6 Decenmber 2006 DESCRIPTION DI SK RECORDING MEDI UM DI SK ERQ%%§H%¢?V METHOD,
DI SK DRI VE APPARATUS Techni cal Field The present i nvent P to a

di sk recording nedium such as an optical disk and a di sk production

met hod for producing the disk recording nediumas well as a disk drive
apparatus for the disk recording nedium Background Art As a technique for
recording and reproducing digital data, a data recording technique is
‘avai |l abl e which uses an optical disk (including a magneto-optical disk)
such as, for exanple, a CD (Conpact Disc), an MD (Mni-D sc) and a DVD
(Digital Versatile Disc) as a red®{IRIFPTEHN um The optical disk is a
general termfor -recording nedia of the type wherein laser light is
illum nated upon a disk forned froma thin netal plate protected with
plastic and a signal is read froma change in reflected light fromthe

di sk. Opti pabkdREkSRBIEGAMEDUBH, i DLSKt hrepUCf rbheMtypeD, Wwhisk orRovie used
only for reproduction as known as, for 1 ---- -------- 6 Decenber 2006

APPARATUS

Technical Field

The present invention relates to a disk recording
medium such as an optical disk and a disk production
method for producing the disk recording medium as well as

a disk drive apparatus for the disk recording medium.

ar:

-lééégﬁf%&AQ%BéékdfduﬁdfAf -

As a technique for recording and reproducing
digital data, a data rebording 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




exanple, a CD, a CD-ROM and a DVD- ROM and those of the é}sg %Q%%Ch user
data is recordable as known as an MO, a CD-R, a CD-RW DVD- RW

a DVD+tRWand a DVD- RAM For optical disk of the recordable type, a
magnet o- optical recording nethod, a phase change recording nethod, a

pi gnent filmchange recording nethod or the like is used to allow recording
of data. The pignent filmchange recording nethod is also called
write-once recording nethod and allows data recording only once but does
not allowre-witing, and therefore, it is suitably used for data storage
appl i cati osampdeso af @, ha NEaROM lked Bh®VD-ROM and those of the

magnet o- opti cal -recordi ng- net h-od and--t he phase change recording nethod
al | ow r ewr ittyipeg cof widich azeradatat ilsi zedortigblwakisoksoapPkikcahi @D

begi nning with recording of various kinds of contents data such as nusic,
vi deos, . ganep-Rappl COaRWON apDYD-RNE aangpsawl okt BypiFait BRA, aaphbgh den5|ty
opti cal di sk cal led DVR (Data & Vi deo Recordlng) di sk has been devel oped

in recent RwlarSF@fldoﬁtXﬂlet&lélk%EntﬁéC?é@of%fé‘s@yéé‘ £apAgde- | n order
to record data onto a disk mhlch all ows recording by the magnet o- opti ca

recordi ng gpthed: rRLgTEIh 'rdemh%*&a”%fe PR d&t{gﬁh ng %?chlrpé‘arﬁeetr%ﬁ‘”ge

~recording nethod, guide neans for rm ng tra
a pigment film change recording method or the like is

used to allow recording of data. The pigment film change
recording 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. Meanwhile, the

i irmagnetoroptical recording-method—and-the- phase-change - emmmls
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




"6 Decenber 2006 a data track is required. To this end, ?DQ&Q&%#&% ;orned

i n advance as a pregroove, and the groove or a land (a ocation o
trapezoi dal cross section positioned between grooves) is used as a data
track. Also it is necessary to record address information in order to
allow data to be recorded at a predeterm ned position on a data track.
Such address information is sonetinmes 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 the pregroove are

wobbl ed i n2 &8&8r §ARGE vist Fresddress | e obds i ond, -a-grogrerks sfamnashl | s of
‘a pregroove are wobbled in this manner, upon recordi ng or upon

reproduct i 8R, agdiaacer ess @2 pasgbeorveadahdotrhehgraolvbl prgai Aodméai on
obtained as reflected Iight information. Thus, even if, for exanple, pit
data or thaéokkkéonepfesentrapeveidhladdressescidonopostolorddon the track in
advance, data can be recorded or reproduced at a desired position. Were
addr ess i-nbetmatnogrosvaddedsassadwabbki agtagteave.in this nanner, for
exanple, if address areas are provided discretely on tracks, then it is

unnecessary to - reEres diedils eseesssd 0y Qxaraterd asddids £lat oo ant ildie
recordi ng capacity for actual data can be increased by an -
in order to allow data to be recorded at a predetermined
position on a data track. Such address information is
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. - - o

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 exaﬁplef 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

3




3 6 Decenber 2006 amount by which the address areas canGBe %h}pﬁﬁﬁtEd' It
is to be noted that absolute tine (address) information rept esent ed by
such a wobbling groove as described above is called ATIP (Absolute Tinme In
Pregroove) or ADIP (Address In Pregroove). Incidentally, particularly with
arewitable 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,
pul se information and so forth as nunerical values for use for control as
addi ti onal amefugrtmintyi iviich &deanddresst heedisskasi el eillipintbethe address
information. For such additional information, a high degree of reliability
is required. Thelteasonowhy mcbhedghthegraesofutel tahe | (dgdtsssyequired is
that, for exanple, if attributes or additional information for control is

not obtai nddfoanetiaherpprebentad agpanahus @bbbhéngysgrosideagannot
execute such a control operation for establishing optinmm recording

condi t i ons degeiradlklly abSveaigethodeal ArecondibagigyehrintotaAati on on a di sk
in advance, it is known to formenboss pits on a disk. However, if it is
intended teraghbeve)hbehadepsih¥dress In Pregroove) .
Incidentally, particularly with a rewritable disk,

it is necessary to record, in addition to address

information and information (usef data) which is recorded

aﬁd'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
o ii-additional-information-in-advance on the disk similarly - s |
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 spch.a control operation for establishing optimum
recording conditions correctiy.

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

. However, if it is intended to achieve high density

recording and reproduction onto and from an optical disk,

4




recordi ng and reproduction onto and from an optical disk s e - - - - - -
6 Decenber 2006 the prerecordi ng nethod by enboss pits ingéggﬁagﬁFageous.
In order to achieve high density recording and reproduction onto and from
an optical disk, it is necessary to formthe groove with a reduced depth.
Wth a disk produced with a stanper such that a groove and enboss pits are
formed at a tinme, it is very difficult to formthe groove and the enboss
pits with different depths fromeach other. Therefore, it cannot be
avoided to nmake the depth of the enboss pits equal to the depth of the
groove. HoldfePraftescrding asitecofoy emepdosBips t 5| disadurntaghers. i s
a-problem-that a signal of a good quality cannot be obtained fromthe .
enboss pits. For &rafpiier wherehbevephighl dsysieyn rexdrdiing and| aser di ode
of a wavel ength of 405 nm and an objective lens of NA = 0.85 is used and

- phase changepradkstdoe ontoordddfann mepoptduced dith,aitrask pitch of 0.32
pmand a linear density of 0.12 pmibit onto and froma disk having a
cover (subsecatepriyhicokfiess theOgtobwe aith aapadiitydofie@Bh (B WiFHgaByt es)
can be recorded onto and reproduced froman optical disk having a dianeter
of 12 disk produced with a stamper such that a groove and

emboss‘pits are formed at a time, it is very difficult to
form the groove and the emboss pits with different depths
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 fhe depth of the emboss pits is
e smaldy-therefs-a problem  that a-stgnatof-a good-quality — = -
cannot be obtained from the emboss pits.
For example, wheie 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 um 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 haﬁing a diameter of 12
cm.

In this instance, the phase change marks are

recorded onto and reproduced from the groove'formed :

5




cm In this instance, the phase change marks are recordgﬂ onto %)rag
reproduced fromthe groove forned 5 6 Decenber 2006 sp VR Ry he di sk,
and in order to suppress the nedium noise to achieve high density,
preferably the depth of the groove is set to approxinmately 20 nm that is,
1/13 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 X/ 4. After all, a good solution to a
common depth to the groove and the enboss pits cannot be obtai ned. From
such a sit3rittiadn vasn) tibe dbsler idywtl 1na opdeRoto ofupnsssy dihsgmAdte8sar y
additional information in advance in place of enboss pits is demanded.
Besi des, i%0}% démasdegve- pogh eersbty, dreferphévadhrt HeRER-¢hfBamti on
with a high degree of reliability. D sclosure of Invention Enbodi nents of
the preserff9Hrerti AT reR ARPTAdERER KO i M orthglti dfi-t &/ b FRddrided in
advance together wth address information appropriately and with a high
degree of "?]eq}] d5PEEy. te the wavelength &>

On the other hand, in order to obtain a signal of a
good quality from the emboss pits, preferably the depth of
the emboss pits is A/8 to A/4. After all, a good solution
to a common depth to the groove and the emboss pits cannot
be obtained.

From such a situation as just describéd, a method of
recording necessary additional information in advance in

place of emboss pits is demanded. Besides, it is demanded

reliability.

Disclosure of Invention

Embodiments of the present invention record
additional information to be recorded in advance together
with address information appropriately and with a high

degree of reliability.

it record the additional  information with-a High' degres of i i




6 Decenber 2006 According to a first aspect of the presgﬁt nve&%b
there is provided a disk recordi ng nedium conpri sing: and
reproduction region into and fromwhich first data can be recorded and
reproduced in accordance with a rewitable or wite-once-read-many
recordi ng nmethod and from whi ch second data recorded in the form of
wobbl i ng of, a groove can be reproduced, wherein the second data is coded
into a first block having address information and a part of additional
information. and recorded in the formof continuous wobbling of said
groove, predeterm ned nunber of said parts of additional information

i ncl uded i n sai dAFFPEEinpPoERs2 afer Hatds@mesd odndheodsdsphtaccordance with a
first error correction nethod into a second bl ock, and said part of

addi ti onalinVeg tHeRenbBRrO068 PTATERGMAE GH SAndeanadanar BeS1Whf or mati on in
the first Dblock are recorde g in a state coded in accordance with a second
error corﬁ%@FFdﬁlﬁﬁtthre?ﬂE P9 ARG rFHEBTEA FFIHEPhdA Raf Be same as
the error correctio h used for the first data i pna

i nf or mat | Fﬂa o R R P B foth P ARG EUEH PR = R A SR onal

|nfornat|o% 5%&@%t 1Ehn% %@aéf%abfgnbfi Od@e gthrgadnmgrror
correction CO

recording method and from which second data recorded in

the form of wobbling of}a groove can be reproduced, wherein

the second data is coded intc a first block having address
information and a part of additional information and

recorded in the form of continuous wobbling of said groove,
predetermined number ofisaid parts of additional
_1nformatlon 1ncluded in said flrst blocks are gathered , ‘

and coded in accordance w1th a flrst error correctlon

method inteo a second block, and said part of additional




the first data, mn dumy data are added so as to have a BOdetalf th equa
to n. The additional information may be recorded at |easf “°f"& f&8d-in
zone in the recording and reproduction region. 7a 6 Decenber 2006
According to a second aspect of the present invention, there is provided a
di sk production nmethod for a disk recording nedium having a recordi ng and
reproduction region into and fromwhich first data is to be recorded and
reproduced in accordance with a rewitable or wite-once- read-nmany
recordi ng nethod, said disk production nmethod conprising the steps of:
generating second data by coding a first block having address information
and a partinforagdiiirorrdtd | e or AHETST T eebfuEth P Het fidvemidfsEont i nuous
wobbl ing of a grove, gathering and coding a predeterm ned nunber of said
parts of IR AR T9HGIesk 700 2 AEPGEeFCPRY £1r ECBYHRICS ¥iddcdr dance wit h
a first error correction nethod inbo a second bl ock; recording said part

of addit iV AESPRatPbRe AN hd§ 88 i nformation in the first block in a

state coded in aggar gncg with a second errgﬁ gorreqéion nethog' and
form ng the recor an an e?%&ﬁ(ﬁﬁﬁﬁ%%$&°Pe8F © ym%%i %ﬂﬁi?ef8fniﬁﬁ a groove

wobbl ed %@%89 ggrEQgtE§9%&Qh%%tﬂ5e§ for the first data.

The additional information may be 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 may be recorded at least

in a lead-in zone in the recording and reproduction region.

TJa .




6 Decenber 2006 The first error correction nethod may b Saﬁﬁﬁaf %he
error correction nethod used for the first data. The add ®Por mati on
may be 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, mn dumy data are added so as to have a code | ength equa
to n. The additional information may be recorded at least in a lead-in
zone in the recording and reproduction region. 8a - - - --- - mee-- 6
Decenber 2006 |In accordance with a third aspect of the present i nvention,
there is provi de8C@OHHEIW dO ResSappad atsegthiath theepfesemt r ecor di ng or
reproduction onto or froma disk, recording nediumwhich has a recording
and repr odBYEPERONr diGi® i1t BYAHEIEH ofn P kP ¥ et t it anetdirhef?ecdr ded and
reproduce in accorgance with a rewitable or wite-once- read-nmany

recordi ng ﬁﬁ#h&&cﬁﬁ lPﬁoW?ﬁﬁP@hhggéﬁﬂdadﬁ?ﬁor?e%%r%ﬁﬁi??P¥QQPQQﬁ9ﬁ(ﬁ
wobbl i ng of a groo e can g %g duced, %%F secqu gata i S g ged anto a
first bl oERI*REVIHGCatll 55T nfiot Pt i o itf %@ g t-CoPad@rPronRgl an
i nformatiqn ggggggd hn dI rm of, .continuou bbling of a _grove,
predet ernin g nunber ~of % §§F:E%hr S 0%1 & “dddi WgﬁaPr frftefontl
read-many recording method, said disk production method
comprising the steps of: generating second data by coding
a first block having address information and a part of
" additional information recorded in the form of continuous
wobbling of a grove, gathering and coding a predetermined |

number of said parts of additional information included in

first block in accordance with a first error correction

‘il method- into-a  second-blockiTecording said-parboof il

additional information and address information in the
first block in a state coded 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.




information-- included in said first blocks are gathere in
accordance with a first error correction method into aq%gggﬁggﬁgﬁgk, and
said part of additional information and the address infornmation 9 6
Decenber 2006 in the first block are recorded in a state coded in
accordance with a second error correction nethod, said disk drive

appar atus conprising: readout neans for reading out the second data from
t he wobbl ed groove of the disk recording nedium address decodi ng neans
for performng error correction decoding in accordance with the second
error correcti oRhfrefhott farrartheogseshdodanetirashehagubebyagai @ eadout
means to obtain the address information and the additional information
coded i n &EEBFdaPEEETH M e herr ypedefebrtheyfiigEti ataet hod; and additi onal
i nformation decodjng neans for perform ng error correction decoding in
accordance wit hTPRe2f#tkstor% ) dmiieddoRoRaHeP ot O TN &ddioti onal
information_ coded .in accordance with the--first--error _correctiqn method
and obt ai RGASHy" 450l (PRddr 68 CHECHUT Hg Hednd PESHER F1$R (0% A GFioPF Bt | on
net hod may bf sa as the , error ﬁoarggtion met hod %ied far,.the Eirst dat a,

and the aﬂﬁl%?%ﬁ%iﬂ}n 5F9§tﬁgﬁg5ecodingeﬂ%%%éxﬁﬁfcfuPPthdﬁggf%rn1 error

correctiopydepodiing, 30d GLEOLLGR) "€ d Y1LadLAG L8744 N8 St data.
code length equal to n.
The additional information may be recorded at least

in a lead-in zone in the recording and reproduction region.

8a




The additional information decoding means nmay add to th&D&%ﬁ%&hﬂB@'
information of a unit of msnmaller than a code length nrn-error
correction coding of the first data, mn dummy data to perform error
correction decoding for the data having a code |length equal to n. The
additional information nmay be obtained from 9a 6 Decenber 2006 the second
data read out froma lead-in zone in the recording and reproduction region
by the readout nmeans. |In particular, according to enbodi nents of the
present invention. 9b 6 Decenber 2006 when the additional information is
recorded i n advaRBeaCEATB@anCe efktiit abltdizd wepeetonfethearrarant di sk of a

| arge capacity, the additional information is recorded by wobbling a
groove t ogRYPeriQft Hhsddr d§s PRRVOPRAL # ohl sk Flitse2pPekatuddiiGhal
information is coded in. accordance with the first error correction nethod,
and the BOHEAIHRIAGSOSHAPY RFoF RREPBHCEAR L RBTRAFeSEOM Af Gif%ti on are

coded in accordance with the.second error orrection nethod .to obtain
econd dataCoTRORS TRS. BPoBOLSH| SRAohE ST TS (17 SRt BT
Consequently, of ne, e JAdE T ANGL R QL MRELOP §8P,PE LR 98d g Jhorm of a

reproduced in accordance with & 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 is coded into a first block

having address information.and a part of additional

information recorded in the form of continuous wobbling of a

grove, predetermined number of said parts of the additional

LI inFormation-included in-saidsfirst-blocks are-gathered and . s

coded in accordance with a first error correction method
into a second block, and said part of additional

information and the address information




wobbl i ng groove together--with the address information. 6 purt herr Ué
additional information is error correction coded duaIIy Reeqibg ?’8 nce with
the first and second error correction nethods. Brief Description of
Drawings FIG 1 is a schematic view illustrating a groove of a disk of an
enbodi ment of the present invention; FIG 2 is a schematic view
illustrating wobbling of the groove of the disk of the enbodinment; FIG 3
is a schematic viewillustrating a wobble signal to which MSK nodul ation
and HWV npdul ation of the enbodinment are applied; 10 6 Decenber 2006
FI GS. 4A iB & afriersh é’g}@&r]ﬁwﬁffiecm%%e‘iil}%s% ritd by cadeel WBK rodul ati on of
t he enbodi nent; FIG is a block diagram of an MSK denbdul ation circuit
for dempdBfaPTAR En W r?ocrmcgfléid%%v‘éﬂsﬁegﬁapn %%tlicwe sAbddihEnt: FIG 6
is a wavef orm di ag g1 an |n utted %&t andda synchronous
det ect i onYotpPEFghAT %?mﬁrﬁé D@ ot meIéllné ?rl ECCYRE P0G agr am of
an integr (? out.put. val chraonous _dget n_out S|gnal of an
VBK strea% nc;[1 hogatganﬁf S m%ﬁ? WO&hfﬁydq WeCHE 8f c}ls(?( recogclil
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
readout means to obtain the address information and the
additional information coded in accordance with the first
error correction method; and additioﬁal information decoding
means for performing error correction decoding in accordance
with the first error correction method for the additional
mo-information -coded-in accordance -with-the £irst -error . .
correction method and obtained by said address decoding means.
The first error correction method may be same as the
error correction method used for the first data, and the
additional information decoding means may further perform
error correction decoding and error correction coding for the
first data.
The additional information decoding means may add to
the additioconal 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 may be obtained from

9a




i nt egrated out put val ue-and MSK-denodul ated nodul ati on object data; FIGS.
8A to 8C are waveformdiagrams illustrating HWV nodul at§ BRcegTPet #96
enbodiment; FIG 9 is a block diagramof an HWVdenodul ation <circuit for
denodul ati ng an HWV nodul at ed wobbl e signal of the enbodinent; FIG 10 is
a waveform di agram of a reference carrier signal of the enbodinent,

nmodul ati on object data and a second order harnonic signal waveform
generated in response to the nodul ation object data; FIG 11 is a waveform
di agram of a generated HW/  stream of the enbodinent; 11 6 Decenber 2006

FI GS. 12AtBRdSeoBArttRavéerer Al BrRms adridy #eReohbBusheet ecti on out put
signal of an HWVstream of the, enbodi pent, an integrated output val ue of

the synchf ORETE UKL ieER GUEpUPT sTEFPR BY HdS BWREPQEToRe#R®: i nt egr at ed
out put - val ue and HMWV denodul at ed nodul atjon object data; FIG 13 is a
schematic view sﬁSV\PﬁﬁgJac'%Tyasﬁ( Iaé:%’ﬁglngf lc?h%m]%?f{fzﬂ?ﬁnﬁ‘énf’? TEF%S. 14A and 14B
are scheg?%g?ﬁ/g ei\/}ﬁ,einltligﬁtrati ng wobbling in a PB zone and an RW zone of
t he enbodi nent; ’

9b




FIG 15 is a diagrammatic viewillustrating a -nndulatiqg nethoq§$
prerecorded informationof the enbodiment: FIG 16 is a ScHEMaPi Y% ew
illustrating an ECC structure of a phase change nmark of the enbodi nent;
FIG 17 is a schematic viewillustrating an ECC structure of prerecorded
“information of the enbodinent; FIGS. 18A and 18B are di agranmatic vi ews
illustrating a frame structure of phase change marks and prerecorded
information of the enbodinent; FIGS. 19A and 19B are diagrammatic vi ews
illustrating a relationship between a RUB and an address wunit of the disk
of the enbedénenie axddit bonabl brkomm thon figr mecardgitrigs RARARCE 12 6
Decenber 2006 FIG 20 is a diagrammatic view illustrating a sync part of
an addr essontét a of ewet awbo db mewnt 1 t - @8ze -2k chnhryl Blisyke afi @&gri@fgst i ¢ vi ews
illustrating nonotone bits in the sync part of the enbodi nent and

nmodul ati oncabsecty datlee dddiS: i@RA ahlf @2 tairen disagrearetads by ews
illustrating a first sync bit in the sync part of the enbodi nent and

modul at i onyElh BLhg dat @i od Sk o @Shen dy 238 Aldx sHsagirafomidtc ori.ews

Further, the additional information is coded in
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




illustrating a second sync bit in the sync part of the odi nent _and
modul ati on obj ect data; --- FI-GS.24A and 24B-are di agr ahm8ta 4% s
illustrating a third sync bit in the sync part of the enbodinent and
nodul ati on object data; FIGS. 25A and 25B are diagrammatic views
illustrating a fourth sync bit in the sync part of the enbodinent and

nodul ati on object data, FIG 26 is a diagrammtic view illustrating a bit
configuration of a data part in the address unit of the enbodinent; FIGS.
27A to 27C are diagrammatic views illustrating a signal waveform of ADIP

bits representatTies ofdi t t4E Idrefdidgratmat jpartieos tiHel ussmsddingent and
nodul ati on object data, 13 6 Decenber 2006 FIGS. 28A to 28C are
di agr ammat tbevM8®smpdl:istiahi of ahei gmabdwaseform of ADI P bits
representative of a bit "0" of the data part of the enbodinent and
modul ation objectFiat &6 6 G Piodle @iagemn idf ust MEK ripmatdddriess f or mat  of
the embodinent; FIG 30 is a viewillustrating address information
contents byiARLPtbEbs @Embhelenbadi ABRMMSK modulated wobble signal
of the embodiment;
FIG. 6 i1s a waveform diagram of an inputted wobbkle
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 value of the
wooo-integrated -output-value-and -MSK-demodulated modulation . .l
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

cf 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;
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FIG 31 is a block diagram of an address denodul ation c%ﬁcui q%mhre
enbodi nent; FIGS. 32A to 32E are diagrans illustrating c F7e61° T4 i ngs of
t he address denodul ation circuit of the, enbodinent; FIGS. 33A to 33C are
wavef orm di agrans of signals when HWVdenodul ation is perforned by the
address denodul ation circuit of the enbodinent; FIGS. 34A to 34C are
waveform di agrans of different signals when HWVdenodul ation is perforned
by the address denodulation circuit of the enbodinent; FIG 35 is a view

illustrating disk information of the enbodinent; FIG 36 is a diagrammtic

view il lustratingt'BeS ECRA fordral2B crrearadavetheian oliadwrenrisddianent ; FI G 37
is a diagrammatic view illustrating an ECC 14 6 Decenber 2006 format for
di sk i nf or aghchnonbushdeepbodoneattpkt GsidBailsod bhofMW dstaggam of a di sk
drive apparatus of the enbodinment; and FIG 39 is a block diagramof a
mast eri ng appaembudimehtt henemhodgpedéd Bespubbdelfiorofariiyyi ng Qut the

I nvention In the follow ng, an optical disk as an enbodi nent
synchronous detection. output signal, a hold value of the
integrated output value and HMW demodulated modulation

.objeét data;
FIG. 13 is a schematic view showing a disk layout
of the embodiment;
FIGS. 14A and 14B are schematic views illustrating

wobbling in a PB zone and an RW zone of the embodiment;

FIG. 15 is a diagrammatic view illustrating a

~modulation-method of prerecorded information of-the = - - i

embodiment;

FIG. 16 is a schematic view illustrating an ECC
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

- 1llustrating 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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of the present invention is described, and a disk drive arat
(recordi ng and reproduction apparatus) which perforns r%@g ﬁﬂiﬁd
reproduction onto and fromthe optical diskand a nastering apparatus used
for production of the optical disk are described. The descriptionis
given in the followng order. 1. Wbbling Systemof the Di sk 1-1. Ceneral
Description of the Whbbling System 1-2. MSK Mdul ation 1-3. HMWN Modul ati on
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.

