
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circuit 56 into an internal nenory and perforns an error
detection/correction process, a deinterleaving process and so forth to
obtain reproduction data. The ECC encodi ng process and the ECC decodi ng
process by the ECC encoder/decoder 57 are processes ready for the ECC
format wherein the RS(248, 216, 33), that is, the RS (Reed Sol onon) code of
the code |l ength 248, data 216 and di stance 33, is used. 80 Dat a decoded
up to reproduction data by the ECC encoder/decoder 57 is read out based on
an i'nstruction of a systemcontroller 60 and transferred to an AV (Audio

Vi sual ) system 120. Thf gush- ul | signal outEutted as a signal relating to
wobbl i ng of°t PetlrBeRBLeF ofift FREnatPNR L cR¥BEPrBaafEepr BRBSYeH by the
wobbl e circuit 58. The push-pull signal as ADIP information is MSK

denodul at eBCARE2 FRAY @8nBBERatBdET At 024Cdat a stream which represents ADI P
addresses by the wobble circuit 58 and is supplied to an address decoder

59. The address détrkRertisd grdd srontertadienrefentrd day a2 AIPIF doit heret o
to obtain an address val ue and supplies the address value to the system
control | eras®. “#rt bee, fihetatldr eBsrdewobbie59opether stabPbtkpr ocess usi ng
t he wobbl e signal supplied thereto fromthe wobble circuit 58 to generate a
cl ock and SoppédesSrdheS6l vokbhssafioemcadbhy sinckrohdraexanpherkupHdn
recording ,to the pertaining sections. . The wobble circuit 58 and the

address desndeth&91banetof 7tBxagpbeesareemf hgurski apddeseibhedahgr ei nabove
with reference to FIG 31. The address decoder 59 perforns an error

correcti onvpy ogegstHei ngthheonsbbhewbpsedsReedmSal ARBA1668EnRSAEE, 9, 81
7) corresponding to the ECC format shown in FIG 30. The address val ue

suppl i ed t9rt fre Shmi e HeoRhERLL BT -89n358,E¢SEEi Radeaboyerhas undergone the

error correction process.
reference carrier signal (Cos(wt)) while all the
remaining wobbles have a waveform of monotone wobbles. In
particular, an ADIP bit whose code contents are “0” can
be generated by generating and MSK modulating such a
modulation object data (having a code length equal to 2
wobble periods) as “100000010..00” as seen in FIG. 28B and
adding -Sin(2wt) having an amplitude of -12 dB.to the
19th to 55th wobbles of the signal waveform after the MSK
modulated as seen in FIG. 28C.

As described above, the bit contents of the ADIP
bits are distinguished depending upon the inserted
position of the MSK modulation mark MM. In particular, if
the MSK modulation mark MM is inserted in the 13th to
15th wobbles, then this represents that the ADIP bit is

“17, but if the MSK modulation mark MM is inserted in the

15th to 17th wobbles, then this represents that the ADIP
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Meanwhi | e, the disk information recorded using AUX data is extracted 12
bits by 12 bits from 1l ECC bl ock (ADI P word) by the address decoder 59 and
supplied to the ECC encoder/decoder 57. The ECC encoder/decoder 57 adds
dummy data of 104 bytes to 144 B of the 96 ADIP words shown in FIGS. 27A to
27C to generate 1 ECC codeword and perfornms ECC decodi ng using the RS(248,
216, 33), that is, the RS. (Reed Sol onon) code of the code | ength 248, data
216 and di stance 33, to obtain error corrected disk information which can
be supplied to the systemcontroller 60. Meanwhile, the push-pull signal
outputted as, a,sigpgl relating ta wo ing, of the groove fromthe trix
orroui ¢ 5aBTEnsd POP EREAG | Ead HaS B 0. SRRt att RSP SA R on from
the PB zone,, undergoes,a bandpass filter process by the wobble circuit 58
and i s supPFed=bot iR baBERFRREcF SBFFEGRESSSBY TRER, TRRETHRShpUI | si gnal
i.s binarized and converted into a data bit streamsimlarly as in the case
of phase cRafyklifBrRE, tAAIMFE PAAHIEEECHeBBEEIMYNddBMHt BPRBAREACBY t he ECC
82 encoder/ decoder 57 to extract data of the prerecorded information. The
extract ed peepedbnraét, i ALBEARENenAPEPshppFi sapresere shst sameoktiitol | er 60.
The system controller 60 can performvarious setting processes, a copy

prot ecti oncpnberts andtbe fwpt HibdsedndbnmpHelreadnometprdisecor ded

i nformation. Upon recording, recording data is transferred fromthe AV

syst em 120deocotihrgdofkddtaveaappar ptuformbd wéchr dergadatg.is sent to and
buffered into a nenory of the ECC encoder/decoder 57. In this instance, the
ECC encoder/ decoderfcrmgerddram adhtésonuoit ewliore Lor s@ch i ansgades,

interl eave and addition of subcodes and so forth as an encodi ng process of
the bufferpdrtegnadiangatat partunthaesctrhpeBCbeReoded dabaeisentedul ated in
accordance wth the RLL(1-7) PP nethod by the nodul ati on/ denodul ati on

circuit S6cgmpokhenlsuppl kRdwhoihhereader/ witer circuit 55. . As an
encodi ng clock which is used as a reference clock for such encoding

processes upon regokdi %}{@egﬁ@cgdgfggéafgfhgfog;t@ﬁ%$@$ﬁkelsggnal as

descri bed above is use he recordi ng data generated e encodi ng

process s RUDLECLLO LhBSaPEHE! "BIL QUnAR BRIV E3marks BM, MSK

modulation marks MM and HMW modulation parts are disposed
discretely in one addréss unit. Then, monotone wobbles
for more than at least one wobble period are disposed
between adjacent modulation signal parts. Accordingly, no
interference occurs between the modulation signals, and

the individual signals can be demodulated with certainty.

2-3-4. Contents of the Address Information
The address format of the ADIP information recorded
in such a manner as described above is such as
illustrated in FIG. 30.
The ADIP address information includes 36 bits, and

24 parity bits are added to them.
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recordi ng power, adjustnent of a laser drive pul se waveformand so forth
suitable for a characteristic of the recording | ayer, the spot shape of a

| aser beam a recording |inear speed and so forth as recordi ng conpensati on
processing by the reader/witer circuit 55. Then, the recording data is
sent as a laser drive pulse to the laser driver 63. The | aser driver 63
provides the | aser drive pulse supplied thereto to the |aser diode in the
pi ckup 51 to drive the laser diode to emt laser light. As a result, a pit
(phase change mark) corresponding to the recording data is formed on the
disk 1. It is to he noted that the | aser driver 63 includes an APC circuit
(Aut o Power Cont rﬁ?% W&‘ﬁfﬁ%‘f% P TRt on e3P RAL TRAEUSRE piit  power
of the laser may be fixed independently of the tenperature and so forth
whi | e noni PSEFNBTt AelpHeEr nBUPRGL (pBYEF BaseBisnlafcodapar #P-abiiser power
nonitoring detector provided in the optical pickup 51,. Target values for
the | aser dut por.pohei-bpparr seepdfngdanddupdiisr pPBdoeti bataPetpr ovi ded
fromthe systemcontroller 60, and upon recordi ng and upon reproduction,
the threadlagehantsnp58 ¢8ht Foksat REB| dBecodidodg FoithBtocke ,| asdr 2out put
power | evel may have the target val ues, respectively. 84 The servo
circuit 6lbpensefatidsewarnousbserUp dddvessi gphal pitol)f dousithgeet r acki ng and
threading fromthe focusing error signal and the tracking error signal from
the matri xadderesstbbdcke fbat 1SRUBO operati ons nmay be executed. In
particular, the servo circuit 61 generates a focusing drive signal and a
tracking drive signaihdaserh o tdeafOCHSEPIr&a T H6r ShgnakaeadshbBe ssacki ng
error signal, respectively, and drives a focusing coil and a tracking coi

of the twozayisxmeshani fALEA FBEoPREhGakoRHEkYBNAl sichhakheckecusingg drive
signal and the tracking drive signal, ‘respectively. Consequently, a
Lracking sghy0rbLBAAREi8n 95USLNPoRELYCLa0PBEEJEANMEd from the pickup

51, matrix circuit 54, servo circuit 61 and two axi s nechani sm Further

t he servo CirC“itTﬁE-Aﬁ&rﬁééﬁfiérﬁ%ééafgf”§a§§r¥??%$826§”ogC8959ance wth a

track junping instruction fromthe system contro and outputs a

junpi ng dri I |_sp _tha racgk _junpi.ng operation may be executed.
FurthernDr%¥§?%%ggg?9oggf?%hf?t%f égﬁggé gg'a thread drive signal based on

a thread error si ng% btainﬁg as_.a | ow frequen conponent of the tracking
crror oignal and SECINE WRHC AP Rortdor Candoa e Cr R BLE OF
. totaling 60 bits in this manner and is formed from 15
nibbles (1 nibble = 4 bits) of Nibble 0 to Nibble 14 as
seen in FIG. 30.
The error correction method is the nibble-based
Reed Solomon code RS(15, 9, 7) wherein 1 symbol is formed
from 4 bits. In short, 15 nibbles are for the code length,

9 nibbles for the data, and 6 nibbles for the parity.

