- 1 23 February 2005 DESCRI PTI ON OPTI CAL DI SC AND PHYSI CAL. ADDRESS FORNVAT
5 TECHNI CAL FI ELD The present invention relates to.an optical disc nedium
for recording information (for exanple, digital video information) at a
high density, and an optical disc 10 apparatus and an op2i FabrudiyS©os
reproduction nethod used for the optical 1di~sc medi um BACKGROUND ART 15
Recently, the recording density of the optical disc nedia has becone

i ncreasingly higher. In general, a recordable optical disc nedium has
track grooves therein in advance, and information is recorded along the
track grooves, i.e., on the track gPB&¢BIPELONN area interposed 20 between
the track grooves (referred to as a "land"). The track grooves are
sine-l1ike wobbles, and the information is recorded in synchronization with

cl ocks generated base®PTHFALL B i 80 FATYHC Ao APRRESATIPRMABs ar e

provi ded along the track groove in order to record information at
prescrib 25 positions on a recording face of the optical disc medium
Three ex | ary structures for pro??@ﬁﬁﬁcéﬁdFEEEBs will be described
bel ow. (1) Japanese Laid-Open Publication No. 6-309672 30 discloses an

Thterm ttently and aodiee T omsrth Ao Moah T atas dfucit GRFARAL A
pre-pits. In mediumcater zecetdiegs-imformatdomniifeor dakamplley adtwf=r 23
February 2005 v3 o s90AHaRY o}l 328! h00n HLRL1 0, 08 L2 09N a1 s

] 10 apparatus and an optical disc reproduction method used for

3} the optical disc medium.

BACKGROUND ART

15 Recently, the recording density of the optical disc
media has become increasingly higher. In general, a
recordable optical disc medium has track grooves therein
in advance, and information is recorded along the track
grooves, i.e., on the track grooves or an area interposed

20 between the track grooves (referred to as a "land"). The
track grooves are sine-like wobbles, and the information
is recorded in synchronization with clocks generated based
on the period of the wobbles. Addresses are provided along
the track groove in order to record information at prescribed

25 positions on a recording face of the optical disc medium.
Three exemplary structures for providing addresses will be
described below.

(1) Japanese Laid-Open Publication No. 6-309672

30 discloses an optical disc in which wobbled track grooves
are formed locally and intermittently and address
information can be reproduced as sc-ocalled pre-pits. In

this case, an address-only area and a data-only area for



(2) Japanese Laid-Open Publication No. 5-189934 discloses an optical disc
I n which frequency-nodul ated 5 wobbl es are provided and address infornmation
(sub information) is recorded using the frequency of the wobbles. 1In this
case, data information is overwitten on the address in 0 (3)
Japanese Lai d-Qpen Publication No. 9-326138 discloses a%yggﬁ%égqmg%sc I n
which pre-pits are forned between adjacént track grooves and addresses are
formed by the pre-pits. 15 In consideration of the higher density
recording which will be required in the future, all the above-nentioned

structures h o] In the structure, of t he space for
data is 20 ?:\ée uc fﬁ&u{%’%“fﬁe&gnp?gcj:or} eetfffrsf%oorl‘o he r%%r@%‘é’@gefso cal | ed
‘overhead"). Thus, the nenory capacity is inevitably reduced by the space .
for the addresses. The,s ) f.ol | W|ng robl m The 25
wobbl es are ori gi nal P?)pr']{)&%g}éf%rral ni('g ?%%% %8% genér BPAd4cl ocks
for recordi nGlssrlarats i o, Onﬁdcﬁﬂustama lprwhmauﬂﬁré@mandymmbauaaﬁeagle .
frequengy. Vgmul V\%@ esp r Wi g

“ rayEacd) "Rl Nadk R D e SRR  BPUPng and

precise recording clock signals can be generat
30 synchr oni ZBFPEAHIH Jels aanniad vaisodie freiqugnayPbE tire webbbléske

Wien t he V\Dbllheﬁhﬂa\&s% Phstal iddofhatiSHUNS n 0 gal N€
frequency ba i.ch the PLL can'El adapt |t§s‘%ﬁ%9%§§§ﬁ ‘%ﬁtbteé %@ &8
relative to Bﬂg ﬂ\g& 1003 >3 February 2005 where the wobbl es have a single

frequency in order to avoid pseudo |ock of the PLL. Then, it may
un‘deS| r1%b|y occur th?r?,) Japanese Laid-Open Publication No. 9-326138
7 discloses an optical disc in which pre-pits are formed
between adjacent track grooves and addresses are formed by
the pre-pits.

15 In consideration of the higher density recording
whichwill be required in the future, all the above-mentioned
structures have their own problems.

In the structure of (1), the space for data is

20 reduced by the space required for the addresses (so-called

*overhead"). Thus, the memory capacity is 1nev1tably
reduced by the space for the addresses.

The structure of (2) has the following problem. The

25 wobbles are originally provided mainly for the purpose of
generating clocks for recording information, and thus are
‘preferably formed with a single frequency. When the wobbles

are formed with a single frequency, highly precise recording

clock signals can be generated merely by multiplying and

30 synchronizing a wobble reproduction signal using a PLL or
the like. When the wobbles have a plurality of frequency
components, however, the frequency band to which the PLL

can adapt itself needs to be reduced relative to the case



‘the PLL cannot sufficiently follow disc notor jitters or jitters generated
by, for exanple, de-centering of the disc. 5 This results in jitters
remaining in a recording signal. In the case where a recording filmfornmed

on a recording face of an optical disc is a phase changg; Eij iy S/'N
ratio of the recording filmcan undesirabld be 10 reduce%3 as re%élopgng S

repeated. Even when this occurs, wobbles with a single frequency allow the
noi se conponent to be renoved using a bandpass filter for a narrow band.
However, when the wobbl es are frequency-nodul ated, the band to be passed
needs to be entBepedhenwobtieesthaakl awintled feedbempgul RtedhdF equapsigs. As

a result, the ' o) i m X inwth a bb] e reproduction
signal and t htrﬁs]g%%r?? (rgllg’rg& ‘?ﬁgﬁ&’eeaggg 't hgg?’i"t H&@?Y SHERRLY @eeoEhatt ter s
is not pref ertip Plsh neanndie guffbeiently nfokblolecd Easatotsrt herteesos4i ng
density is inc tr (3), the pre-pits_naturally

i nfl uence reao#ﬁg@%s Fége::%%—%triﬁbgf #%%%&e@?hg%ﬁgeg jegé@r#)olfttth&c 13T ooves.
Thus, it 9s diThigzuresulEprigyviHetters ufénmaiming nimberredopdetngi $Sgeal h
having a sufficient 25 I ength. Therefore, there is an undesirable
possibility that the _nunmber of detection errors is increased especially

when the recording dedd t§he scaggnmhiexgntd ywenqpding fiynt formede on a

above- descr | batbuthlifiEadenor 3% Rprieal WAKENiLOR (8e@ chlh AL ¢V Of
provi di ng an mnimzin ead an SCribihg

addr esses Wi t%(ﬂ%géag%gﬁg%;%{%g?%cQF%ng%ﬁxgéa@pﬁl@@lsj-!@bd& be

appar at uso and meucH#t iasaretirit ineprigduebeaie et O Ofhen 4thiPRIQANE Ng the

09t ical disc rl?o%blirgs Qli%g‘gs EJREQ e ;?qulzeNr\l/gyNT A:H\Iow the noise component
to be removed using a bandpass filter for a narrow band.
However, when the wobbles are frequency-modulated, the band
to be passed needs to be enlarged in order to allow for the

15 modulated frequencies. As a result, the noise component is
mixed in with a wobble reproduction signal and thus further -
increases the jitters. Such an increase of jitters is not
preferable since the jitter margin is decreased as the

_ recording density is increased.

20

In the structure of (3), the pre-pits naturally

influence reading of the information stored in the adjacent
track grooves. Thus, it is dJifficult to provide a
sufficient number of pre-pits each having a sufficient

25 length. Therefore, there is an undesirable possibility
that the number of detection errors is increased espscially
when the recording density is significantly high.

In 1ight of the above-described problems, the

30 present invention has an objective of providing an optical
disc medium for minimizing overhead and describing
addresses with wobbles having a single frequency, an optical

disc apparatus and an ‘optical disc reproduction method for



23 February 2005 5 According to one aspect of the invention, an optical
di sc nedi um conpares a track groove, along which main information is
recorded. The track groove is divided into a plurality of blocks. The
plurality of blocks each include a plurality of franes.>3hgpibyralosty of
frames each include 10 one shape of wobbles indicating sub informtion,
anong a plurality of prescribed shapes of wobbles. The plurality of

bl ocks each have address information. The address information is
represented by a string of at |east one piece of sub information

represent ed Pedriashang ele €51 adisd madiwgast one of the plurality of

frames. In one enbodi nent of the invention, the plurality of blocks each
include a plurality of sectors. The plurality of sectors include the

plurality of franes. The 20pagdresyrRENDEr MeE INVENTIER esented by a string
of at |east one piece of sub information represented by the shape of
wobbl es of at |east one of the plurality of frames included in at |east
one of the sectors ZEE:dcrrc]me_:; oo Eeptacdtfof thei Twvesht Don, 2n bpaseabne of

the pluralit nc raI of eces _of dr.e
|nfoPn;t|ok s ggéﬁml Cic%ece d%&?o %nf%ﬁﬁ&ﬁ(ﬁ$ Sﬁﬁ%ﬁtlcm
The plurali t)ﬁnﬁorpl@t:m afs ragorded .i nTbenm'aldn greevendls Adpridedniatoby t he
string of 3Q mﬁr‘aﬁ.é.tﬁf b%%kry L0en@fp {Hhd PRI Qs I EngiRAd! Ment

of the invention alit g ress rntormation each
i ncl ude an ordBLukGddsy, of fs:afr@@ Fe‘B e b had franes gachinpdnde

i ndi cags an oqlréieéh@ﬁe tOe wSWESS 'i’lﬁil@é@f’@? OB ALl £65mh B18h M hEHgAAPNY
thﬁ pIurallty ;ieces of address_ i nf i on.

ity of prescribed shapes of wobbles. The plurality
of blocks each have address information. The address
information is represented by a string of at least one piece
of sub information represented by the shape of wobbles of

15 at least cone of the plurality of frames.

In one embodiment of the invention, the plurality
of blocks each include a plurality of sectors. The
plurality of sectors include the plurality of frames. The

20 address information is represented by a string of at least
one plece of sub information represented by the shape of
wobbles of at least one of the plurality of frames included
in at least one of the sectors.

25 In one embodiment of the inventlon, at least one of
the plurality of blocks includes a plurality of pieces of
address information. The plurality of pleces of address
information are identical. The plurality of pieces of
éddress information are each represented by the string of

30 the at least one piece of sub irformation.

In onefembodiment of the invention, the plurality
of pieces of address information each include an order number,



5 In one enbodi nent of the invention, the address information is
represented by a plurality of bits, and the plurality of bits are
represented by the at | east one string of sub information froma |ower bit
to a higher bit. 10 In one enbodi ment of the invention, 2desmlawalobsy of

bl ocks each include a plurality of secters.-The plurality of sectors

i nclude the plurality of frames. The address information is represented by
the at | east one string included in the plurality of sectors. Information
15 indicating an order of the sector anong the plurality of sectors is

represented bgnd phbet bodenf nhbent in@bcate8CaR| GFder W Ul iHUYmRLiA. In
rmation 20 indicating at | east one of

one enbodi nmeni, . t ' I an, . inf

an error det eg%géﬁ an%&éﬁ%%&wqu EFCPGhthgdelvsal bfy b miegesy a
portion of thef addreast iofermatédenof sub information. In one enbodi nent of
the invention, the track groove 25 has an identification mark provi ded
therein indicating a |eading end of each of the plurality of blocks. In
one enbodli ment of theIRnvant eohodimenti dentidd chiventien K tEePLAM-ded by

cutting of f therdfagkier0;gr i.nent , of e invention, the
i dentification nark_Féopr%yi 6V$ﬁ€%g§?§g3§$§Fﬁ3153V$ {hFEfJ e26r tRey 2005
- 6 of the tPHKFhtYrdoPdLs areFerarseniteshbyofhe e 1exedtdmenstiigg

i -dentificaticf $Ebkihsophavidgdrbym! HCRLWY-VRLYi BY 8Ny, ; L{ude of the
shape of wobbles. In one enbodi nent of the anéﬁt?gn? Pﬁghggﬁﬁé%rty of
shapes of wobbles -include a first shape of wobbles and

| 10 In one embodiment of the invention, the plurality
) of blocks each include a pPlurality of sectors. The
plurality of sectors include the pPlurality of frames. The

address information is represented by the at least one string

incinded in the plurality of sectors. Information

15 indicating an order of the sector among the plurality of
sectors is represented by a portion of the at least one piece

of sub informat ibn .