Rel ati onshi p Bet vigkh RER okdli itk Repyidductison 1imsg miedddsghér SY966 dat a
and Addresses 2-3-2. Sync Part 2-3-3. Data Part 2-3-4. Contents of the
Addr ess | nparhacfoan 2ddreadduest OEnbdel erbodimneuit 3. ECC Format of the

Disk Information 4. Disk Drive Apparatus
FIGS. 21A and 21B are diagrammatic views

illustrating monotone bits in the sync part of the
embodiment and modulation object data;

FIGS. 22A and 22B are diagrammatic views
illustrating a first sync bit in the sync part of the
embodiment and modulation object data;

FIGS. 232 and 23B are diagrammatic views
illustrating a segond sync bit in the sync part of the

embodiment and modulation object data;

L FIGS. 24K and 24B. are diagrammatidlyiews T oTn

illustrating a third sync bit in the sync part of the
embodiment and modulation cbject data:;

FIGS. 25A‘and 25B are diagrammatic views
illustrating a fourth sync bit in the syng_part of the
eﬁbodiment 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 “17 of the data part of the

embodiment and modulation object data;
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5. Disk Production Method 1. Wbbling System of the Disk &-1. Cgaﬁhal
Description of the Wbbling System An optical disk |of aAP&FEBEI 18Rt of the
present invention has a groove GV serving as recording tracks forned

t hereon as shown 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 L and the concave groove GV are forned alternately as seen
in FIG 2. The groove GV of the optical disk 1 is forned in a wobbl ed
state with respecfIGd. Z8angeiQlagk réicigomnesicesiewan FIG 2. The
wobbl i ng of the groove GV has a shape corresponding to a wobble signal.
Ther ef or e, idhusptatahg adssfndli vevedormepsf oliDTe bihies wobbl e signal by
detecting 16 6 Decenber 2006 the opposite edge positions of the groove GV
fromrefl ectpdebegbit DfecacFasepigpoi” LSfi theniaes esaxtpont ttiee groove GV and
extracting variation conponents of the opposite edge positions with

respect toefbdisKefindhnd mOHheEti6A YheAct hgataper spot LS noves along a
recording track. The wobbl e signal includes nodul ated address

FIG: 29 is a view illustrating an address format of
the embodiment;

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

FIG. 31 is a bloék diagram of an address -

demodulation circuit of the embodiment;

FIGS. 32A to 32E are diagrams illustrating control

oo timings-of the address demodulation circuit of-the oo

embodiment;

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

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

FIG. 35 is a view illqstrating 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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information (a physical address and other additional information and so
forth) of the recording track at the recording position®PsFEpetdi8 an
optical disk drive can perform address control and so forth upon recording
or reproduction of data by denodul ating the address information and so
forth fromthe wobble signal. It is to be noted that, while the enbodi nent
of the present invention described belowis 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 opticalfodingk, foo dhsehihdndmaédondofigthheerbodtmeént;is recorded on a
land is applied. Further, the present invention can be applied also to an
optical disk of tREG. |Zhdiand ook edtsfoamidy 4 \ieswherieien data is
recorded on both of a groove and a land. Here, in the optical disk 1 of

t he presentppdfabubeeenbre 2f06dimehesdi aeat, two nodul ation nethods are
used to nodul ate address information on the wobble signal. One of themis
an MBK (M ni mum Shi¢! 3@yind pmski ali f-dmidod: e e OliPragps ra thgt hod
wherein an even-nunbered order harnonic signal is added to a carrier
signal of grstne waM8qaadmdntthe polarity of the harnonic signal is changed
in

Best Mode for Carrying Out the Invention
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 ... LTIl

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."Summar§
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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accordance wth the sign of nodul ati on object data to ngﬁulate %ﬁﬁh
modul ation 'object data. In the following, the modul ati BHEHEPRY erein
an even-nunbered order harnonic signal is added to a carrier signal of a
sign wave and the polarity of the harnonic signal is varied in accordance
wi th the sign-of nodul ation object data to nodul ate the nodul ati on obj ect
data is referred to as HW (HarMnic Wave) nodul ation. In the optical disk
1 of the present enbodinment, a block in which a reference carrier signa
wavef orm of a sine wave of a predeterm ned frequency appears continuously
for a preddeernanddApdresdess formed as shown in FIG 3.., In the block, a
wobbl e signal is generated which includes an MSK nodul ation part in which
MBK nodul at ed 2adihessSyind @arati on is inserted and an HWV nodul ati on part
in which HW nodul ated address information is inserted. In other words,
MBK nodul at ed 2-addr.egmtahfeyrgrat i on and HWMW nodul at ed address i nformation 18
6 Decenber 2006 are inserted at different positions in the block. Further,

one of two camrzen sithitlehr@aetF khet RGN ahrdriReonave used for the MSK
nodul ation and a carrier signal for the HWVnodul ati on are used as a

reference carpier, signalss $RaeHLRSY Rer eiipabgye. Further, the MK
nodul ati on part

3. ECC Format of the Disk Information

4. Disk Drive Apparatus

5. Disk Production Method

1. Wobbling System of the Disk

1-1. General Description of the Wobbling System

LI AR optical disk 1-of -an embodiment of the present . ... ..

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 ié taken,
then a convex land L and the concave groove GV are formed
‘alternately aé seen in FIG. 2.

The groove GV of‘theroptical 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
'correspoﬁding to a wobble signal. Therefore, an optical

-disk drive can reproduce the wobble signal by detecting
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and the HMW nodul ation part are disposed at different RY itignsoég t he

bl ock, and a reference carrier signal for nore than one %%PW &4 di sposed
bet ween the MSK part and the HWVpart. It is to be noted that a portion in
which data is not nodul ated and only a frequency conmponent of a
-reference--carrier-signal--appears is hereinafter referred- to as nonotone
wobbl es. Further, in the following description, the sine wave signal used
as a reference carrier signal is Cos(w). Furthernore, one period of the
reference carrier signal is referred to as one wobble period. Further, the
frequency ohet hpprefiteendgecarsiktionsi ghathesgfogee &Y ofrethe i nner
circunference to the outer <circunference of the optical disk 1 and is
defined i nrefiteotddntéghtt bfaarhatroapbtpldi thithendtedanpveldoety when a
| aser spot noves along the recording track. 1-2. MSK Modul ation In the

f ol | ow ng, gtbeveodul ahdoaxteibotsg ofat het MoK cdifipbndecenberti2906

nodul ati on and the HWN nodul ation are described in nore detail. Here, the

nodul at i onoppé Bote 0k dgddpesst ibné ok MBhi PAsHOEL Whb Ch dhek MRk slul at i on
method is used is described first. The MSK nodul ation is a kind of FSK
(Frequencydirection when the laser spot LS moves along a recording
t£ack.
The wobble signal includes modulated address
information (a physical address and other additional
- information and so forth) of the recording track at the
recording position. Therefore, an optical disk drive can
" perform address contrecl and so forth upon recording or
—-reproduction-of-data by-demodulating the-AaAaEESS o r i < e
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
cptical diék 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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Shift Keying) nodul ati on having a conti nuous phase in i.ch the npdul ation
index is 0.5. The FSK nodulation'is a nethod of nndula??hﬁmg%aggﬂgf "Q"
and "1" of nodul ation object data in a corresponding relationship to two
carrier signals of a frequency fl and another frequency f2. In particular,
the FSK nodul ation is a nethod wherein, if the nodul ation, -object-data
1"0", then a sine waveformof the frequency fl is outputted, but if the
nodul ati on object data is "1", then another sine wave of the frequency f1
is outputted. Further, in the case of the FSK nodul ati on wherein the
phases coneithgdinene, phasesdelatiwoncaetheds siynalsedont imudubate
changeover timng of the sign of nodul ati on object data. In the FSK

nodul at i onaddresdulafoomaihoexom tee webbhedsidiel noduweataforthendes mi s
defined by m=1[fl - f2IT where T is the transm ssion rate of the

modul at i onanbjigkt (Mitaimuf t $efof Kaylhgmahdesiacoste therigid) . Thee phase-
conti nuous FSK nodul ati on where mis 0.5 is called MSK 20 6 Decenber 2006
nmodul ati onotherthe pphéERdd diskrdinthe sese hengiied ©fdeatiimdiien obj ect

data to be MSK nodul ated is equal to tw ce the wobble period as seen in
FIGS. 4A agfgd 14 d&ded to a carrier signal of a sine wave and

the polarity of fhe harmonic signal is changed in

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

1" accordance -with-the sign-of modulation object data o il

modulate the modulation object data is referred to as HMW
(HarMonic Wave) quulétion.

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 frequeﬁcy 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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to be noted that the code |length L of nodul ati on obj ect &%%a may be any
~length only if it is equal to or greater than tw ce t he® B'Ib%’%gf?iod and
equal to an integral nunber of tines 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 signal while the other is set to 1.5 tines the
reference carrier frequency. In other words, one of the signal
wavef orms-for-use with the MSK nodulation is Cos(wt) or -Cos(w) while the
other is Cos(l1l.56)t) or -Cos(1l.5wm). In order to insert nodul ati on obj ect
data into arewdbbketsidgnil doffementppbsakidnskit ktheabtordancBuwmihdr, t he
MSK nodul ati on nethod, a differential coding process is perforned for a
dat a streammef ofhéwnodakateonsdbhets edahainhnthecfoek ofiid sbme esponding to
the wobbl e period as seen in FIG 4C. In particular, the streamof the

modul at i onwabgeakedatarantdedgbRyRdddataioht ahded byrriel ayidgal heor
nodul ati on object data by one period of the reference carrier signal are

di fferenti ghbynmnenatiadatIbg adat 8s88t akngdrbyetbgcdi Eder oot i o gerdi ng
process is 21 -- ------ --------- ---- 6 Decenber 2006 referred to as
preche dagascFhe8a BHEBiRLE6Rde dala e NBIE mRaulRA #Q on part
~and the HMW modulation part are disposed at different
positions in the block, and a reference carrier signal
for more than one period is disposed'between the MSK part
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
'[W5;referencemearriégﬁgiéﬁélLép@éé%@;iéJhéréinéfﬁéfﬁféféfﬁédlﬁﬁ}}"LW”W¥,
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
circumferencé of the optical disk 1 and ié defined in
accordance wifh 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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generate an MSK stream The MSK stream has such a signal _waveformthat, as
shown in FIG 4D, when the precode data is "0", the MSKEQeEERRERBibits a
wavef orm (Cos(ot)) of the frequency equal to that of the reference carrier
or an inverted waveform (-Cos(ot)) of the waveform but when the precode
data is "1", the MSK streamexhibits a waveform (Cos(1l.50t)) of a
frequency equal to 1.5 times that of the reference carrier or an inverted
waveform (-Cos (1.50t)) 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,

t hen t he singdalladvef eang d¢het W MBHuibtéam has desefrabeg Di @oséot),
Cos(ot), Cos(l.50t), -Cos(Qt), -Cos(l.5w) and Cos(Gt) for each one
wobbl e pedietdids sBenej ntktGuoditlathom heeolpbd cat adidkeds address
information is nodul ated on the wobbl e signal by converting the wobbl e

si gnal i ntansuehaanohBifost WadghashdemsKi heduakeyen metBodWheress®dul ation
object data is differentially coded and then MSK nodul ated as descri bed

above, syngkraeeusidetegtirgr of the nodul ati on object data is possible.
The reason why synchronous detection is possible in this manner is such as

Iﬁlel ows. 22 6 DeopmbensRORGaul & b foS enti ald Yo£osed datan(dygeode data),

Shift Keying) modulation having a continuous phase in
which the modulation index is 0.5. The FSK modulation is
a method of modulating codes of “0” and “1” of médulation
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,
w3 E Ehe-modulation object data-is-“0%, then-a sine
waveform of the frequency fl is'outputted, but if the
modulation object data is “1”, then another sine wave of
the frequency fl1 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= |f1 - £2|T
where T is the transmission rate of the modulation object
~ data (time of a 1/smallest code length). The phase-

continuous FSK modulation where m is 0.5 is called MSK
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bit rises (to "1") at a code changing point of the nodul ation object data.
Since the code length of the nodul ation object data is @aﬁﬁm 2P greater
than twice the wobble period, the reference carrier signal (Cos(Q)) or
the inverted signal (-Cos(ot)) of the carrier signal 1is inserted in the

| atter half of the code |ength of the nodul ation object data w thout fail.
If a bit of the precode data exhibits "1", then a waveform of a frequency
equal to 1.5 tinmes that of the reference carrier signal is inserted, and
at the code changeover point, the waveforns are connected to-eachot her
with the phadesatibereof adjusted to each other. Accordingly, if the

nodul ation object data is "0", then the reference carrier signal waveform
(Cos(ot)) is exhilu ttets dmitiddl tdiesk Mdulla icodieobjeeetchdat @i s "1", then the
inverted signal waveform (-Cos(wt)) of it is exhibited. Since the

synchr onougsodel £e1 bRNoloW Prit dexdi Hbt Be aMPRShdYE e Ues idqud herphase i's
sane as that of the carrier signal but exhibits a negative value if the

phase is revesseth® kdbie Obet 8 CAET E8En SIYNBGs | f45uaty afs Mok rmadul at ed
signal as described above is synchronously detected with the reference

_ . : - : - . d. 23 6
ct:)g(r:(rahg;rs%%g& Adedy thes fodul ati e Pbiect dal@ nddh e demdilat e

data may be any length only if it is equal to or greater
than twice the wobble period and equal to an integral
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.

~iiIn-cther words, one of the signal waveforms for -use with - - -

the MSK modulation is Cos(wt) or -Cos{wt) while the other
is Cos(1l.50t) or -Cos(l.5wt).

In order to insert modulation 6bject 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 corrgsﬁonding to the wobble period
as seen in FIG. 4C. 1In 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-differentiélly operated. The

‘data obtained by the differential coding process is
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It is to be noted that, since the MSK nodul ati on adjusts ée gﬁ %ig at each
code changeover point in nodulation, a delay is generat% Brd% he | evel
of the synchronous detection signal is inverted. Therefore, when such an
MBK nodul at ed signal as described above is to be denodul ated, for exanple,
an integration wi ndow for the synchronous detection output is delayed by a
1/2 wobble period so that an accurate detection output nmay be obtai ned.
FIG 5 shows an MSK denodul ation circuit for denodul ati ng nodul ati on
object data fromsuch an MSK --stream as descri bed above. Referring-to
FIG 5, theckBKrdénbdukatpoacodecdiata.l10 includes a PLL circuit 11, a
timng generator (TG 12, a nultiplier 13, an integrator 14, a sanple/hold
(SH) circuit 15Tt aswsth qereddddli datld. arte WHID I Ei1gald U¥BK nodul at ed
strean) is inputted to the PLL circuit 11. The PLL circuit 11 detects edge

conponent sgkhertBeanonbkessrgaal iTHutMed dtheret hd sugener atiggnawobbl e
cl ock synchronized with the reference carrier signal (Cos (cot)). The

gener at ed ywabBEB fl O8KL] SasSHRBIAeInt PrENCsD] MiReL SENET R QEode-qdte timi ng
generator 12 generates a reference carrier signal (Cos(wt)) synchronized
with the “@Qbh§7,2€he MSK stream exhibits a waveform (Cos(wt)) of
the frequency equal to that of the reference carrier or
an inverted waveform (~Cos(wt)) of the waveform, but when
the precode data is “1”, the MSK stream exhibits a
- waveform (Cos(l.50t)) of a frequency equal to 1.5 times
that of the reference carrier or an inverted waveform
{-Cos{1.50t)) of the waveform. Accordingly, if the data
—string of -the -modulation-object-data has-a pPattern-: of -« .. .
- “010” as seen in FIG. 4B, then the signal waveform of the
.MSK stream has waveforms of Cos{et), 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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6 Decenber 2006 signal inputted thereto. Further, the tjipmn e ator 12
generates a clear signal (CLR) and a hold signal (HOLD) %P%%ﬁ$gﬁgﬁénbble

clock. The clear signal (CLR) is a signal generated at a tim ng del ayed by
a 1/2 wobble period from a start edge of a data clock of the nodul ation
obj ect data whose m ninum code length is equal to twice the wobble
period. Meanwhile, the hold signal (HOLD) is a signal generated at a
timng delayed by a 1/2 wobble period froman end edge of the data cl ock
of the nodulation object data. The reference carrier signal (Cos(ct))
generated by the IRnflhffgenntaedlyl@oiied-dappl ipdetods hdabal t itpid er
13.--.The clear -signal (CLR)- . generated by the timng generator 12 is
suppl i ed t ®itheisest ddroatdr’)14t Theodel dhanghaly oHOhD) ofenkeat ed by the
timng generator 12 is supplied to the sanple/hold <circuit 15. The

mul tipli er mb8uiskibpl okg eiche dathbl esbhgaathe | dpak t Bshgtheret ocy t he
reference carrier signal (Cos(ot)) to performa synchronous detection

process. Thedulyntbhnobbysky datactedegqUbPUtoSbyngkehtesUpRhhedyiget he
integrator 14. The integrator 14 perforns an integration process for the

signal syneheopepsly geteshedihy tBecPUhtiPLh8tiet3sibhalS (E9sbfeypted that
the integrator 14 clears its
or the inverted signal (-Cos{wt)) of the carrier signal
1s inserted in the latter half of the code length of the
modulation object data without fail. If a bit of the
precode data exhibits “i“, then a wavefofm of a frequency
equal to 1.5 times that of the reference carrier signal |
is inserted, and at the code changeover point, the
~o-Waveforms-are connected-to-each -other with the phases —
thereof adjusted to each ofher. 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 demoduléted.
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25 6 Decenber 2006 integrated value to zero at a generaéb%nnéj '%g of the
clear signal (CLR) generated by the tim ng generator & 8%%1 / hol d
circuit 15 sanples the integrated output value of the integrator 14 at a
generation timng of the hold signal (HOLD) generated by the timng
generator 12 and holds 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 val ue and
outputs the binarized value with the sign reversed. Then, the output
signal of the slitt tsrtailbe fotedkesatensdntat ede notkiisddwietobjrect dat a.
FIGS. 6 and 7 show a wobbl e signal (MSK strean) generated by the MSK

modul at i on adigsettisbeticabheecobt sadhl abiden chbngebvdat poohtaifdata string of
"0100" and output signal waveforns fromthe circuits of the MK

denodul at i endeileedich, 1@ waenyt he webbkatrshgBakors tARULEEHILt 8t BRe MBK
denodul ation circuit. 10, respectively. It is to be noted that the axis of

absci ssa (Bynehrbh68s BeaBdt{ohndigakes ikhenpetiad. n efrd hemgbbl e
period. FI 6 shows the inputted wobble signal (MSK stream and the
synchronoug,gat 8t MR ABHAYLL8HIBRLNEVBKX30R8EYE2d above is to be
demodulated, for example, an integration window for the
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 demodulation circuit for