2-4, Address Demodulation Circuit
Now, an address demodulation circuit for
demodulating address information from a DVR disk of the

address format described above is explained.
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fromthe systemcontroller 60 to drive the thread nechani sm 53. Though not
shown, the thread nmechani sm 53 includes a mechanismfornmed froma nain
shaft for supporting the optical pickup 51, a thread notor, a transni ssion
gear and so forth and drives the thread notor in accordance with the thread
drive signal to performa required sliding novenent of the optical pickup
51. A spindle servo circuit 62 perforns control for rotating the spindle
notor 52 at a CLV. The spindle servo circuit 62 acquires the clock
generated by a PLL process for the wobble signal as current rotational

speed informatio the spindle tor 52 and conpares the rotational speed
i nformation wit h%fé‘de r rf’egﬂ(ﬁfg?rcglfa&rea}%es Od@g% i%eor"ﬁgdﬁ%ﬁﬁ to generate
a spindle grrorpi%gnal. Upon, data reproduction, since the reproduction

0

cl ock (cl oSRMGH HaReS15CPeFerence to a decodi ng process) generated by a
PLL in the reader/witer circuit 55, the spindle servo circuit 62 can

conmpare the repr FREITONEIGTIE M + h lor @ exdA s dapqdilatekie speed

information to generate a spindle error signal. Then, the spindle servo
circuit 62cbuephts3@ sprhdfesdai PeLsegratigedbr atedMPR Fé8pbdéise to the
spi ndl e 86 error signal so as to execute CLV rotation of the spindle
servo circaenesatoFuBhean MBE mplhilpbkiser¥d, cancMEK bRtgenatatresda spindle
drive signal in accordance with a spindle kick/brake control signal from
t he systenacorMSKosbdmpléPhold circuit 35, an MSK slice circuit 36, a

Sync decoder 37 and an MSK address decoder 38. The

address demodulation circuit 30 further includes an HMW

timing generator 42, an HNW multiplier 43, an HMW

integrator 44, an HMW sample/hold circuit 45, an HMW

slice circuit 46 and an HMW address decoder 47.

A wobble signal reproduced from a DVR disk is

inputted to the PLL circuit 31. The PLL circuit 31

detects edge components from the wobble signal inputted

thereto to generate a wobble clock synchronized with the

reference carrier signal (Cos{wt)). The generated wobble

clock is supplied to the MSK timing generator 32 and the

HMW timing generator 42.

The MSK timing generator 32 generates a reference

carrier signal (Cos(wt)) synchronized with the wobble

signal inputted thereto. Further, the MSK timing

generator 32 generates a clear signal (CLR) and a hold

signal (HOLD) from the wobble clock. The clear signal

(CLR) is a signal generated at a timing delayed by a 1/2
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so as to perform such operations as starting, stopping, acceleration and
decel eration of the spindle notor 52. Such various operations of the servo
systens and recordi ng and reproduction system as descri bed above are
controlled by the systemcontroller 60 formed froma m croconputer. The
system control |l er 60 executes various processes in accordance with a
command fromthe AV system 120. For exanple, when a witing instruction
(wite conmand) is issued fromthe AV system| 20, the systemcontroller 60
causes the pickup 51 to nove to an address that is to be witten first.

Then, the systemcontroller 60 controls the_ ECC encoder/decoder 57 and the
nndulatiohy%gggﬁuP%f+%§ %??%u?tS%%r{oeéﬁﬁcﬂfeaaﬂaﬁﬁcﬁﬁ?ﬁﬁ %?o%%%s as

descri bed above for data (video data and/or audi o _data of the various types
such as, fBrdekahpPe, ORPEED data WhES oM BLER) EPdRsterdll imePeidlfromthe
AV system 120. Then, a laser drive pulse is supplied fromthe reader/witer

circuit 55t otvhec| BRervelbblerreniad- gMeanydsichs hedhadwld soidvalt recordi ng
is executed. Further, for exanple, if a read command for demandi ng transfer
of certai n(iakR) (MPEE2sy¢dieb demaratedhat| fkeimiegodebayed bheadldk 1 is
received fromthe AV system 120, then seek operation control is performnmed
setting t heolleke gpat edd afideesan agndnedde ect. tha Patéi cldbak, ofinthastructi on
is issued to the servo circuit 61 first so that the servo circuit 61

execut es amoduerassongobpecatdava of THee e fduyndel sattiiary sigraddr ess
designated by a seek conmand as a target. Thereafter, operation control
necessary {Ooé(@bsf egeflataceéd biietHesugrat edifdgt geseciton 8 18e AV system

120 is perforned. In particular, the systemcontroller 60 first perforns
readout ofs@gbaiéd oyt ge ISK dudPdptoair9ks thes reader /awdrhLr @mmeuit 55,
generated by the MSK timing generator 32 is supplied to
the MSK integrator 34. The hold signal (HOLD) generated
by the MSK timing generator 32 is supplied to the MSK
sample/hold circuit 35.
The MSK multiplier 33 multiplies the wobble signal
inputted thereto by the reference carrier signal
(Cos(wt)) to perform a synchronous detection process. The
synchronously detected output signal is supplied to the
MSK integrator 34.
The MSK integrator 34 performs an integration
process for the signal synchronously detected by the MSK
multiplier 33. It is to be noted that the MSK integrator
34 clears its integrated value to zero at a generation
timing of the clear signal (CLR) generated by the MSK

timing generator 32.

The MSK sample/hold circuit 35 samples the
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nmodul ati on/ denodul ation circuit 56 and ECC encoder/decoder 57 to perform
decodi ng/ buffering and so forth to transfer the demanded data. It is to be
noted that, upon recording or reproduction of data in the form of phase
change marks, the systemcontroller 60 perforns control of accessing,
recordi ng and reproduction operations using an ADI P address detected by the
wobbl e circuit 58 and address decoder 59. 88 Further, at a predeterm ned
point of time such as when the disk 1 is |oaded, the systemcontroller 60
controls so as to execute readout of a unique ID recorded in the BCA of the

disk 1 or of, prerecaor egpi formatio o} d. %PI' g.groove in the
prerecordeﬁnggggag%aegb 'uEnv?gﬁg ?ﬁs%ggcggﬁtﬁ§%§§£$g rcggt?glger 60
performs seek operation contral to r? t he B%@ E rerec raeg zone PR
Pirst. In PEPErEntar, CLRGNGyaf chPEonProl Papnes 1S0hHS BRTPRSEFBcPYon to t he
servo circuit 61 to, execute an accessing ogeration of the pickup 51 to the
i nnernost  ERe AKX ek ERéRIsPBBEBREPRe3di 8RD TrRéHEaFREr S2TRECSy¥REHECONt rol | er
60 controls the pickug 51 to execute reproduction tracing to obtain a
push-pul | $nghbl 2ageref hetdeaionght (HALBY ndei 6ANGREtEERtrol s t he wobbl e
circuit 58, reader/witer circuit 55 and ECC encoder/decoder 57 to execute
a decodi ng proceskha MIbtlre eprooiuct | M inar bze B¢ nfakwatheobd or
prerecorded information. The systemcontroller 60 perforns a | aser power
setting progeske MSKopgmpletboldpcibresstadd seihgr thebasédion (OheaBCA
information or the prerecorded information read out in this manner. It is
to be noted thatshopdnvaepeodndt bobpats88he binarized value with

the code reversed.

Then, the output signal of the MSK slice circuit 36
makes a demodulated modulation object data stream.
The Sync decoder 37 detects a sync bit in the sync

part from a bit pattern of the demodulation data

outputted from the MSK slice circuit 36. The Sync decoder

37 establishes synchronism of the address unit from the

detected sync bit. The Sync decoder 37 generates, based

on the synchronization timing of the address unit, an MSK

detection window representative of the wobble position of

MSK modulated data in the ADIP bits of the data part and

an HMW detection window representative of the wobble

position of HMW modulated data in the ADIP bits of the

data part. FIG. 32A illustrates a synchronization

position timing of the address unit detected from the

sync bit and FIG. 32B illustrates a timing of an MSK

detection window while FIG. 32C illustrates a timing of
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prerecorded information, the systemcontroller 60 perforns control of an
accessi ng or reproduction operation using address information included in a
BIS cluster as the read out prerecorded information. Further, after .
prerecorded information is read out, the disk information incorporated in
and recorded together with the ADIP information in the section of the RW
zone in the lead-in zone can be read out and used for a required process.
Incidentally, while the exanple of FIG 38 is a disk drive apparatus
connected to the AV system| 20, the disk drive apparatus of the present
enbodi nent _may, he connected, .fqr exanple, to a personal conmputer or the

li ke. Furtﬁ%rﬁ%@e?egﬁggéBBaWépagwof Fﬁe presentpinvention ggy be used al so
inaformwherein it is not connected to any other apparatus, In this

it [ ;

i nstance, an oper3t§ oWRectForF 3/ PP Lyt MSHegebechteVi ded, or the
configuration of an interface section for inputting and Qutputtin% data may
be di ffer eWtnEPENFPhEheoMSK| addngss| desheet, 38nepdi supplaecesdar Milor t he
apparatus to performrecording or reproduction in response to an operation
of a user @fBerhéPDdeindewr APnbhesEMYi sampngvicdagrbseri Agutti ng and
outputting various data there through. 90 Nat ural |y, various other
configurations mBhddMIWsaidtess adekcdder eX@npeecivée dppar at us may be
configured as an apparatus only for recording or an apparatus only for
repr oduct i demo8ulbt $knPsodaaini ontphthed SubseguenMsy, saipeoduetiuan net hod
of the disk 1 of

36 as an input thereto, detects the inserted position of

the MSK modulation mark MM in an ADIP bit of the

demodulated data stream based on the MSK detection window

and discriminates code contents represented by the ADIP

bit. In particular, if the insertion pattern of the MSK

modulation mark of the ADIP bit is such a pattern as

shown in FIGS. 27A to 27C, then the code contents of the

ADIP bit are discriminated as “1”, but if the insertion.

pattern of the MSK modulation mark of the ADIP bit is

such a pattern as shown in FIGS. 28A to 28C, then the

code contents of the ADIP bit are discriminated as “0”.