In one embodiment of the invention, information
20 indicating at least one of an error detection code and an
error correction code is represented by a portion of the

at least one plece of sub information.

In one embodiment of the inventicn, the track groove
25 has an identification mark provided therein indicating a
leading end of each of the plurality of blocks.

In one embodiment of the invention, the
identification mark is provided by cutting off the track
30 groove,

In one embodiment of the invention, the
identification mark is provided by locally varying a width



a second shape of wobbles which are different fromeach other 10 in at

| east one of

of wobbl es-and the second shape of wobbl es
on fromeach other. 15 In one enbodi nent o@gpaﬁum@wgoglon
the plurality of shapes of wobbles incluyde a first shape of wobbles and a

sub I nformati

second shape

arising gradient and a falling gradient, and the first shape
i ndicate different pieces of

of wobbl es which are different” fromeach other in a duty

ratio, and the first shape of wobbles and the second shape of wobbles

indicate different pieces of sub 20 informatlon from each other.

enbodi nent of n lurality of shapes of wobbles are
o g oL EREERRy, HhEePe -
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| east one of

sub | nf o mat |
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apes o wobbles ineclude a flrst shape of wobbles and
a second shape of wobbles which are different from each other
in at least one of a rising gradient and a falling gradient,
and the first shape of wobbles and the second shape of wobbles
indicate different pieces of sub information from each
other.

In one embodiment of the invention, the plurality
of shapes of wobbles include a first shaps of wobbles and
a gzcond shape of wobbles which are different from each other
in a duty ratio, and the first shape of wobbles and the second
shape of wobbles indicate different pieces of sub
information from each other.

In one embodiment of the invention, the plurality
of shapes of wobbles are provided on one edge of the track
groove.

In one embodiment of the invention, the track gfoove
includes an identification mark indicating at least one of
a leading end and a trailing end of the at least one string
of sub information.

In one embodiment of the invention, at least one of
the plurality of blocks includes a plurality of the at least
one string of sub information. The identification mark

I n one

groove. 25 30 In one enbodi nent of the
I ncl udes an identification mark i ndi cating at
a | eadi end .and g e t he at t_one ring
of sub information, Ifnllgmgg]enbo :?mél?@ gy géﬂﬁ o2 ‘Eﬁ' LY or%1
the pluralityidgnplidicstion u;r@g&c a:-?pl praWiﬁye&)fbyhdmaﬂlanVarmestan ng of .

1irﬁgdgdg§tt£éc§5a€ Bbles23 February 2005 indicates a

| eadi ng end of the at |east one string o? Sub=- '
i dentification mark has an identical shape with another identification

rark i the at |east pnconsldndlentibs R Wit idh OB PPIGatt dyt One



‘the plurality of blocks includes a plurality of the at | east one string of
sub information. The identification mark indicates a |eading end of the at
| east one string of sub 10 information. At |east one identification mark
has a different shape fromthe shape of another identifpepth 08y dBEK in
the at |east one string of sub information i.n one block. 15 Inone

enbodi nent of the invention, the identification mark indicates a trailing
end of the at |east one string of sub information. The identification mark
is formed by conmbining a first shape of wobbles and a second shape of

wobbl es whi ch igy@ cliddL=enkatiiam 8agheet B | S L Si ng
l 3 nt @V\A' th og tﬁiér gﬂs%‘gggoéﬁemig#)%gg\?éﬁ (a:%'”hjf s a

gradient and a ffal | i %;adi V . ) ]
si ne wave shap& c’l‘?‘?‘ag%é’ nbothS$ehtieBELEReatieanmagk hes| eastidantistal t he
plurality of Ikihagkswiitel sfesher pldemtificotidNandik |18A%he2at ONEasSE 'dg Of
sub |nforrrat|or)EFThe6:|'id(Seslrhl%l fj;u%atlo mark i ndi ﬁﬁeska trailing end of the
at |east one Stimy R 05 LTS G%4cation mark has an

i dentical> shape with another identification mark in the at |east one
string of sub information in _gne .blaock. 30 In one epbodi nent of the

i nvention, at |east ot%(lg orc 9 é)%ﬂf'l?féi Ptfygs? jorf%%‘kgf‘?lhclaﬁd&aﬁtpﬂ’% Afity of
the at | east tbeepiurdbitypfofshbocksdimzludes aThkutrdantiyfdf ahiecat TREet?3
February 2005418 a3 tyagl of e. t_one_string of
sub i nfor mat i on. s,;d\tﬂl(ﬂeg;g{feossr}ga i%gfrl(jtn::ﬁ?%g fR(’)n ?r%%klﬁégltg%iﬁ#?'gpeﬁarﬁape
from t he shapdngilcatesharleadingfer@tobnthepak lepshenm dtumstg ofe ssihr i ng

of sub ipaf or mMbireRrmkh®ione SaP| Aelest one identification mark has a

3 different shape from the shape of another identification
mark in the at least one string of sub information in one
block.

15 In one embodiment of the invention, the
identification mark indicates a trailing end of the at least
one string of sub information. The identification mark is
formed by combining a first shape of wobbles and a second
shape of wobbles which are different from each other in at

20 least one of a rising gradient and a falling gradient with
a third shape of wobbles which is a sine wave shape.

In one embodiment of the invention, at least one of
the plurality of blocks includes a plurality of the at least
25 one string of sub information. The identification mark
indicates a trailing end of the at least one string of sub
information. The identification mark has an identical
shape with another identification mark in thé at least one
string of sub information in one block.
30
In one embodiment of the invention, at least one of
the plurality of blocks includes a plurality of the at least
one string of sub information. The identification mark



I n one enbodi nent of the invention, the identification mark is provided by -
cutting off a portion of a |land between adjacent portions of the track
groove. 10 I1n one enbodi nent of the invention, the Identification marks
provided by cutting of f a land between adjacent portiopsredruhlyechsack
groove. 15 In One enbodi nent of the invention, single frequency  dunmmy data
is recorded on the identification mark.” 1% Tone enbodi ment of the invention,

t he nunber of pieces of sub information indicating a |ower bit of the 20
address information Is larger than the nunber of pieces of sub Information

i ndi cating a_.higher bit of the address _Information. According to another
aspect of thé‘rﬁ‘ﬁ\Féantt‘?%rﬁ %§ﬁig"z‘§‘90§ﬂ’idcé’ﬁ Bhecahekhafh compatedrg odcenbi ng

reproduct i on jarfearmetdien di SatTEDEdERENénEl Slenth e 1RGALH NHafgPHRAUCLI ON
area Incl ude&iﬁé‘ierst t.rack roove, al ong which main information is
recorded. The& diseE HhnSPFRAELTIR I RRCFIAEE of saReRaert idertgfdsatipnrovi ded

in at |east owglofinarthenadr laasd amd 3G rdngovFesudl earetmhiRecaPihcahedi sC
medi um sThe g9eRd track groove Includes a plurality of prescribed shapes
of wobbl es. e managenent Information of the optical disc nmediumis

represented by a conmbination of the plurality of prescribed - 9 shapes of

wobbl es. 23 February I%005o{1)%| grgfl} 'l{r@nt D%f tf eei n\iglnp%%n, t he Ha%(rjagi ty

of prescribed shapes of wo ncl'ude a fiIfst Shape | es
second shape i§entdBEcatign onk cleliprevided Yy opubbihgodbherai poatibgast a

rising gradi et sanho flthicth SIFEbERE pAPEisnd NoF GsbapE.gk yRBBLES whi ch
Is a Sl.'LBe wave
In one embodiment of +the invention, the
identificationmark is provided by cutting off a land between
adjacent portions of the track groove.

15 In one embodiment of the invention, single freguency
dummy data is recorded on the identification mark.

In one embodiment of the invention, the number of

pieces of sub information indicating a lower bit of the

20 address information is larger than the number of plieces of

sub information indicating a higher bit of the address
information. '

According to another aspect of the invention, an

25 optical disc medium compares a recording reproduction area
and a disc management area. The recording reproduction area
includes a £first track groove, along which main information

is recorded. The disc managiement area includes a second

track groove provided in at least one of an inner area and

30 an outer area of the optical disc medium. The second track
groove includeg a plurality of prescribed shapes of wobbles.

The management information of the optical disc medium is
represented bj a combination of the plurality of prescribed



-shape. 10 15 In one enbodi nent of the invention, the first track groove
I ncl udes the plurality of prescribed shapes of wobbles. The nunber of
shapes of wobbles indicating 1-bit information is different in the disc

‘management area conpared to in the recording and reproduCEi}a@@ds | n one
enbodi mrent of the invention, the first t+ &l groove includes the plurality
of prescribed shapes of wobbles: The first track groove and the second
track groove are different fromeach other in the frequency of the shape
20 of wobbles. In one enbodi nent of the invention, the first track groove
i ncl udes the pihapsst9f ofolphlestri bed shapes' of wobbles. The second track
groove has a larger anplitude of 25 the shapes of wobbles than that of the
first track groove. In one enbodi nent of the invention, adjacent portions
of the second track gridbwaehgrbodioendt eft theateventiér| ehbe plutdikishape
of wobbl es of +=d) E}%@% | | . ne_enbodi ment
of the invent i%ﬁn,%]%‘ehéégfshé%%dr&dﬂ%rac eOfgfkg%}é/‘%i %g{haéllq{aéraegg %#‘Tg%‘g %ﬁ%’?’n Than
that of the fi¥hbiesndaed s seppnsr Fhapesof webblesoveich nmomelcifrintent of

the invention fddae'eadhdgphili GRlH4100 ABRKA1 Si LY AV 1e\VAnY i e of
at | east one shﬁg,e of wobbles in tﬁe trgcklgrr%\?gs&ﬂgﬁgnghénﬁgfﬁn%ﬁfgof

the invention9 eRlye ARG f U oHh Shane rf yebhies ey dsyangine maspiency
of at |east @mamhape of wobbles In the track groove.

10 In one embodiment of the invention, the first track
} groove includes the plurality of prescribed shapes of
wobbles. The number of shapes of wobbles indicating 1-bit
information 1is different in the disc management area
compared to in the recording and reproduction area.
15
In one embodiment of the invention, the first track
groove includes the plurality of prescribed shapes of
wobbles. The first track groove and the second track groove
are different from each other in the frequency of the shapve
20 of wobbles.

_ In one embodiment of the invention, the first track
groove includes the plurality of prescribed shapes of
wobbles. The second track groove has a larger amplitude of

25 the shapes of wobbles than that of the first track groove.

In one embodiment of the invention, adjacent
portions of the second track groove have a constant phase
difference in the shape of wobbles of n/2 x (2n + 1), where

30 n is an integer.

'

In one embodiment of the invention, the second track
groove has a larger track pitch than that of the first track



10 I n one enbodi nent of the Invention, the plurality of shapes of wobbles
are provided at an identical period. According to still another aspect of
the invention, 15 an optical disc apparatus for reproducing an optical
di sc nmedium which Includes a track groove. along which z@aFsbrubmfoogsat | on
Is recorded is provided. The track groove is divided into a plurality of
bl ocks. The plurality of | locks each imTiclude a plurality of frames. The
plurality of franmes 20 each I nclude one shape of wobbles indicating sub
Information, anong a plurality of prescribed shapes of wobbles, the
plurallty of Rl s each have address Informatlan. The address Information
I S represent Oby d string of at |least one piece of sub Information
represented by the shape of 25 wobbles of at |east one of the plurality of
frames. The optical Ldisc paratus .incl.udes_a cqnversi on section for,
readi ng the main Infgﬂnat? % aﬁﬁ&Fﬁgﬁgﬁﬁ i nP5r %n FRYRRtERE optTRaI disc
medi um and gédenddifigad joepmedic tisoprosiigheal by vaenyDsyc i pitase 9ol at
cal cul atsi on -0 X TE,si gna nd_an _RF signal froma
repr oduzst i ongL%E‘ISEJIn<'E?1’Il{;tca %ﬁarag‘%egﬁyé‘%yld%%ﬁ S:r%légl T eq"e}?a??%ﬂv%ect ion f or
generating a reference clock signal fromthe TEs' mal; a |evel-sliced
pul se signal generatirgn sggdio 5 erating 4. 11 & ebruary 2005 a
| evel -sliced, pul se sFﬁnaI fron??%g T ?? na # a }F%cklﬁgFE%gngnaf%he
det ecti on se&BFB%lf&Pg& CEIRRY ASHPEEK1AEEKDYE beuvYingr anfrémuiEcyi ghal ;
and a sub i nher fehisen ogenehaiped bfs §@baks Her tgfe.nehaéci:]@ggfo&'»‘%’. | nformation
signal ,fromthe reference 5 clock signal, the level-sliced pulse signal and
thg bl&gk mark signal. According to still another aspect of the invention,
- In one embodiment of the invention, the plurality

of shapes of wobbles are provided at an identical peried.