demodulating modulation object data from such an MSK

st ream-as-desceribed-above s

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, énd 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 generatés a reference

carrier signal {Cos(wt)) synchronized with the wobble
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of the wobble signal. Meanwhile, FIG 7 shows the 26 6 Decenber 2006

i ntegrated output value of the synchronous detection ou?Bﬁ?mgﬁbﬁQP, t he
hol d val ue of the integrated output value, and the denodul ated nodul ati on
object data outputted fromthe slice circuit 16. It is to be noted that

t he reason why the denodul at ed nodul ati on object data outputted fromthe
slice circuit 16 is delayed is a processing delay of the integrator 14. As
described above, where nodul ation object data is differentially coded and
then MSK nodul ated in such a nanner as described above, synchronous

det ecti on efighhdé impdaitati dheabjtect Batahés, possitimging mydrerapit cdadl di sk 1
address informati on MSK nodul ated in such a manner as described above is
included igenelretwsbhl elebgnatgndieneragdaagsai nboamat §eali sHOMBK) nodul at ed
and inclined in the wobble signal in this manner; the amount of high
frequency gegporeat sobbtkudedckin the wbb essdhoml (dik) edieedignal
Accordingly, accurate address detection can be anticipated. Further, since
the MK ngaalearaeedaa@rgsmmmﬁgra@ihfgedl Byl BS@rbeflobio pEPNGY OpFopobDI es,
crosstal k which the address information Tty apply to ad?acent tracks can

be reduced, 3RdrtCEASEAYENL! YathNE1SEN LRt LRe CADaREAL B OYEFecEUr ther, in
data whose minimum code length is equal to twice the
wobble period. Meanwhile, the 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

il supplied-to- the multiplier 13+ The clear signal (GLR) o i

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 synchrohous de;eétion 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. It is to be noted that the integrator 14 clears its
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t he present optical disk 1, since MSK nodul ati on obj ect ata.c e
synchronously detected and denodul ated, 27 6 Decenber Zoﬁgaxﬂ@ﬁﬁgﬁgation of
t he wobbl e signal can be performed accurately and sinply. 1-3. HW
Modul ati on How, an address information nodul ati on nmethod which uses the
HMW nodul ation is described. The HWVnodul ation is a nodul ati on nmet hod
wherein an even-nunbered order harnonic signal is added to a carrier
signal of a sign wave and the polarity of the harnonic signal is varied in
accordance with the sign of nodul ation object data to nodul ate codes. In

t he opti calintlegkatedt heloar tbecesbgaal af genéhet i IMN fatudy adf othés a si gnal
of the sane frequency and the sane phase as those of the reference carrier
signal (Cosewuk) pighath (CERY hgesarhtes 5y ofRé fonihfeqdicar®gdulation. As
an even-nunbered order harnonic signal to be added, %in(26)t) and
-Sin(26)t) which @ KGN/ 15 derci RO £ 60 the dirf angnes-Gakyier

signal (Cos(w)) are wused, and the anplitude of themis set" to an

anpl i tude ghtpad2y g, ¢ Eﬁépﬁ?ﬁ%e%_ﬁ?a{: Poﬁp%%h#gfeﬁéré@ﬁoﬁeéﬁﬁd%ei . set

carrier signal. The m ni num code | é&ngt Ion object

‘to twice the %Hgbﬁgbﬁegiggaip?ﬁbﬂg)O&enerated by the timing

generator 12 and holds the sampled value until a next
hold signal (HOLD) is generated.

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

sign reversed.

"i?fff*;*Thenrﬁtﬁélbﬁtput5signal“6f;éﬁé*éiiééibiféﬁit716*";m”“““5*”“':V5

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 inpﬁtted 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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the reference carrier signal). Then, when the code of t .oNn obj ect
data 28 6 Decenber 2006 is "1", Sin(2rat) is added-toh§ﬂggg§%$%%§ si gnal ,
but when the code of the nodul ati on object data is "0", -Sin(26)t) is
added to the carrier signal to perform nodul ati on. Signal waveforns where

t he wobbl e signal is nodulated in accordance with such a nethod as

descri bed above are illustrated in FIGS. 8Ato 8C. FIG 8A shows a signal
wavef orm of the reference carrier signal (Cos(cot)). FIG 8B shows a

si gnal waveform of the reference carrier signal (Cos(Gt)) to which

- Sin(2w) isnbddedtetdhattpst walise gl thavefochrodens tdetawdidrat i on obj ect
data is "1". FIG 8C shows a signal waveformof the reference carrier
-signal (Costp)t)sitmalhithe -I9HId =zl ) o8 alddlelhtddhaitddd, otpud gnal

wavef orm when the nodul ati on object data is "0". It is to be noted that,
while, in vheueptisal tilé skemdduldeedanidani £t b9t jddx kxtappl ied to the
carrier signal is a second order harnonic, it is not limted to the

second or deiitH@t fedi £xolUEhany1 Sbdnal r ARy bes added jisf ol bel 808Bd
even- nunbered order harnmonic. Further, while, in the optical disk 1, only

a second ofkiet 1 M Sod SHAAAREL qhU & dd Indu ANTRN b Y gnal s may be
applied sinultaneously such that both of a second order harnonic
data outputted from the slice circuit 16 is delayed is 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.

S Inethe optical disk 1, address {nfOrmATLOR-MEK e

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 thé
MSK modulated address information is inserted into
monotone wobbles, crosstalk which the address information
may apply to adjacent tracks can be reduced,.and
coﬁsequently, the S/N ratio can be improved. Further, in
the present optical disk 1, since MSK modulation object

data can be synchronously detected andldemodulated,
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and a fourth order harnonic are added simultaneously. Fbéﬁem%ﬁEFﬁ)gnly
positive and negative even- nunbered order harnonic signals are ag ed to
the 29 6 Decenber 2006 reference carrier signal in this manner, fromthe
characteristic of the generated waveform it is possible to synchronously
detect the generated waveformw th the harnonic signals and integrates the
synchronous detection output for a period of tinme of the code | ength of
the nodul ati on object data to denodul ate the nodul ati on object data. FIG
9 shows an HWV denodul ation circuit for denodul ati ng nodul ati on obj ect
dat a from demsshiletsiognalf thM\wobblkatségnad sachba penfiermad descri bed
above. Referring to FIG 9, the HWVdenodul ation circuit -2b-includes -a
PLL- ci r cui ecZliragellyl mndgsgepéryator (TG 22, a multiplier 23, an

~integrator 24, a sanple/hold (SH) circuit 25 and a slice circuit 26. A

wobbl e signal (HMWN nodul ated stream is inputted to the PLL circuit 21.
The PLL circuit 21 detects edge conponents fromthe wobble signal inputted

thereto to ueReraf®e Moawhbl el ock synchronized with the reference
carrier signal (Cos(wt)). The generated wobble clock Js supplied to the
timng generator @dy, an address information modulation method which
uses the HMW modulation is described.
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.

© Inthe opticaldisk 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(mt))-which is the carrier signal for the MSK
modulation. As an even-numbered order harmonic signal to
be added, Sin(2et) and -Sin{(2wt) which are éecond order
harmonics of the reférence 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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The tim ng generator 22 generates a second order harnonic signal
(Sin(2wt)) synchroni zed with the wobbl e signal inputtedSPﬁ@FgﬁémO?urther,
the timng generator 22 generates a clear signal (CLR) and a hold signal
(HOLD) 30 6 Decenber 2006 fromthe wobble clock. The clear signal (CLR) is
a signal generated at a timng of a start edge of a data clock of the
nodul ati on obj ect data whose m ni num code |length is equal to twce the
wobbl e period. Meanwhile, the hold signal (HOLD) is a signal generated at
a timng of an end edge of the data clock of the nodul ati on object data.
The secondsorder, lkanmeeit¢ sSisgadde@Stn( 26kt Fargeser ai gdaby bbe whémi ng
generator 22 is supplied to the nultiplier 23. The clear signal (CLR

generated Byet bedel Bitngnhgeneualotidd obgesdphtgdiso~phe istegratpr 24. The
hol d signal (HOLD) generated by the timng generator 22 is supplied to the -

sanpl e/ hol ¢ sChiallt +85théheaMhibirPki §ha?23tBUbELPbRSMbAE ¥RDEL € si gnal
dinputted thereto by the second order "harnoni¢c signal (Sin(2w)) to perform

a synchronous det%féﬁ&f PLPLES %.J' éygﬁgw6gg¥ﬂﬁg%fgg%rcggg out put si gnal

is supplied to the integrator : e integrator orms an

| ntegrati OfoRL9GEsS hoLctBEasheR s BHNSRERNS RL¥ndlE! 81 88 ¥s 08
above are illustrated in FIGS. 8A to 8C. FIG. BA shows a
signal waveform of the reference carrier signal (Cos{wt)).
FIG. 8B shows a signal waveform of the reference carrier
signal (Cos(wt)) to which Sin(2et) is added, that is, a
signal'wavéférm when the modulation object data is “1”.
FIG. 8C shows a signal waveform of thé reference carrier

~ie-signal-{€os (0t} ) -to which —Sin(2et) 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 is added,
a plurality of harmonic signals may be applied
'simultaneously such that both of a second order harmonic
--and a fourth ofder harmonic are added simultaneously.
Here, where only positive and negative even-

numbered order harmonic signals are added to the
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23. It is to be noted that the integrator 24 clears its _integrated val ue
to zero at a generation timng of the clear signal (ClFﬁD PoE00F by the
timng generator 22. The sanple/hold circuit 25 sanples the integrated

out put value of the integrator 24 at a generation timng 31 6 Decenber
2006 of the hold signal (HOLD) generated by the tim ng generator 22 and
hol ds the sanpl ed value until a next hold signal (HOLD) is generated. The
slice circuit 26 binarizes the value held by the sanple/hold circuit 25
using the origin (0) as a threshold value and outputs the sign of the

bi nari zed redfkwencéhearrt.be ettpefl $hgnhlsomahbers| Feemctheuit 26 nmakes
denodul at ed nodul ati on object data. FIGS. 10, 11 and 12A to 12B show si gnal

wavef or ms chaedcteritbecHyiV andubshiteatdesnaibedrapove of poskdistd on
obj ect data of a--data- string of -"1010", a wobble -signal generated by

t he HVW noddl avhenrandusuypdbtebandhe YENEELEEE F508FLAR ®wifkuits of the
HWV denpdul ation circuit 20 when the wobble signal is inputted to the HW

dermodul ati AArAbAEHI §14Ra15C8RQCEAYELYatbl {5 OyRENROLSEs dd@dctits axis of
abscissa (n) of FIGS. 10 to 12B i ndicates t%eg%erlod nunber of the wobbl e
period. FIGed0r for a period of time of the code length of the
modulation object data to demodulate the modulation
object data.
FIG. 9 shows an HMW demodulation circuit for
démodulating modulation object data from a wobble signal
HMW modulated in such a manner as described above.
Referring to FIG. 9, the HMW demodulation circuit
~-20-includes a-PLli-circuit 21; atlmlnggene rator-(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
fo 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 wobblé clock is
~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, tﬁe timing generator 22

generates a clear signal (CLR} and a hold signal (HOLD)
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shows the reference charier signal (Cos(w)), the nodul ation object data
of the data string of "1010", and the second order harn® P%mgﬁghﬁﬁ
(Sin(2cot), -12 dB) generated in response to the nodul ati on object data.
FIG 11 shows the generated wobble signal (HWstrean). FIG 12A shows

t he synchronous detection output signal (HMWWx 32 6 Decenber 2006
Sin(2cot)) of the wobble signal. FIG 12B shows the integrated output val ue
of the synchronous detection output signal, the hold value of the

i ntegrated output value, and the denodul at ed nodul ati on obj ect data

outputted ffrom the sidokeecicnedkt 2fheltlésrtoidganofexR) tiata tdiggdagason why
t he denodul ated nodul ati on object data outputted fromthe slice circuit 26

i's del ayedgeneaatprocessi Remdahayrob kharikntageaber a ldatfscsskrbbed above,
where nodul ati on object data is differentially coded and then HWV

modul at ed tReSHERUAatTBANGL 88t I856LT REESRDRAY RimENNEDAONDAIS  det £t i on of
the nodul ation object datais possi I'n the optical dIS% 1, address

bl e.
| nfor mat | 0Bt LBDAWhakedne! NoBYEl BoRBAC WS RRAId PathAlME I s | nel uded

in the wobbl'e signal. Were address romation i's ed and

igg{i?g?eLE%ﬁgs%ﬁgHBhﬁ)skgng's£8n£f‘Seng%QQS&’aErquEQfHQQQFPgﬁegéé can be

edge of the data clock of the modulation object data. The
second order harmonic signal (Sin(2wt)) generated by the

timing generator 22 is suppliéd to the multiplier 23. The
ciear'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/hoTd cireuit 25. - o

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 é4-performs an integfation process
for the signal synchronously detected by the multiplier
23. It is to be noted that the integfator 24 clears its
integrated vaiue'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
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anount of high frequency conponents included in the wobble signal can be
reduced. Consequently, the S/INratio of the denndulatio%bﬁﬁngVﬁﬂ? t he
wobbl e signal can be inproved, and accurate address detection can be
anticipated. Further, also the nodulation circuit can be fornmed froma
carrier signal generation circuit, a generation circuit for a harnonic of
the carrier signal 33 6 Decenber 2006 and an addition circuit for output
signals of the two generation circuits, and is sinplified significantly.
Further, since high frequency conponents of the wobble signal are reduced,
al so nast epifnghepbrltiosdgnidn (BPLDdpuenaratedkbyi shéaciminat ed.

Furt hernore, since HWVN nodul ated address information is inserted into
nonot one wgbbkestotrh@2 endskbalk thebsamppédedalveadpacknt nexicks can be

reduced, and consequently, the S/Nratio can be inproved. Further, in the
present ophbtal sdgakll (HeLDreikMfénedatasied data can be synchronously
det ected and denodul ated, ---denodul ation of the wobble

si gnal - - - can- be- peid asTRsk @B &l ¢/ ButhiSi A8 Yehel vR1uUREIY bAs descri bed
above, in the optical disk 1 of the present enbodi ment, an MSK nodul ati on
method andtpe EMMble/hold circuit 25 using the origin (0) as a
threshold value and outputs the sign of the binarized
valué.
Then, the output signal of the slice circuit 26
makes demodulated modulation object data.

FIGS. 10, 11 and 12A to 12B show signal wavefoxrms

used for the HMW modulation described above of modulation

-..object -data-of a data string of “10107, -a wobble Sigaal " il

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, respeétively. It is to be noted
that the axis of abscissa (n) of FIGS. 10.to 128
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 (*Sin{2wt), -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
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nodul ati on net hod are adopted as a nodul ati on net hod for__address

i nformation on a wobble signal. Further, in the optical®BPERPE 2998 ne
wave signal (Cos(GQt)) of an equal frequency is used for both of one of
frequenci es used for the MSK nodul ati on nethod and a carrier frequency
used for the HWVnodul ati on. Furthernore, nonotone wobbles in which only
the carrier signal (Cos(ot)) on which no data 34 6 Decenber 2006 1is

nodul ated is included is provided between the nodul ation signals in the
wobbl e signal. In the optical disk 1 of the present enbodi nent having such
a confi gur &lind@w4s ) defcithbedobbdee signadte tNEG. si2Mmasheds titee f r equency used
for the MSK nodul ati on and the harnonic signal used for the HWV nodul ati on
are in a reltegiratsHi putheteivalubeyfdehaokyhoheshene wetbceash ot her,
detection of each of the signals is not influenced by nodul ation

conponent s oaftpiihesothel , stgaaholdherneher e th@eiﬁﬂégﬁéﬁeanéﬁtﬁﬁtion
recorded in accordance with the two nodul ati on net hods can be detected

with certaiatye, AGGOtHENEGEModhNEraQCHbAGYat PokONbY Okt Ofiathe-track-
position and so forth upon recording and/or reproduction of the optical

e S R
that the reason why the demodulated modulation object
data outputted from the slice circuit 26 is delayed is a
processing delay of the integrator 14.

As described above, where modulation objectrdata is
differentially coded and then HMW modulated in such a
manner as described above, synchronous detection of the

'AﬁémédﬁlétionwobjeCtha%a¥iéﬁbc§é£blé£m4?%lwmi?w~?w49w

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
amdunt 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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t he HMWV nodul ati on have the same data contents, then the__addres
informati on can be detected with a higher degree of cer?g?ﬁ?ﬁmr%W?ther
since one of frequencies used in the MSK nodul ati on nethod and the carrier
frequency used in the HWVnodul ation are set to a sine wave signal
(Cos(ot)) of the sane frequency and besides the MSK nodul ati on and the
HWMWWV nodul ati on are perfornmed at different portions in the 35 31 6 Decenber
2006 wobbl e 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 t o ared HWWWarsiti Jadre a1 s  forheuttwm tredinatlisons ¢ae beoper f or ned
very sinply. Further, where the MSK nodul ati on and the HWV nodul ati on are

perforned aferdifdtera@ntcipantiicens aeld dswehibl iFigralsigaidiabntegst a nonot one
wobbl e for one period is included between the two portions, a disk can be

produced wirtdrthed)i gheicdlegipe queq@‘ém@a%mp@ﬁ@n@%m@umbl stgiean addr ess
can be perfornmed with certainty. Application to--a DVR 2-1. Physica

Char act er i $hiiges 10fard DRI quo ﬁl@s%%&]lln%ahggla ¢bhaeigddpess format to
a high density optical disk called DVR Vi deo Recording) is
descri bed. optical disks is facilitated.
Furthermore, since HMW modulated address
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,

”mféaémbdﬁiétion4of%fhé7wObbie¥Sigﬁai%é&ﬁéﬁéépérfdfﬁédﬁvm’~7

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
opticai disk 1, a sine wave signal‘(Cos(mt)) of an equal
_f#equency is used for both of one of frequenbies used for
the MSK modulation method and.a carrier frequency used
for the HMW modulation. Furthermore,'ménotone wobbles in

which only the carrier signal (Cos(et))} on which no data
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First, -an exanpl e of physical paranmeters of a DVR disk to which the
present address format is applied is described. It is t8PBeest &0t hat the
physi cal paranmeters are an exanple, and it is possible to apply a wobbl e
format descri bed below to another optical disk of different physical
characteristics. An optical disk to be formed as a DVR disk of the present
exanple is an optical disk onto which data is 36 6 Decenber 2006 recorded
in accordance with a phase change nethod, and as the disk size, the
dianmeter is 120 mm Further, the disk thickness is 1.2 mm In other words,
fromthe pasametderlstegi den indiededt drs phape deti bhewephi eak disk is sinmlar
to that of a disk of the CD (Conpact Disc) type or a disk of the DvVD
(Digital Versatliatdol sdynkypeinThed asdblwakeqaagth for
recording/reproduction is 405 nm and a blue laser is used. The NA of the

~optical system isnOt88. ofhecsr agksRi i Chr Ofnd Iaskseon whishiphase change

mar ks are recorded is 0.32 pm and the |inear density is ---0.12 }gym
Adata bl oclka@fing4 skBni & U38¢:88ra® 168CALALRELEEBEQAYELEQN U the
f or mat efficieng§ IS approx%gafgli 82 &) TEUS1B%ﬁeH%§g§,O$9%%% g?%neter of

12 cm achisg¥es13o¥Sehed2L8468RAG L¥ell 83 2hEPMERSmodulation and
the harmonic signal used for the HMW modulation are in a
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 4n control of the track-: i

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 mbdulation are set to a sine wave signal (Cos(mt)) of
the same frequency and besides the MSK modulation and the

HMW modulation are performed at different portions ih the
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As described above, the groove recording nethod is used _for the data
recording. FIG 13 shows a |ayout (regional configurati ofPeeimPsf F%entire
disk. As regions on the disk, a lead-in zone, a data zone and a | ead-out
zone are disposed fromthe inner circunference side. Further, froma point
of view of a regional configuration regarding recording and reproduction,
the 37 6 Decenber 2006 inner circunference side of the lead-in zone is a
PB zone (region only for reproduction), and the region fromthe outer
circunference side of the lead-in zone to the | ead- out zone is an RW
(region fowobdder diiggadndupepr addelzeipn, THerl eadmphez0Aeha 8mPAsSEti oned on
the inner side froma radius of 24 mm The range from21 to 22.2 mmin
radius is aiBBAl( BaysbeCatitieagtAr eay. wdbB1BCAihas1 aaru8kque 1D mMokque to
the disk recording nediumrecorded in a recording nmethod of burning out
the recor dimpgullayes. aknthehpbkith860bd NELBRELStE! Be f GUINBHACEA At ed.
concentrically juxtaposed relationship to form bar code-like recorded

data. The rang¢ theM%é- Robf148idn8MhA HBULUSrbindd PLEYESPRGEY. data zone.
Further, where the MSK modulation and the HMW modulation
are performed 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 demodulétion of an address

can be performed with certainty.