Then, the MSK address decoder 38 outputs a bit train

obtained from a result of the discrimination as MSK

address information.

The HMW timing generator 42 generates a second
order harmonic signal (Sin(2wt)) synchronized with the

wobble signal inputted thereto from the wobble clock.

Further, the HMW timing generator 42 generates a clear
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t he present enbodi nent descri bed above is described. The production process
of a disk can be roughly divided into a mastering process and a di sk
formati on process (replication process). The nmastering process iS a process
until a nmetal master (stanper) to be used in the disk formation process is
conpl eted, and the disk formation process is a process of producing an
optical disk of a replica of the stanper in a nass using the stanper. Mre
particularly, in the mastering process, so called mastering wherein
photo-resist is applied to a ., polished glass substrate and a_pit or a

groove is forne e otosensitive fil exposure t | aser beamis
perforned.sFﬁn?ﬂe?gﬁEg ngtﬂeﬁﬁﬁaséhgn% aﬁgbgﬁ)négP@rFﬁs gﬂﬁa groove by
wobbl i ng based on prerecorded information is perforned at a portion of the
di sk correSpbRAFRGNt BiRARYY1 ThepprLimve DiERMk (Wl nb3t2 cF+E@t er ence si de,
and nmastering of a groove by wobbling based on ADI P address information and
di sk i nfor@8RebAted pErRoEARENEt OA PoFERrbR edBresfohbENgMWo t he RW zone.
The prerecorded information and the disk information to be recorded are
prepar ed i dehepréparwindavwst éfearath ek prigmasheld nglgmhen(HQEPEris he
mastering cones to an end, predeterm ned processes such as devel opnent are
per f or med, sagdail hganerahsfleatod theingfofmahi endt edgkeorfethle #MiHf ace is
performed, for exanple, by electroformng to generate a stanper necessary
to perfornmdeepttiahi ehndbwt heTik sdecdiereadé erhaten5¢ aspegnals used to
transfer the information to a resin substrate, for exanple, by an injection
met hod or tbeénlpke))agdnaraettiesyi enef HMM tsmfiagngdnerattbe mesiig substrate,

whereafter such a process as working of the resin substrate into a required
di sk form tgpg0iBhets 8nhti ABl RLOEYBLier 43. The clear signal (CLR)
generated by the HMW timing generator 42 is supplied to
the HMW integrator 44. The hold signal (HOLD) generated
by the HMW timing generator 42 is supplied to the HMW
sample/hold circuit 45.

The HMW multiplier 43 multiplies the wobble signal
inputted thereto by the second order harmonic signal
(Sin(2wt)) to perform a synchronous detection process.
The synchronously detected output signal is supplied to
the HMW integrator 44.

The HMW integrator 44 performs an integration
process for the signal synchronously detected by the HMW
multiplier 43. It is to be noted that the HMW integrator
44 clears its integrated value to zero at a generation
timing of the clear signal (CLR) generated by the HMW

timing generator 42.

The HMW sample/hold circuit 45 samples the
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The mastering apparatus includes, for exanple, as shown in FIG 39, a
prerecorded informati on generation section 71, a prerecorded ECC encodi ng
section 72, a changeover section 73, a mastering section 74, a disk
information generation section 75, an address generation section 76, a disk
i nformation ECC encodi ng section 77, a 92 synt hesi s section 78, an
address ECC encodi ng section 79 and a controller 70. The prerecorded

i nformation generation section 71 outputs prerecorded information prepared
by the premastering step. The outputted prerecorded information is subject

to an error O i cess d encodi ng
section 72t EEd IS R IETERCeY (i BRI S 55 " ha
is, the RS (Reed Sol onpn) cod f the code | ength.248, data 216 and

i st ance BEPTEATRGY MHUBE Bor FBF el S R y (AT 9HE SaEE T he di sk
information. The disk, informati on generation. section 75 generajes

| or mat | S5t 5108 SHATHREEE o £nPad dRShTs DLl heAEr FEDoVeL b t b
reference to FIG 35. The generated disk information of 112 bytes is

subj ect t ddkt 13 ReBE shenal ot HQBW) byt SR PER RS- add* ECC encodi ng by
the RS(248, 216, 33) with a parity of 32 bytes, that is, the RS (Reed

Sol onbn) RRKELbFutde, cHERCe | gt MY 4Bodyha ke 1datadigli Eeandé 33 as

descri bed herei nabove with reference to FIG 37 by the disk information ECC
encodi ng seehbles 7im dhe hitrekscigenef athenckezri 9hgsl s(ECeBsi Vel y out puts
val ues of absol ute addresses. The synthesis section 78 synthesizes address
val ues 93 gerrrtaied eglt fm om @ hén atnld esst genehat vobbsechune 76 asd t he di sk

i nformati on whi ch has been ECC encoded by the disk informati on ECC encodi ng

section 77sedm jarricul 22D, ttieesythbeBME seoplerhdBdsocrcesstveby generat es
data of 9 nibbles (36 bits) of an ADIP word of the format of FIG 30. In

short, thesswldestise SEeteégratlSdi Neduposat gs=t pe EEGeagotedrugsk
information as AUX data in the ADIP word. It is to be noted that the dunmy
data part idgustrated in

The HMW slice circuit 46 binarizes the value held
by the HMW sample/hold circuit 45 using the origin (0) as
a threshold value and outputs the code of the binarized
value.

Then, the output signal of the HMW slice circuit 46
makes a demodulated data stream.

The HMW address decoder 47 discriminates code
contents represented by each ADIP bit from the
demodulated data stream. Then, the HMW address decoder 47
outputs a bit train obtained from a result of the
discrimination as HMW address information.

FIGS. 33A to 33C show signal waveforms when an ADIP
bit whose code contents are “1” is HMW demodulated by the

address demodulation circuit 30. It is to be noted that
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FI G 37 having been added by the disk information ECC encodi ng section 77
may not be incorporated as AUX data. Then, the address ECC encodi ng section
79 perforns error correction coding using the nibble based Reed Sol onon
code RS(15, 9, 7) to forman ECC block of the format illustrated in FIG

30. The mastering section 74 includes an optical section (82, 83, 84) for
illumnating a | aser beam upon a gl ass substrate 101 havi ng phot o-resi st
applied thereto to performmastering, a substrate rotation/feeding section
85 for driving the glass substrate 101 to rotate and slidably feeding the
gl ass substhatgxiflofaggsaissgnah) poOCESEsNY3SECLH0R381ihQE ceoBRYeErting

i nput data into recording data and supplying the recording data to the

optical seeféoperibe HRALEE! HY @ﬁétweﬁbié %&18&[ | ed udesh aspepsor 86 for
discrimnating fromthe position 94 e substrate rotation/feeding

section 85} Wokeh.00g Qfrihe, ?héx%‘f %Qst(g{? F‘WEH BHSlQ?%Bﬁ” ng

position is. The optlcal section scri bed ove es a laser |ight

for ﬁgdﬁfaigig@?- ?g‘eﬁ%eﬁé?r D Sonteitacibrot {” %%ﬁ?%ﬁ%%%@aé‘eéeﬁfq' on o
recor di ng

masterin head art ondepsi n
|Ilun1nat|%9é$%e %%%??f%dsb%% fV%ﬁ? nﬁg é??B segg ﬁ? gOEﬁSH t he
phot o-resi st face of, the Ss, subsirate ation section 83
i ncl udes an*$® u%?ot%%t@ﬁg?g Elﬁﬁt?E&?cﬁnéﬁéﬁicJﬁiéggagq(ﬁh?Wﬁrﬁng on/ of f
the light emtted fromthe | aser ht source 82, and an acoustooptic type
opti cal deg?%%¥%Fe?AK£§b%%rSH@?@Ect| trﬁ?q|%ﬂﬂwﬁﬁﬁt§¥ﬂFn?Qﬂﬁ4%e | aser
| ight source 82 in accordance with a wobbl e production signal. The
substrat e FFRETHPNf @REPRY SbeRabn (BYW| ncPLBé3wR) t 0pr yhaovekbisr driving
the glass substrate 101 to rotate., a detector (FG for detecting the speed
of rotatiopl@mathearotatgreted, oatsutd@ahueooffbhessydabrynqne|ng t he
gl ass substrate 101 in a radial direction, and a servo controller for
control | i detéet ionaviopiat speeads, o hhbdrmahuy obt bheandtepeasedde notor,
tracking of the mastering head part 84 and so forth. 95 The si gnal
pr ocessi ngosEptt ona Ble pand odasodubatdat ahbdal st foal opyeductiaoa process of
perform ng predeterm ned operation processes, for exanple, for prerecorded
i nformat i couispppte@df tber ehe Hiwosgbcéheiebangegger section 73 and ADIP
information including disk informati on and address information to forma
nmodul ation si gnalprGEe MMQnral JUOGRES N et | wlv o e fids & sopap dri ving
process for driving the optical nodul ator and the optical deflector of the