According to =till another aspect of the invention,

15 an optical disc apparatus for reproducing an optical disc
medium, which includes a track groove, along which main
information is recorded is provided. The track groove is

divided into a plurality of blocks. The pluraiity of : locks

each include a plurality of frames. The plurality of frames

20 eachincludeoneshapeofwobblesindicatingsubimformation,
among a plurality of prescribed shapes of wobbles, the

- plurality of blocks each have address information. The
) address information is represented by a string of at least
one piece of sub information represented by the shape of

23 wobbles of at least one of the plurality of frames. The
optical disc apparatus includes a conversion section for

reading the main information and the sub information from

the optical disc medium and generating a reproduction

signal; a reproduction signal calculation section for

30 generating a TE signal and an RF signal from a reproduction
signal; a reference clock signal generation section for
generating a reference clock signal from the TE s*mal; a
leVel-slicedpulsesignalgeneratioﬁsectionforgenerating



a nethod for reproducing an optical disc nedium which 10 includes a track
groove, along which main information is recorded is provided. The track
groove is divided into a plurality of blocks. The plurality of blocks each
include a plurality of frames. The plurality of franes gackvrifigl2eds one
shape of wobbl es indicating sub informatijgn,. anong a 15 plurality of

prescri bed shapes of wobbles. The plurality of blocks each have address

i nformati on. The address information is represented by a string of at

| east one piece of sub information represented by the shape of mobbles of

at |east one gf 1&4?@1%91@&&1@{11% fsiaﬁ‘ai firé}ﬁ IR &‘Edsigf}ﬂi'd%sbﬂ? eps

of reading the main information and I nf or mat fromt eoplcal

di sc medi um afdg9g§étefaterfian $%¢Mcﬁ%ﬁle§ﬁ§@ng gebteakimayck siEmEilgnal

and an RF 'si g#abm fm@mesi@@apd%ta Qs ﬂﬁ@bmﬂ%ﬂ% Zééz@ar&tisﬁ%r Gorf | 0Ck
a Level-slice | se 25 signal from

signal fromthe TE 5|g generalt:lra g

the TE si gnal T°FefeLe ﬁglﬁgb? §9P ARERTEALASR S:FBBﬁﬂ-tf]’émRFﬂ'sq Fiefleranas
generatisg a &ubcknf;g)gﬁall.l Othéi Pivadl-$1Ded 1T 04 ef iee] iRt e $1Yek t he

| evel -sliced pu and the bl ock mark signal. 30 BRI EF DESCRI PTI ON

| se SI
OF THE DRAW 63 shows a track groove in an optical disc nmediumin
Exanpl e 1 accordi ng to the present invention; 23 February 2005 - 12 Figure

2 shows an opti cal di SEcHEd UYL EXITRLE, dnefSoOding (G, he LSS

i nvention; 5 Figure 3'shows a“track groove in a
Exanpl e 2 accer dietgpodo fide pepredncingeani optibiadurdisk shedsum, t whdlchgr oove

il,n an oppi cal 1fkSGa.5Pd! ¥PRLR EX88PLE 218650LALBH hQ:1hNE HRLERETS JnYENt i on;
q) recorded is provided. The track groove is divided into a
plurality of blocks. The plurality of blocks each include
a plurality of frames. The plurality of frames each include
one shape of wobbles indicating sub information, among a
15 plurality of prescribed shapes of wobbles. The plurality
of blocks each have address information. fThe address
information is represented by a string of at least one piece
of sub information represented by the shape of wobbles of
at least one of the plurality of frames. The method includes
20 the steps of reading the main information and the sub
information from the optical disc medium and generating a
reproduction signal; generating a TE signal and an RF signal
} from a reproduction signal: generating a reference clock
signal from the TE signal; generating a level-sliced pulse
25 signal from the TE signal: detecting a block mark signal
from the RF signal: and generating a sub information signal
from the reference clock signal, the level-sliced pulse
signal and the block mark signal.

30 BERIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a track groove in an optical disc
medium in Example 1 according to the present invention:



Figure 5 shows a track groove in an optical disc nediumin Exanple 4
according to the present invention; Figure 6 shows a track groove in an
optical disc 15 nmediumin Exanple 5 according to the present invention;
Figure 7 shows a track groove in an optical disc nedi um3i pedrsagizlods6
according to the present invention; 20 Figure 8 shows a track groove in an
optical disc nediumin Exanple 7 accor dt g-to the present invention
Figure 9 shows an optical disc nediumin Exanple 7 according to the
present invention; 25 Figure 10 shows an address structure of the optical
disc nediumin Exanple 7 according to the present invention; Figure 11
shows a track groove in an optical disc 30 nediumin Exanple 8 according

to the present inveniQfirdi®ehewh2as ONeica adke s bt/ ShieLanb1Lhe
optical disc nediumi rlcExaEngl e 8 according to the present invention; - 13
Thi 3t

23 February oMECSLRT ANV BEIR i n an optical disc medium
in Exanple 9 according to the present invention; 5 Figure 14 shows an

address structure of Jf.he opticgl disc nmediumin Exanple 9 according to the
present 5|snventi on; Flﬁd@g{é s%b%és £ tﬁ’?ﬁ(j‘ FTVVES | 1R A PR AL gikse

medi um | n Exaedien Godamnphy 2 adderdinsend theepiéssnt 1nTe@tienib shows
an address structure of the optical disc nediumin Exanple 7 according to

the present invention, Figure 17 shows a track groove in an optical disc
i s mediumin Exanpl e Fizuase of dihays @ thragk egemeve nimrdn ooptfaeglrdidé shows

a track grooygaiirAR P kb1 &l $CacdBh Y | fo BXRIPL Lo d2n BCEN M £, 0 the

present i nventi on;
‘ 10 -

J

Figure 5 shows a track groove in an optical disc
medium in Example 4 according to the present invention:

Figure 6 shows a track groove in an optical disc
15 medium in Example 5 according to the present invention:

Figure 7 shows a track groove in an optical disc
medium in Example 6 according to the present invention;:

20 Figure 8 shows a track groove in an optical disc
medium in Example 7 according to the present invention:

, . Figure 9 shows an optical disc medium in Example 7
according to the present invention;
25
Figure 10 shows an address structure of the optical
disc medium in Example 7 according to the present invention:

Figure 11 shows a track groove in an optical disc

30 medium in Example 8 according to the present invention:
Figure 12 shows an address structure of the optical

disc medium in Example 8 according to the present invention:



20 Figure 19 shows a track groove In an optical disc nediumin Exanple 12
according to the present invention: Figure 20 shows a track groove in an
optical disc nediumin Exanple 12 according to the present invention, 25
Figure 21 shows an address structure of the optical disgzpesHspdonsExanpl e
13 according to the present Invention; Filgure€ 22 shows an address structure
of the optical 30 disc nediumin Exanple 11 according to the present

i nvention; Figure 23A shows a structure of an optical disc apparatus in
Exanpl e 14 according to the present invention; 23 February 2005 - 14

Figure 23B is a.flowhart illustrating a method f or reproducing

I nformation on the opti di sc Lu e 14 accordi,ng -ta.the
present invention; 5 F?‘gg'lr"% %% %ﬁg‘\% gntg%?ﬁg#@é?%c% l?ﬁ& % 15
accordi ng to mediymedanExempdrat Poacchimgling A%A tdlwyresantadnvgndoen ;i N an

optical disc 10 nediumin Exanple 15 according to the present invention;
Fi gure 25B shows a track groove in an optical disc nediumin Exanple 15

accordin§ to the presEAFUFAVEhSheWs 28 Figress Fauttows aftthekpdioade in
an optical di agscRshivg in BXARP| & &écassaiﬁp% Ret d&éﬁégﬂbﬁ'y&&%@t,' on;
medi um ['n anple 15

Figure 26B shows a track groove in an optical disc
according to the present invention; 20 Figure 27A shows a track groove in

an optical disc nedi Piyhibe EX8nghewd 6a 206K dbdwe tRE Y @9eAkaNKRRK ON,
Figure 27B showgia tr_ac? %rqogve hn an %%&l cal_di %c 25 nmediumin Exanple 16
according to b B‘F‘eg‘gn XAmp ﬁtil n:acco ng to the present invention:

10

¥, Figure 16 shows an address structure of the optical
disc medium in Example 7 according to the present invention:;

Figure 17 shows a track groove in an optical disc
15 medium in Example 12 according to the present invention:

Figure 18 shows a track groove in an optical disc
medium in Example 12 accoi:ding to the present invention:

20 Figure 19 shows a track groove in an optical disc
medium in Example 12 according to the present invention:

Figure 20 shows a track groove in an optical disc
medium in Examplé 12 according to the present invention;
25
Figure 21 shows an address structure of the optical
discmedium in Example 13 according to the present invention:

Figure 22 shows an address structure of the optical
30 discmedium in Example 11 according to the present invention;

Figure 23A shows a structure of an optical disc
apparatus in Example 14 according to the present invention;



Figure 28A shows a track groove In an optical disc nmediumln Exanple 17
according to the present invention; 30 Figure 28B shows a track groove in
an optical. disc nmediumlIn Exanple 17 according to the present invention;

Fi gure 29A shows a track groove in an optical disc - 15 2br@sukedoogry 2005
medi umin Exanple 18 according to thenp&%sgnt i nvention; Figure 29B shows a
track groove in an optical disc nediumin Exanple 18 according to the
present invention; Figure 30 shows a conventional optical .disc nmedium 10
Figure 31 shows a track groove in an optical disc nediumin Exanple 20
according to the present invention; Figure 32 shows a track groove in an
optical disc nediumin Exanple 21 according to the present invention;
Figure 33 shows a trHéuyecdIB imaahlopthant idilsestret imraune thho®dwpl e 22
accordi ng toféﬁi WSS Lon: . Fi.gur. 4 a i cal.disc
apparatus in Exaﬁgie %Z:gg%or |ﬁfc?obghgﬁggegéﬁ?&?%vg%ﬁg%n?eéﬁuﬁi&HPe 35
shows a trackE¥§medee 1idn agposgidindaltodithe prediemt Hmverdrpire 19 according to
the pregent invention, and Figure 36 shows a track groove in an optical
disc 25 mediumin Exanple 15 according to the present invention. BEST MODE
FOR CARRYI NG OUT THEFE ﬁT?é}\FF@Wﬁi%quﬂcﬂqéﬁpﬁ%mﬁium\ﬁénﬁmma| be

30 descri bediy asayrafinkl testhal pee2ptMRheenWilkh ;ref erence to the
attached draw ngs. |
Figure 25A shows a track groove in an optical disc
10 medium in Example 15 according to the present invention:

Figure 25B shows a track groove in an optical disc
medium in Example 15 according to the present invention:

15 Figure 26A shows a track groove in an optical disc
medium in Example 15 according to the present invention:

Figure 26B shows a track groove in an optical disc
medium in Example 15 according to the present invention:
20
Figure 27A shows a track groove in an optical disc
medium in Example 16 according to the present invention:

Figure 27B shows a track groove in an optical disc
25 medium in Example 16 according to the present invention;

Figure 28A shows a track groove in an optical disc
medium in Example 17 according to the present invention;