2-1. Physical Charactefistics 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 diék'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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In the prerecorded data zone, disk information such as rﬁcom%jnﬁjgnd
reproduction power conditions, information for use for BOFSPBPLf¥8ti on and
ot her necessary information (prerecorded information) is recorded in
advance by wobbling of the groove spirally fornmed on the disk. The kinds
of information nentioned are information only for reproduction, and the
BCA and the prerecorded data zone nmake the PB zone (region only for
reproduction) described herei nabove. 38 6 Decenber 2006 While the
prerecorded data zone includes, for exanple, copy protection information as
t he prer ecdedeFdechfisy mmcosiapiser vitth shphesgy chrogecnmiedhofnf andmason is
used, for exanple, to performthe following. In an optical disk system
accordi ng thet d sk edast, téebddamener rhegil@lemad dFiwehappartet ublskmkers and
disk makers can carry out the business, and a nediakey or a drivekey
represent i ngiskeiessedisstlr.&t mon i Bn priovédedord$, heedh nchogearsdnetidren t he
drivekey or nediakey is recorded as copy protection information. A nedium
or.a drivegikawi,nghtheutedi akayeobrt bRedbpyrekay eapkbesdisabled to
fromrecording and reproducti on basedon the information. In the |ead-in

- zone, a teshaW bfeaatieakOBE @RE 8D (Compact Disc) type or a disk of

. the DVD (Digital Versatile Disc) type.
The laser wavelength for recording/reproduction is
405 nm, and a blue laser is uéed. 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

o012 M - A datd block of—64- KB 48 USed as @ . -l

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 Gbytesf

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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def ect managenent area DVA are provided within the range _from23.1 to 24
mmin radius. The test wite area OPC is used for test wfPEGEAwe" $98n
setting of recording and/or reproduction conditions of phase change narks
such as | aser powers upon recording/reproduction. The defect nanagenent
area DVA is provided to record and reproduce information for managi ng
defect information on the disk thereon and therefrom The range from24.0
to 58.0 nmin radius is set as the data zone. The data zone is a region
into and from 39 6 Decenber 2006 which user data are actually recorded
and reproddvegrasirphmferchangeidar k. thheleadgenf rone58s0at BB 58ose MM i n
radius is set as the | ead-out zone. The |ead-out zone includes a defect

managemnent (aegaosi ohllgr fve rbptotncthen) pagndntrengegidn fsof uthder used as
a buffer area for allowi ng an overrun upon seeking. The range from 23.1 mm

in di anet ebptebatirsumtBeent@Skivki b€ 8hEAlcL@-1HE LA OUELLONEadS t he RW
zone (recording and reproduction region) into and fromwhich phase change

marks are paeoread aBdaheRHOAUERA.orfl#E%: Adth RN o1 456 N A JNRIn of  the

tracks in
The lead-in zone is positioned on the inner side

from a radius of 24 mm. The range from 21 to 22.2 mm in

radius is a BCA (Burst Cutting Area). The BCA has a |

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 recﬁrded

L L @R s e e

The range from 22.2 to 23.1 mm in radius is a
rprerecorded 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
.recqxded in advance by wobbling of the grpove 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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the RWzone and the PB zone, respectively. FIG 14A shows_ wobbl i g of the
groove in the RWzone while FIG 14B shows wobbling of $H&® 865@ in the
prerecorded zone of "the PB zone. In the RWzone, address information
(ADIP) is forned in advance by wobbling the groove forned spirally on the
disk in order to allowtracking. Into and fromthe groove on which the
address 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 6 Decenber 2006
information is foWhelle hawepacteackdpit 6htdPzend. BZcpiaesn tdhe tracks,
recordi ng marks each in the formof a phase change mark are recorded. The
phase changzampiks capg peeeededonn iafbrhgdkofensi tMe0brrd2opathit, 0.08
pm ch bit in accordance with the RLL (1,7) PP nodulation nethod (RLL; Run

Lengt h Ll”hh&@mmﬁ@1oBaEhEYe18re%ﬁ%V%EE§OBEQEECEHBﬁ iﬁ?@fﬁé@goﬁ1fénun1
transition runlength)) or a i Ke met Were a It 1s 1T, the mark

| ength rangesd|r 98k 2%ahB18]. t@npeE?SrﬁnﬁkEﬁgBlﬂgﬁfnégngth i< 21 The

address information is recofded wobb
In an optical disk system according to the present

embodiment, registered drive apparatus makers and disk
makers can carry out the business, and a mediakey or a
drivekey representing such registration is provided.

If hacking occurs, then the driﬁekey 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 managiné defect
informafion on the disk thereon and tﬁerefrom.

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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period of 69T anda wobbling anplitude WA of approximtely 20 n The
address information and the phase change marks are reco?ﬁgﬁw@ﬁ ?hat t he
wavel engt h bands thereof do not overlap with each other so that they nmay
not have an influence on detection thereof. The CNR (carrier noise ratio)
of the wobbling of the address information is. 30 dB after recordi ng where
the band width is 30 KHz, and the address error rate is |ower than 1X10-3

i ncluding the influence of a stepping novenent (a skew of the disk,

def ocusi ng, a disturbance and so forth). Meanwhile, the tracks forned from
t he groovevilidhheset] datBecambert200by PBcoadedofindl Gept4Bubaseaa greater
track pitch and a greater wobbling anplitude than the tracks fornmed from

t he groove phaseheh@bzomardds .FI G 14A. In particular, the track pitch TP is
0.35 }im and the wobbling period is 36T and the wobbling anplitude WA is

approxi mately 40 DRéprghgeTheohass.d had tdes wabblih ngagpes iod de 36T
signifies that the recording |inear density of prerecorded information is

hi gher t haknkhecbaceidi B@nel.i NBRE HeNsidye Oioﬂé‘el&qxf’déé‘fé)rc{@éé&ﬁ Further,

since the shortest phase change mark is 2T, the recording
management area similar to that in the lead-in zone and

is further used as a buffer area for allowing an overrun
upen seeking.
The range from 23.1 mm in diameter, that is, the
test write area, to the lead-out zone is the RW zone
(recording and reproduction region) into and from which
phase change marks are recorded and reproduced.
'7ﬁ¥FiGS§w14A¥éﬁd?14éfShowVaFméﬁﬁérfbf?thewtféékééiﬁ%¥;¥4¥“~w4m7'
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 énd
reproduced as phase change marks.

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

that is, the groove tracks on which-thé ADIP address
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|

| i near density of the prerecorded information is |lower thanthe-recording
li near density-of thephase change narks. No phase chang®PreEMeer ¥%ecor ded
onto the tracks in the PB zone. The wobbling waveformis formed in a sine
waveform in the RWzone, but nmay be recorded in a sine waveformor a
rectangul ar waveformin the PB zone. It is known that, if the phase change
mar ks have a signal quality of a CNR of approxinmately 50 dB where the
band width is 30 KHZ, then by recording and reproducing data with ECCs
(error correction codes) added thereto, a synbol error rate |ower than

1x10- 16 af efoemaetonol secbrfBdcanake acki-e¥rdpifbereporey theyphase change

42 6 Decenber 2006 narks can be used for recording and reproduction of

data. The CNR of ¢hernobblesks et ebigiddan NP Sddl ess cHOfQptdon is 35
dB in a non-recorded state of phase change marks where the band width is

30 KHz. Sughppadedefengt shgRakrguabibyqas,i ugle gag-gagél gﬁ‘f:!qbngsez g%‘ﬁ,ﬁsi ci ent

for the address information If iInterpolation pr

Cont1 MUt Yaxd! SGELLR! LT £ RELEOUUEY,  FOUBYST 2 kb, o S0t dod
X gree of
um/ch bit in_accordance with the RLL (1,7) PP modulation
method (RLL; Run Length Limited, PP: Parity
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

”745péri0d5bfw69T*éﬁ&¥é¥ﬁobbiiﬁg3ampiifﬁdé3WA*of“"”W445~;47
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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signal quality higher than the CNR of 50 dB equal to that of the phase
change narks shoul d be secured. Therefore, in such a PB°P?8#&"552@Rown in
FI G 148, a groove physically different fromthe groove in the RWzone is
formed. First, by making the track pitch wider, the crosstalk from

adj acent tracks can be suppressed, and by doubling the wobble anplitude,
the CNR can be inproved by +6 dB. Furthernore, by using a rectangul ar wave
as the wobble waveform the CNR can be inproved by approximately +2 dB.
The totaling CNR is 43 dB. The recordi ng bands of the phase change marks

and the weBbkesei oft FeGpr e4Bchitedadgtazzenecasek dhifer eahd 43 6 Decenber
2006 from each other and are 18T (18T is one half of 36T) for the wobbles

and 2T for gtbatpRagebEhangeamBl ksudandhbn thbi 6r4E08 forReSNR@h 9.5 dB is
obt ai ned. Accordingly, the of the prerecorded information is

equi val ent ¢ha é%oévgBinaﬂﬁeeKﬁnzbﬁe'3fdﬁlb§ gghimated as a crosstalk
amount from adjacent tracks, the CNRis equivalent to 50.5 dB. In short, a
degree of signal rgyalidysubst and allycePdcd &8 1t °fd g, PRARe change

the wobbling period is 36T and the wobbling amplitude WA

is approximately 40 nm(p-p). The fact that the wobbling

period is 36T signifies that the recording linear denéity

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

~~thanthe 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 ieproducing
data with ECCs (error correction codes) added thereto, a
symbol error rate lower than 1x107'® after error

correction can be achieved. Therefore, the phase change
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marks i s obtained, and the wobbling signal can be used aEProprlater for
recordi ng and reproduction of prerecorded infornation. BPegemPsr2406ystrates
-a nodul ati on nethod of- prerecorded information for form ng a wobbl ed
groove in 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; FMcodes 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 FM code is

repr esent edndnks adrr doplemnd ofoonedddindaindfrddiediairel o& agka.On the
ot her hand, when the bit information is "0", the FMcode is represented in

a frequency equal The one 44 ﬁh@eﬁaﬁbeés%@@arhih& that aphenafdeeHit
information is "1". As regards the wobble waveform an FM code may be

recor ded diireetdnatiior hies 38 mpfim & Mﬁde‘éﬁ‘é%at@ubf BRY set herw se be
recorded in the formof a sine wave as seen in (d) of FIG 15. It is to be

noted that dna@geMrzade At A nalhlg WMeitef Almamyfiave such patterns as

shown in (e) and (f)

: Such a degree of signal quality as just described
is sufficient for the address information if
interpolation protection based on continuity
discrimination is performed. However, for the prerecorded
information to be recorded in the PB zdne, 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.

| Furthe?more,,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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of FIG 15 as the patterns of the opposite polarity to those of (c) and
(d) of FIG 15, respectively. In such rules for FM code FrB8eA ™l #as
descri bed above, the FM code waveform and t he wobbl e wavef orm (sine
waveform where thedata bit-streamis-"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 wobbl e 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 PEseashanddoraaks ane 15iTer(@8a8r ded onef baidt bén365) déseri bed
with reference to FIGS. 16, 17, 18A and 18B. First, FIG 16 shows an ECC
format for thei wodbdtles 45d62Deferbehe?@bbse( changdanayksp badr égaorded and
reproduced in the formof a phase change mark. As an ECC (Error Correction
Code), twotbddegeghran alDER(bdng.di siBaneeobedehefior main data of 64 KB (=
2,048 bytes of 1 sector x 32 sectors) and a BI'S (Burst Indicator Subcode)
are avail able. Maocdadin@ly54KB Nk ustrat@dbidrd @ rdfd HifFokatd on
is equivalent to 52.5 dB, and even if -2 dB is estimated
as a crosstalk amount from adjacent tracks, the CNR is
equivalent to 50.5 dB. In short, a degree of signal
quality substantially equal to that of the phase change
marks is obtained, and the wobbling signal can be used
appropriately for recording and reproduction of
prerecorded information.
s e B LG 15 1 T dsErates- a- modulation - method oFf o Tl
prerecorded information for forming 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.

1 bit of data is 2 ch (a 2~chanhel clock), and when
the bit'information is ™17, 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 “g~,

the FM code is represented in a frequency equal to one
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ECC encoded in such a manner as seen in (b) of FIG 16. _In particular, an

EDC (error detection code) of 4 Bis added to the main BQpeember 4008act or 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-Sol onon) code of the code |ength 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 BISis an RS(62, 30, 33), that is, an RS
(Reed Sol onon) code of the code length 62, data 30 and distance 33. 24
codewor ds &ad fi ety etienFEbe bBBA dhdesmatfipamesstitcture for nmain data in
the RWzone. The data of the LDC described above and the BIS formthe
frame structure showtegdrdpathhé ClibBble ORgvEf SR, - A Sddelahdly eoedf 155 B
whi ch includes data (38 B), a 46 6 Decenber 2006 BIS (1 B), data (38 B)
BIS (1 B), rdaicaded8dByectlBl $n theBForfaba é3§e5iaﬂ?§PQ§eﬂab@ okger
therein. In short, one frane is forned fromdata of 38 B x 4 152 B and

Bl Ss of 1 ﬁa%a%ﬁhb@%@%Eegef9éc§§8@d3§n8thé %6§ﬂeo§ygcsf§é(&éﬁgeas
synchroni zing signal) is disposed at the top of one frame of 155 B. One
bl ock seen in (d) of FIG. 15.
It is to be noted that the FM code and the wobble
waveform may have such patterns as shown in (e) and (f)
of FIG. 15 as the patterns of the opposite polarity to
those of (c) and (d) of FIG. 15, respeétively.

In such rules for M code modulation as described

above, the FM code waveform and the wobble waveform (sine

--waveform) where-the data -bit stream 1s 101100107 as Seen . .. .

in (g) of FIG. 15 are such as shown in {h) and (i) of FIG.
15, respeétively.

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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i ncludes 496 franes. The LDC data are di sposed such that even-nunbered

codewords such as Oth, 2nd, ... codewords are positionedegF“”@V%ﬁgﬁunbered
frames such as Oth, 2nd, ... frames and odd- nunbered codewords such as

| st, 3rd, ... codewords are -positioned atodd-nunbered franes -suchas-Ist,
3rd, ... franes. For the BIS, a code having a nmuch higher correction

capability than the code of the LDC is used, and alnost all errors are
corrected. In short, the BIS uses a code whose distance is 33 while the
code length is 62. Therefore, a synbol of BIS fromw thin which an error
i's detectedusar batugedd e treoiraleddownay repaadicedUpantiecadirngosf an ECC,
the Bl Ss are decoded first. If two adjacent ones of the Bl Ss and the frane

sync FS ina phesl amarsfy weirir.e of FIG 18A are in error, the data 38 B
sandw ched between themis regarded as burst error data. An error pointer

is added to the dataag8pBc TheréPdsesct fdn bcbBEEMDEL 20065 tdye FLror

pointer to performpointer erasure correction. Consequently, the correction
capabi | 1tyzoen (Bendf &isednelenoaeyPe6edyui hhgehr 88t EQNkBNkY BYokge LDC
So rorth.

The BI'S includes address i1 nformation an
‘bytes of 1 sector x 32 sectors) and a BIS (Burst
Indicator Subcode) are available.

Main data of 64:KB illustrated in (a}) of FIG. 16 is
ECC éncoded in such a manner as seen in (b) of FIG. 16.
iﬁ 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,

Férzlé;iésy;wthat~ig;#aﬁéRS%(Réé&¥§éiomon}%¢odewofftheVCOdew%7
length 248, data 216 and distance 33. 304 codewords are
involved.

Meanwhile, for the BIS, data of 72b B shown in (C)
of EIG; 16 is ECC encoded as seen in (d) of FIG. 16. 1In
particular, the BIS is an RS(62, 30, 33), that is, an RS
(Reed Solémon) 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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The address is used where address information by a mobblbng@g;o ve is not
available as in the case of a ROM type disk or in a |ik8&PEEPer Afoecc
format for the prerecorded information is shown in FIG 17. In this

i nstance, for the ECC, two codes are available including an EDC (Long

D stance 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.
In particular, an EDC (Error Detection Code) of 4 B is added to the main
data 1 of ®i€ déc®or, dfat2, 48 B),andBIthd1LBE,i saeacodedrf pratBes2 sectors.
The LDC is an RS(248, 216, 33), that is, an RS (Reed Sol onon) code of the

code | engt {1288, data 238 a8ndddspbas@eid3ord8r €hdewdrnds B eHdwol ved.
Meanwhil e, for the BIS, data of 120 B shown in (c) of FIG 17 is ECC

encoded asoseetirbfie( s Fbrhk@ fidm LBtapakt gubak, stbe; B Sign@n RS(62, 30,
33), that is, an RS 48 6 Decenber 2006 (Reed Sol onon) code of the code

length 62, pdgkac201aRdeadhstaneetad. r5PULa6RIgYORds are involved. FIG 18B
shows a frame structure for the

A frame sync FS (frame synchronizing signal) is
disposed at the top of one frame of 155 B. One block
includes 496 frames.

The LDC data are disposed such that even;numbered
codewords such as Oth, 2nd, .. codewords are positioned at
even-numbered frames such as 0th, 2nd, .. frames and odd-
numbered codewords such as 1st, 3rd, .. codewords are

wi-positioned “at-odd-numbered- frames -such-as-lst; 3rd; = -
frames.

For the BIS, a code having a much higher correction
capability than the codg of the LDC  is used, and almost
all errors are corrected. In short, the RIS 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 ES 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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prerecorded information in the PB zone. The data of the LDC descri bed above
and the BIS formthe frame structure shown. In particul 9PeEHE #9%ne 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 frane is
formed fromdata of 19 B and BIS of 1 Binserted in the data. A frame sync
FS (frame synchroni zing signal) is disposed at the top of one- franme. One
bl ock includes 248 franes. Also in this instance, for the BI'S, a code
having a much higher correction capability than the code of the LDCis
used, and &heostralrl peinbes &vepeafpect pdintdhecehsnee aosysbolonf the BI'S
fron1mﬁth|n which an error is detected can be used in the follow ng

manner. Upon decodomsge@ieranl F,CC hé heoBt&tisn degaded fiy sdan B two
adj acent ones of the BISs and the frame sync FS are in error, the data 10

Bor 9B saadwedhadebetwﬁpareﬂhamthscb@gébﬂﬁgnaén 1% @HéOLD@ata An error
pointer is added to the data 10 B or 9 B. The L uses the error pointer

to carry out pointes EIASIHEL &S e5ddAlls 4th R ARASIETa PR, Angeaquently,
the correction capability can be raised when conpared wth correction only

by the LDCrhe address is used where address information by a

wobbling groove is not available as in the case of a ROM
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-ef-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 |
Codeﬁords are involved.

Meanwhile, for the BIS, data of 120 B éhown in (c)
of FIG. 17 is ECC encoded as seen in (d) of FIG. 17. In

particular, the BIS is an RS(62, 30, 33), that.is, an RS
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The BI'S includes address information and so forth. Int rere ded data
zone, prerecorded information is recorded in the fornlopﬁggﬁﬁﬁbﬁgﬁg
groove, and accordingly, address information by a wobbling groove is not

i nvol ved. Therefore, an address included in the BIS is used for accessing.
As can be seen fromFIGS. 16 and 17, the data and the prerecorded
information in the formof phase change marks adopt the sane code and
structure for the ECC format. This signifies that an ECC decodi ng process
for the prerecorded information can be executed by a circuit system which
perforns arlReed §edenny prdeess tpencodephedythi 62, oflatat 20i andhe f or m of
phase change nmarks and the disk drive apparatus can inprove the efficiency
i n har dwar distahicguBat i diou?-SodddoressaFermtoDyréd. 1. Rel ationshi p bet ween
Recordi ng and Reproduction data and Addresses The unit in recording and
reproduction of theGDVEBB dilskwofa t feati esenicembodiderihd s a recordi ng and
50 6 Decenber 2006 reproduction cluster of totaling 498 franmes fornmed by

addi ng a | prkrareadtar iarBkhatndnsonf enthpaf zgne. frame to
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
ofder 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-inciudes 248 - -~ -

frames.

Also in this instance, 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.
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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each of the top and the bottom of an ECC bl ock of 156 ﬁb n% ($26 frames
shown in FIGS. 18A to 18B. The recording and reproductl 8t &

called RUB (Recording Unit Block). In the address format of the disk 1 of
the present enbodi nent, one RUB (498 franes) is managed in three address
units (ADIP 1, ADIP 2 and ADIP 3) recorded as wobbles as seen in FIG 19A
In other words, one RUBis recorded for the three address units. In the
address format, -one address-unit is formed fromtotaling 83 bits including
8 bits of a sync part and 75 bits of a data part. In the address format, a
reference carrierCengpahehbiyva Wobbterségnabnt oapebitecyroaed lmn a pregroove
is a cosine signal (Cos(w)), and 1 bit of the wobble signal is forned
from 56 pemadgsdofvherheongferened thacoreectignalondy deenhent.BCG 19B
Accordingly, the length of one period (1 wobble period) of the reference

carrier signal isTequBLIStOn6Quiiésesddhess | engshmetioneatdashedoxfh phase
changes. The reference carrier signal for 56 periods which forns one bit

i s herei naht €her pirefrked rdedasiabht zBhe¢kpraterorded informatiénDesenber
2006 2-3-2. Sync Part

recorded in the form of a wobbling groove, and

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

e B OTIAE e e e e L

This signifies that an ECC decoding process for the
prerecorded informatioﬁ can be executed by a cilrcuit
system which performs an ECC aecoding process upon
reproductién 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
Thé unit in recording_and reproduction of the DVR

disk of the present embodiment is a recording and
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FIG 20 shows a bit configuration of the sync part in tHE agg%egﬁﬁunit.
The sync part is a portion for identifying the top of t e unit and
is formed fromfour first to fourth sync bl ocks (sync block "1", sync

bl ock "2", sync block "3" and sync block "4") . Each sync block is forned
fromtwo bit blocks including a nonotone bit and a sync bit. In a signal
wavef orm of a nonotone bit, as showmm in FIG 21A the first to third
wobbl es of the bit block formed from56 wobbles are formed as a bit
---synchroni zation mark BM- and the fourth to fifty sixth wobbles
fol | ow ng tkerbiducsypahcdnistati ofi terklBhMgarnes tenned asrmedobpne wobbl es
(a signal waveformof a reference carrier signal (Cos(GQt))). The bit
synchr oni zatidangmar RiBM a%ea Fognal PLVAMAHOER gerehabEdohy Mbkmavdwl ating
nodul ation object data of a predetermned code pattern for identifying the

top of a bikchl eektnkntppr khaukae, bbBeoRi bf sunehropizaki en 1esk BMis a
signal waveform generated by differentially coding nodul ati on object data

of a predgypppnged goderpakbsronand %h'?@@é'ngsﬁ %BGQQSnCw&kﬁ accor dance
with the sign of the differentially coded dat a. is to be noted that the

”1”'"U”10098cb§8958 kn8f rbPeoadcB: BECEMAEL 2098 called RUB
(Recording Unit Block).