modul ati onp $ECHhO%e 83oha 868LEABHCE W th~the AORUbakban1gtERaby tRet he
mastering section 74, upon nmastering, the substrate rotatlon/feedlng

section 854iyes a&ﬁo&uﬁ§§l Hbé féﬁ?_tlgé Lord o4l Ale & @%t' I near

vel ocity and slidably nove t e glass substrate 101 mhl

subtrate 40 LB OB, 4681 e0: 56| Nt RLEA! SiRAEKSS H@ylnalggge@d ina

predeterm ned track pitc I mul t aneous e | rght emtte romthe | aser

[ gn source 8.1 & soneri g 0.2, BAbL yed beam based, o e, odul at o

signal from S|gna pr ocessi ng se ron f he" Trodul At i On° Section 83
and 1, 11140y ne g BRED L1 Bt gurest s Cargof the ol sag,pubatr e o1
SePSItlzeqog?ggd gntéhghggé code contents are “1” and a second
order harmonic signal waveform (-Sin(2wt), -12 dB) formed
based on the modulation object data. FIG. 34B shows a
generated wobble signal. FIG. 34C shows a synchronous

detection output signal (HMW x Sin(2wt)) of the wobble

signal, an integrated output value of the synchronous
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96 or groove. The controller 70 controls execution of operation of the
mast eri ng section 74 upon such mastering and controls the prerecorded

i nformati on generation section 71, disk information generation section 75,
address generation section 76 and changeover section 73 whil e supervising
the signal fromthe sensor 86. Upon starting of mastering, the controller
70 controls the substrate rotation/feeding section 85 to set the slidably
noved position of the substrate rotation/feeding section 85 to its initial
position so that the mastering head part 84 may start illum nation of the

| aser beanygtpaccibe sBEHEET BYgREEL | @Nhddaf tamutheri BREr MRskgekeednt erence
side. Then, the controller 70 controls so as to start CLV rotational

driving of,kbeu gl f8susURRY" 8bRod01aR0d abaéﬁgkgoﬁeseggetoaawe glass
substrate 101 for form ng a groove of a track pitch 0.35 um In this

st at e, theo&@ﬂ&ﬁ@ééefrgﬁ Eggtgﬁ%ssi geoPLeLegOLded i nformation generation

section 71 to oufput prerécorded Tntornmation so that the prerecorded

i nformati on may ) ied to.t Si I cessin ection 81 through the
changeover secti %ﬁs '/Cga?s[)#ulfq%&erafb{\ﬁee’ ctgrg‘?arao?#]gerssioéecrg%@%?%l?%e | aser |ight
source 82 tp 97. iéart oatgut%ing OL a Lasgr beankpand t he dul ation
section 83 houlthtd¥ TAR FE5EFT LBRACPACRLEBFUACE PR ABAAE affon si gnal
fromthe si%nal grocessing section 81, that is, an FM code nodul ation
signal of THRLPSerRLE dBECPRABRAMARI BR, MPE BRERHEESHr 68%8 ARStering on the
gl ass substrate 101. Consequent|y, mastering of such a groove as descri bed
her ei naboVREWF P FR 4S8 r dpmedudation ang H@Wpg?mﬁﬁﬁéatﬂﬁnabﬁéaﬂoﬁn
corresponding to the PB zone. Thereafter, when the controller 70 detects
fromthe stimalebPcthensei®dbRI86 that the mastering operation has proceeded
to a position corresponding to the termnal end of the PB zone, it changes
over the changeover section 73 to the address ECC encodi ng section 79 side
and instructs the address generation section 76 to successively output an
address vabuetkCEurotmat ohetbenbDiskl Enfdbmahsbnucts the di sk i nformation
generation section 75 to generate disk information. Further,,the controller

70 control s the Subsiheatdi ottt ithe fesk gt secdmphe 85dd©a | ofvediske sliding
feeding speed so that a groove having a track pitch of 0.32 um nay be

formed. Consesitieatlon £® Petbteeanssoadinelgdangihieraddsessihntaenati on
and the disk information is supplied 98 fromthe address ECC encodi ng

section 79%éemtde S @P8b1PRECESSLRE €6§ELRBr8EitAr augB1tiReoahangeover
section 73. Then, the laser light fromthe |laser |ight source 82 is

nndulated y&&ﬂeggeiﬂpgghgﬁigﬂ_§fgﬂgt9f5ga}ggge§[gnal processi ng section 81,
that is, based on MSK nodul ation
In particular, in the address format of an ECC unit
for the ADIP information described above with reference
to FIG. 30 includes AUX data of 12 bits (reserve bit 0 to
reserve bit 12), and the 12 bits are utilized as disk
information.
The disk information is formed from, for example,
112 bytes formed by collecting 12 bits of ECC blocks of
ADIP information and includes attributes and control

information of the disk as hereinafter described.

Contents of disk information recorded on the disk
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and HWMW nodul ation, by the nodul ati on section 83, and groove mastering of
the glass substrate 101 is executed with the nodul ated | aser |ight.
Consequently, mastering of such a groove as described herei nabove with
reference to FIG 14A is perfornmed for a region corresponding to the RW
zone. The controller 70 ends the mastering operation if it detects froma
signal of the sensor 86 that the nastering operation reaches the term nal
end of the |l ead out zone. Through such operations as descri bed above, |ight
exposure parts corresponding to the wobbling groove as the PB zone and the

RW zone arenf aaiBacenuERBgohaRS qaulstk-ake ri@lpi Iher eaf teke Leveligprent,
el ectroform ng and so forth are perforned to generate a stanper, and the

di sk 1 desgphb i E i r C Is t t r. e .produced

Giok 115 SPhish BRLe IRRBERals R ARICREUPAROd IFc TMEentat, R

i nformatioprg gggorded in 99 the formof a wobbling groove in the RW
e

zone as describ her ei nabove. Wil e the disk of the enbodi nent and the
di sk drive appar t di sk, production nmerhod for the disk have been
descri bed above,a%ﬂ%’g$€s%ﬂfu? E%E%?O%O?EeﬂB? ?%n&%%& %BE?ﬁ% 1808t various
nmodi ficati@ns_can_be i thin_the,sgope, of e present invention. Wile,
in the exaﬁBF@egeEEPpgzgaagg%g? g8 rlaéﬂﬁaF§sr%g8r&8&t§§tﬁh & ERSRge
mar ks, thebrecordin et hod for _user data may be any rewitable or
wri t e- oncePYESdPRAMY 1RBt ABdthRol LéxBiEPE . t FerphesentIEnvéati on can be
applied also to a disk or a disk drive apparatus ready for a recording
net hod suchngscaEge ERanbrEe Bupheto-Bhaeeri efr bysesingsmat Kedaor a pi gment
changi ng net hod. As can be recogni zed fromthe foregoing description, the
di sk recor 8iAg abderaAhoPLt RBepresémntisnvention or a di sk recordi ng nmedi um
produced by the di sk production nethod of the present invention is
configured such that2 thetel skf rgeorbyng medbens hdsarad r 8coadcadeahdI”
reproduction region into and fromwhich first data can be
is recorded as an identifier of the disk information
(disc information identifier).
In 1 byte of the byte number 2, the version of the
format of the disk information is indicated.
In 1 byte of the byte number 4, the frame number in
the disk information block is indicated.
In 1 byte of the byte number 5, the number of
frames in the disk information block is indicated.
In 1 byte of the byte number 6, the byte number

. used in the frame of the disk information block is
indicated.
In 3 bytes of the byte numbers 8 to 10, a code
representative of a disk type such as a rewritable/ROM
type is recorded.