30 Figure 28B shows a track groove in an optical disc
medium in Example 17 accerding to the present invention;

Figure 29A shows a track groove in an optical disc



‘(Exanpl e 1) 23 February 2005 - 16 5 Figure 2 shows an optical disc nedium
20 according to Exanple 1 of the present invention. The optical disc
medi um 20 has a recording face 101, which has a spiral track groove 102
formed therein. As shown in Figure 1, the track groove d9Rekrasrysinapes
which are different on a bl ock-by-block- b@sts. In Figure 1, a block mark
(identification mark) 210 is a cut-off portion in the track groove 102 and
shows an index indicating a | eading end of each block. 10 Each block is
divided into N nunber of sectors 25 (N=32 or 16), and each sector 25 (sub
bl ock) is divindativmtin Bdempiizerl Sofadcer®bnd/Otd o dr&2én t Megdent 68 b
frame (fundanmental unit) has a prescribed nunber of wobbles 26 or 27 in a
peri odi cal manner.. The wobbl es 26 and 27 have 15 different prescribed
shapes from each ot herEigre Eéprsﬂse\ws a stutrdinfoaromwts dn éLhOE:ptE‘La:éIOcliz.étS")

One type of s gfﬂ%ﬁi "Qu arde y i ne shape
of wobbl es 26“% Jﬁ'{;ﬁ a%%e(e at rrit |°or¥§laengﬂ{ehsze%né ‘%Uf bbbl es
(wobbl es 326 or 27) are in a one- to one 20 rel ationship. Mre speC|f|caIIy,

T aroL 8, 20 a0 2T sighupe SOREEA LIS PBERINAPR BRI,

different rising shapes (or rising gradi ng s
gradients). The wobbles 26 or 27 are forned in accordance wth the type of

sub information ("0" @figure )31As§§ﬁgng Qfaaﬁ v Of NB | 99 Sa1 eRfEsent ed
by a conblnatlog.of t,he _wobhl es 26 and e difference’in the rising

gradi ent and @YD FFAgPdE 28t at?&%'é%’l‘q Ff@ Wb PES s G iR VER Iek@h he

easily 3@ detected by a differential push-pull detection signal as
_) Figure 32 shows a track groove in an optical disc
medium in Example 21 according to the present invention:

Figure 33 shows a track groove in an optical disc
15 medium in Example 22 according to the present invention:

Figure 34 shows an optical disc apparatus in Example
14 according to the present invention:

20 Figure 35 shows a track groove in an optical disc
medium in Example 19 according to the present.invention:

‘and
) . . :
Figure 36 shows a track groove in an optical disc
25 medium in Example 15 according to the present invention.
BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, the present invention will be
30 described by way of illustrative examples with reference

to the attached drawings.

(Example 1)



follows. A scanning |aser beamis directed to the track groove 102, and a
differential signal indicating the difference between the |ight anounts
recei ved by detection 23 February 2005 - 17 areas of a light receiving

el enent divided along a direction perpendicular to the 33pgk.ghopss 102 (a
radial direction) of the optical disc ggdLun120 (i.e., a push-pull signal)
I s generated. Thus, a detection signal having a rising 5 gradient and a
falling gradient which vary in accordance wth whether the sub information
is "0" or "1" is obtained. This difference in the rising gradient and the

falli di ent ' lL.dentifj f L&, .

i 1 erent ating t he SRS PoRbsrEran SHbEiRaz Lt mFyalt ob ereosdine

i nf or mat i on oarEdanpie cbtell thy phesehteiofenhdonal UBhebbatbedl adiser esul t
£ diff e : > S : | .

of differeiidaglikho HBE delherany Babehd?, W% RNV S, Ry RE6RR . an

conponent is naturally 1ncreased. Fn an optical
inferior S/ NITQAV®H 102 fermed Urexeinr iAs shewwonabFygexeckt ¢the tnathi s

exanpl &5 eachy-fafd €68 s kHS emlfﬂﬁa%@ ﬁ%e%; r%ﬁsofx%oﬁiggg-ﬁg%ﬂagki ty of
times in order ~to enhance the reliability o.cfe ection: I N
i nf or mat i on RS exdRpF &gurevki Bablleckseark daiden sl kexvtaetark Jazbbock
unit 241 al ong o ketiogek parea® 1k02nk ePdre Rbeck 1B ka?1§os‘f(xé g %OCK .
unit 241 has, ’gr.es ri bed IengJ;t. h, for exanpl & 64 kB (or 32 : e main
i nf or mat i on ’L‘%ﬂa é"r’r‘%ﬁﬁﬁétﬂﬁ RGIRF ngPHePkse28h Whecks recording nark 28
I's recorded by perform ng a phase change of a recording |ayer. A block
unit is.a unit for informati on, prQcessing, angI s, for exanple, an_ECC
bl)ock. he bl ock urﬁ‘]:’t"%zﬁ"ucg‘ 81559&3&%# 0o N pigber, ot \FBHTRES22P0r 16
- (N=32 or 16), and each sector 25 (sub block) is divided into
M number of frames #0 through #25 (M=26). Each frame
{fundamental unit) has a prescribed number of wobbles 26
or 27 in a periodical manner. The wobbles 26 and 27 have
15 different prescribed shapes from each other, and represent
sub information ("0", "1" or "S"). One type of sub
information ("0", "1" or "S") is represented by one shape
of wobbles 26 or 27. The type of sub information and the
shape of wobbles (wobbles 26 or 27) are in a one-to-one
20 relationship. More specifically, the wobbles 26 and 27 both
have a generally sawtooth shape, and have different rising
shapes (or rising gradient) and falling shapes (falling
gradients). The wobbles 26 or 27 are formed in accordance
with the type of sub information ("0" or "1"). A string of
25 sub information is represented by a combination of the
wobbles 26 and 27.

The difference in the rising gradient and the

falling gradient between the wobbles 26 and 27 can be easily

30 detected by a differential push-pull detection signal as
follows. A scanning laser beam is directed to the track
groove 102, and a differential signal 4indicating the
difference between the light amounts received by detection



.sectors 25 when N=16). Each sector 25 is a sub block having 30 a | ength of
2 kB. Each sector 25 is divided into 26 franes #0 through #25 Wnen M=26. A
frame is-a fundamental unit of information 23 February 2005 - recor ded

on the track groove 102. In Figure 1, frane #0 is repre ference
nuneral 22 and frane #1 is represented % reference nun%fg%ﬁg§®¥%§§
exenplified by the frames 22 and 23, each frame includes one type of
wobbles 5 forned in a periodical manner in advance. In this way, 1-bit sub
information "0", "1" or "5" is described in each of the franmes 22 and 23.

A 26- bi t M:26’ b inf qr.mat ch. sect di cat
% block 1D ( achF SRR of %A ForsL 8t Re A C 8 R e AL PEE I okl A °a
10 | eadi ng endhaxfpaaticwiaf r‘tamthe#ﬁrabkogmbw@aom (ﬁYN@dﬁhﬂkdlréctmmded
A SYNC k i ded I

cach | i pEleEE Ak Sheitn SEUOLIET, 8 BERRSBRIL Srertat) O

end of each frane o mai i1 nfo n tec
i nformati on asis gemenatdg rfﬂltks 284 Aepepi:mnommtam denaois asr:as:_ng

referenceg 15 Ltﬁ't?i t f t

medi um 20 and recorécfpgn a%ydlql ﬂc”]tg % %ﬁs‘g arg véfg Jﬁlgh‘l?ionl za 83
si gnal when r épF3H é’lﬁﬁgl haoﬂﬂe%fqmﬁﬁm F—én'OQODIrWd-'thschbtm

i nclude an e”‘l‘lhscodi?fété)ﬂcéoﬁlﬁ the! S d g IGELGI AP GRYE. trféf faﬂ?:[ﬂéy

code or the like for correctbieng or .detecting detection signa

addition to tHEHEYr n&8on Pendresiityy tAenhddieds b¥s Thaerf r%’ﬁ%ﬂ!@e

i ncl udes only difFerawdiles &y e e tecttist |Ridisi Ng gradient and a steep
falling %adl ent. The franme 23 Includes only the wobbles 27 having a steep

rising
: ,} Thus, the type of the sub.information can be detected

by the size of the wvalue obtained as a result of
differentiation. When differentiation is used, however, a
noise component is naturally increased. In an optical disc
15 medium having an inferior S/N ratio, a detection error is
reasonably expected. In this example, each pattern of the
wobbles 26 and 27 is repeated a plurality of times in order

to enhance the reliability of detection.

20 Main 4information (for example, rewritable user

data) is recorded in a block unit 241 along the track groove

102 from the block mark 210. The block unit 241 has a

prescribed length, for example, 64 XKB-{or 32 kB). The main

information can be recorded as recording marks 28. The

25 recording mark 28 is recorded by performing a phase change

of a recording layer. Ablockunit is a unit for information

processing, and is, for example, an ECC block. The block

“unit 241 is divided into 32 sectors 25 when N=32 (or 16

sectors 25 when N=16). Each sector 25 is a sub bhlock having

30 a length of 2 kB. Each sector 25 is divided into 26 frames
#0 through #25 when M=26.

A frame is a fundamental wunit of information



gradient and a gentle falling gradient. Wen, for exanple, one frane

I ncl udes 8 wobbl es, one sector 25 includes 8 x 30 26 = 208 wobbl es

(i ncluding the wobbles 26 and 27). The sub information group recorded in
the sector 25 can be correctly identified so long as thesdiffgrnemes in 23
February 2005 - 19 the rising gradient and the falling gradi ent between
the 208 wobbles 26 and 27 can be detedt®d as a whol e despite sone
detection errors caused by the noise. The reading reliability is further
enhanced by repeating the sanme block 5 ID 32 tines (when N=32) or 16 tines
(when N=16). According to an exenplary specific technique for identifying
the sub i nF&FREGeshofr Bhp, teadk fgnnome iLAR .walaf Bignod I,hErpnsh 0 pls |

signal is szgphedsyitge L seuafd-£ach of a Logical
product of t% rising d]riz;{gi 2%1?@%‘%86% Flogl caeﬁgl zp?%%ctf@é&et ht?f at? i ng
gradi ents aFEPEEFSFAEE PY BeEprensrnumenal Bds wAy exemplidied bpnpoment is

cancel | ed aggamelsy 2oh@nasel,i BRepMBLLAE £8 gat ! In this,
exanpl ?l thggbl ock. mar k 2%0 s a cut-off %agort?gﬁnﬁzfﬁ?ﬁaﬁ t“?g%:tﬁfjegsr oove
dth

102, a Imed 4n aope b1 efirad MEnDe il AdYance he IReiis Wawps dathoh in t he
bl ock mark 2#8. infbematasnn"ds, berawge "shei seddset Lk sghtadA0YPIthe

and thi s o GhPYREaRe BN dincd 26rPiss Bh2aY Gt micFR Ao ERE R0 o
reproduct i ohnelydeld lm eduls seextanp|25, idiatattes nclbkbdlg I dd@edsgark 210
for rocord S5 a=ORGIEY. i che; SoEPeSpopd Ro hrakk) BRdi bl POt 4 Ust g
”f fgﬁgue?és‘aéﬂ-naﬁgé pér erepr ofluframes 240 othroeghed 25 | rd GYNL imzf)_jmmhi chis
recorded afAgr duprdda. 1 ea0TY AL b £YEIniiEEnlbELEohS A 4L
recorded to represent a leading end of each frame of the
main information_ when recording the main informétion as a
recording mark 28. A period of wobbles acts as a reference
15 clock for synchronizing the rotafion of the optical disc
medium 20 and recording signals and is also used as a
synchronization signal when reproducing the address

information.

20 The block ID can include an error correction code,
an error detection code, or a parity code or the like for
correcting or detecting detection signals, in addition to

y . the information indicating the address.

25 The frame 22 includes only the wobbles 26 having a
gentle rising gradient and a steep falling gradient. The
frame 23 includes only the wof:ble.s 27 having a steep rising
gradient and a gentle falling gradient. When, for example,
one frame includes 8 wobbles, one sector 25 includes 8 x

30 26 = 208 wobbles (including the wobbles 26 and 27).