In the address format of the disk 1 of the present
embodiment, one RUB (498 frames) is managed 1in three
address units (ADIP 1, ADIP 2 and ADIP;S) recorded as
wobbles as seen in FIG. 19A. In other words, one RUB is
recorded for the three address units.

'5iﬁ"themaddresé‘formaﬁf*éﬁe4addréS§4ﬁﬁi£9is5formed~W”
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
;arrier signal for 56 periods which forms one bit is

hereinafter referred to as bit block.
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nodul ati on object data is equal to tw ce the wobble perhgg. Iqﬁta% pr esent
exanmpl e, a signal waveform obtained by MSK nodul ati ng GPeH %8 ect
data wherein the value for one bit (for two wobble periods) is "1" is
recorded as the bit synchronization mark BM In particular, the bit
synchroni zati on mark BM exhibits a signal waveform wherein waveforns of
"Cos(l.5 ot), Cos(ot), -Cos(1l.5 ot)" appear successively in a unit of the
wobbl e period. Accordingly, the nonotone bit can be generated by

generating such nodul ati on object data (having a code |ength correspondi ng
to 2 wobbl e petidods) Semc F@@A0...00" as seen in FIG 21B and then MSK
nodul ating the nodul ation object data. It is to be noted that the bit
synchroni zati on nEf&. BMslsowsnserbed omifonlyetido dheonotranedrt of the
sync part but also to the top of all bit bl ocks described bel ow.

Accor di ngl yn thenaddeesdi Ggidl rEps askwed igdyt ifs 4 e ddilorsyayehr oni zat i on
mark BMis detected and used for synchronization, then synchronismof the

bit bl ocksmenttihymgb{@h@ sbgnat thbBahqliessynel¥ oM & nedhgedperi od of 56
periods) can be established. Furthernore, the bit synchronization mark BM

can be usedras dotief £1eBECLEOEouPPRCEINE M1 ELRs | SR IR PPSif4 on of
vari ous nodul ation 53
sync block “2”, sync block “3” and sync bklock “4”). Each
sync block is formed from two bit blocks including a
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 is to be noted that the minimum code length L of the

52




6 Decenber 2006 signals hereinafter described into the th bl oc 0 In the
signal waveformof the sync bit of the first i sync blo B bit),

as shown in FIG 22A the first to third wobbles of a bit bIock formed from
56 wobbles forma bit synchronization mark BM and the 17th to 19th

wobbl es and the 27th to 29th wobbles individually forman MSK nodul ation
mark MM whil e the remaini ng waveform of the wobbles are all nonotone

wobbl es. I n the signal waveform of the sync bit of the second sync bl ock
(sync "1" bit), as shown in FIG 23A, the first to third wobbles of a bit
bl ock for nB@dbiskise okobbtedatar frsabatiadyheohtence athenwoiabkeBM and t he
19th to 21st wobbles and the 29th to 31st wobbles individually forman MK
nmodul at i onperaikdVM Ithi tlee tivee senmi examgp 1 svavefxirgnadf wadve fiwobbl es are al |
nonot one wobbl es. In the signal waveformof the sync bit of the third sync
bl ock (synobt2inbkdtpy MSKshodliadiftyGnoddPatibe ohjest doatis hileranbbl es of
a bit block fornmed from56 wobbles forma bit synchronization mark BM and

the 21st the23alusobblesnangitherdistwbowdBhe Wobbl &8s) ndsvidualdy an MSK
nodul ati on mark MM whi |l e the remai ni ng waveform of the wobbles are all

monot one webbbeged! Astfige Sﬂag@aé ﬁéﬁiﬂ&@ioﬁ fkﬁ‘aﬁy@w bi typf the fourth
sync block (sync "3" bit), as shown in 25A,
particular, the b1t synchronlzatlon mark BM exhibits a
signal waveform wherein waveforms of “Cos(1.5 wt),
-Cos{at), -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% - oo
~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 fo the top of all bit blocks described |
‘below. Accordingly, upon recording or reproduction, if
the bit syncﬁgonization mark BM is detected and used for
synchronization, then synchronism Qf.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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6 Decenber 2006 the first to third wobbles of a bit blo gB forng%mgron156
wobbl es forma bit synchroni zation mark BM and the 23rd ?mwfg wobbl es
and the 33rd to 35th wobbles individually forman MSK nodul ati on mark MV
whil e the remai ni ng wavef orm of the wobbles are all nonotone wobbl es. The
MBK synchroni zation mark is a signal waveform generated by MSK nodul ating
nodul ati on object data of a predeterm ned code pattern simlarly to the
bit synchronization mark BM |In particular, the MSK synchronization mark
is a signal waveform generated by differentially coding nodul ati on obj ect
data. of a spgedésehmireédacade pattedhedndnabl ohat bhg hlbekquency in
response to the code of the differentially coded data. It 1is to be noted
that the m ni mum Iodehéengihal wivéherm pdutiad | opholpectofiattae IS equal to
twi ce the wobble period. In the present exanple, a signal waveform

obt ai ned byyNBKomedul akiyAg modubath pnagbigetmdaharwhergpn, the val ue for
one bit (for two wobble periods) is "1" is recorded as the bit

. synchroni zatkentBaeki B wbBob1Bar biecdl 8BS+ Hhschi Eos¥BghEpHkza5i on mark BM
ethbItS a signal waveform wherein waveforns of "Cos(1.5 cot), -Cos(w),

- Cos(l .5 CQB%bléQp?éEmsHCB§§SBXEE¥rBH1§aH§b£ @Lr LB, Wabh! endeliad-
Accordingly, the sync bit o Irst sync b
to 19th wobbles and the 27th 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 syhc bit of the

second sync block (sync “1” bit), as shown in FIG. 23A,

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. 2434, 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,
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55 6 Decenber 2006 (the sync "0" bit) can be generated gét%e%engggng and
MBK nodul ating such a data stream (having a code |ength® 8§081°*" 1'0°2 wobbl e
periods) as shown in FIG 22B. Simlarly, the sync bit of the second sync
bl ock (the sync "1" bit) can be generated by generating and MSK nodul ati ng
such a data streamas 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 streamas shown in FIG 24B. The sync bit of the first sync

bl ock (the sync "3" bit) can be generated by generating and MSK

nmodul ati ngtsachiastata shriednvabbdbewnfi a BLG b268Bk FormsdtdHrdwe Mot ed t hat
the insertion pattern of the two MSK nodul ation marks MM into the bit

bl ock i s umbhheesf formmt hebinseyhchpopattelos RhrkhEMMSKndothd a230h mar ks
MMinto the other bit bl ocks. Therefore, upon recording and reproduction,
synchroni sgpop58h addbess dhdt tBan3Bed €6t abthshesbbys Maddendeal Bying t he
wobbl e signal to discrimnate the insertion pattern of the MSK nodul ation

nmarks MM i BotheaRi skl Rekuandidhseki R mat {R91at theasém@nein®f the four sync
bits, and denodul ation and decoding of the data part described bel ow can
be perfornpdyeAceR" JENGhY- wébB18s PALA; PRMionotone wobbles.
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. In 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 oo

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 fhe bit synchronization mark BM. 1In
particular, the bit synchronization mark BM exhibits a
signal waveform wherein waveforms of “Cos (1.5 wt),
-Cos(ot), -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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56 6 Decenmber 2006 FIG 26 shows a bit configuration of bhe data art in
an address unit. The data part is a portion in which acPgsrerpstsd

address information is placed and is formed from 15 flrst to flfteenth
ADI P bl ocks (ADIP block "1" to AD P block "15"). Each ADI P bl ock incl udes
one .nonotone bit and four ADIP bits. The nonotone bit has a signal
waveformsimlar to that shown in FIG 21A Each of the ADIP bits
represents one bit of actual data, and a different signal waveform is
exhi bi ted dependi ng upon the contents of the code of the 1 bit. If the
code cont erftser egnes@At’'ediby aanAbBePgbhtrated bi"gehbdeatihe &ndsMSKo third
wobbl es of the bit block formed from56 wobbles forma bit synchronization
mar k BM andduhetidghstiehlat Havwabbtesamon AaainyBK o®del aéhebh nedkal MM and
the 19th to 55th wobbles forma nodulation part of the HW"I" wherein
Sin(26)t) ks addedbte pbeib@EPr8BCEhokAl Lher1al omss . ( Gas(tani whide al | the
remai ni ng wobbl es have a wavef orm of nonotone wobbles. In particular, an

ADI P bit whoge EQ@eoﬁoﬂhénéécéﬁﬁr§§ﬁetbléckc"f‘f'h$’es genefatgd pycgener ati ng
and. MSK nodul ati ng such a nodul ation object data %haV|ng a code length
equal to 2p.WohhLe,PELI B QséeﬁéraQQQSOQAQOMSKQ&od@faéfﬁ@ k1 5 g2/ B and

stieam as shown in FIG. 23B. The sync bit of the third

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
Qf 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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addi ng Sin(2wt) having an anplitude of -12 dB to the 19th_57 nmber
2006 to 55th wobbles of the signal waveform after the NER ‘Wﬁﬁgﬁgged 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 formed from56 wobbl es
forma bit synchronization mark BM and the 15th to 17th wobbles form an
MBK nodul ation mark MM and the 19th to 55th wobbl es form a nodul ati on
part of the HWV"0" wherein -Sin(2cot) is added to the reference carrier
signal (Cos(ot)) while all the remaining wobbles have a waveform of
nmonot one wobbl es. FIR- parshews ax , ban ooOhPipitawhose Tode cattemartare " 0"
can - be generated by generating and MSK nodul ati ng such a nodul ation

obj ect dat &1y lzaviadiglrassodeitengliie edubh par? isvoblpertpesr ads)whaisch
"100000010...00" as seen in FIG 28B and adding -Sin(2ot) having an

anpl i tude attud2 dBttoofheddi8th tarbrimhtwohblespicédeasdignal waveform
after the MSK nodul ated as seen in FIG 28C. As described above, the bit

contents offotrmedABrBm bbt $iase HbsFimgubabRIATEPERTH RS ummﬁ he1bapert ed
position of the MSK nodul ation mark MM I n particular, if the MK

modul at i onmar koMybire bnsgkt edsi i t hes d3tAbi® pith MRARIRS Jdden this
represents that the ADIP bit is

monotone bit and four ADIP bits.

The monotone bit has a signal 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 barticular, an
ADIP bit whose code contents represent “1” can be
generated by generating and MSK modulating sﬁch a
modulation iject 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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“1", but if the MSK modul ation mark MMis inserted in thg, %%%Qr%ﬁml7th
wobbl es, then this represents that the ADIP 58 6 Decenber 5 1t is "0".
Further, the ADIP bits represent bit contents sanme as the bit contents
represented by the inserted position of the MSK nodul ati on mark MM in HW
nodul ati on. Accordingly, since the ADIP bits represent the sane bit
contents in the two different nodul ati on nethods, decoding of data can be
performed with certainty. A fornmat of an address unit wherein such a sync
part and a data part _ as described above are represented conpositely is
shown in FItQ 22¢h KebbigisngLt dhensigaale yavesommt adfterhshdi MRK1 of the
present enbodi nent, bit synchronization marks BM MSK --nodul ation
mar ks- - MM &edulpmednggulsgenoAnp&its &r7€.di sposed ' discretely in one
address unit. Then, nonotone wobbles for nore than at | east one wobble
period are di spos@dersdetieencdd] acenéntvddpteomisednay garABIP Agicor di ngl y,
no interference occurs between the nodul ati on signals, and the individual
si gnal s caarke“@€ppdhkatfedswni tb cahitai abyblas3od. thenbent 516&kt he Address
I nformation The address format of the ADIP information recorded in such a
manner as deseedbgdoabegewbbbsdehrasm bl biist E3heHrbAiFhGi 080nark BM
and the 15th to 17th wobbles form an MSK modulation mark
MM, and the 19th to 55th wobbles form a modulation part
of the HMW “0” wherein -Sin{2et) is added to the
réference 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
'FQbe“géneratedmb§1§éneratingﬁandlMSK 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
- 18th 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'wqbbles, then this represents that the ADIP
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The ADI P address information includes 36 bits, and 24 pgh%2¥8pi%§6are
added to them 59 6 December 2006 The ADI P address infof M&t0n Of 36 bits
includes 3 bits of a |layer nunber (layer no. bit 0 to layer no. bit 2) for
mul ti-layer recording, 19 bits (RUB no. bit 0 to layer no. bit 18) for a
RUB (Recording Unit Block), and 2 bits (address no. bit O, address no. bit
1) for three address blocks for 1 RUB. Further, 12 bits are prepared for
AUX data such as a disk IDin which recording conditions such as recording
and reproduction | aser powers are recorded. The AUX data is used for data
recordi ng ofitdiisk “0i"nf oFnathen, hehei ATk dridescepbesenArbiBCCantientfsor t he
address data is a-unitof totaling 60 bits in this manner and is forned
from 15 nishblkess(thei blilte cendehicssyeptebiehbka Byt ahbi bhéertlddas seen in
FIG 30. The error correction nethod is the nibble-based Reed Sol onon code
RS(15, 9, Pppswhenai Bf1tagenbgk msdhioatedn haewm dMbihSHMENMSHOLatidd. ni bbl es
are for the code length, 9 nibbles for the data, and 6 nibbles for the
parit _yi f2 Acchedi ags yPerpdubathanabipCit sNeWpraBeAddt RS SsARADEH at i on
circuit for

contents in the two different modulation methods,
.decoding of data can be performed with certainty.

A format of an address unit wherein such a sync
part and a data part'aé described above are represented
édmpositely is shown in FIG. 29.

According to the address format of the disk 1 of

the present embodiment, bit synchronization marks BM, MSK

—modulation marks-MM and HMW modulation-parts—are-disposed - oo

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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denodul ati ng address information froma DVR di sk of the ﬁgd%ﬁ%s(%ﬁrnat
descri bed above is explained. 60 6 December 2006 FIG 3TPF5I 3R di agram
showi ng the address denodulation circuit. Referring to FIG 31, the
address denodul ation circuit 30 includes a PLL circuit 31, an MSK tim ng
generator 32, an MSK nultiplier 33, an MSK integrator 34, an MK
sanpl e/ hold circuit 35, an MSK slice circuit 36, a Sync decoder 37 and an
MSK address decoder 38. The address denodul ation circuit 30 further
i ncl udes an HWV tining enerator 42, an HN\Wnultiplier 43, an HW
integrator 44, anTRVRESBRprddnesd Enfennatiion of HWYits ileckideuil 46 and
an HWV addr ess decoder 47. A wobbl e signal reproduced froma DVR disk is
inputted t&iftKeofLE dRvedi nuBberTHéaRelr circhit B8ltodbépetsnedgeitonponents
fromthe wobble signal inputted thereto to generate a wobbl e cl ock
synchroni zéd Worhmuhsi-ieferemeeoedinger 18i ghak (KoB feotdlt Theogenerated
wobble clock is supplied to the MSK timng generator 32 and the HWV
- timng genéegeor né2. bThelMpKfbirnangugenreaboding gelereleskn, rehe@rence
carrier signal (Cos(r)t)) synchronized with the wobble signal inputted
~ thereto. FbitberadtihesdSKotiBifgo, address no. bit 1) for three
address blocks for 1 RUB.
Further, 12 bits are prepared for AUX data such as
a disk ID in which recording conditions such as recording
and reproduction laser powers are recorded.
The AUX data is used for data recording of disk
information hereinafter described,
o AR-EECC unit - for the-address data is a-unit 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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generator 32 generates a clear signal (CLR) and a hold ﬁhgnal $ D) from
t he wobbl e clock. The clear signal (CLR) is a signal ge I a timng
del ayed by a 1/2 61 6 Decenber 2006 wobble period froma start edge of a
data clock of the nodul ation object data whose m ninum code length is
equal to twce the wobble period. Meanwhile, the hold signal (HOLD) is a
signal generated at a timng delayed by a 1/2 wobble period froman end
"edge of the data clock of the nodulation object data. The reference
carrier signal (Cos((at)) generated by the MSK tim ng generator 32 is
supplied to the NBK.miliid ieeb B3k Theagtaarsksiwgmal thELRddrgeser at ed by the
MSK timng generator 32 is supplied to the MSK integrator 34. The hold

si gnhal (HOi&rodebhetdbredcibyaithe MSK tinming generator 32 is supplied to the
MSK -sample/hold circuit 35. The MSK nmultiplier 33 nmultiplies the wobble
signal inputted Rdfretiagoyd FEa.effrente criddess segoalulaCistwt)) to
perform a synchronous detection process. The synchronously detected out put

signal is supphi€d3f oiddruddbKa i PLEGEBE@Ei 8431, Theh MEIK itineidq@t or 34
perfornms an integration process for the signal synchronously detected by
the MBK nybhéphtsf 3B dd Mgk Wubei gipied 3hatad sV ddy.earat o3y,
an MSK sample/hold circuit 35, an MSK slice circuit 36, a
Sync decoder 37 and an MSK address decoder 38. The
laddress 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.
wfwﬁé¥é;ﬁdbble4signa1-reproduCéd¥fromFafDVR:diéEiis~-35'
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)) synéhronized with the wobble
signal inputted thereto. Further, the MSK timing
generator 32 generates a clear signal (CLR) and a hold
signal (HOLﬁ) from the wobble clock. The clear signal

-{CLR) is a signal generated at a timing delayed by a 1/2
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34 clears its integrated value to zero at a generation #hni%% q% he cl ear
signal (CLR) generated by the MSK timng generator 32 EORBR Afpl e/ hol d
circuit 35 sanples the 62 6 Decenber 2006 -- --- ----- - ---- integrated
out put value of the MSK integrator 34 at a generation timng of the hold
signal (HOLD) generated by the MSK timng generator 32 and hol ds the
sanpl ed value wuntil a next hold signal (HOLD) is generated. The MSK slice
circuit 36 binarizes the value held by the MSK sanple/hold circuit 35
using the origin (0) as a threshold value and outputs the binarized val ue
with the wobdkbleepersed. fThena sherbuedge sifgaatlabé tchechBKE sthiee circuit
36 nmekes a denodul ated nodul ati on object data stream The Sync decoder 37

detects a sypdalbttohnoblhecsydatapahbsér amambint cpdét bemgoti tdesqgenbdul ati on
data outputted fromthe MSK slice circuit 36. The Sync decoder 37

est abl i shegosynRebeoahenvebblibepaddo@ss MuHAwH I tthe: Higiectigghadync bit.
The Sync decoder 37 generates, based on the synchronization timng of the

address unicthioran MoKy Q%ﬁgii«?@né\&ﬂﬁl@&/ LepLesentiayi 481 8fed hey wobbie
position of MSK nodul atéed data in the ADIP bits of the data part and
wobble period from an end edge of the data clock of the
modulation object data. The reference carrier signal
- {Cos{wt)) generated by the MSK timing generator 32 is
supplied to the MSK multiplier 33. The clear signal (CLR)
:génerated 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
~egample/hold circuit 35, - oemmimene < DL

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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an HWV det ecti on wi ndow representative of the-wobble pogbtio% ﬁ%OENMV
nodul ated data in the ADIP bits of the data part. FIG PP at es a
synchroni zation. position timng of the address unit detected fromthe
sync bit and FIG 32B illustrates a timng of an MSK detection w ndow
while FIG 32Cillustrates a timng of 63 6 Decenber 2006 an HMW detection
w ndow. The Sync decoder 37 supplies the MSK detection w ndow to the MSK
address decoder 38 and supplies the HW detection window to the HWWti m ng
generator 42. The MSK address decoder 38 receives the denodul ation stream
out putted finseotrhseNpkuspbiute veilpeupt tB6 MSKaankmpuetohepétal @etects the
inserted position of the MSK nodul ation mark MM in an ADIP bit of the
denodul at ededetatsbneaimbagedfonhehboMBKsdlghedt i( HOLB ndemeraingd by

di scrim nates code contents represented by the ADIP bit. In particular, if
the insertihe HMakt einial ghackbKornddukati holder khef sknplddlPabi¢- is such
a pattern-as shown in FIGS. 27A to 27C, then the code contents of the

ADI P bit agatdisaer hekRaheddasigaal WHbLDf ibegknsestean pattern of the MSK
nmodul ation mark of the ADIP bit is such a pattern as shown in FIGS. 28A to

28C, then the cofige Q05K €81 ScOfc M ADIFE I inAF £, 44 SHd HNALheas " 0"
| by the MSK sample/hold ‘circuit 35 using the origin (0) as
a threshold value and outputs the 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 - ol

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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Then, the MSK address decoder 38 outputs a bit train éBI ne% Wﬁn
result of the discrimnation as MSK address information:. i mng
generator 42 generates a second order harnonic signal (Sln(ZCt))

synchroni zed with the wobble signal inputted thereto fromthe wobbl e
clock. Further, the HMWtimng generator 42 generates a clear 64 6
Decenber 2006 signal (CLR) and a hold signal (HOLD) fromthe HWVdetection
wi ndow. The clear signal (CLR) is a signal generated at a timng of a
start edge of the HW detecti on wi ndow. Meanwhile, the hold signal (HOLD)
is a signah geiedatedtabnawtindowg of an end edge of the HWV detection

w ndow. The second order harnonic signal (Sin(26)t)) generated by the HW
timng generator HZeiSynsupptddisr tD7 theppM¥sdHd pldrerdet®ctie cl ear si gnal
(CLR) generated by the HMNVtim ng generator 42 is supplied to the HW

i nt egr at or wdddolheohehd mEgnalidt&EELDicgengrat@dandysthel HAV then mg
generator 42 is supplied to the HWW sanple/hold circuit 45. The HWW

mul tipli erdé@eﬁ‘éhbhphhﬁao&hﬁo“@f?@' BMR| 90alngi §EMbELEoEheseto by the second
order harmonic signal (Sin(20)t)) to performa synchronous detection

process.  The Syng( QRads] v Al LKL M P Sd8led Smpplied to

demodulation stream outputted from the MSK slice circuit
36 as an input thereto, detects the inserted position of
the MSK modulation mark MM in an ADIP bit of the
démodulated 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 cede contents of the
ADIP bit are discriminated as “1”, but if the insertion.
pattérn of the MSK modulation mark of the ADIP bit is
such a pattern as shown in FIGS. 28A to 28C, then fhe
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(2vt)) synchronized with the
wobble signal inputted thereto from the wobble clock.