In 1 byte of the byte number 11, a disk diameter
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recorded and reproduced in accordance with a rewitable or
write-once-read-many recordi ng nethod and from whi ch second data recorded
in the formof wobbling of a groove can be reproduced, and that the second
data i ncludes 100 address information and additional information and the
additional information is coded in accordance with a first error correction
nmet hod, and the coded additional informati on and the address i nformation
are recorded in a state coded in accordance with a second error correction
met hod. Thus, since additional information such as properties of the disk
i's recordedyich the E@E”bﬁémﬁl@Qb@bb”ﬂmg&QOYEdEQQQEBeésttBi@@d%§§%

information and recording in the formof enboss pits I's not use good

recording ghqt Ber8dqLti gual; LAl oLaton.ean be executed for a high density
er al 1In

di sk. Furt , since the addition ormation is error correction coded
dual Iy in accordapnce, w t firs nd_second. error corr.ectiop nethods,
the reliability tﬂ%r%g¢§€% ?ﬁf%$%n§¥€% ?%ﬁb%¥yl§1gﬁheFQHT%%F,ogince t he
first erroi correc%ion ng%hog used to& the,aaditgogal information i s same
as that uss8YPEP Pheds MPSELdaySnAdRki $SpiPALPRAPYdERaS FhS&rror .
correction _code adopted for principal data and having a very high
correcti onSEaPEEHEPty can be used as the first error correction method, and
the reliability of the additional information can be inproved. Furthernore,
in the disk drivelBppaP¥i®sof ahh@rbyEe cojimeer i bl 1®1charpebdders de¥odi ng
section ready for the first error correction nethod can be used so to
function afhak éeropr esppreétiveonigdedndifgtedeti on (additional information
decodi ng neans) for the additional information and further as an error
correction encodify/ Heeytk ngf selae i oyt ¢ onumther 16 stpdasent® de recorded and
reproduced. In other fords, the hardware for perform ng the error
correcti onabednng pfoeedSAsisamnbécased.commonly, and sinplification in
configuration and reduction in cost can be anticipated. Further, since the
addi tional infornhtiDbroyoe bef reeorisiete omumber di Bk 4 etk thng PEghyseadds, to
t he

rate of an application is indicated.

In 8 bytes of the byte numbers 24 to 31, the last
address of the data user are is indicated.

In 4 bytes of the byte numbers 32 to 35, a
recording speed is indicated.

In 4 bytes of the byte numbers 36 to 39, a maximum
DC reproduction power is indicated.

In 4 bytes of the byte numbers 40 to 43, a maximum
reproduction power when high frequency modulation is
applied is indicated.

In 8 bytes of the byte numbers 48 to 55, a
recording power at a nominal recording speed is indicated.

In 8 bytes of the byte numbers 56 to 63, a

recording power at a maximum recording speed is indicated.
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additional information of a unit of msmaller than a code length n in error
correction coding of the first data, mn dummy data to performerror
correction coding for the data having a code |length equal to n, an error
correction nethod simlar to that used for the first data can be used for
the additional information. Further, since the dummy data is added upon
error correction coding and error correction decoding, the nunber of
synbols to be recorded onto the disk recordi ng nedium can be reduced.
Consequently, the recording linear density can be increased and the

reliability can hg r@isiads ¥ thet by RaRasid Y64 Ao Iecorgi ng can be

i ncreased. 102 From the foregoing,” the present Inventi'on can achieve a

i gni fi cant effgels thalell oS PEALALAN ¢ d U, A sboderordi ngy (ediy of a

| arge capacity and a the pertornmance i n recording an reprdgﬁgélon

operation of a dissk .drive ratus .can be | ved. 103 .. CLAl d. A disk
recordi ng nedi umliiorrlprblystleng’:[hogmreet:iD rtael nrbu“%eurn‘!r)i’e%r o%tlrcﬁcloo%dlr%inb into and
fromwhich fjrst d éa can.Qg.recorded and reproduced in accordance with a
rewr it abl oS {18 Bnt2- HRAECHRRY - r ecor di ng net hod and from whi ch second

data recorded in _the form of wohbling of a_groove can be reproduced,
wherei n the secodd dat¥hstIAfdddadies Pumissseatd o avy fidiignal

informati on and the additional information is coded in accordance with a
first errofeeFFERyipnl pRthbdthahdl indieabed. additi onal information

In 3 bytes of the byte numbers 76 to 78, a first
recording pulse position at the nominal recording speed
is indicated.

In 3 bytes of the byte numbers 79 to 81, a first
recording pulse position at the maximum recording speed
is indicated.

In 3 bytes of the byte numbers 82 to 84, a first
recording pulse position ét the minimum recording speed
is indicated.

In 1 byte of the byte numberl 88, an erase multi-
pulse width is indicated.

In 3 bytes of the byte numbers 89 to 91, a first
erase_ pulse position at the nominal recording speed is
indicated.

In 3 bytes of the byte numbers 92 to 94, a first
erase pulse position at the maximum recording speed is
indicated.

In 3 bytes of the byte numbers 95 to 97, a first
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and the address information are recorded in a state coded in accordance
wWith a second error correction nethod. 2. A disk recordi ng nedi um accordi ng
to claim1, wherein the first error correction nmethod is sane as the error
correction nethod used for the first data. 3. A disk recording nmedi um
according to claim2, wherein the additional information is error
correction coded such that, to the additional _ information of a unit of m
smal ler than a code length n in error correction coding of the first data,
mn dummy data are added so as to have a code |length equal to n. 4. A disk

recording gpdigmacsergdhageigncl el %ézmm%&hprééﬁrégg%g %g_@@& §gf ormation

is recorded at |l'east 104 in alead-in zone in the re I ng and
reproductipnyfe9igy. 5. A disk production nethod for a disk recording
medi um having a recordi ng and reproduction region into and from which first

data is to be recqrde nd reprodyced i n_accordance wth .a rewitable or
ﬁglq'Q)cé?d?ﬁng%t e%f AP i Fﬁ iQﬁanthod

write-once read-nmany r

conprising_the steps, of: nerating second_data by codi addi ti onal
infornatioﬁe?ﬁe%%%g?ﬁbﬁﬁeggjF%eap???E%tﬁr?BraEO?Féﬁ?iBHTgﬁtﬁﬁd and codi ng
the coded additional information and address information in accordance with

a second ef$oPTe®Yrection method; and forming the recording and
reproduction region - by spirally formng a groove wobbl ed based on the

second data. 6. ARf ORISR S O dilRy RYER | HAFRSES wherei n t he

first error correction nmethod is sane as the
given above are all reserved.

Such disk information as described above is
recorded at least in the RW zone in the lead-in zone
described hereinabove with reference to FIG. 13.

While the inner circumference side of the lead-in
zone 1s formed as a PB zone and has prerecorded data
recorded therein, the RW zone into and from which data
can be recorded and reproduced in accordance with the
phase change recording method is formed next to the PB
zone. Recording of absolute addresses (recording in the
form of a wobbling groove) as ADIP information is started
at the top of the RW zone. Together with the ADIP
addresses, the disk information is recorded using the AUX
data (reserve bit 0 to reserve bit 12) in the ADIP
information.

Since the lead-in zone is a region which is
accessed first when the disk is loaded into a disk drive

apparatus, where disk information is recorded at least in
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error correction nethod used for the first data. 7. A disk production

nmet hod according to claim6, wherein the additional information is error
correction coded such that, to the additional information of a unit of m
smal l er than a code length n in error correction coding of the first data,
mn dummy data are added so as 105 to have a code length equal to n. 8. A
di sk production nethod according to claimb5, wherein the additional
information is recorded at least in a lead-in zone in the recording and
reproduction region. 9. A disk drive apparatus which perfornms recording or

reproduct i oReontaoinf £gHLa ehekateroudipa gBAkULL YAl ehnhas; gapggording and

reproduction region into and from whi ch ata can be recorded and

repr oducedy L8, agR0LAAACE bk Lils AL FUE 630k £ QLML LE- 0CRRLERdpIRNY

recordi ng nmethod an rom whi ch secon ata recorded In

wobbl i ng oﬂegegﬁgg%?%c&gtﬁeféfgéggeggﬁ? %ﬂg.zgﬁond data incl udi ng address

i nformati on an i ona iftional information being
coded in accordance w th first error_coryectian t hod, the coded

addi ti onal i nfor mati'dh ta%gaet H"eOt[fdgrt&%t'i rﬁJd??F’at&b‘?w A eI n a
state coded in acc rgance,yﬁth a second error. correction_nethod, said disk
drive appa?%tﬁ%cﬁﬁﬁﬁ i StRyLaF LudRdLEO ndAnkheofaEBa8PRE oAt SPhétséBond dat a
from the wobbl ed groove of the disk recording mediunm address decoding
neans for PRFFHPHE nECeFPePrdothecdisk Hefounagirn mekdndance @afth the

second error correction nmethod for the second data read out by said 106
readout neRhES tdS obh@i AUX héabadiete theodahei sanand Itheshort, the

disk information having the configuration described above
may be recorded repetitively over the overall area of the
RW zone.

For the error correction method for the ADIP
information, the nibble based Reed Solomon code RS (15, 9,
7) is described wherein 1 symbol is formed from 4 bits as
described hereinabove in connection with the ECC block
format of FIG. 30.

For the address information, it is sufficient to
use only such an error correction coding method as
described above due to the characteristic that the
address information is recorded successively on a disk
and it does not make a serious problem even if some error
occurs therewith.