The sub information group recorded in the sector 25
can be correctly identified so long as the difference in



fluctuation, the VFO 211 nerely acts as a local jitter and does not
directly cause any error. Additionally, the VFO 211 has a single frequency
and thus can frequency-separate 30 the external disturbance caused by the

bl ock mark 210. In this exanple, one block unit 241 (one, i di vi ded
into 32 (or 16) sectors 25, and each sectf% 25 is 23 Febr%ggg%égé?o? 20
divided into 26 franes (franmes #0 through™#25 In each of franes #0

t hrough #25, wobbles 26 or 27 having a shape corresponding to the sub

i nformation are forned i n advance. Since t he sub infornation group

recorded in ong. s sane bl ock ID

25 5 e$ 1L"esen S ]ﬁ'ﬂﬁ
(address i nforhat 30%% LA HETD 2 H%ngﬁ‘\ L6t sbetygeen gthe
sector 25 inclapkdvobblde Zﬁmdem?tc&zﬂlbelmet@cseda&Q atigo sbaéspprgmt i on

group can incl d| c t rder of the repeated
bl ock 1D (addr%bg’geu‘% Lt |on§‘r‘ggg§ eq%‘can iR | The T§FIRYf ¢ h,
tenth, etc.. Sehiaibidy ils ﬂlsabherfemhatnawd rby rdpeatm:@lmga khﬂe&ﬂﬁ@]&s

number based G 8;MREAEL! Hendd Nﬁsdzﬁ brofs SHfdL ﬁv)ﬂ‘éﬁﬁcﬁig‘é{ CC %c?ﬁé"t he

i nformation for 15 signal proce for exanpl'e
bl ock is nowhtaa exemnlmsmem n%@cr-lumcg-mlfpn Adehtilfydok tse sub

i ncorrect. |nﬂr&%x%&%dﬂ‘ ﬁbx&pt'&abﬁféfeﬂegam%we aofzoapélrg gty of
recordi ng faces gﬁers an ord recor can be

i ncluded in t K& By HE T YWPLE AR bedd: Ak caly ; rJ{S@eangc@agh fRrX¥lace can

be easily idemd &i :Edgic_a_ﬁimﬁdtﬂ%@fl bRd PhOVeg g’r‘&dl@nﬁ:seéﬁﬁpé‘?l.ogﬁ@al
16 (N=16) sectors, and

I nf or mat,i on bl ock. Is%i'h glnto 32(N:32) or

egch se i PTOARRAE g? 1 aqienfs argcompared to each other.

o In this way, the noise component is cancelled and only the
sub information component can be extracted.

In this example, the block mark 210 is a cut-off
15 portion in the track groove 102, and thus it is not preferable
to overwrite the main information in the block mark 210.
The reason is because the reflected light amouni:
significantly varies in accordance with whether there is
a groove or not, and this significant difference acts as
20 an external disturbance to a reproduction signal. In this
example, an area including the block mark 210 is assigned
as a VFO recording area 21. The VFO recording area 21 is
used for recording a VFO 211, which is a single frequency
signal for adjusting the freqguency of a PLL for reproductien
25 of the main information which 1s recorded after the VFO
recording area 21. Even when there is a slight external
fluctuation. the VFO 211 merely acts as a local jitter and
does not directly cause any error. Additionally, the VFO
211 has a single frequency and thus can frequency-separate

30 the external disturbance caused by the block mark 210.
In this example, one block unit 241 (one block) is
divided into 32 (or 16) sectors 25, and each sector 25 is



the 26 franes, wobbles of a shape corresponding to the sub information are
formed in advance. One block ID (address 30 information) is fornmed in
repetition in 32 (or 16) sectors in the block., Thus, an address is forned
wi t hout any overhead or w thout requiring pre- pItS t o bgs Festubiyedosbet ween
the grooves. - 21 23 February 2005 The wobbl es used in this exanple have a
constant single frequency although the&0wbbl es have different rising
gradients and falling gradients In accordance with the type 5 of sub

I nf ormati on. Therefore, a clock signal f or recording having reduced
jitters can be extracted by first using a bandpass filter f or allow ng
only the f r@éﬁérﬂ?;ﬁ éﬁtphéﬁ Fasiost e  framess § Osbhasugh F25pyve T &ajcmeof

conponent  agg-gnfean {uﬁ%%z#?g a%b@ilets' p%% % %?e res! gllg'ﬁlaqr;te uency

using 10 a PLL. The reading relTabilTity Rftanced
by repeat i nFoFESRARADHER Yhe sub infﬁnmste.)oanepte fd:dmd)ﬁ.ncé{dﬂr&bas 26

bits Iike tlsanceimiey sob lﬁfoﬂh&ﬂ?én -grgguﬁuif@@&ragdbiﬁsogé tggtaddjégss

information is not limted to 26, but“can be any necessary
accordance WS si‘ed"rts'exé’ﬁppé"c{‘henaat athfousameo bb@ercIiB deth@drehs

optical di sdnfedimaeinn )t bant VecrcRRed VSt ¥ f LO52CPLLE
code. In thIS rrpwJ t he .bl.ock un|t |s dlpvel%c}le c;r%{lgn %? é%c?%%sprth N- 32

(or 16 sect &S Ldpgh 10 doeblagk dmiorR4k: not linited to such a

nunber of sect ors 25 30 In this exarrpl e, the sub Information Is recorded
in 26 frames Incl uq_'%dtﬁf's %%%ré ,S%ﬁgosrul\amltn oN:!':n%a?tloTrP %r%rt.l%sggxtx include
) 10 an order number indicating the order of the repeated block
ID (address information), i.e., whether each block ID is
the fifth, tenth, etc.. Such number is usable for finally
determining the address number based on a majority. In
addition, such a number provides useful information for
15 signal processing, for example, which sector 25 in the block
is now read or which sub information group in the block is

incorrect.

In the case of an optical disc medium having a

20 plurality of recoxrding faces or layers, an order number of

the recording layer can be included in the sub information

group. In thls way, the recording face can be easily
identified. - -

—

25 As described above, in this example, one information
block: is divided into 32 (N=32) or 16 {N=16) sectors, and
each sector is divided iqto 26 (M=26) frames. In each of
the 26 frames, wobbles of a shape corresponding to the sub
information are formed in advance. One block ID (address

30 information) is formed in repetition in 32 {or 16) sectors
in the block. Thus, an address is formed without any
overhead or without requiring pre-pits to be required
between the grooves.



invention is not limted to such a nunber of franmes. In this exanple, the
sub information Is recorded after being nodul ated i nto saw oot h- shaped
wobbl es. The. present invention is not limted to such a shape of wobbl es.
The sub information can be recorded after being nmodul at egh Bgrbglragasy 2005
- 22 into wobbles having a shape, for exanml e, shown in Figure 4 or 7 as
described below. In this exanple, the bl ock mark is a cut-off portion 5 of
the track groove. The present invention is not limted to such a form of

bl ock mark. For exanple, the block mark can be nodul ated i nto wobbl es

havi ng a shape, for exanple, shown in Figure 5 or 6 as described bel ow. 10
(Exanmple 2) Figure 3 shows a_track groove 10 according to Exanple 2 of the
present invention. Th&he sekbdesouser) igathde pFampde haveha opnsanti sc

medi um 20 shovgmgnﬁsu&aeacgrﬁﬁ%hgﬁ thb%ﬁwmhawoaffég%eﬁhmiﬂb

Figure 1. In this_ exanple he track groove 10 has wobbl es 28 i ndicating
sub i nf or mat | gFradientsapfdal 1ing grasdienss 1n acrandanre withethesiRe 26

in the frame 22 gﬁﬂlﬁ@dmﬁlfaﬁl SulthkRteb#Bl 08168k sAltthaWebklRsecd @iy t he
frame 23 indicating the sub, infqormation "1" anpl e 1, addr ess
i nfoor mation i SFEE u&?GZG" eFS G h4t Fﬁr&f:t?ﬁﬁ BY, it iR D' and

sub i nformati endgdss Thkltsd fofoalbiwvdng” Shlys fheovitdeduahcy bgaditeg end

of the bl ock, [ nd o bl i.nst ead
of the bl ock r?’én‘g”%fo h%ﬁ%E Fg%uﬂryérf%éle #’%S%a‘??mﬁ%%éﬁﬁe%%?éen
required for tmmmaﬂdmmmm ’eﬂlemﬁalﬂ.é:dmtl fregienexargimeg t he

wobbl es rfquﬁntl ng the sub information "S" have a steep rising
gr)adl ent and a steep falling gradient.

The reading reliability of the block ID can be
enhanced by repeating the same block ID.

15 In this example, the block ID has 26 bits like the
number of the frames. The number of bits of the address
information is not limited to 26, but can be any necessary
number in accordance with, for example, the data amount to
be recorded on the optical disc medium or the type and system

20 of the error correction code.

In this example, the block unit is divided into 32
} : sectors with N=32 (or 16 sectors with N=16). The present
invention is not limited to such a number of sectors.

25
In this example, the sub information is recorded in
26 frames included in each sector with M=26. The present
invention is not limited to such a number of frames.
30 In this example, the sub information is recorded

after being modulated into sawtooth-shaped wobbles. The
present invention is not limited to such a shape of wobbles.
The sub information can be recorded after being modulated



(Exanmple 3) 30 Figure 4 shows a track groove 11 according to Exanple 3 of
the present invention. The track groove 11 can be forned in the optical

di sc nmedium 20 shown in Figure 2 instead of the track groove 102 shown in
Figure 1. In the first and 23 February 2005 - 23 secondygkapphgsaoogne
shape of wobbles is repeated periodically in correspondence with one type
of sub information, and wobbl es having®different rising gradients and
different falling gradients are used for different types 5 of sub
information. In this exanple, wobbles 29 and 30 are forned so as to have
different duty ratios in accordance wth the type of sub information. Mre
speci fi cal | i@ woiplgs ihavEingl Be shapehe fasblexemmde i stiowat ingFsgbre

i nformation 4 "Hh § egorged -+ a3 i 32 is wider in one of aridge or 10 a
trough (in the trough in the, exanple of Figure 4), and the wobbles 30

i ndi cating sub information. "1" recorded in a frame 34 is wider in the

other of the ridge am kh;ssté:@a&gﬁne,(it@letﬁfp&k%}sﬂfgta%lﬁ%@&! ]ﬁof‘%%gﬁggre
| e

4). Such a featuyre elimnates the necessity of ferentiati

reprod tior?éifg“r%ltrf'ié#c PHERTEt yi TRE MReI8pe yveniklon dropptit 1onitede
reproduct i ortcsisgnl aC@briCofdelétk iRk Si MYy dRanPRRsUinadniBexdHb¥r atio
using a clock tiner ar %h%Fl_ilée. Tgﬁ t.he | nfluence of the noise can be
al l evi at ed. G (I)I%(Qﬁ’%f%a FIFHEP ePRIRHLAVIRE Gk SHEE e £OB0E%RERBI B ng t 0
Exanpl e 4 ofshdwn piresEigurev@ndr of.ad hitestcpibedr ba¥ew200 can be forned in

the optical disc nedium 20 shown in Figure 25 2 instead of the-track groove

102 shown in Figure 1. In
) 10 {Example 2)

Figure 3 shows a track groove 10 according to Example

2 of the present invention. The track groove 10 can be formed

in the optical disc medium 20 shown in Figure 2 instead of

the track groove 102 shown in Figure 1. In this example,

15 the track groove 10 has wobbles 28 indicating sub information

"S" recorded in a frame 24 in addition to the wobbles 26

in the frame 22 indicating the sub information "0" and

wobbles 27 in the frame 23 indicating the sub information

"1". As in Example 1, address information is represented

20 by a combination of sub information "0" and sub information

"1*. The sub information "S" is provided at a leading end

of the block, and used for indicating the leading end of

) : the block instead of the block mark 210 shown in Figure %.

In this way, the overhead required for the block mark 210

25 can be eliminated. In this example, the wobbles 28

representing the sub information "S" have a steep rising
gradien‘t and a steep falling gradient.