Further, the HMW timing generator 42 generates a clear
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the HWintegrator 44. The HWVintegrator 44 perfornms an_inteqgratign
process for the signal synchronously detected by the HNV?bﬁEWﬁFbﬁpgr 43. It
is to be noted that the HWVintegrator 44 clears its integrated value to
zero at a generation timng of the clear signal (CLR) generated by the HWV
timng generator 42. The HWVsanple/hold circuit 45 sanples the 65 6
Decenber 2006 integrated output value of the HMVintegrator 44 at a
generation timng of the hold signal (HOLD) generated by the HWVtimng
generator 42 and holds the sanpled value wuntil a next hold signal (HOLD)

i s generatedgned (FaRli enHar, heildceighel HVRORDHuf abmdtdat BMWs for 37 -
wobbl es in one bit block, if the clear signal (HOLD) is generated at n = 0
(n indi cat eéeteht ionbbliadnunberhe asleseesi giaFl @LEB20,s thesigred HWW
sanple/hold circuit 45 sanples the integrated value at n = 36 as seen in
FIG 32E gtherbMdishice eimgHgt o46abknartzeggéhervahdentwl d by the HW
sanpl e/ hold circuit 45 using the-origin (0) as a threshold val ue and

out puts thegetedeioh Whgdbiwnarigaeynyed Uechd g tdieyrt Puoriignal =of the
HWVslice circuit 46 :
signal generated at a timing of an end edge of the HMW
detection window. The second order harmonic signal
(Sin{20t)) generated by the HMW timing generator 42 is
supplied to the HMW multiplier 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 tiﬁing generator 42 is suppliéd to the HMW
e gample /hold  CLTCUAL 45, L I
The HMW multipliér 43 multiplies the wobble signal
inputted thereto by the second order harmonic signal
(Sin(20t)) 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 synchrﬁnously 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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makes a denodul ated data stream The HWMV address decoderﬁ§7 dlsc%bglnates
.code contents represented by each ADIP bit fromthe at
stream Then, ..the HWV address decoder 47 outputs a bit train obtained
froma result of the discrimnation as HVW address information. FIGS. 33A
to 33C show signal waveforns when an ADIP bit whose code contents are "1"
i's HWV denodul ated by the address denodulation circuit 30. It is to be
noted that 66 6 Decenber 2006 the axis of abscissa (n) of FIGS. 33A to
33C indicates the period nunber of the wobble period. FIG 33A shows the
ref erence tategratsdgoatp@toséine)oft hiee nBbl ahtogratody ekt4d alata whose code
contents are "1" and a second order harnonic signal waveform (Sin(2w),

- -12 dB) fogardrabasedtimitdeotiothéahodd objesl (ROBD) KHdhel33Bdhons a
generated wobbl e signal. FIG 33C shows a synchronous detection out put
signal (HWHa Bm(2Ging @énéhecypbbd eandi BHBls Gie | SHmMEred egh s put val ue
of the synchronous detection output signal, a hold value of the integrated

out put val uﬁ‘_cﬁ]ﬁ'dadl@@ﬁﬁlulﬁéli@dsﬂ?ﬂ@ia'(H@ﬂDPW@%er@@%@tecPUt pet ted from t he- HW
slice.-circuit. 46. FIGS. 34A 34C show si gnal wavefornms when an ADI P

bi't whose gode; COMEN$1AEE £0 intw IMIEIDM el fy £die 37
wobbles in one bit block, if the clear signal (HOLD) is
generated at n = 0 (n indicates the wobble number} as
seen in FIG. 32D, then the HMW sample/hold circuit 45
samples the integrated wvalue at n = 36 as seen in FIG.
32E.

The HMW slice circuit 46 binarizes the value held

—by-the HMW sample/hold circuit 45 using the origin (0) as - - 0o

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 dataz stream. Then, the HMW address decoder 47
cutputs 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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address denodul ation circuit 30. It is to be noted that 5

absci ssa (n) of FIGS. 34A to 34C indicates the period n® %T’ST(Pﬁe wobbl e
period. FIG 34A shows the reference carrier signal (Cos(wt)), the

nodul ati on object data whose code contents are "1" and a second order

har moni ¢ signal waveform (-Sin(2wt), -12 dB) fornmed based on the

nodul ati on object data. FIG 34B shows a generated wobble signal. FIG 34C
shows a synchronous detection output signal (HWx Sin(2wt)) of the wobble
signal, an_jntegrated output vaI ue of the synchronous 67 6 December 2006

detection bOGEpaELS ﬁﬁaﬁbsﬁlﬁﬁ‘?d Thl ok EiGﬁhex’ﬁtEﬁr%%dln%kﬁﬁﬁﬁ val ue and
denodul at ed nodul ati on obj ect data ég%gutted fromthe HWslice circuit
46. As desERfbREraBEvBUNPRE afdEkResw duParied- diuilSP3GheHF det ect
synchroni zation informati on of an address unit recorded in an MSK
modul at ed £benrafdrepeef earrMBK egmalil &€Pshobhl, HWE desbthid tddN based on
the detection timng. 3. ECC Fornmat of the Disk Information In the disk of
t he presentbgsahptietadahasefcdiskcorntémtsranei dhf san@corsebras addi ti onal
information: in the. formof a wobbling groove together with absolution
addr ess i nbodeaat hanmohiADs Rymelresseorm (Sin(2et), -12 dB) formed
based on the modulation object data. FIG. 33B shows a
generated wobble signal. FIG. 33C shows a synchronous
detection output signal (HMW x Sin(ZQt)) of the wobble
signal, an integrated output value of the synchronous
detection output signal, a hold value of the integrated
output value and demodulated modulation object data
Soutputted from the HMW. slice circuit 46.
FIGS. 34A to 34C show signal waveforms when an ADIP
bit whose code contents are “0” is HMW demodulated by the
address demodulation circuit 30. It is to be noted that
~'the axis of abscissa (n) of FIGS. 34A to 34C indicates
the period number of the wobble period. FIG. 34A shows
the reference carrier signal (Cos(wt)), the modulation
iject data whose code contents are “1” and a second
order harmonic signal waveform (-Sin(2et), -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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In particular, in the address format of an ECC unit for_.th |
infgrnation descri bed above with reference to FIG 30 |%§ &gﬁ@:%@ﬁ dat a 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 exanple, 112
bytes forned by collecting 12 bits of ECC bl ocks of ADI P information and
includes attributes and control information of the disk as hereinafter

descri bed. Cbntents of di sk informati on recorded on the disk 68 6 Decenber

2006 in ady AUX data (rese bit 0 to_reserve, bit in AD P
|nfornat|o% %%%% scr PHET Wi SﬁﬁnF eﬁehgzdtgal§FG9f3§B FFE$e§§ F?%ustrates
contents of |sk i nfornatio faornped from 112 hytes, and. i dlcates t he
contents f&M @55h 6VFeaﬁgsEﬁp8ﬁuggtﬁﬁem?f?}6§98§ obyefhefatel g 35

-indicates the byt e %nber nunber of bytes) as a data S|ze of each of the

contents. . PREPUSGEEs ToPM faepiitl shAGer s16CA8 46-a code "DI" is recorded
as an identlfler of the disk information édISC i nformation identifier). In
|byte ofthe byte HunBescribeheakaysi drhefaddrsss clerndwiatimn di sk

information is indicated.
circuit 30 can detect synchronlzatlon information of an

address unit recorded in an MSK modulated form and
perform MSK demodulation and HMW demodulation based on

the detection timing.

3. ECC Format of the Disk Information

In the disk of the present example, data of disk

—information is recorded as.additional information 'in the .. ...

form of a wobbling groove together with absclution
address information of ADIP addresses.

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 bité (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
iﬁformation of the disk as'heréinafter described.

Contents of disk information recorded on the disk
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In 1 byte of the byte nunber 4, the frane nunber |n t he glsk |S%Bénat|on
block is indicated. In 1 byte of the byte nunber 5, the § frames
in the disk information block is indicated. In 1 byte of the byte nunber 6,
the byte nunber used in the franme of the disk information block is
indicated. In 3 bytes of the byte nunbers 8 to 10, a code representative
of a disk type such as a rewitable/ ROM type is recorded. In 1 byte of the
byte nunber 11, a disk diameter 69 6 Decenber 2006 such as, for exanple,
120 mmis indicated as a disk size and a format version is indicated. In 1
byte of thdMPC¥aRGRLEFING, AlKedatiAbdresprveaheEsOotoaraderyeBer disk is
indicated as a disk structure. In 1 byte of the byte nunber 13, a channel
density, #fat insADAPcapiermgtips pnei dasedibed wibltreberemeebbee nunber
16, presence or absence of a BCAis indicated. In 1 byte of the byte
nunber 17, FdGra@brum transfer rate of an application is indicated.
.1 n-8bytes of thebyte nunbers24 to..31, thelast
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 number (number of bytes) as a data
size of each of the contents.
In 2 bytes of the byte numbers 0 and 1, a code “DI”
is recorded as an identifier of the disk information
(disc information identifier).
—In.l.-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, & disk diameter
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address of the data user are is indicated. In 4 bytes of & ng te nunbers
32 to 35, a recording speed is indicated. In 4 bytes of éﬁ%mﬁunbers
36 to 39, a nmaximum DC reproduction power is indicated. In 4 bytes of the
byte nunbers 40 to 43, a maxi num reproduction power when high frequency
nodul ation is applied is indicated. In 8 bytes of the byte nunbers 48 to
55, a recording power at a nom nal recording speed is indicated. In 8
bytes of the byte nunbers 56 to 63, a recording power at a nmaxinmum

recordi ng speed is indicated. 70 6 Decenber 2006 1In 8 bytes of the byte
number s 64 3U6h788,afpEc6xamrdepondP Bl Asniindigatedces df ngishedtize s
indicated. In 1 byte of the byte nunber 72, a recording multi- pulse width
is indicateéead ﬁnfgrmﬁﬁeyeéﬁlphelbytequﬂbeds 73 to 75, a first recording
pulse wdth is indicated. In 3 bytes of the byte nunbers 76 to 78, a first
recordi ng pul se pbsililbntatof hehedwtal numosr diyg Speedimbex iafdi cated. In 3
bytes of the byte nunbers 79 to 81, a first recording pulse position at

t he maxi nuimyecer difng mpéed-layer disk is indicated as a disk

structure.

In 1 byte of the byte number 13, a channel density,
that is, a capacity, is indicated.

In 1 byte of the byte number 16, presence or
absence of a BCA is indicated.

In 1 byte qf the byte number 17, a maximum transfer

rate of an application is indicated.

~In.-8 bytes. .of.the.-byte numbers 24 to. 31, . thHe 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
Dpc feproduction power ‘is indicated.

In 4 bytes of the byternumbers 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 séeed 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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is indicated. In 3 bytes of the byte nunbers 82 to 84, a birs%} %ﬁ%ording
pul se position at the mnimmrecording speed 1is i ndi caf 88°°8" yte of
the byte nunberl 88, an erase nulti- 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 pulse position at the maxi numrecordi ng speed is
indicated. In 3 bytes of the byte nunbers 95 to 97, a first 71 6 Decenber

2006 erase puls iiti.on at_the mini numrecordi speed is indicated. In
1 byte of the byfgpg%r%%?e%é?f atr]'f? ;ggynfbef {IUMRET S ‘ﬂtq:rﬁlpﬁe & the polarity of
an erase pul se Es recorded. The bytes other than those of the byte nunbers
gi ven abovESSPECAIT PRYEFVAS. STERHVEK HeFRdES ciPesd desmdbsd tEsbve i s

recorded at least_in the RWzone in the |l ead-in zone described_ .
her ei nabovewi t h r¥t ek éitle tof fihg byfe number 72, a recording multi-

pulSe width is indicated.

In 3 bytes of the byte numbers 73 to 75, a first
recording pulse width is indicated.

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 dndicated. DI e

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 pbsition 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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|

Whil e the inner circunference side of the lead-in . zogﬁ %ﬁ§V %W
asa- PB zone and. has prerecorded data recorded therein &° 8 into
and fromwhich data can be recorded and reproduced in accordance with the
phase change recording nethod is forned next to the PB zone. Recording of
absol ute addresses (recording in the formof a wobbling groove) as AD P
information is started 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 |ead-in zone
is a regi off "ARFCHULS® BRELEien AFrSPewReRITHR BESRIILNY o3RRe i hto a di sk
drive apparatus, where disk information is recorded at least in 72 --
.._.i... ingdipakgfber 2006 the | ead-in zone, the disk drive apparatus can
suitably read in such various kinds of information as described

her ei nabove with ¥eferedce ab HGbBs nunher t98,b@ fdweed titat , since the
ADI P information 1is recorded simlarly also in the data zone, also it is
possi bl e t sepresedteheveli ek Tt opoheidhy maki amy em&seﬁpulﬁesias t he AUX data
into the data zone. In short, the disk information having the
confi gur at reaoddsdri bed above

The bytes other than those of the byte numbers
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._is formed as._ g PB. 2one and has prerecorded data. .. ..l ..

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
.forﬁ 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
acceésed first when the disk is loaded into a disk drive

- apparatus, where disk information is recorded at least in
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may be recorded repetitively over the overall area of thg Rm/zogi. For the
error correction nethod for the ADIP infoxmation, the nPBEFE65ERE Reed
Sol onon code RS (15, 9, 7) is described wherein 1 synbol is forned from4
bits as described hereinabovein connection with the ECC bl ock format of
FIG 30. For the address information, it is sufficient to wuse only such an
error -correction coding nethod as described above due to the
characteristic that the address information is recorded successively on a.
disk and it _dges .not nmake a, seri.Qu robl emeven if some error. occurs
Cher ewi th. "% ARE95tRerofEnd EPoR P ReBALSR. PRPBEAAIPoRSIaSSHGRBY | evel
error correcti.on nethgd than that for the address information is required
because th&S8PsEP78USRDYREIREF 50DES Phf SPSRFTBAIPACREJELSFRER?Fati on whi ch
makes a reference  upon recording and reproduction onto and fromthe disk
1. ‘Ther ef oPEFSLRAPRESpF&EBNECEREAPER, tPOFLBRe38i sk i nformation, hi gher

| evel error correction coding (coding according to a first error
correction methodjtiss perbermeied ithat, anheherhe HPOIR siofarmetismn on is

allocated as AUX data (reserve bit 0 to reserve bit 12)
1s recorded similarly also in the data zone, also it is

possible to record the disk information making use of
bits as the AUX data into the data zone. In short, 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 erfbr correction method than that for the

address information is required because the disk

13




to the ADIP format. Accordingly, disk information to be ecordegxgs ADI P
data is first subject to coding according to the first BPPETMPELT%ct i on
nmet hod, and then subject to coding according to a second error correction
met hod of .. theni bbl e based Reed _Sol onon code. RS(15, 9, 7) " so that an ECC
bl ock of the ADIP information of 60 bits may be fornmed. Consequently, dual
error correction coding is applied to the disk information. Furthernore,
in the present exanple, coding simlar to error correction coding for user
dat a mhich.g% recarded agq repr.oduced i,n ac%grg?nc% W th t?e ghase change
recor di ng MECREEETS Rp e ES tRE CERAEH O §PrHER: FekeEodi RGEEBF the di sk
“information so that . higher error, correction capahility nmay, be gbtained.
The error BQPPeEﬁC8ﬁ%E6ﬁﬁ%§ EREAHET 198 PTGt ARd( AEPR éﬁ?a%lﬁﬁs been
descri bed herei nabove with reference to FIG 16, In _particular, for user
data of 64 KB, theh¢AeEorRcelPetho0pbes L 2a8ample, B35 thgdisk, the RS
(Reed Sol onon) code of the code |ength 248, data 216 and distance 33, is
used for ERECEPELiPPG h3ghekl dsveat esram cDCreatihs fodimef (dadinsgf 216

bytes and a parity of 32 bytes as a 1 ECC codeword of 248 bytes.
according to a first error correction method) is

performed first, and then the disk information is
allocated as AUX data (reserve bit 0 to reserve bit 12)
to the ADIP format. Accordingly, disk information to be
‘"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
qhange recordiqg method is applied to the error

- correction coding for the disk information so that a
highgr error correction capability may be obtained.

The error corfection 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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Al so for the disk information, the RS(248, 216, 33), thgh is, the RS (Reed
Sol onon) code of the code length 248, data 216 and di st AHEETHE 2008 \;seq
simlarly for the LDC. FIG 37 shows the ECC fornmat for the disk
information. The AUX data is fornmed from12 bits for 1 ADIP word (the
format of FIG 30), in short, from1.5 bytes. A franme (D frane) of the
disk information is fornmed from96 ADI Ps, that is, from 144 bytes. The

i nformati on amount of the disk information of 1 DI frame is 112 bytes as
seen in Fl o 1a.the 2 tes, 104 bytes of data "FFh 11111111)" are
added as du%r%wé%gétgltég S804 RhGEs 61 tﬁ‘fa%%bﬁ‘&é EReongt) oFgtE aF Eoc
format wherein a parit f bytes i s added to the data of 216 bytes. In
this instaﬁ%@,cPﬁg &&Pﬁt%szgﬁ'RéaEGdgléfapﬁedléééécﬁeﬁﬁth1§48?eﬁata 216,

di stance 33 and parity 32. 75 6 Decenber 2006 1In short, the ECC format is
an ECC f-or 5@@0P@an to the LDC (long di stance code) sanme as that for
user data described hereinabove with reference to FIG 16. By this, the
“di sk information bE@onee Hhiwsheaiey an Wghinethd formrofatatectdfon

capability simlar to that
216 bytes and a parity of 32 bytes as a 1 ECC codeword of

248 bytes.

Also for the di§k information, the RS(248, 216, 33),
that is, the RS (Reed Solomon) code of the code length
248, data 216 and distance 33, is used similarly for the
LDC. FIG. 37 shows the ECC format for the disk

information.

vl ’The AUX datais formed from 12 bitsufpg;i;%QIngordw,.q;m;:mm

(the format of FIG. 30), in short, from 1.5 bytes.

A frame (DI frame) of the disk information is
formed from 96 ADIPs, that is, from 144 bytes.

The information amount of the disk information of 1
DI frame is 112 bytes.as seen in FIG. 35.

To the 112.bytes, 104 bytes of data “FFh (=
11111111)” are added as dummy data to obtain data of 21¢
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 length 248, data 216, distance 33 and parity 32.
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for user data, and consequently, the reliability is aug%ntiﬂ) Og)rther
the disk information is incorporated into AD P i nf or mat rof § f8Pmred as
data for reproduction only which is recorded in the formof a wobbling
groove, and since it is not recorded in the formof enboss pits, it 1is
suitable for a.high density disk like the. present enbodinent. 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

i nformation. Thi Stls us ipcuit, sectio erformn an error
correction pr ocessll'f oler %@erg%é hﬁcé ]rEw Lt ujs%aalbgﬁé(rgnﬁllp %r?q‘ﬁiﬁ t he
dummy data,n n be.recorded on articul ar mhen an
error corrggt gﬁ 8@?02%8§g|9182?F8?n€8 goﬁa@?r%? Eg?FeéPFoHS%Bdlng or upon
reproducti qn g%f tes OL the dummy data "FFh" nmay be added to 1 ECC
code. 76 69PkEe ?]86@ GFH@F-@FBP@‘E vhEhntRberenfe syabBES- t 68be recorded

on the disk 1 can be reduced and the recordlnggllnear density can be

increased to rai ¥ rdtisithe Atk tHefofmatoradl meaamncidata R WaY wer eased.

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 érror
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 nét 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 ex%Pﬁ?ﬁEﬁfZEPG. 38
shows a configuration of the disk drive apparatus. The disk 1.i placed
onto aturntable not shown and is driven to rotate at a constant |inear
velocity (CLV) by a spindle notor 52 upon recording/reproduction
operation. Then, ADI P information (address and disk information) enbedded
as wobbling of groove tracks in the RWzone on the disk 1 is read out by

an optical pickup gptical ad) 51. Further, prerecorded infornmation
enbedded as mobblFHér§%0§?00€§et%3@é§riﬂftﬁgmbﬁfioﬁ% Pe TeeAPFUtO™ Fur t her,
upon recording,,.user, data is recorded as _phase change_ marks on a track in
t he RM/zonghﬁydﬁﬁ Logefc e pedkase Bae &hEnreepradnst LdRSakhe recor ded
phase 77 6 Decenber 2006  change marks are read out by the gﬁtical pi ckup.

In the opt “CESISYcKEp B, 1Bcresépdditedeadeevirrgiabilatyagsrthpght source, a

phot odet ect or for detectin% reflected light, an objective | ens serving as
an output recording capacily can be increased.