On the other hand, for the disk information, a
higher level error correction method than that for the

address information is required because the disk
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additional information coded in accordance with the first error correction
nmet hod; and additional information decoding neans for performng error
correction decoding in accordance with the first error correction nethod
for the additional information coded in accordance with the first error
correction nmethod and obtained by said address decodi ng neans. 10. A disk
drive apparatus according to claim9, wherein the first error correction
nmethod is sane as the error correction nethod used for the first data, and
said additional information decoding neans further perforns error
correction. i n ror _correction coding, for the first data. 11. A
i sk ar i vel A EaRaP Aol n 8 bRk PR E B R T o6 *VhABReRr 61 a Haaee FORE
i nformation decoding means_adds tg tge addi%ional inforngtion %f a unit of
g RFoEO

msmal | er PRIN RSCBHEPEnGPH ASPRC BoPPECL PBA £58PnGDET IHRE fir st
data, mn dumy data t erformerror correction decoding@for,the dat a
havi ng a code | entft$* r 130 nthe PTOSHRs keHRTRES aphdF at® @Eebrding to
claim9, wherein the additional information is obtained fromthe second
data read BufoFrPakiant eBdgharzoRECLneLKELr EOSLEERECDOTOI1iARAd (COFEBMUCt i on
region by said readout neans. 108 .AF.&e. AYe. Al . A;
. AY( . AYe. AFRCANHINAYEOAAASRr ALy e AFPIFACQE X AL OAFTIe LAYR) A3S. AYe. AY. . AFe. Ay. A
. AYus. Al u. AYR. AFL. AY. AFy. Al u. AYe. AF. y. AFNs. Afy. A
y. Aue. AFu. perdrmed AFURs AYuRndl tbeAYeha. Af RKAYREAemAYURNANE. AFe. AYR AYe. AuR
. AYuy. AYe. AR. AR. ANy. A" e. Al y. AFe. AY. AYy. Al y. A A& A9. Au9. Al L. A3;
T AF . ASL. AYlo2XseAFasARBX. AbsaA(reAbrAE9bAtLOAto reserve bit 12)
TL A u9. AF . AF9. AF9. A3& AY9. A L. A9. AS; 9. A
. AY. A3. AF. £3Lt KESADBE. AB{mABY. MAYSrdndl y AYQi HE& ANBriatVorsi Bs:Be/ b

recorded as ADIP data is first subject to coding

according to the first error correction method, and then

subject to coding according to a second error correction

method of the nibble based Reed Solomon code RS (15, 9, 7)

so that an ECC block of the ADIP information of 60 bits

may be formed. Consequently, dual error correction coding

is applied to the disk information.

Furthermore, in the present example, coding similar

to error correction coding for user data which is

recorded and reproduced in accordance with the phase

change recording method is applied to the error

correction coding for the disk information so that a

higher error correction capability may be obtained.

The error correction coding method for user data

(main data) has been described hereinabove with reference

to FIG. 16. In particular, for user data of 64 KB, the
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() Y 1%%&-1:@18’10%% (c?i_s\{(! %r%atlon Jbecomes data having a

high level error correction capability similar to that
for user data, and consequently, the reliability is
augmented.

Further, the disk information is incorporated into
ADIP information and formed as data for reproduction only
which is recorded in the form of a wobbling groove, and
since it is not recorded in the form of emboss pits, it
is suitable for a high density disk like the present
embodiment.

Further, in a disk drive apparatus, there is no
necessity to provide a new circuit system for an error
correction process upon reproduction of the disk
information. This is because the circuit section for
performing an error correction process for user data can
be used commonly.

Furthermore, the dummy data need not be recorded on
the disk 1. In particular, when an error correction
process is performed upon error correction coding or upon
reproduction, 104 bytes of the dummy data “FFh” may be

added to 1 ECC code.
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4, Disk Drive Apparatus

Now, a disk drive apparatus which can
record/reproduce such a disk 1 as described above is
explained.

FIG. 38 shows a configuration of the disk drive
apparatus.

The disk 1 is placed onto a turntable not shown and
is driven to rotate at a constant linear velocity (CLV)
by a spindle motor 52 upon recording/reproduction
operation.

Then, ADIP information (address and disk
information) embedded as wobbling of groove tracks in the
RW zone on the disk 1 is read out by an optical pickup
(optical head) 51. Further, prerecorded information
embedded as wobbling of groove tracks in the PB zone is
read out.

Further, upon recording, user data is recorded as
phase change marks on a track in the RW zone by the

optical pickup, but upon reproduction, the recorded phase
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reflected light from the disk recording face to the

photodetector are formed.

The laser diode outputs a blue laser beam of a
wavelength of 405 nm. The NA by the optical system is
0.85.

In the pickup 51, the objective lens is supported
for movement in a tracking direction and a focusing
direction by a two-axis mechanism.

Further, the entire pickup 51 is supported for
movement in a disk radius direction by a thread mechanism
53.

The laser diode in the pickup 51 is driven with a
drive signal (drive curreﬁt) from a laser driver 63 to
emit laser light.

Reflected light information from the disk 1 is
detected and converted into an electric signal

corresponding to an amount of received light by the
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corresponding to output current from a plurality of light

reception elements of the photodetector. The matrix
circuit 54 thus generates necessary signals through a
matrix operation process.

For example, the matrix circuit 54 generates a high
frequency signal (reproduction data signal) corresponding
to reproduction data, a focusing error signal and a
tracking error signal for servo control, and so forth.

Furthermore, the matrix circuit 54 generates a
push-pull signal as a signal relating to wobbling of a
groove, that is, as a signal for detecting wobbling.

The reproduction data signal outputted from the
matrix circuit 54 is supplied to a reader/writer circuit
55 while the focusing error signal and the tracking error
signal are supplied to a servo circuit 61, and the push-
pull signal is supplied to a wobble circuit 58.

The reader/writer circuit 55 performs a
binarization process, a reproduction clock production

process by a PLL and so forth for the reproduction data

79



10; 109 () - BBBBC#DBDAEDC 10/ f 810%&' () -1 $10%& () - |

109 () - &@B10%: () -1 10% () - | 10% () - BDr DDDDDDIELC 10/ y2510%&: () - Om

100& ()-y. 10%& ()-y, 10%& ()-y* 109%& ()-yl (10% () - DEESEVEVEXEYEl ExnbC 10/ F
10% ()- 10 10 10: 10%& () - SB10%& ()-y6 10%& () - yAMLO%& () - | E} EEEEFEdENDC
10/'Y 109%' () - Y10%&' ()-910%: ()-910% ()-9 10% ()- 910% ()- F3FRFFFGGIENDC
10/1*10% () - Yi " 10%& () - f

100& ()-S 10%& () -1 F10%&' () - Y&10%& ()- GQ HTH6I 91: 1; 1<l dYNC 10/ 10 10 10;
109 ()-Y2 109 ()- . 0Z10%& ()-1.10%& ()-1, @ 10% ()- <I QI~JKKM} A<YNC 10/ !

| &109&' () - b&4AY& (:b'i:eg&oél(}%@ 6itk E&aéoe{@t(frgm Lo¥& Ehaﬁg¥19i£@k€) F
MMM NeNNNbC 10/ T F 100& () - F 109& () - E10% () - F10%& ()- 10

1008

10/ ! Fg)slg%dga) g%m%&' (1238305 S 1058 15- Broov () - Fs109%’ () - PPPPPPQGQUIE
bC 10/ F( ﬁkg%tlé%1&5&3%@1{%&%%%9‘@1Q&u%lc" @10% ()-Ff 10% ()-3L@

109&' () - GQvQRQRSRR

The modulation/demodulation circuit 56 includes a
functioning section as a decoder upon reproduction and
another functioning section as an encoder upon recording.

Upon reproduction, the modulation/demodulation
circuit 56 performs a demodulation process of a runlength
limited code based on a reproduction clock as a decoding
processing.

An ECC encoder/decoder 57 performs an ECC encoding
process for adding an error correction code upon
recording and an ECC decoding process for performing
error correction updn reproduction.

Upon reproduction, the ECC encoder/decoder 57
fetches data demodulated by the modulation/demodulation
circuit 56 into an internal memory and performs an error
detection/correction process, a deinterleaving process
and so forth to obtain reproduction data.

The ECC encoding process and the ECC decoding
process by the ECC encoder/decoder 57 are processes ready
for the ECC format wherein the RS (248, 216, 33), that is,
the RS (Reed Solomon) code of the code length 248, data

216 and distance 33, is used.
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groove(%rom the matrix circuilt 4 is
processed by the wobble circuit 58. The push-pull signal
as ADIP information is MSK demodulated and HMW
demodulated into a data stream which represents ADIP
addresses by the wobble circuit 58 and is supplied to an
address decoder 59. |

The address decoder 59 performs decoding of the
data supplied thereto to obtain an address value and
supplies the address value to the system controller 60.

Further, the address decoder 59 performs a PLL
process using the wobble signal supplied thereto from the
wobble circuit 58 to generate a clock and supplies the
clock as an encoding clock, for example, upon recording
.to the pertaining sections.

The wobble circuit 58 and the address decoder 59
have, for example, a configuration described hereinabove
with reference to FIG. 31.

The address decoder 59 performs an error correction

process using the nibble based Reed Solomon code RS({15, 9,
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data is extracted 12 bits by 12 bits from 1 ECC block
(ADIP word) by the address decoder 59 and supplied to the
ECC encoder/decoder 57.

The ECC encoder/decoder 57 adds dummy data of 104
bytes to 144 B of the 96 ADIP words shown in FIGS. 27A to
27C to generate 1 ECC codeword and performs ECC decoding
using the RS(248, 216, 33), that is, the RS  (Reed
Solomon) code of the code length 248, data 216 and
distance 33, to obtain error corrected disk information
which can be supplied to the system controller 60.