(Example 3)
30 Figure 4 shows a track groove 11 according to Example
3 of the present, invention. The track groove 11 can be formed
" in the optical disc medium 20 shown in Figure 2 instead of
the track groove 102 shown in Figure 1. In the first and



Exanple 1, a portion of the track groove 102 is cut off in order to form
the block mark 210. In this exanple, a block mark 212 formed by locally
increasing the width of the track groove 200 is used instead of the bl ock
mark 210. For 30 recording or reproducing main informtigdreubgamiopg end
of the block can be identified by detectggg the block mark 212. Use of the
bl ock mark 212 avoids the track groove 2 Trombeing out off, and thus
the main information can al so 23 February 2005 - 24 be recorded in the

bl ock mark 212. As a result, overhead can be reduced. (Exanple 5) 5 Figure

6 shows a traclélc%&%gve 201 _accordi ng Esg] Exanpl e 5 of the present

i nvention. Thé& §FGBPdeS01 Bn RRARR i VAL et iRl eReatesdi um

g() shf)vvnli n Fip@ﬂi@di&a{clﬂ.?:] eafl %ofb@spbﬁﬁgggépmﬂo%’frﬁ?oﬁﬁp%g L g'#’u% 1. .1In
anple 1, a portion.af the tra roqQve._. i,s _out in order to

formthe bl ocRHEFIES1ED /| ﬁn‘%ﬁ’f%k%g ?T%aé’lrtg W%E?reﬁgrﬁlﬁiagf%ﬁ%%?

| ocal | y i ncr easidndiif ferenpifallde oiradien s deused Reddigsteast efpkle

bl ock mark 21 ' or fe ucj in i.nformgtion eadi ng

end of tRe bl %gkggéa%n ogﬁégcﬁé%?fiefdl %‘Rge%%%ﬁP% t"ﬁoebrh)f%% SnaPR %QFBAS in

15 Exanpl e 4, fosmedf sphasbtochawer [AiZferendi dativheatriacsk igr e@eerdafitef rom

bei ng cut off,.;and u e Iy 1 | an S e .recorded in the

bl ock mark 21?.1%?51(%Q I%Xb%) D%%ﬂg[}rng safg)ivr\xisf{:'a. roagk%éjr%g ve%?&;%anasa | and

203 accor di nghpvn&g%mg@re bt Hheevwpbbient2? Andirasdngrsubgnifoamatdpac

medi um i n t hi 3gexaapbeabas 140Rbrean2?@2aa¢ 2AAMIIGH ol &F & FRALBNLY al ong

one edge of.the track ?r_oove- 202. Exanples 1 through 5 concern a groove
r%pordiﬁ& typ& 659p55| in the trough in the exampie of Figure 4), and

the wobbles 30 indicating sub information."1” recorded in
a frame 34 is wider in the other of the ridge or the trough
(in the ridge in the example of Figure 4). Such a feature
eliminates the necessity of differentiating the
15 reproduction signal for identifying the type of sub
information. The reproduction signal can be identified

simply by measuring the duty ratio using a clock timer or
the 1like. Thus, the influence of the noise can be
alleviated.
20
(Example 4)
| . Figure 5 shows a track groove 200 according to
. ) Example 4 of the present invention. The track groove 200
can be formed in the optical disc medium 20 shown in Figure
25 2 instead of the track groove 102 shown in Figure 1. In
Example 1, a portion of the track groove 102 is cut off in
order to form the block mark 210. In this example, a block
mark 212 formed by locally jincreasing the width of the track
groove 200 1s used instead of the block mark 210. For
30 recording or reproducing main information, a leading end
of the block can be identified by detecting the block mark
212. Use of the block mark 212 avoids the track groove 200
from being cut off, and thus the main information can also



25 disc nmedium in which main information is recorded in the track groove. -
Anot her type of optical disc nedium which is of a so-called | and-groove
type, is available. In this type of optical disc medium nain information
is recorded both in the grooves and |ands (areas interpgsedyrhghyvges two 30
adj acent grooves) along the track groove 202. Exanple 1 through 5 can, be
conbi ned with the groove-land type of 24€ptical disc nediumdescribed in
this exanple. 23 February 2005 - 25 1In Figure 7, sub information "0" and
sub information "1" are recorded al ong one edge of the track groove 202.
The wobbl es 220 fornmed in a frane 221 indicate the sub information "0",
and the wollid ese@30ddédriedihe M dakamark3212 .1 ndiscat pebiierSuBviprherpmt i On
"1". In th'éarY"% th(gul ck groove 202 and the | and 203 adj acent to the _
track groove 7 By fesented by the sane address. Main information 1is
recorded both in the track groove 202 and the land 203. By recording the
mai n i nfor | ' I's manner, the track 10 pitch can be narrowed, and
t hus hi ghe%&%@%% grgcordi ng is realized. (Exanple 7) Figure 9 shows an
optica® disc nedi uiEDOrecéostiong alSiarliExgnpbwe’ 20fl tdwcqrdbent to
I nventi on. [ ar r ce 801 I ch has
BRSO | $ e Uf ol A00a%,R | 6T I8! 86800 0kh

a spiral track groove 8 erein shown track
groove 802 97fs behdpemeghiehthe endilicedr disconedimoek -shows dokFibases. In

Figure 8, @ bipecked@rks (LHent Os5hs ff pgrtion in
the track %oove 802 and sh O\Agégﬁa&f-%%%aliﬁgl gégrﬁ&t Figgb% aend gf each

bl ock. EacHHIRIE i & POFEdoPnes ’heiniRsk draets SL?SG‘-"(tNEQi én 16),
a=r_3d epEh sentdsr 826 fosmdthe dsTbdl mrdd BUBREr In this example, a block

mark 213 formed by locally increasing the amplitude of the
wobble is used instead of the block mark 210. For recording
or reproducing main information, a leading end of the block
can be identified by detecting the block mark 213. As in

15 Example 4, use of the block mark 213 avoids the track groove
201 from being cut off, and thus the main information can
also be recorded in the block mark 213.

{Example 6}

20 Figure 7 shows a track groove 202 and a land 203
according to Example 6 of the present invention. Anoptical
disc medium in this example has wobbles 220 and 230 which
are formed only along one edge of the track groove-202.

pre—

Examples 1 through 5 concern a groove recording type optical

25 disc medium, in which main information is recorded in the
track groove. Another type of optical disc medium, which
is of a so-called land-groove type, is available. In this
type of optical disc medium, main information is recorded
both in the grooves and lands (areas interposed between two

30 adjacent grooves) along the track groove 202. Example 1
through 5 can.,be combined with the groove-land type of
optical disc medium described in this example.



25 of frames #0 through #25 (M=26). Each frame has a prescri bed nunber of
wobbl es 826 or 827 in a periodical manner. The wobbles 826 and 827 have

di fferent prescribed shapes from each other, and represent sub infornmation
("0", "1" or "s). One type of sub information ("0", "1"2®FebrSany 4095
represented 30 by one shape of wobbl es 8%%%or 827. The type of sub

I nformati on anal the shape of wobbles (wobbles 826 or 827) are in a
one-to-one relationship. Mre specifically, the wobbles 826 and 827 both
have a generally sawt oot h shape, 23 February 2005 - 26 and have different

ri sing shapes (or ri S;Bgfl%‘ﬁ?éo?%%l@%fc’% ,ng ﬁ@agﬁat%f al.l Iﬁn%&%r adr ents).

The wobbl es 826 or I - accor ance W
informati on (10" age rectprAedt plegdobnsuledoef @rfnﬁhleomraskr gopesenked .by 5 a

conbi nation o h @ﬁﬁe 2 orpation.is
represent ed b?hte ?:g‘%ﬁ?asffzozﬁ?gq ¢ Z%bﬁ sj_irrag%g and éé}% gﬁ?f grugnce I n
the rising graBfermazignt f8" . 13nd dihe wehlrlas @30 ﬁeménimrmf\mhﬂml e.§1826

and 827 gan bep@ashky @ﬁ&esﬁsdlﬁlfofmétiaﬁrem' algp d%@
signal as follows. A _scanni ngpeaser beamis directe é rac gr oove

802, and a di FFEP¥Rt AR &ngnihei hapdatPRgadiscenis t@réhéetb‘éGhesnapﬁe li ght
amount s recei god dye deimeddaitekd by €As 94ma dddtisd eCﬂ'a&hnﬂnfbfﬁE%oﬂ' vi ded

al ong adlrectlon di uIarﬁé&% rack groove 802 (a radial

direction) of% tﬁ%cgﬁég‘gn? FR860STPoRe 202 &a@ﬁq% LaglgR9By is

gener at ed. ThAy, recakdbot ithe magnailnftﬂmenglm dnsthgs mathentthandrackal | i ng
d' V\/n t th f i

T or 0 PRy call BETRLEANRER. "l PThIShet Ko e P RO RN B

fgl l'i ng gr adiem:ec&ﬁrzbé easily identified by, for exanple,

(Example 7)
Figure 9 shows an optical disc medium 800 according
15 to Example 7 of the present invention. The optical disc
medium 800 has a recording face 801, which has a spiral track
groove 802 formed therein. As shown in Figure 8, the track
groove 802 has shapes which are different on a bleock-by-block
basis. In Figure 8, a block mark (identification mark) 810
20 is a cut-off portion in the track groave 802 and shows an
index 1ndicating a leading end of each block.

) SRR Each block is divided into N number of sectors-825-
(N=32 or 16), and each sector 825 is divided into M number

25 of frames #0 through #25 (M=26). Each frame has a prescribed
number of wobbles 826 or 827 in a periodical manner. The
wobbles 826 and 827 have different prescribed shapes from

each other, and represent sub information ("0", "1" or "S").

One type of sub information (0", “1" or "S") is represented

30 by one shape of wobbles 826 or 827. The type of sub
information and the shape of wobbles (wobbles 826 or 827)

are in a one-to-one relationship. More specifically, the
wobbles 826 and 827 both have a generally sawtooth shape,



differentiating the detection signal. 25 Thus, the type of the sub

I nformati on can be detected by the size of the value obtained as a result
of differentiation. Wien differentiation is used, however, a noise
conponent is naturally increased. In an optical disc negh pepiigyiJegsan
inferior SSNratio, a detection error is 30 reasonably expected.” In this
exanpl e, each pattern of the wobbles &%6-and, 827 is repeated a plurality
of times in order to enhance the reliability of detection. 23 February
2005 - 27 Main information is recorded in a block unit 841 along the
track groove 802 fromthe bl ock mark 810. The block wunit 841 has a

prescri bed BAgPAVErSLLIEsEeRE cisingmhanes 30k B sif®e gmidient )ommt i on can
be recordediasiifgosih UNgwt ., i ' or_information,
o ocessi ng. - ang oo g LR (AL ErafiDhERT | e sRIAY bab ¥npd e

ang Is, |
di vi ded i nt%r%zg%‘e%r’sn SRCR AN I thy (thes tme erfs s825 infhemakidtd) . Each
sector 25 i6*@"sob ‘i'OCkA Beving of! &n9tihsOinck g s
divid inté) %Cg%%{anE% #0 f%ogggrh #25 Mengwﬁgé.%géﬁ%%%&tr%g d of
each of frane TRF ORI . wob faPkapd Ba2or deFtring of sub
synchr oni zatnfnrsaghah isisetreaentem ogual emEahatidnidaMd gopphirdanent al
unit of infgg 'ana%.}S recorded on the track groove 802. In Figure 8,

sente

frame #0 is repre d by reference nuneral 822 and frane #1 is
represented by reference nuneral 823. As exenplified by the frames 822 and

'n advance, L 1hi o aay e Erehos dn "PHE Reell Bpatlede Gad GrbE, ™!
gjéﬁcrji(bed i#FJe]a%%go$r@ 'entr‘aﬁﬁgeggztand Wi le FRGidnd M2B)canbbe _
i nfor mat i orecgroup dereloeded b sack SEEESRtE2D ALHEARS AhetEaRER POTTION
signal as follows. A scanning laser beam is directed to the
track groove 802, and a differential signal indicating the
difference between the light amounts received by detection
15 areas of a 1ight receiving element divided along a direction
perpendicular to the track groove 802 (a radial direction)
of the optical disc medium 800 (i.e., a push-pull signal)
is generated. Thus, a detection signal having a rising
gradient and a falling gradient which vary in accordance
20 with whether the sub information is "0" or "1™ is obtained.
This difference in the rising gradient and the falling
gradient can be easily identified by, for example,
‘differentiating the detection signal. - T

25 Thus, the type of the sub information can be detected
by the size of the value obtained as a result of
differentiation. ‘When differentiation is used, however, a
noise component is naturally increased. 1In an optical disc
medium having an inferior S/N ratio, a detection error is

30 reasonably expected. In this example, each pattern of the

' wobbles 826 and 827 ig repeated a Plurality of times in order
to enhance the reliability of detection.