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.
i The disk "1 ds 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 recordéd 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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end of the laser light, and an optical system (not shown for i m nati ng
the laser |ight upon a disk recording face through the égfg?FFO%kﬁens 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 0.85x_In the

pi ckup. 51, the objective lens is supported for novenent in a tracking
direction and a focusing direction by a two-axis nmechanism Further, the

entire pic [ upported_f.or venent in.a disk radius direction by a
t hr ead nec%gl%f%% KETRES ASEF SFBSBYi gﬁ?hé’%ﬁ&ﬁ pP%EE[‘FE-dri ven with a
drive signal (driye rrenﬁl f%on1 | aser driver 63 to emt |aser light.
Refl ected |ight i#‘oﬁﬁﬁt% FFoPtRER ekr 12 aseet e /T Id¥hvETted into

an electric gi nal _ .corresponding to an amount of received |ight by the 78
6 Decenber 22065 pHdP8deEOELEE  afdPRetedpbrrEarasorndeteetirgc signal to a

matrix circuiit 54. The matrix circuit 54 includes a plural nunber of
: reflected light, an objective lens serving as an output

end of the laser light, and an optical system (not shown)
for illuminating the laser light upon a disk recording
‘face through the objective léns and introducing the
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

o 0850 o

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 convertéd into an electric signal

corrésponding to an amount of received light by the
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current to voltage conversion circuits, matrix operatio /aqPIif' tion
circuits and so forth corresponding to output current f 8 tﬁf%@ lity of
light reception elenents of the photodetector. The matrix circuit 54 thus
generates necessary signals through a matrix operation process. For
exanple, the matrix circuit 54 generates a high frequency signa
(reproduction data signal) corresponding to reproduction data, a._focusing
error signal and a tracking error signal for servo control, and so forth.

Fur t her nor i ircuit 54 generates.a h-pull .signal as a

s?gnal rel JFHS%Fg%%%%§|%FS %F Supﬁa&s e?stﬁgF FE%EEEEE §?§h§? {V‘Bras

det ecting Wg%@&in%FFThe r%groduction data signal outputted fromthe matrix
p

circuit 54715 st §4'to 4 reader/witer circuit 55 while the f ocusi ng
error signal and %he tracking,errpr signal are supplied to a servo circuit
61, and the push-THuITesFHhafirsustppf i Bectedes vibobterat e 5@t The
reader/witer circuit 55 performs a  binarization process, a reproduction
cl ock prodGEEFERt pPo¥ess2E¢ sOPVEraARANsEiFreRikst orathéXr eproducti on data
79 6 Decenber 2006 signal to reproduce data read out from phase change
marks andCBGppries/eneliéhephied garquibsaand so forth

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
'nWt95£§p;gqggtiqn;datajga;focusing;error;signal;gnd;ar;:&;;Mm,

- 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 foéusing 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

19




nmodul ati on/ denodul ation circuit 56. The nodul ati on/ denodyl ation circuit 56
includes a functioning section as a decoder upon reprodgE??HWegﬁHG anot her
functioning section as an encoder upon recordi ng. Upon reproduction, the
nodul ati on/ denodul ation circuit 56 perforns a denodul ati on process of a
runlength I|imted code based on a reproduction clock as a decoding
processi ng. An ECC encoder/decoder 57 perfornms an ECC encodi ng process for .
addi ngan. _error correction code upon recording and an ECC decodi hg process
for perforni.n error_correction upon reproduction., Upon_ reproduction, the
ECC encodery &P FPPIOEUSRe 8584 £°@ehEd X8 BlagRechange marks
nodul at i on/ deprodul atiion circuit 56 into an internal nmenory and perforns an
error det SPEdresc thén dsrsseded dadei krerl eavi ng process and so forth
to obtain reproduction data. The ECC encodi ng process and the ECC decodi ng
process by iklptdosddemedudatdger c3rcaris Sbacesses ready for the ECC
format wherein the RS(248, 216, 33), that is, the RS (Reed Sol onon) code
of the code | engt hfhe4Boddhzbiorddenndublastiamcel B31it 5tuset:l8e$ Decenber

2006 Data decoded up to reproduction data by the ECC :
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 demodulatioﬁ 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 T o

fecording and an ECC decoding process for performing
error correction updn reproduction.

Upon.réproduction, 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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encoder/decoder 57 is read out based on an instruction o a S%?ﬁ]
controller 60 and transferred to an AV (Audio- Visual) sé§?§W§%2 06The
push-pul | signal outputted as a signal relating to wobbling of the groove
fromthe matrix circuit 54 is processed by the wobble circuit 58. The
push-pull signal as ADIP information is MSK denodul ated and HWV

denodul ated into a data stream which represents ADIP addresses by the
wobbl e circuit 58 and is supplied to an address decoder 59. The address

decoder 59 perforBs- d coding of the data supplied thereto to obtain an -
address val ue and aEﬁpg?Fgge heP afir eRRT ARGl o8 ddlea st Eftrol | er 60.

Further, the address decoder 59 perforns a PLL process using the wobble
si gnal supBPrederneespsers & thereaBhpit basedi pnsent engemerbien a0l ock and
supplies the clock as an encoding clock, for exanple, upon recording to
t he pert ai Ai AYSE68t COASroTherwdbbhedctransfes8edntot e Addfksdicdecoder 59
have, for exanple, a configuration described hereinabove wth reference to
FIG 31. THeésuddi esysdemodd@P.59 perforns an error correction process using
the ni bbl e based Reed Sol onon code RS(15, 9, 81 6 Decenber 2006

' The push-pull signal outputted as a signal relating

to wobbling of the groove from the matrix circuit 54 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.

e The address decoder 59 performs.décoding of the 0 . ...

data supplied thereto to bbtain 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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7) corresponding to the ECC format shown in FIG 30. The ﬁddr ss,_val ue
supplied to the systemcontroller 60 as described above® H@P@one t he
error correction process. Meanwhile, the disk information recorded using
AUX data is extracted 12 bits by 12 bits from 1l ECC bl ock (ADI P word) by
t he 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 AD P
wor ds shown in FIGS. 27A to 27C to generate 1 ECC codeword and perforns
ECC decodlqg Cusm t hat t he. RS_(Reed Sol onon)

RS 3.)
code of thé’co gﬁ lﬁgg odggﬁ gfé gﬁama8|§P8HEel@3FI§o dbtain error

corrected di sk |n®9rn%%§ whi ch can be supplied to the system controller
60. Meanwhi | e, Prt? Gyl SHRRbird deP ddha swstdmIcandinalileg to

wobbl ing of the groove fromthe matrix circuit 54, that is, a push- puI
si gnal as @HeaspaéﬁéEépﬁgdabﬁVérhﬁﬁl@ﬁdﬁ¥©ﬁ$@h§hPBetbﬁé conneletyoes a
bandpass filter process by the wobble circuit 58 and is supplied to the
reader/w i PEPCEFFeuit 55. Then, the push- pull signal is binarized and
converted into a data bit streamsimlarly as in the case of phase change
mar ks, and is tR&RECE ldacdded dinek diei fderd dared-dop ridesl GG B2 AUX

data is extracted.lZ 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. 274 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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---------- 6 Decenber 2006 encoder/decoder 57
to extract data of the prerecorded information. The ext§ 38 8%e%%P ecor ded
information is supplied to the systemcontroller 60. The systemcontroller
60.can perform various setting processes, a copy protection process and so
forth 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 nmenory of
t he ECC encoder/decoder 57. In this instance, the ECC encoder/decoder 57
perforns a8dcCA6h/BECafeEr SdoEPetkliBAEEdEata| Af eFheanEeremRrdedi ti on of
subcodes and so forth as an encoding process of the buffered recording
data. FurtRBEOXPRBIEEC et dest wtted P romrdardat iinfeuedridands with the
RLL(1-7) PP nethod by the nodulation/denodulation circuit 56 and then
suppl i ed t 8urbPheecdebdetor syetenmi conttobber. 6@s an encoding cl ock which is
used as a reference clock for such encodi ng processes upon recordi ng, the
cl ock generat ed fFlomsysambivre silgieat &6 dkes grddfednalyend ouss used. The
recordi ng data generated by the encoding '
setting processes, a copy protection process and so forth
‘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.¢odés, 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 ags 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 is subject to fine adjustment of an.optimum
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process is subject to fine adjustnment of an optinum 83 g D%%ﬁpbgr 2006
recordi ng power, adjustnent of a |aser drive pul se wavef Paremns” <% ort h
suitable for a characteristic of the recording |ayer, the spot shape of a
| aser beam a recording linear speed and so forth as recording
conpensati on processing by the reader/witer circuit 55. Then, the
recording data is sent as a laser drive pulse to the |aser driver 63. The
| aser driver 63 provides the |laser drive pulse supplied thereto to the

| aser diode in the pickup 51 to drive the |aser diode to emt |aser |ight.
Asaremnﬁaﬁn%ﬁfﬁﬂéé ek P e 6 rlésSsondiig s ®UL8E recor di ng
data is-forned-on the-disk-1.. It is to be noted that the |aser driver 63

i ncl udes 3 VAPEG 5 AR At aldit 61D aardradastesistifeot| aser di ode
so that the output power of the |laser nmay be fixed independently of the

t enper at ur N F SO UM Iavigre thenispeiti wiamse dfagerlagerpbeapowdr based on
an output of a |aser power nonitoring detector provided in the optical

pi ckup 51. reFRrganay dligear speaeke angseo dorpit as pewerddpgn recordi ng and
upon reproduction are provided fromthe systemcontroller 60, and upon
recor di ng &sdrgpsat lceprodeetsisang bliye ther eaddesdanitem 53rcantr b6s t he

| aser
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. ./ 0w

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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di ode so that the | aser output power |evel may have the har et val ues,
respectively. 84 6 Decenber 2006 The servo circuit 61 gBHEFBEE?/PEr i ous
servo drive signals for focusing, tracking and threading fromthe focusing
error signal and the tracking error signal from the matrix circuit 54 so
that servo operations may be executed. 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 nmechanismin
the optical - pi cktpe53SH¥PhCREVE bbb AgRersves sTyhPuante e d¥ieki ng
drive signal, respectively. Consequently, a tracking servo |loop and a
f ocusi ng s&LEEALSofcar EoFuphpg ., f toarkhay pndkbtprsadingt Fismctheuit 54,
servo circuit 61 and two- axis nechanism Further, the servo circuit 61
turns of f fReusipgckirngrseigoaloepdi hhactordanng erthrasigask fuoopi ng
instruction fromthe systemcontroller 60 and outputs a junping drive
signal so that mattiackijfonptng4oper ahkaonseray bpeexetohedmafuiné hernore, the
servo circuit 61 generates a
executed.
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,._ réspectively. "Consequently, -a tracking . .00
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 circuit 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 tfacking

error signal and access execution control and so forth
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thread drive signal based on a. thread error signal obtained as | ow
frequency component of the tracking error signal and acgé?gﬂﬂﬁﬁgﬁpion
control and so forth 85 6 Decenber 2006 fromthe systemcontroller 60 to
drive the thread nmechani sm 53. Though not shown, the thread nechani sm 53
i ncludes a nmechanismformed froma main shaft for supporting the optical
pi ckup 51, a thread notor, a transm ssion gear and so forth and drives the

thread notor in accordance with the thread drive signal to performa
1. A spindle servo

required- sliding, novenent of the optical pickyp 5
circuit GZfEQPngﬁssggEFWOFOF F°l$8faﬁsn§°tﬁél§$iEBPetﬁﬁ?%? 52 at a CLV.
The spindle Eﬁrvo circuit 62 acquires the clock generated by a PLL process

fort he. wobBFENEPGRR vds TRAVENIN ot SR OWhal thpddiraadt ararhamiF™®53 he

spindl e notor = 52 and conpares the rotational speed information with

pr edet er mi ABGLEEYSr &f BpeheBispebarmafiofnam anmeon gehefat Bora spindle error

signal . Upon data reproduction, since the reproduction clock (clock which

makes a r eFEPEAtE1NG bheecoptingl piokvssylgemethteadbyooPllain the

reader/writer circuit 55, the spindle servo circuit 62 can conpare the
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 serve 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 cirguit
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 gservo circuit 62 outputs a

spindle drive signal generated in response to the spindle
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reproduction clock with predeterm ned CLV reference speed_ inforpation to
generate a spindl e error signal. Then, the spindle servo®PFFEREI2HS out put s
a spindle drive signal generated in response to the spindle 86 6 Decenber
2006 error signal so as to execute CLV rotation of the spindle 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 systemcontroller 60 so as to perform such operations as starting,
stoppi ng, _acceleratiqn and decel eration of the spindle nptor 52. Such

vari ous op&ratirofidd8Rl 58 &6 F6 SeChRe SRy rPééGﬂ&PnﬁfaHHeréﬁ%%ﬂh%t|on

system as descri bed ahove are <controlled by the systemcontroller 60
f or med froﬁF&VOWF&F6€6ﬁp@?er The system controll er 60 executes various
processes in accordance with a command fromthe AV system 120. For
exanpl e, when a WP¥tR@Ti nsheuepiodle wereo cbnewabd)62 sgdmsipdes riom t he AV
system 120, the system controller 60 causes the pickup 51 to nove to an
address tRainfddet drpwewsiigned finr stcoftlencet Réthyst epindheérol ler 60
control s the ECC encoder/decoder 57 and the nodul ation/denodul ation
circuit 56kiockékeskeecantendodiggal from the system controller 60
s0 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) is issued from the AV system,izo, 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 encoeding
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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process as descri bed above for data (video data and/or gﬁgio dagﬁ£$f t he
various types such as, for exanple, MPE® data and so f8PER™REF erred

thereto fromthe AV system 120. Then, a | aser drive pulse is supplied from
the reader/witer circuit 55 to the |aser driver 63 as 87 6 Decenber 2006
descri bed above so that recording is executed. Further, for exanple, if a
read command for demandi ng transfer of certain data (MPEQ video data or
the like) recorded on the disk 1 is received fromthe AV system 120, then

seek operatjon contral is perforned setting.the designated address as an
obj ect . |nd?%%ﬁ4§%:|%ﬁpﬁeaﬁ9 ﬁ%FFuEﬁQQ¥q%9q:%?u@&eFBtgﬁe servo circuit 61
first so that the segvo circuit 61 executes an _accessing operation of the
pi ckup 51 settingT3At888r eSST GE8TBAEL elTby BEBREKOBBMRANEPRES a target.
Thereafter, operation control necessary to transfer data in the designated
data secti SFTEGNRY Avagpdeanetogerits ipedpérndYPECR padePcdRrta, othe system
controller 60 first perforns readout of data fromthe disk 1 and controls
the reader /fh€i dékedi regrdsy, onnblel diisén/ldésodeteived Erevuthe58Vand ECC

encoder/ decoder 57 to perform decodi ng/buffering and so forth to transfer
t he demandé¥sdigimal20, then seek operation control is performed

setting the designated address as an object. In
_particular, an instruction is issued to the servo circuit
6l first so that the servo circuit 61 executes an
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 59.
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It is to be noted that, upon recording or reproduction data in the form
- of phase change marks, the systemcontroller 60 perforn§B86WFP %mgf
accessing, recording and reproduction operations using an ADI P address
detected by the wobble circuit 58 and address decoder 59. 88 6 Decenber
2006 Further, at a predeterm ned point of tinme such as when the disk 1 is
| oaded, the systemcontroller 60 controls so as to execute readout of a

uni que 1D recorded ~in the BCA of the disk 1 or of prerecorded information
recorded as a wob rerecorded data zone PR In this

8 ﬁroove in th g _
i nstance, the sys Eﬁr Bht r oF1 3rPEBOREFFBIRRY ReERT operatTonsSEoht3dl t oward

the BCA or %ﬁf prerecorded zone PR first. In particular, the system
control | er % &, e 5kn 1 Ast Loadren tHer kossemy60BLFRLLET690t 0 execute an
accessing operation of the pickup 51 to the innernost circunference side
of the di skOMFREISafLers tReespstsm coatdeall of 80usdareolB raecrgedkup 51
to execute reproduction tracing to obtain a push-pull signal as reflected
| i ght i nf od#atthenB&Ad ofcsher 8iskt heowoblfl preirecuirtie88infermetioni t er
circuit 55 and ECC encoder/decoder 57 to execute a decodi ng process
recorded as a wobbling groove in the prerecorded data

zone PR.

In this instance, the system controller 60 performs
seek operation control toward the BCA or the prerecorded
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
_eircumference 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 execdte 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 sco 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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to obtain reproduction data as BCA information or prerecorded infaormation.
The systemcontroller 60 performs a | aser power setting®pPeTEEE20% 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 .89 6 Decenber 2006 prerecorded information, the
systemcontroller 60 perfornms control of an accessing 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 &FSESCAREGFRRANSRIMRESOPor &118d SYAtERdCPBEEPdET 68gether with the
ADIP information in the section of the RWzone in the |lead-in zone can be
read out aR§T:SEBSt 6PNLEOle@li P8 35666489 Pucikdpmpdlkyionhi | e the exanpl e
of FIG 38 is a disk drive apparatus connected to the AV system 120, the
di sk driveoRgpatarususfinghadgresentnénbudt irent imayubded é¢onaeBigd, for
exanple, to a personal conputer or the I|ike. Furthernore, the apparatus of
t he presentliiatent aentheayebd vsedpaksecbndadf bnfifowhetebn.it is not

connected to _

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 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
redording 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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any other apparatus. In this instance, an operation sectgggagﬁmeQ%splay
section may be provided, or the configuration of an interface section for

inputting and outputting data nay be different fromthat of FIG 38. In
short, only it is necessary for the apparatus to perform recording or
reproduction in response to an operation of a user and include a term nal
section provided for inputting and outputting various data therethrough.
90 6 Decenber 2006 Naturally, various other configurations nmay be
possi bl e, and for_exanple, the apparatus may be configured as an apparatus
only for recordi nJ2bFrranlYapharaets oRNTf 6PnE bR eRtikeRDaB. bdi sk
Producti on Met hod Subsequently, a production nmethod of the disk 1 of the
present enbS&SHPAE  désel ifo&d c&bBR e s thes eppbed tuFhmapr bduct i on process of
a disk can be roughly divided into a nastering process and a di sk
formation Cprééeszedr apl poaepparptocess)ly The masbeding progess is a
process until a netal naster (stanper) to be used in the disk formation
process i sappapRétedpnagdfvherdpskdutolomti on process is a process of
produci ng an optical disk of a replica of the stanper in a nmass using the

st anper .

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 prdcess 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 oﬁ prerecorded information is

performed at a portion of the disk corresponding to the
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More particularly, in the mastering process, so- called ﬁggggm

Pshowher ei n
photo-resist is applied to a polished glass substrate a .th or a

groove is formed on the photosensitive filmby exposure to a | aser beamis
performed. In the case of the present exanple, nmastering of a groove by
wobbl i ng based on prerecorded information is perfornmed at a portion of the
di sk corresponding to the 91 6 Decenber 2006 PB zone on the innernost
circunference side, and mastering of a groove by wobbling based on AD P
addr ess igﬁorn&tion and disk information is performed at a portion

cor r espondi‘fig %85t RE 7 6RBEITRELpFeFEEBLGEGNFRT BLAAL | BA%and t he di sk

information to be recorded are prepared in a preparation step called
prenast er i A§StPRERT gft 8r IrREVABBYeFPRLlénaebasedannechdlP pidneter ni ned
processes such as devel opnent are performed, and then transfer of the
i nf or mat i oARE6TRRELRBL ahdsdiskcénfpsmpbibor redpefformsdnpt ez by
el ectroform ng to generate a stanper necessary to performreplication of
t he di sk. PPhérenf rerreshendiagpee tbeuB®dztonetransfer the information to
a resin substrate, for exanple, by an injection nmethod or the |like, and a
reflection filmi®e 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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formed on the resin substrate, whereafter such a process, aaewgg§k@g of the
resin substrate into a required disk formto conplete a 0 product. The
mast eri ng apparatus includes, for exanple, as shown in FIG 39, a
prerecorded information generation section 71, a prerecorded ECC encodi ng
section 72, a changeover section 73, a mastering section 74, a disk

i nformati on generation section 75, an address generation section 76, a

di sk informati on ECC encodi ng section 77, a 92 6 Decenber 2006 -synthesis

section 78sy%%h%%q%eﬁﬁc%ggneﬁ%oqgﬂgaﬁ%%%%%n§%8 e%”9d§n8°Q&EQEE§r7%O' The
prerecorded’i nformation generation section roquu S prerecorde

i nf or mati on_pr epar e, premastering step. The outputted prerecorde
I nf i onpr epa ot R T | h d ded

. . @) . .
information IS su t0 an“error correction coding process by the

prerecorded ECC egéodin% sectéqg 72, For exaqggf, ECC encaodi ng i.n which
the RS(248, 216, 337,PTRaTCrEIS? MRy ST O GRE o1 Het code

| engt h 248, gat% 216 and %istance 33, .is used may be performed simlarly
as in the CE5BETSf PERESEPERANEBERELABAONTRESBRERA| AY oF A&t i on generati on

section 75 enerates information of 112 bytes of the contents described
her ei nabovB*HMEALRELBFeAERPt 0 FIsG owipu prerecorded information

is subject to an error correction coding process by the
prerecorded ECC encoding seéction 72. For example, ECC
encoding in which the RS(248, 216, 33), that is, the RS
(Reed Sclomon) 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 theretc 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
Jlength 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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generated disk information of 112 bytes is subject to agggthggr dummy
data of 104 bytes thereto and ECC encoding by the RS(248, Val: wth a
parity of 32 bytes, that is, the RS (Reed Sol onobn) code of the code
,ength 248, data 216 and di stance 33 as descri bed hereinabove wth
reference to FIG 37 by the disk information ECC encodi ng section 77. The
address generation section 76 successively outputs values of absolute
addresses. The synthesis section 78 synthesizes address values 93 6

Decenber 2 t f tion. [ 76 _and th
o e A A S B D I BT Lo

di sk i nfornmati'on whi ch has

encodi ng segitd y/ particul.ar, the s esis section 78 successively
gener at es ?&téa]po fgom{ngl]Eblbciq{es"‘h—tjfél tﬁatss)be ﬁtAﬁrﬁg%tdd%é'f thRedi§Kmat of
FIG 30. I; 2 th nt hesj.s sectiqn 78 _incorporates the ECC encoded
di sk i nfor #ar}iﬁ%gg‘{a;téo&%cg%teé‘qor‘#% SRS Wor’d.- R PITEECBERROtERE t hat t he
dunmy dataspar i I.lustrat.ed b& FI G 37 having been added by the disk

i nf or mat i oy YECC S S G Ofedti SMCrESSdy Aot dsaeiratespeaaeedfal AUX dat a.