Meanwhile, the push-pull signal outputted as a
signal relating to wobbling of the groove from the matrix
circuit 54, that is, a push-pull signal as the
prerecorded information from the PB zone, undergoes a
bandpass filter process by the wobble circuit 58 and is
supplied to the reader/writer circuit 55. Then, the push-
pull signal is binarized and converted into a data bit

stream similarly as in the case of phase change marks,

and is then ECC decoded and deinterleaved by the ECC
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based on the read out prerecorded information.

Upon recording, recording data is transferred from
the AV system 120 to the disk drive apparatus. The
recording data is sent to and buffered into a memory of
the ECC encoder/decoder 57.

In this instance, the ECC encoder/decoder 57
performs addition of error correction codes, interleave
and addition of subcodes and so forth as an encoding
process of the buffered recording data.

Further, the ECC encoded data is modulated in
accordance with the RLL({1-7) PP method by the
modulation/demodulation circuit 56 and then supplied to
the reader/writer circuit 55.

. As an encoding clock which is used as a reference
clock for such encoding processes upon recording, the
clock generated from the wobble signal as described above
is used.

The recording data generated by the encoding

process 1is subject to fine adjustment of an optimum
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recording linear speed and so forth as recording
compensation processing by the reader/writer circuit 55.
Then, the recording data is sent as a laser drive pulse
to the laser driver 63.

The laser driver 63 provides the laser drive pulse
supplied thereto to the laser diode in the pickup 51 to
drive the laser diode to emit laser light. As a result, a
pit (phase change mark) corresponding to the recording
data is formed on the disk 1.

It is to be noted that the laser driver 63 includes
an APC circuit (Auto Power Control) and controls the
laser diode so that the output power of the laser may be
fixed independently of the temperature and so forth while
monitoring the laser output power based on an output of a
laser power monitoring detector provided in the optical
pickup 51. Target values for the laser output power upon
recording and upon reproduction are provided from the
system controller 60, and upon recording and upon
reproduction, the thread mechanism 53 controls the laser
diode so that the laser output power level may have the

target values, respectively.
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In particular, the servo circuit 61 generates a
focusing drive signal and a tracking drive signal based
on the focusing error signal and the tracking error
signal, respectively, and drives a focusing coil and a
tracking coil of the two-axis mechanism in the optical
pickup 51 with the focusing drive signal and the tracking
drive signal, respectively. Consequently, a tracking
servo loop and a focusing serve loop are formed from the
pickup 51, matrix circuit 54, servo circuit 61 and two-
axis mechanism.

Further, the servo cilrcuit 61 turns off the
tracking servo loop in accordance with a track jumping
instruction from the system controller 60 and outputs a
jumping drive signal so that a track jumping operation
may be executed.

Furthermore, the servo circuit 61 generates a
thread drive signal based on a thread error signal
obtained as a low frequency component of the tracking

error signal and access execution control and so forth
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includes a mechanism formed from a main shaft for
supporting the optical pickup 51, a thread motor, a
transmission gear and so forth and drives the thread
motor in accordance with the thread drive signal to
perform a required sliding movement of the optical pickup
51.

A spindle servo circuit 62 performs control for
rotating the spindle motor 52 at a CLV.

The spindle servo circuit 62 acquires the clock
generated by a PLL process for the wobble signal as
current rotational speed information of the spindle motor
52 and compares the rotational speed information with
predetermined CLV reference speed information to generate
a spindle error signal.

Upon data reproduction, since the reproduction
clock (clock which makes a reference to a decoding
process) generated by a PLL in the reader/writer circuit
55, the spindle servo circuit 62 can compare the
reproduction clock with predetermined CLV reference speed
information to generate a spindle error signal.

Then, the spindle servo circuit 62 outputs a

spindle drive signal generated in response to the spindle
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servo circuit 62.

Further, the spindle servo circuit 62 generates a
spindle drive signal in accordance with a spindle
kick/brake control signal from the system controller 60
so as to perform such operations as starting, stopping,
acceleration and deceleration of the spindle motor 52.

Such various operations of the servo systems and
recording and reproduction system as described above are
controlled by the system controller 60 formed from a
microcomputer.

The system controller 60 executes various processes
in accordance with a command from the AV system 120.

For example, when a writing instruction (write
command) 1is issued from the AV system 120, the system
controller 60 causes the pickup 51 to move to an address
that is to be written first. Then, the system controller
60 controls the ECC encoder/decoder 57 and the
modulation/demodulation circuit 56 to execute an encoding
process as described above for data (video data and/or
audio data of the various types such as, for example,
MPEG2 data and so forth) transferred thereto from the AV

system 120. Then, a laser drive pulse is supplied from

the reader/writer circuit 55 to the laser driver 63 as
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accessing operation of the pickup 51 setting an address
designated by a seek command as a target.

Thereafter, operation control necessary to transfer
data in the designated data section to the AV system 120
is performed. In particular, the system controller 60
first performs readout of data from the disk 1 and
controls the reader/writer circuit 55,
modulation/demodulation circuit 56 and ECC
encoder/decoder 57 to perform decoding/buffering and so
forth to transfer the demanded data.

It is to be noted that, upon recording or
reproduction of data in the form of phase change marks,
the system controller 60 performs control of accessing,
recording and reproduction operations using an ADIP
address detected by the wobble circuit 58 and address

decoder 589.
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zone PR first. In particular, the system controller 60
issues an instruction to the servo circuit 61 to execute
an accessing operation of the pickup 51 to the innermost
circumference side of the disk.
Thereafter, the system controller 60 controls the
pickup 51 to execute reproduction tracing to obtain a
push-pull signal as reflected light information and
controls the wobble circuit 58, reader/writer circuit 55
and ECC encoder/decoder 57 to execute a decoding process
to obtain reproduction data as BCA information or
prerecorded information. .
The system controller 60 performs a laser power
setting process, a copy protect process and so forth
based on the BCA information or the prerecorded

information read out in this manner.

It is to be noted that, upon reproduction of
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10 10t the disk information incorporated in and recorded

together with the ADIP information in the section of the

RW zone in the lead-in zone can be read out and used for

a required process.

Incidentally, while the example of FIG. 38 is a
disk drive apparatus connected to the AV system 120, the
disk drive apparatus of the present embodiment may be
connected, for example, to a personal computer or the
like.

Furthermore, the apparatus of the present invention
may be used also in a form wherein it is not connected to
any other apparatus. In this instance, an operation
section or a display section may be provided, or the
configuration of an interface section for inputting and
outputting data may be different from that of FIG. 38. 1In
short, only it is necessary for the apparatus to perform
recording or reproduction in response to an operation of

a user and include a terminal section provided for

inputting and outputting various data therethrough.
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configured as an apparatus only for recording or an

apparatus-only for reproduction.

5. Disk Production Method

Subsequently, a production method of the disk 1 of
the present embodiment described above is described.

The production process of a disk can be roughly
divided into a mastering process and a disk formation
process (replication process). The mastering process is a
process until a metal master (stamper) to be used in the
disk formation process is completed, and the disk
formation process is a process of producing an optical
disk of a replica of the stamper in a mass using the
stamper.

More particularly, in the mastering process, so-
called mastering wherein photo-resist is applied to a
polished glass substrate and a pit or a groove is formed
on the photosensitive film by exposure to a laser beam is
performed.

In the case of the present example, mastering of a
groove by wobbiing based on prerecorded information is

performed at a portion of the disk corresponding to the
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10% () - Lngdste¥Myg of a groove by wobbling based on ADIP address
information and disk information is performed at a
portion corresponding to the RW zone.

The prerecorded information and the disk
information to be recorded are prepared in a preparation
step called premastering.

Then, after the mastering comes to an end,
predetermined processes such as development are performed,
and then transfer of the information to the metal surface
is performed, for example, by electroforming to generate
a stamper necessary to perform replication of the disk.

Thereafter, the stamper is used to transfer the
information to a resin substrate, for example, by an
injection method or the like, and a reflection film is
formed on the resin substrate, whereafter such a process
as working of the resin substrate into a required disk
form to complete a final product.

The mastering apparatus includes, for example, as
shown in FIG. 39, a prerecorded information generation
section 71, a prerecorded ECC encoding section 72, a-
changeover section 73, a mastering section 74, a disk

information generation section 75, an address generation

section 76, a disk information ECC encoding section 77, a
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The prerecorded information generation section 71
outputs prerecorded information prepared by the
premastering step. The outputted prerecorded information
is subject to an error correction coding process by the
prerecorded ECC encoding section 72. For example, ECC
encoding in which the RS (248, 216, 33), that is, the RS
(Reed Solomon) code of the code length 248, data 216 and
distance 33, is used may be performed similarly as in the
case of the disk information.
The disk information generation section 75
generates information of 112 bytes of the contents
described hereinabove with reference to FIG. 35. The
generated disk information of 112 bytes is subject to
addition of dummy data of 104 bytes thereto and ECC
encoding by the RS(248, 216, 33) with a parity of 32
bytes, that is, the RS (Reed Solomon) code of the code
length 248, data 216 and distance 33 as described
hereinabove with reference to FIG. 37 by the disk
information ECC encoding section 77.
The address generation section 76 successively

outputs values of absolute addresses.