.of a block ID (address information) of the corresponding block unit 841.
25 One bit information is assigned to each of franmes #0 through #25. For
exanple, 8 frames (i.e., 8 bits) are assigned as a 1-byte portion of the
block I'D. The following 8 frames are assigned as a 1-byperpsibi)y200k the
block ID. 30 The followng 5 franes are assigned as a 5-bit byte sector
nunber. The remaining 5 franes are assi'gn%'a as a 5-bit parity of the
sector nunber. The sector nunber indicates the order of the sector anong
the plurality of sectors (i. e. , 23 February 2005 - 28 5 10 the fifth
sector, tenth sector or the |ike). Each parity _indicates at |east one of
an error detection cod®ig igfogmadiion ors G WiRadd aHeladh Unitorédti on

for one sectomI1a%y EHEEraTk §ESEVE 802 PRGN Theh BsSRRASH 8 TP @KRMI Sk OVer
4 sectors 825 (Jlé: e, a sector r_ou‘.%)ﬁ 825" ). . %arrangl ng aquortlon of
the bl ock |ID, 3®it 84t fiasa fP&e%%c"‘rP Jt?’fb‘;ll‘ps Breaxanplep 64 tkih| (K | D
(8 bits x 4 =332 KB)t.s) ThanmdEn rEpf @aeat D6 ddr) BeerédBoeheWSa - AP RS Y
recorded in, the s ors.825 In the block

format of. the_su | pf or el ; ] ect
it £ 843 andTEkR2Br0 4 RLBARIHEDSL S upLh A TRE oSt LoRARRAe S § o
shows the secend disnb&os. eXamphe,r aghECChbleak, ttige 1B Sed Wi rawt iiQn
recorded int I f C ' _ I s_assuned that_ _the
bl ock unit 84?%%(#1%2?%52%35%&%(?%% _finzg.‘» S@{:Lt%or _r#L#nb(leorrsisi sﬁfrq:&ﬁsn@sze{ "()"
are the sect#henulBEdf] . i nEadk SeCOMRF d hesbbobkookihadiig isndlemtsh 16
sectors. Eachogfsfkaesih kbEoug 838 ANl 888 SntePh srames 20 through

) 10 #25 when M=26. At a leading end of each of frames #0 through
i #25, a SYNC mark is recorded as a synchronization signal

used for reproducing data.

A frame 1is a fundamental unit of information

15 recorded on the track groove 802. In Figure 8, frame #0 is
represented by reference numeral 822 and frame #1 is
represented by reference numeral 823. As exemplified by the
frames 822 and 823, each frame includes one type of wobbles
formed in a periodical manner in advance. In thisway, 1-bit

20 sub information "0", "1" or "S" is described in each of the
frames 822 and 823. A 26-bit (M=26) sub information group
included in each sector 825 indicates at least a portion

‘of a block ID (address information) of the corresponding

block unit 841l.

25
One bit information is assigned to each of frames
#0 through #25. For example, 8 frames (i.e., 8 bits) are
assigned as a 1-byte portion of the bl;:ck ID. The following
8 frames are a.ssigne'd as a l-byte parity of the block ID.
30 The following 5 frames are assigned as a 5-bit byte sector

number. The remaining 5 frames are assigned as a 5-bit
parity of the sector number. The sector number indicates
the order of the sector among the plurality of sectors (i.e.,



20 sub information. In this exanple, the block unit 841 is an ECC bl ock.
The contents of sector O wll be described. Anong franmes #0 through #25 of
sector 0, in' frames #0 through #7, 25 the first 1 byte anong the 4 bytes
(32 bits) of the ECC block address is buried sequential byris@BntdtesLSB. In
frames #8 through #15, the sub information of the first 1 byte 'anong the
4 bytes of the parity of the ECC bl ock 28ddress is buried. In frames #16

t hrough #20, 5-bit sub information 30 representing the sector nunber is
buried. In frames #21 through #25, 5-bit sub information representing the
parity of the sector nunber is buried. As shown in Figure 8, in sector O,
1- byt e " QA h'thes fdffitedeasoa,ptenitbn settbreo| boé RBk&dbr Bagh 26051ty 29 I D.

Ihe, onen! Sl SEOF s LY e Slese LDt U s amRa O-ayab 20 o,

I N roug yt e anong ytes
(32 bits) ofommed®OOnD Mk address is buried sequentially fromthe | owest
bit. In frames #8 through #15, the sub information of the second 1 byte

anong the 4 bytes of the parity of the ECC bl ock address is buried. In
franes 516 t hrough £F® S in5epnafieRndoloPT FeBEeseSiSignere &%ct or

hunber is bigdkd-itdl fARTRS 2 britdHqih 7635 el te SUbrd P f OreBdt s
representing the parity of the sector _nunber is buried . As shown in
Figure 8, i®25%ddt6r 12 9e®iRT 9FoMP 828 " bur | BY AT HRT PoROBFIPRLDI ock
ID. 15 The aoid &isclofImect &, 2 Winytdie HRSEddehE AN fe@p®ss #0at hr ough
SR CEERAETL S (R VE N DR EPR IR IR U SR
) 10
Figure 10 shows an exemplary format of the sub
information recorded in the sectors 825 in the block unit
841 and frames #0 through #25. In Figure 10, the leftmost
section shows the sector numbers. To the right thereof, the
15 sub information recorded in the frames of each sector is
shown. It is assumed that the block unit 841 includes 32
sectors. The sector numbers in parsesntheses "()}" are the
sector numbers in the case where the block unit 841 includes
16 sectors. FEach of frames #0 through #25 includes 1-bit
20 sub information. In this example, the block unit 841 is an
ECC block.

The contents of sector 0 will be described.  Among

frames $0 through #25 of sector 0, in frames #0 through #7,

25 the first 1 byte among the 4 bytes (32 bits) of the ECC block
address is buried sequentially from the LSB. In frames #8
through #15, the sub information of the first 1 byte among

the 4 bytes of the parity of the ECC block address is buried.

In frames #16 through #20, 5-bit sub information

30 representing the sector number is buried. In frames #21
through $#25, 5-bit sub information representing the parity

of the sector number is buried. As shown in Figure 8, in
sector 0, 1-byte "0lh" is buried as a portion of the block



address is buried sequentially fromthe lowest bit. In 20 franmes #8 through
#15, the sub information of the third 1 byte anong the 4 bytes of the
parity of the ECC block address is buried. In frames #16 through #20,

5-bit sub information representing the sector nunber ispbpebeds Jgosfranes
#21 through #25, 5-bit sub information r%presenting the parity 25 of the
sector nunber is buried. As shown in Figdﬁe'@,-'n sector 2. 1-byte "45h"
is buried as a portion of the block ID. The contents of sector 3 will be
descri bed. Anong 30 franmes #0 through #25 of sector 3, in frames #0

t hrough #7, t&ﬁ fourth 1 byte anong the 4 bytes (32 bits) of the ECC bl ock
address is buriéd sequentially fromthe Iowest bit. In frames #8 through
#15, the sub information of the fourth 23 February 2005 - 30 1 byte anobng

#16 thr ough 420, 5- by LEEVBOPFFRERATT G TUp e bt TRy GRPUEy RORBG s
buried. In fréweses2$0 through #2F6pfSsectosub, inf Srames oo RepicaRsRNEyNg t he
parity 5eof t S [ I ed. ' Lgure 8, .1n ctor
e byt 67h e B nd 4o B te, ApBHE B, A2 oRM0 (S PO F the BEE” o

32-bit bl ock hborksagdrensits oriepresormntiallw duimithe lowese bit.
| nformation franzeanlsofs chiBubnsgLs o' end2dn IR0l 6n Db Uhe RokOnhie
sectors 825 i referably arranged In_a reading order, i.e., sequentially

fromthe 15 f Yt a0epe Wt bytes ok dha parHey PisthasBEC1@dcadéress read,
and fromthe Lowestidd! Ua fRendd ghesthbbhgRfsiohes bhpelsuy PardPRaseLeNt s

QT sect 965 4 ggpgggén\gilnlg Qﬁedggg ti:zt.)'egi:mber-is buried. In frames #21

) through #25, 5-bit sub information Xrepresenting the parity
of the sector number is buried. As shown in Figure 8, in
sector 1, l-byte "23h" is buried as a portion of the block
ID.

15
The contents of sector 2 will be described. 2mong

frames #0 through #25 of sector 2, in frames #0 through #7,
the third 1 byte among the 4 bytes (32 bits) of the ECC block
address is buried sequentially from the lowest bit. In
- 20 frames #8 through #15, the sub information of the third 1
byte among the 4 bytes of the parity of the ECC block address
“ is buried. In frames #16 through #20, 5-bit sub information
B representing the sector number is buried. In frames #21
through #25, 5-bit sub information representing the parity
25 of the sector number is buried. As shown in Figure 8, in
sector 2, l-byte "45h" jis buried as a portion of the block

ID.

The contents of sector 3 will be described. Among

30 frames #0 through #25 of sector 3, in frames #0 through #7,
the fourth 1 byte among the 4 bytes (32 bits) of the ECC
block address is buried sequentially from thé lowest bit.

In frames #8 through #15, the sub information of the fourth



20 In sectors 4 through 7, the contents of sectors O through 3 are
described in repetition. Simlarly, in sectors 8 through 11, 12 through
15, 16 through- 19, 20 through 23, .24 through 27, and 28 through 31, the
contents of sectors O through 3 are described in repeti 23 pBbrudly doost hi s
manner, the information in 4 sectors is described 8 tines (4 tinmes when
the block unit 841 includes 16 sectors)30 Fhus, parity information for
realizing error correction can be added to each block unit 841. The
reading 30 reliability of the block ID can be enhanced. Since the sector
nunbers are described, even when 1 byte of the block IDis mssing, the 1
byte whi ch i ¢ PyEaiamgrERties binkgs 2608he patityart he Heobifdcddagasesy by
readi ng the ; panb Faus. N eldiabili f.the block ID
can be enhanggﬁéﬁéﬁﬁgé ?ﬁ%féectSﬁ#%ﬁﬁggﬁgﬂgﬂgzéé§%§$5é5%H% f°€W?€+?%mAng
advant age i s TFPSFASESFINhe Reakam nwrher tomunieds! yIn eframéor#2xanpl e,
after a seek tppeiit 825, Bepi sepivh 10 ; i diately
after the see% 6g%eration can_be reggggﬁﬁgggghEgﬁréggﬁﬁﬁﬁéfﬁgegg%%%é%nit

I

841 fromthe® FECEOF FUgPerhd S| BYEERG-endS ShewnoisuEhgudead, in

operation, tlsectloecs,| D-bgfebesfhnald mdatsd BadpBY-1583db29thH 0% B

I nformati on %B the 4 sectors 825 starting froman arbitrary sector 825.
Since the bl6CK IDis finally determ ned by reading 15 only any one of
sector groups 825" each including 4 sectors (8 kB = 2 kB x 4),

post - processi ng (dat a.r g rec rg'g . (1%5 n.Jhp erformed
qui ckly. Even when aggu?% Es%%b%?%’o% kegaﬁogﬁiﬂ gﬁ% T6543210n" is
10 represented by combining 1-byte information from each of

the 4 sectors 825,

The 4 byte block ID in the sectors 825 is preferably
arranged in a reading order, i.e., sequentially from the
15 first sector 825 to be read to the last sector 825 to be
read, and from the lowest bit to the highest bit of the block
ID.

The contents of sectors 4 et seq. will be described.
20 In sectors 4 through 7, the contents of sectors 0 through
3 are described in repetition. Similarly, in sectors 8
through 11, 12 through 15, 16 through 19, 20 through 23,
‘24 through 27, and 28 through 31, the contents of sectors
0 through 3 are described in repetition.
25
In this manner, the information in 4 sectors is
described 8 times (4 times when the block unit 841 includes
16 sectors). Thus, parity information for realizing error
correction can be added to each block unit 841. The reading
30 reliability of the block ID can be enhanced.
Since the sector numbers are described, even when
1 byte of the block ID is missing, the 1 byte which is missing



20 incorrectly read due to a disc scratch (defect), the correct block ID
can be read by the sector group with no defect. Thus, a significantly high
| evel of reliability of reading the block IDis guaranteed 25 I nstead of
the sector nunber, an ID nunber indicating the order ofy4 ﬁgtng anong
the 4 sector 825 (i.e., the first sector, second sector or t i I n
one sector group 825" can be described. 3fhereas Figure 10 shows the 5-bit
sector nunber and the 5-bit parity of the sector 30 nunber in franes #16
t hrough #25, Figure 16 shows a 2-bit |ID nunber, a 2-bit parity of the ID
nunber, and a 6-bit order nunber of the repeated block ID, indicating the
order of the capeaticeniliddled eEhubeyarmd#ﬂ@thl&rsmg&b#ﬁﬁmbaB Felhway y

2005 - 32 \Wen the | t|on e red
for each sect n%%ﬁ'@?%&%bg&éggﬁ%%o f}% t%loséip |rfgarf nhc’qelr%
bits (frames #18 through #25), the 5 error correctlon ab|I|ty for the ID
nunbers can be i nprov

' e Uﬁr,%ﬂ = DI n
descri bed. Since the | nl’?l?ﬂblle:%’:kg a?%ggescr gegt he fol I%%\A%%l%&a%vaﬁ%age i's
provi ded.5 Whefaldeowisng advaniagoni nné‘eyll;ieﬁo r d&en fihe edahpl ds afdter a

seek operati 0%&&3&&&3&%@@ Qfoﬁ E%aﬁxﬁ@feoraggér'e{r%ﬂk%ﬁé 4@1 b! fHie seek

operation can be read, instead readin ock unit™ 8 rom-t

e o R D pahon RETPERUPE Lo ThiE Bo5s ERogRaspiTREEer T Sestuck | D
can be final | yrigipriEm et be erdidNg inke esd oﬁﬁdﬁﬁ@tﬂm Wlodhemd t

sectors 825 starting fr.om rbit In t ase where the
sub infornati &t B Hd‘él%etba@‘&o # %ﬁ&r%b HHELG D, 8’t‘ﬁe LS
nunber qQan be aws asheXh tfiam f ivied |yLasket e oangbehfladdmgsﬁmum‘h&hehawd on a
reading the sub information of the 4 sectors 825 starting
from an arbitrary sector 825.