Then, the adgbiss ECC encodi ng section 79 perforns error correction coding
using the MEESHASEdPRESD °ToremBRIEoHerRSEL5the, fPymab b6r FI@n ECC bl ock

of the 30. In short, the synthesis section 78 incorporates the
ECC encoded disk information as AUX data in the ADIP word.
It ié to be-noted thaf the dﬁmmy 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 lasef beam upon a
glass substrate 101 having photo-resist applied thereto
to perform mastering, a_substrate rotation/feeding
section 85 for driving the glass Substra;e 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

94




format illustrated in FIG 30. The mastering section 74 bB clu ides, an opti cal
section (82, 83, 84) for illumnating a | aser beam upon a g "HS5“Substrat e
101 having photo-resist applied thereto to performmastering, 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

i ncludes agrensy K6 ;5 cdi S no9 Decenber
2006 of the substraﬁ% ?gga??gnlﬁéeéﬁﬁgxﬁ'gﬁggg%égg bgm% ﬁl h “8f the PB

zone and thg t @Ein nis. The.o |cal sect on
descri bed aboE%%%%?fuggg gﬁalggerﬁﬁp%ht S 8Fc@a§§eF6PEEBOFF5ﬁPnf6F exanpl e,
a He-Cd | aser, Apd section 83 for | atin | emtted from
the laser Iight sourcgﬁgéé%ase%c%h °Fe %?HF?Eégkéh%YeeéhF%ﬁhﬁ%t%rlng head
part 84 for %%Qdﬁnsh g_and hé nating the nodified beamfromthe
modul at | on - 5&&t 1o 83508kt gh698d $Pgy FaéeeéﬁmP%@rgFagg Cdubstrate

101. The dul ation sa ilon 83 incl udes_an acousto-optic gpe opti cal
modul at or mgﬂé%f'fBrmP PhfhyeBnF8FE1PRe8Bi §RE modulatlnq light

emitted from the laser light source 82 based on recording
data, and a mastering head part 84 for condensing and
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 modglator (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 radiél direction, and
a servo controller for contrblling the rotationallspeeds
of the rotary motor and the slide motor, tracking of the

mastering head part 84 ahd so forth.
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emtted fromthe laser light source 82, and an acoust o- E teie(;nbteyp 6opti cal
deflector (ACD) for deflecting the light emtted fromthe YAESt I"ght
source 82 in accordance with a wobbl e production signal. The substrate
rotation/feeding section 85 includes a rotary notor for driving the glass
substrate 101 to rotate-, a detector (FG for detecting the speed of
rotation of the rotary notor, a slide notor for slidably noving the gl ass
substrate 101 in a radial direction, and a servo controller for

controlling the reggati ;S the rotary.mtor and the slide notor,
tracking of the mastg(rli@?\lgalhgjggg%grsgk&saﬁ&lgf)’ %&r?ﬁ.rf%mé Becenber 2006

The signal pracess ectjon 81 rfornms a nodul ation signal production
process of per orm(%g Sslgﬁea{dletperrorﬂlﬁcé%&odb@r’%ﬁqe(ﬁ‘? &%WPWr exanpl e, for
|i,ed thereto through the changeover section 73

prerecorded,. t.i_on, su

and ADIP i ﬂ#oérgr% e?r%nnlnleﬁjcloﬁpdef)ﬁ?&lﬁ% PR Srati &%raﬁ&aﬁkﬂ’&tees %Enf ormation to
forma noduyl ation ignal. The signal processing section 81 perfornms also a
driving pr(JjocreesrseCfoorrdse INYERE At O8h SUPRH kst dihairsit cadironeh pei cal

defl ector of the nodul ation section 83 in accordance with the nodul ation
si gnal . Changeover section 73 and ADIP information including disk

information and address information to form a modulation
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 giass
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
;ection 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_phqto—resist-is sensitized based on the data
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In the mastering section 74, upon nastering, the S“bStrﬁgﬁcnumrzoa
rotation/feeding section 85 drives the glass substrate O rotate at a
constant linear velocity and slidably nove the glass substrate 101 while
the glass substrate 101 renmains rotated so that spiral tracks nmay be
formed in a predeterm ned track pitch. Sinultaneously, the light emtted

fromthe laser light source 82 is converted into a nodul ated beam based
on the nodul ation signal fromthe signal processing section 81 by the
modul ati on gection83 and is illum nated upon the photo-resist face of the

gl ass substrate 101 fromthe mastering head part 84. As a result, the
photo-resist is s it d-on the data 96 6 Decenher 2006, or groove.
B Hontdonise 7ﬂoﬁ°8£r8g§r§FF8Ht18F PheCRBE#EIPHg section

The controller 70 control'S executi

74 upon sucly ' nd controls the prerecorded information generation
section 71, Blsiq%% cwé%ﬁq(f c%@ﬁﬁ??@i@ﬁ°§e@PF@n“@§Fe§é@€e§§d generation

section 76 %%r%g%p over section 73 while supervising the signal fromthe
sensor 86. Upon startind 6 Sredsd AgLorretéont gsnesptlon seations t he

substrate rqtatj,on/feeding section 85 to set the slidably noved position
of the subg rafigSK information generation section 75, address

generation section 76 and changeover section 73 while
supervising the signal from the sensor 86.

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 slidabie feeding of the gléss
substrate 101 for forming a groove of a track pitch of
0.35 um.

In thié state, the controller 70 controls the
prerecorded information generation section 71 to outpuf
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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rotation/feeding section 85 to its initial position so stering
head part 84 may start illumnation of the |aser beanluggﬁ&?tgﬁﬁggter ng

section 74 fromthe innernost circunference 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 form ng a groove of a
track pitch of 0.35 pm In this state, the controller 70 controls the
prerecorded information generation section 71 to output prerecorded

| nf or Mt [ OMst-d Ratedite PIacqr deed MARMULLN BRY BB FURRILed Lo the

signal processing section 81 through the changecver section /3. Further,

the cont roldefe ith CNIRhARY lAeen JJaht,Sunee 82198700, Begenber 2006

start outputting of a | aser beam and ulratron ffodul at es

br oceast ng TEamL 1280 UICRAID ALk che TR KBRGRARTBR fé%%?atpge?ﬁﬂga'

processing section 81,
prerecordedy, j.nf; | Oy exe ﬁ roove nmastering on the gl ass
substrate 10%. ﬁg%%UentFoge ﬁ@ aﬁgo8f5§€8ﬁ °5r5g9ep§§r688§éﬁﬂbed
herelnabovgn%uE%aEefere@ce to F%G. 14B is perforned in a region
cor r espondihg ot tHE PR 9offEECULe groove mastering on the glass
~substrate 101.
Consequently, mastering of such a groove as
described hereinabove with reference to FIG. 14B is
- performed in a region corresponding to the 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 substrgte
rotation/feeding section 85 to lower the sliding feeding

Sspeed 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

o8




Thereafter, when the controller 70 detects fromthe signgh. of thsogensor 86
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 val ue. Further,
the controller 70 instructs the disk information generation section 75 to
generate disk information. Further, ,the controller 70 controls the
substrate frefmatimn/dRedsRg FReCclnRd BAd 2dQ el kfing,feeding speed
so that a. groove having a track pitchgégeg.ggapﬁ? E%y%gg g%?ﬁég.
Consequent o cRRISR nignfs-ration i pel uding e ,address informati and the
di sk i nfornation i5923p5|ie? &SQ@rﬁgggngég EB&EgeP?861Fﬁ8£éaarzgs ECC
encodi ng seglihonfAQ t e,signa rocessing sectjon 81 through the
changeover “secti on 7%%S%$h%%?g?hgrP§sgﬁelﬁ&ﬁgrf 6ﬁbgh§°P5§§r8$i§ﬁt sour ce
82 is nody i.th.the dul ation.signal fromthe signal rocessi ng
section 81,E?hggtgg,Q%%EeaHgnmﬁgkiﬁﬁa8Pa§?8ﬁalaﬁﬁomm9@ﬁnﬁﬁg%? on, by the

nodul ati on ion_83, and groove mastering of the glass substrate 101 is
execut ed R??%EFﬁénﬂnﬁﬁFg%BB ?isthFFgﬁﬁr based on MSK modulation

and HMW modulation, by the modulation section 83, and
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 masteriﬁg 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

exXposure 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 staﬁper, 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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Consequently, mastering of such a groove as described h Lnak W th
reference to FIG 14A is performed for a region correspggg%ng f%ﬁ?he RwW

zone. The controller 70 ends the mastering operation if it detects froma

~signal of the sensor 86 that the mastering operation reaches the term nal
end of the | ead- out zone. Through such operations as descri bed above,

| i ght exposure parts corresponding to the wobbling groove as the PB zone

and the RWzone are forned on the glass substrate 101. Thereafter,

devel opmentgheel ety Qf ordring,ar th ar orned to generate a
stanper, and the disk 1 desc?ﬂgggﬁﬁgggiﬁ§b535$?§J6¥Eﬁh€€dd%§Fﬁd%Fﬁe
stanmper. TheedygRd disk 1 is a disk wherein the ADIP information

including the disk information is recorded in 99 6 Decenber 2006 the form
of a wobbling gro iLn.the RW zone _as described herei nabove. Wijle the
FHELL"chaC ke Be e fE, %ﬁogb‘aﬁ?at%@daﬁﬁfﬁtwlﬁ@kﬁe

di sk of the enbodi nent an

producti on h for _the di sk have been described above, the present
i nvention i %5%%uﬁiﬁPFe%thdﬁﬁéﬁPrBGPC$éPPoH§tﬁ8§iﬁPéth@n@léén be made

within the scape of the present invention.
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 describéd 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
method of the present in%ention is configured such that
the disk recording medium has a recording and
reproduction region into and from which first data can be
recorded and reprqduced in accordance with a rewritable
or write—once;reéd—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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VWi le, in the exanple described above, user data is recgpdad.Rsoplaase
change marks, the recording nethod for wuser data nay be any rewitable or
write-once-read-many nethod. For exanple, the present invention can be
applied also to a disk or a disk drive apparatus ready for a recording
met hod such as, for exanple, a photo-electric recording nmethod or a

pi gnment changi ng net hod. As can be recogni zed fromthe foregoing
description, the disk recording mediumof the present invention or a disk

recordi ng m@hﬁgggﬂfﬂhggﬁ*gmbdﬂgﬁdMéaaﬂg¥g%£ﬂHgﬁb nekhod af 4t he. present

invention is configured such that recor di ng medium Has

recordi ng R SRIRAUGH R n ;isnt.Q fro mhlch first, data can be
recorded and reproduced |nngggogdénce FQBFS 6%h

wite-once r.di nd f rom whi c secqnd dat recor ded
in the for§f§?Hv3%E¥Fﬁ%£9F c@Qngv ﬁ@drnbﬁoﬁﬁaﬁﬂ §ﬁat%ﬂae t he second
data inclu 2 address infornmati on and addi ti onal
|nfornatlog%ghﬁggﬁqogegagPﬁéﬁa ggﬁFEFW&PFBHmﬁleBdéHelﬁeQEEG?aahEeamnth a
first error. %rrect an met hod, .and the coded additional information and

t He addres$ FoFﬁgFloﬁnaPECPEGSPHEdWPﬁhaa §e8PBACHHEAT | poBERSEdaRce with a
second err%ét%g&rectlon met hod.

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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Thus, since additional information such as properties othh%“géﬁ%ﬁis
recorded in the formof a wobbling groove together with address
information and recording in the formof enboss pits is not used, good
recording of the additional information can be executed for a high density
di sk. Further, since the additional information is error correction coded
dually in accordance with the first and second error correction nethods,
the reliability thereof as information is very high. Further, since the
first errorerfeyd:8/ t f ddiitiqnal _information is same
as that used foﬁﬂrﬁ@s@%ﬁ%ﬁa |cl%ra.c%3£%|§%i %@iepallrﬁﬁt &T8h error

Cor racti on “captory e, R AL SRE R B B eaBeCar 861 PoROAC ho

correction capability can be us as 't

and the reldghility of, the. additiaqnal infaqrmation,can be inproved.
Furthernnreff%q$dqﬁé§ |%§§aiﬁgvgegﬁﬁgPaﬂﬁggl§ﬁ°8FFoFn§8FW§€FPBn 101 6
December 2 codi na/ decodi ng section ready for the first error
Correction%%gpﬁg gcgﬁaggquggﬁ §get8dﬁ&ﬁéppéﬁ agfarmatiep apdrrection
decodi ng s%c%%gn (additional information decodingdneans) for the

addi ti onal "IAf8FfrafPoAtafdroFuFPREECRiCANCREPEingddeeeding section
.enCQding/d%ggdLHg %E%gLogata to be recorded and reproduced. 1In
other fords, the hardware for performing the error
correction/coding processes can be'uéed 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 isradded upon error correction coding and
error correction decoding} the number of stbols to be
.recorded onto the disk rgcording medium can be reduced.
Consequently, the reéording linear density can be

increased and the reliability can be raised. Further, the

capacity for recording can be increased.
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for the first data to be recorded and reproduced. In othgr fords, . the
hardware for performng the error correction/coding processes can be used
commonly, and sinplification in configuration and reduction in cost can
be anticipated. Further, since the additional information to be recorded
on the di sk recording nmedium adds, to the additional information of a unit
of msmaller than a code length n in error correction coding of the first
data, m n dummy data to performerror correction coding for the data
havi ng a code | en e I - e r rrection thod simlar to
that used for theg%??sgﬁgafggg ﬁlgg’ EégdpﬁgFeﬁﬁela&ﬁ???%ﬂafa?nfornation.
Further, sifgg e A IS d.upon .err,or _correction_codi ng and
error correctigﬁﬂhgbgﬁ#ﬁ%%f¥Q§§QNﬁ§§§%%oﬁ%' m3d1 &5t BTHECTRRSr 84 Bnto t he
di sk recor gj; Iy be .reduced. . Consequently, the recording |inear
densi ty cagh%%'q%%%#§%§ dngﬁﬁughg&fglﬁgﬁﬁﬁi p@&ﬁtﬁeapgi§éép Ebet her, the
capacity f %r%%%%rding.can be increased. 102 6 Decenber 2006 Fromthe

f or egoi ng, Frhe Bradeft InvETroGaRnSc Keevredcsighi pPPeaatienf eétat hat it
is preferabl.e.faor.a disk recording nediumof a |large capacity and al so the
per f or manc &k %E&B?dﬁﬁﬁaéﬁ&u§e6ﬁ6dﬁétF@Er@ﬁéﬂation of a
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di sk drive apparatus can be inproved. 103 6 Decenber 200§poLdNcMros- A di sk
recordi ng medi um conprising: a recording and reproduction region into and
fromwhich first data can be recorded and reproduced in accordance with a
rewitable or wite-once-read-many recordi ng nmethod and from which second
data recorded in the formof wobbling of a groove can be reproduced,
wherein the second data is coded into a first block having address
information and a part of additional information and recorded in the form
of continuous wobbling of said groove, predeterm ned nunber of said parts
of addi44?dial information included in said first bl ocks are gathered and
coded in accordance with a first error correction nmethod into a second

bl ock, and said part 6&f a8l ¥seedinnhmadiwm earpndsinhe: address infornation
inthe first block are recorded in a state coded in accordance with a
second err 8r TEEPFEERT o Fref ¢RIt iRrdirsio iac dndbngndefiom wetor df higstt o
claim1l1, wherein the first error correction nethod is sanme as the error
corr ectd®ddd mefERodPEsederordedhe dnd strafmaiuc®d Aldi skererdaniag wiedi um

according to claim2, wherein the additional information is error
correctieggitable or write-once-read-many recording method and from

which second data recorded in the form of wobbling of a groove can
be reproduced,

wherein the second data is coded into a first block having
address information and a part of additional information and
recorded in the form of continuous wobbling of said groove,

predetermined number of said parts of additional information

~included 1in said first blocks are gathered and coded in

accordance with a first error correction method into a second
block, and

said part of additional information and the address
information in the first block 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 ié same "as the

error correction method used for the first data.

3. A disk recording medium according to <c¢laim 2,

wherein the additional information is error correction
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104 6 Decenber 2006 coded such that, to the additi onal %@f orﬂg)at%@ of a
unit of msmaller than a code length n in error correcti RoeTest g of the
first data, mn dumy data are added so as to have a code | ength equal to
n. 4. A disk recording nediumaccording to claim11, wherein the additional
information is recorded at least in a lead-in zone in the recording and
reproduction region. 5. A disk production nethod for a disk recording

medi um having a recording and reproduction region into and from which
first data is to, be %ecorded and reproduced_in accordance with a

rew it a01%€%r SHFMt etBRAte- r B2d- Fafy FRLUrd™g ndPhsEmakey sk 2 prigpdict i on

met hod conprising the steps of: generating second data by coding a first

bl ock r?ﬁid‘b SRS itﬁi’rad’rnﬁioﬁo%d]ae h dF atili tPERRT | APBreRRIGN
recorded ..in the fqormaf continuous wobbling of a grove, gathering and

codi ng Cé’dﬁPgde?gr rﬁ%r?ed Ldgmber 98F2 saifr haftEny of AR t456nakdPRfor Rt i96n
included in first block in accordance wth a first error correction nethod
into a$el8i8 Bl 6ede  Leudy WG lsaPdRpart of additional information and
address information in the first block in a state coded in accordance with
a second error correction nethod; and form ng the recordi ng and

reproduction region by spirally 105 ‘
4. "A disk recofding medium according to claim 1,

wherein the additional information is recorded at least in a

lead-in zone in the recording and reproduction region.

5. 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 with a
rewritable or write-once-read-many recording method, said disk
production ﬁethod comprising the steps of:

.generating second .data' by coding .a first block having
address information and a part of additional information recorded
in the form of continuocus wobbling of a grove,

gathering and codiﬁg a predetermined number of said parts

~of additional information included in first.block in accordance
with a first error correction method into a second block ;
recording said part  of additional information and
address information in the first block in a state coded in-
accqrdance-with a second error correction method; and

forming the recording and reproduction region by spirally
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6 Decenber 2006 form ng a groove wobbl ed based on the sg%pnd dag& 6. A
di sk production nethod according to claimb5, wherein the P Por
correction nmethod is sane as the error correction nmethod used for the
first data. 7. A disk production nethod according to claim®6, wherein the
additional information is error correction coded such, that, to the
additional information of a unit of msnmaller than a code length n in
error correction coding of the first data, mn dumy data are added so as

to have. a code length e to n. 8 A disk production method according to
cl ai m 5EOTTHE & r?rﬂ%geac‘fggg%ﬂam?% et orr eI B 8ed at least in a

| ead-in zone in the recording and reproduction region. 9. A disk drive
apparatus which perfornms recording or reproduction onto or froma disk
recordi ng nmedi_um_ which has a recordi ng and reproduction region into and
from which fiPst Hat3 Tan BECFEIGFed P Feprastifrddd i9n  teccdiiddfice Wi th a
rewitable gr wite-qgnce-read-nmany recording nethod and from which second
data r Ged i h€106185becRhber 206 SRHEN oFREBPIW0BB| | FYtDf 38 gridve can

be reproduced, the ,second data is coded into a first block having address
error correctlion method used for the first data.

7. A disk production method according to claim 6,
wherein the additicnal information is erroxr correction
coded- such that, to the additional information of a unit

of m smaller than a code length n 1in error correction
coding of the first data, m-n dummy data are added so as to have

a code length equal to n.

8. A disk production method according to claim 5,
wherein the additional information 1s recorded at 1least
in a lead-in zone 1in the recording = and reproduction

region.

9. A disk drive apparatus which performs recording
or reproduction onto or from a | disk recording medium
which 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
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information and a part of additional information recordedyin th or m of
. . X D
conti nuous wobbling of a grove, predeterm ned nunber of sg‘feaqbﬁg‘?otoé of the
additional information included in said first blocks are gathered and
coded in accordance with a first error correction nmethod into a second
bl ock, and said part of additional information and the address information
inthe first block are recorded in a state coded in accordance with a
second error correction nethod, said disk drive apparatus conpri sing:
readout, nmeans for readi pg_out the second data fromthe wobbled groove of
the di S5 e né’frreHPngl’&‘éldr%%s YeHRIF meRTs P6r pEPFRRRFHYr erltle
correction decoding in accordance with the second error correction nethod
for theSE®6hd 9Bdfa redd ofPI®Y sHIEP r endditrSteakd ocl obeuiPgt MeddeRf%ss
information and the additional information coded in accordance with the
first effrmatdrredtidor metho8f aRdiidanelopafornebromt TerPeR&Ddimgfeans
for performng error correction decoding in accordance with the first
error dS¥ectd o HBIHILE fHPRHE A t # 08EPVENT BEALE FoRMidwRge diymPere <t dance
with the first error correction nethod and obtained by said address
decodi ¢ Re&TELS10F 6 e ciibidriorede infprogtdiosk iddlydedppar ftais! abiewrtdi ng
to claim9, wherein the first error correction nmethod is sane as the
. blocks are gathered and coded in accordance with a first error
correction method into a second block, and said part of
additional information and the address information in the first
block are recorded 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‘
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.
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error correction method used for the first data, and Salgcgg%h}}%ﬂ%!
i nformati on decodi ng neans further perfornms error correctron deco i ng and
error correction coding for the first data. 11. A disk drive apparatus

according to claim10, wherein said additional information decodi ng neans
adds, to the 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 decoding for the data having a code |ength equal

ton 12. A digk driv ,quaratus according to claim9, wherein the
additional infi8rndti oMt $% oftaVfed 2FPerrtRe séc6RIJdRTa tead CloUMm f rdm a

| ead-in . zone in the recordi ng and reproducti on region by said readout
Means. %&ﬁ¥61n t%e first egror coé%ection meth%d is ysame 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 of 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 and reproduction region

by said readout means.
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