The synthesis section 78 synthesizes address values
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E/ 10 nibbles (36 bits) of an ADIP word of the format of FIG.
30. In short, the synthesis section 78 incorporates the
ECC encoded disk information as AUX data in the ADIP word.
It is to be noted thaf the dummy data part illustrated in
FIG. 37 having been added by the disk information ECC
encoding section 77 may not be incorporated as AUX data.
Then, the address ECC encoding section 79 performs
error correction coding using the nibble based Reed
Solomon code RS(15, 9, 7) to form an ECC block of the
format illustrated in FIG. 30.
The mastering section 74 includes an optical
section (82, 83, 84) for illuminating a laser beam upon a
glass substrate 101 having photo-resist applied thereto
to perform mastering, a substrate rotation/feeding
section 85 for driving the glass substrate 101 to rotate
and slidably feeding the glass substrate 101, and a
signal processing section 81 for converting input data
into recording data and supplying the recording data to

the optical section. The mastering section 74 further

includes a sensor 86 for discriminating from the position
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illuminating the modified beam from the modulation
section 83 upon the photo-~resist face of the glass
substrate 101.

The modulation section 83 includes an acousto-optic
type optical modulator (AOM) for turning on/off the light
emitted from the laser light source 82, and an acousto-
optic type optical deflector (AOD) for deflecting the
light emitted from the laser light source 82 in
accordance with a wobble production signal.

The substrate rotation/feeding section 85 includes
a rotary motor for driving the glass substrate 101 to
rotate, a detector (FG) for detecting the speed of
rotation of the rotary motor, a slide motor for slidably
moving the glass substrate 101 in a radial direction, and
a servo controller for controlling the rotational speeds
of the rotary motor and the slide motor, tracking of the

mastering head part 84 and so forth.
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signal.

The signal processing section 81 performs also a
driving process for driving the optical modulator and the
optical deflector of the modulation section 83 in
accordance with the modulation signal.

In the mastering section 74, upon mastering, the
substrate rotation/feeding section 85 drives the glass
substrate 101 to rotate at a constant linear velocity and
slidably move the glass substrate 101 while the glass
substrate 101 rémains rotated so that spiral tracks may
be formed in a predetermined track pitch.

Simultaneously, the light emitted from the laser
light source 82 is converted into a modulated beam based
on the modulation signal from the signal processing
section 81 by the modulation section 83 and is
illuminated upon the photo-resist face of the glass
substrate 101 from the mastering head part 84. As a

result, the photo-resist is sensitized based on the data
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Upon starting of mastering, the controller 70
controls the substrate rotation/feeding section 85 to set
the slidably moved position of the substrate
rotation/feeding section 85 to its initial position so
that the mastering head part 84 may start illumination of
the laser beam upon the mastering section 74 from the
innermost circumference side. Then, the controller 70
controls so as to start CLV rotational driving of the
glass substrate 101 and slidable feeding of the glass
substrate 101 for forming a groove of a track pitch of
0.35 um.

In this state, the controller 70 controls the
prerecorded information generation section 71 to output
prerecorded information so that the prerecorded
information may be supplied to the signal processing
section 81 through the changeover section 73. Further,

the controller 70 controls the laser light source 82 to
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performed in a region corresponding to thé PB zone.

Thereafter, when the controller 70 detects from the
signal of the sensor 86 that the mastering operation has
proceeded to a position corresponding to the terminal end
of the PB zone, it changes over the changeover section 73
to the address ECC encoding section 79 side and instructs
the address generation section 76 to successively output
an address value. Further, the controller 70 instructs
the disk information generation section 75 to generate
disk information.

Further, the controller 70 controls the substrate
rotation/feeding section 85 to lower the sliding feeding
speed so that a groove having a track pitch of 0.32 um
may be formed.

Consequently, ADIP information including the

address information and the disk information is supplied
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groove mastering of the glass substrate 101 is executed
with the modulated laser light.

Consequently, mastering of such a groove as
described hereinabove with reference to FIG. 14A is
performed for a region corresponding to the RW zone.

The controller 70 ends the mastering operation if
it detects from a signal of the sensor 86 that the
mastering operation reaches the terminal end of the lead-
out zone.

Through such operations as described above, light
exposure parts corresponding to the wobbling groove as
the PB zone and the RW zone are formed on the glass
substrate 101.

Thereafter, development, electroforming and so
forth are performed to generate a stamper, and the disk 1
described hereinabove is produced using the stamper.

The produced disk 1 is a disk wherein the ADIP

information including the disk information is recorded in
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31 10YY  have been described above, the present invention is not
limited to them, but various modifications can be made
within the scope of the present invention.

While, in the example described above, user data is
recorded as phase change marks, the recording method for
user data may be any rewritable or write-once-read-many
method. For example, the present invention can be applied
also to a disk or a disk drive apparatus ready for a
recording method such as, for example, a photo-electric
recording method or a pigment changing method.

As can be recognized from the foregoing description,
the disk recording medium of the present invention or a
disk recording medium produced by the disk production
ﬁethod of the present invention is configured such that
the disk recording medium has a recording and
reproduction region into and from which first data can be
recorded and reproduced in accordance with a rewritable
or write-once-read-many recording method and from which

second data recorded in the form of wobbling of a groove

can be reproduced, and that the second data includes
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method.

Thus, since additional information such as
properties of the disk is recorded in the form of a
wobbling groove together with address information and
recording in the form of emboss pits is not used, good
recording of the additional information can be executed
for a high density disk. Further, since the additional
information is error correction coded dually in
accordance with the first and second error correction
methods, the reliability thereof as information is very
high.

Further, since the first error correction method
used for the additional information is same as that used
for the first data which is principal data, an error
correction code adopted for principal data and having a
very high correction capability can be used as the first
error correction method, and the reliability of the
additional information can be improved. Furthermore, in

the disk drive apparatus, an error correction
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further as an error correction encoding/decoding section
for the first data to be recorded and reproduced. 1In
other fords, the hardware for performing the error
correction/coding processes can be used éommonly, and
simplification in configuration and reduction in cost can
be anticipated.
Further, since the additional information to be
 recorded on the disk recording medium adds, to the
additional information of a unit of m smaller than a code
length n in error correction coding of the first data, m-
n dummy data to perform error correction coding for the
data having a code length equal to n, an error correction
method similar to that used for the first data can be
used for the additional information. Further, since the
dummy data is added upon error correction coding and
error correction decoding, the number of symbols to be
recorded onto the disk recording medium can be reduced.
Consequently, the recording linear density can be
increased and the reliability can be raised. Further, the

capacity for recording can be increased.
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1. A disk recording medium comprising:

a recording and reproduction region into and from
which first data can be recorded and reproduced in
accordance with a rewritable or write-once-read-many
recording method and from which secohd data recorded in
the form of wobbling of a groove can be reproduced,

wherein the second data includes address
information and additional information and the additional
information is coded in accordance with a first error
correction method, and the coded additional information
and the address information are recorded in a state coded
in accordance with a second error correction method.

2. A disk recording medium according to claim 1,
wherein the first error correction method is same as the
error correction method used for the first data.

3. A disk recording medium according to claim 2,
wherein the additional information is error correction
coded such that, to the additional_ information of a unit
of m smaller than a code length n in error correction
coding of the first data, m-n dummy data are added so as
to have a code length equal to n.

4. A disk recording medium according to claim 1,

wherein the additional information is recorded at least
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generating second data by coding additional
information in accordance with a first error correction
method and coding the coded additional information and
address information in accordance with a second error
correction method; and

| forming the recording and reproduction region by
spirally forming a groove wobbled based on the second
data.

6. A disk production method according to claim 5,
wherein the first error correction method is same as the
error correction method used for the first data.

7. A disk production method according to claim 6,
wherein the additional information is error correction
coded such that, to the additional information of a unit
of m smaller than a code length n in error correction

coding of the first data, m-n dummy data are added so as
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from which first data can be recorded and reproduced in
accordance with a rewritable or write-once-read-many
recording method and from which second data recorded in
the form of wobbling of a groove can be reproduced, the
second data including address information and additional
information, the additional information being coded in
accordance with a first error correction method, the
coded additional information and the address information
being récorded in a state coded in accordance with a
second error correction method, said disk drive apparatus
comprising:

readout means for reading out the second data from
the wobbled groove of the disk recording medium;

address decoding means for performing error
correction decoding in accordance with the second error

correction method for the second data read out by said
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readout means to obtain the address information and the
additional information coded in accordance with the first
error correction method; and

additional information decoding means for
performing error correction decoding in accordance with
the first error correction method for the additional
information coded in accordance with the first error
correction method and obtained by said address decoding
means.

10. A disk drive apparatus according to claim 9,
wherein the first error correction method is same as the
error correction method used for the first data, and

said additional information decoding means further
performs error correction decoding and error correction
coding for the first data.

11. A disk drive apparatus according to claim 10,
wherein said additional information decoding means adds,
to the additional information of a unit of m smaller than
a code_ length n in error correction coding qQf the first
data, m-n dummy data to perform error correction decoding
for the data having a code length equal to n.

12. A disk drive apparatus according to claim 9,
wherein the additional information is obtained from the

second data read out from a lead-in zone in the recording
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and reproduction region by said readout means.
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