Since the block ID is f£finally determined by reading
15 only any one of sector groups 825' each including 4 sectors
(8 kB=2 kBx 4), post-processing (data read, data recording,

etc.) can be performed quickly.

Even when about 4 sectors of the block ID are
20 incorrectly read due to a disc scratch {defect), the correct
block ID can be read by the sector group with no defect.
Thus, a significantly high level of reliability of reading

the block ID is guaranteed.

25 Instead of the sector number, an ID number
indicating the order of the sector among the 4 sector 825
(i.e., the first sector, second sector, or the like) in one
sector group 825' can be described. Whereas Figure 10 shows
the 5-bit sector number and the 5-bit parity of the sector

30 number in frames #16 thirough #25, Figure 16 shows a 2-bit
ID number, a 2-bit parity of the ID number, and a 6-bit order
number of the repeated block ID, indicating the order of
the repeated block ID, in frames #16 through #25.



majority. In addition, such a nunber provides useful information for
signal processing, for exanple, which sector 825 in the block is now read
or which sub information group in the block is incorrect. 25 In the case

of an optical disc nediumhaving a plurality of, recordyfngefa552005

| ayers, an order nunber of the recording |ayer can be included’in the sub
I nformation group. In this way, the r_gac:p%d_lng face can be easily 30
identified. For exanple, one of the four %ame order nunmbers in Figure 16
can be replaced with the order nunber of the recording |ayer. Thus, the
recording face can be easily identified. 23 February 2005 - 33 1In this
exanpl e, the block ID has 32 bits. The nunber of bits of the address
information is not limted to 32, but can be any necessary nunber in
accordance with, 5 f#hesxahel ED numbedat aranmsed , (5o Hidt 6aboles-aae b8
optical dis [ the error correction code.
In this exa %e@gﬁgﬂ %Pc)‘f:k@%l?tﬁy g%&%% I}ﬁ(ﬁ#)%@ 8{”‘ g? rﬁgugﬁgt ? 2 WHhS N=32
(or 16 sect oM&Lfi% W%E@mamﬂélq)reemsl(rﬁlmmamr#l& Timtowdghyi £ 25) | otiseich a

number of SeeiPby: cbﬂrteauoaxaa@i&y%e» ﬁ&ghwﬂ&m@&%ocg@ Be! O#%‘ﬁd?énnot%

frames incl uded n each sector wth resen

limited to s@&hthenGRisT Funhemad tlhfl thliarke X & bécdestritddr mation is
recorded after being nodul ated into saw oot h- shaped wobbl es. The present
invention is not |imted t e of wobbles. 20 The sub information

g shag
can be recorded aft ef¥&en bﬁo dl %F’@He Fnebe vpBFELPadyi Hhe £okayelng or

exanpl e, showdviantBigguis provided. When the data is not continuously

}’ 10 read, for example, after a seek operation, the ID number

of the sector 825 immediately after the seek operation can

be read, instead of reading the block unit 841 from the block

mark 810 at the leading end. Due to such an operation, the

_ block ID can be finally determined by reading the sub

15 information of the 4 sectors 825 starting from an arbitrary
sector B825.

In the case where the sub information includes the
order number of the block ID, the order number can be used
20 for finally determining the address number based on a
majority. In addition, such a number provides useful
'-} information for signal processing, for example, which
) sector 825 in the block is now read or which sub information
group in the block is incorrect.
25 '

In the case of an optical disc medium having a
plurality of recording faces or layers, an order number of
the recording layer can be included in the sub information
group. In this way, the recording face can be easily

30 identified. For example, one of the four same order numbers
in Figure 16 can be replaced with the order number of the
recording layer. Thus, the recording face can be easily
identified. |



4 or 7. In this exanple, the block mark is a cut-off portion 25 of the
track groove. The present invention is not limted to such a form of bl ock
mar k. For exanple, the block mark can be nodul ated i nto wobbl es having a
shape, for exanple, shown in Figure 5 or 6. 30 (Exanpl e28fFetirugyr2@o4l shows
a track groove 1102 according to Exanple 8 of the present invention. The
track groove 1102 can be forned in the-of8ieal disc nedium 20 shown in
Figure 23 February 2005 - 34 2 instead of the track groove 102 shown in
Figure 1. As shown in Figure 11, the track groove 1102 has shapes which
are different on a bl ock-by-block basis. In Figure 11, a block mark
(identification mark) 1110 is a out-off portion in the 5 track groove 1102
and shows an i ndex indj ' Lng nd. .of .e bl oc Fach bl ock is
di vided into N nunberd%§aégg$o§§3§§g%' FREBgﬂﬁFmigﬁ?lgﬂﬂ g%chlg%cto?h%125

i s divided i ntBUNPeUNdErbibs ot f f thereaddDe s hr dufbrma5ioivER8) nofarimf ft@ae has
a prescribed r bl,es | riodical._nmanner.. The
wobbl es 1126 a%wdrgﬁ?? tayéagdil)gfael}]%%{%%sesc B{éiéf‘%lgﬁ s SPFRAARGR bt her |
and repredent £ §%ARRIA ithe daga amountgio g recor@rsl pppehefostical
informati on ("@i'se mediGfm o theSt r e e bbl es
1126 or 1127. TQ; type of sub in orégﬁ?gﬁ&gﬁ§§fﬁztg a%%£§$<ﬁ§%g¥%§fgn
(wobbl es 1126 T1*4127) are in a one-to-one rel ationship. Mre
specifically, the wobbles 1126 and 1127 both have a generally sawt ooth
shape, and. have different rising,shapes (or rising gradient) and 20
falling shapes (falli #3’ &h&&i SREEPLerhERGIRES wybls 1gr divided ntqe cidred in
acgor danbe wi tdeatrers widloN=8% (or 16 sectors with N=16). The present -

invention is not limited to such a number of sectors.

In this example, the sub information is recorded in '
26 frames included in each sector with M=26. The present
15 invention is not limited to such a number of frames.

In this example, the sub information is recorded
after being modulated into sawtooth-shaped wobbles. The
. present invention is not limited to such a shape of wobbles.
20 The sub information can be recorded after being modulated
into wobbles having a shape, for example, shown in Figure

4 or 7.

In this example, the block mark is a cut-off portion

25 of the track groove. The present invention is not limited

to such a form of block mark. For example, the block mark

can be modulated into wobbles having a shape, for example,
shown in Figure 5 or 6. .

30 (Example 8)
Figure, 11 shows a track groove 1102 according to
Example 8 of the present invention. The track groove 1102
can be formed in the optical disc medium 20 shown in Figure



information ("0" or "1"). A string of sub information is represented by a
conbi nati on-of the wobbles 1126 and 1127. 25 The difference in the rising
gradient and the falling gradient between the wobbles 1126 and 1127 can be
easily detected by a differential push-pull detection spypabruag 005l ows. A
scanning |l aser beamis directed to the track groove 1102, and a
differential signal indicating the 30 gi%%erence between the |Iight anpunts
recei ved by detection areas of a |light ceiving el enent divided along a
direction perpendicular to the track groove 1102 (a radial direction) of
the optical disc nedium?20 (i.e., a push-pull signal) 23 February 2005 - 35

I S generat ed. ctlon .signal lng a rising gradient and a
falling gr adize}l-'pg\?cﬁa?hgg;g:% #ﬁa%ggpa’é’ﬁgﬁgi \ﬁ?’l"ﬁ’ FAsuLent- s ds BRP#mat i on
is "0" or "1'in Figunendl, tH&itralkferesce 1002Measi Shages’ afient agad the -
falling 5 grag e Ly ddentified hy, far exanple

di fferenti at ?%ﬁf%%gﬁgt%c?ﬁééggﬂrgﬁﬂ%]ﬁ%aﬁﬁ' tgﬁeﬁﬁﬂ‘g}gﬁeﬂsu@ PAPS¥nat i on
an be det ect dirrlpy ideatdificadiionhsavkl}ubl bbtis aecubsoff rmsttio@finl @he |
di fferengi atiyascpigbgiid fAr, a i ' S however,.a noi se_conponent
is naturally i not easedc.%% nﬂ%tg?]iﬁcasﬁ%iis:gﬂ %gl Fﬁn%ﬂé?ﬂcﬁb'lﬁﬁ ?ni@?ﬁ&PQS/ N
rati o, a det &9 At B3 bIockeasonably expected. In this exanple, each

pattern of the wobbles 1126 and 1127 is repeated a plurality of tinmes in

15 order to enhance t}:pﬁe rgl lability of detection. Main information is
recorded in a bl ock JRF® biggk 1y datk iptacN nyidrse ofl 62ctoam Lhasbl ock

mark 1110 Thal= oxk 18 tadd Shdigedtoncsbbedl digiidn 1hllo FAATRLE: 64 KB
20} (or 132 kB)yg EP&HQBI#}% kﬁiornﬁtlﬁ‘ %2965)? rEeggtE(%g_d as recording marks 28.
A block unit I's"a unrt PRED AR (R ame has a prescribed
number of wobbles 1126 or 1127 in a periodical manner. The
wobbles 1126 and 1127 have different prescribed shapes from
each other, and represent sub information ("0", "1" or "sS").
One type of sub information ("0", "1" or “S") is represented
is by one shape of wobbles 1126 or 1127. The type of sub
information and the shape of wobbles {wobbles 1126 or 1127)
are in a one-to-one relationship. More specifically, the
wobbles 1126 and 1127 both have a generally sawtooth shape,
and. have different rising shapes (or rising gradient) and
20 falling shapes (falling gradients). The wobbles 1126 or
‘ 1127 are formed in accordance with the type of sub .
information ("0" or "i"). A string of sub information is
represented by a combination of the wobbles 1126 and 1127.

e’

25 The difference in the rising gradient and the
falling gradient between the wobbles 1126 and 1127 can be
easily detected by a differential push-pull detection
signal as follows. A scanning laser beam is directed to the
track groove 1102, and a differential signal indicating the

30 difference between the light amounts received by detection
areas of a light receiving element divided along a dirsction
perpendicular to the track greoove 1102 (a radial direction)
of the optical disc medium 20 (i.e., a push-pull signal)



processing, and is, for exanple, an ECC bl ock. The block wunit 1141 is
divided into 32 sectors 1125 when N=32 (or 16 sectors 1125 when N=16).
Each sector 1125 is a sub block 25 having a length of 2 kB. Each sector
1125 is divided into 26 frames #0 through #25 when M=2633 Atpadye®dsng end
of each of frames #0 through #25, a SYNC mark is recorded as a
synchroni zati on signal used for reproducipg data. 30 A frane is a
fundamental unit of information recorded on the track groove 1102. In
Figure 11, frame #0 is represented by reference nuneral 1122 and franme #1
Is represented by reference nuneral 1123. As exenplified by 23 February

2005 - 36 theifrgemsrdted. anthdd23a cethchiame s'i@@ﬂalld%\ﬁ'}ﬁg ty pﬁlﬁng
wobbl es forned |n a i n_advance, this way, bit~sub

r|o |ca ner
i nformati on " 0%? é‘a-ﬂﬁ'&&!ﬁ geadient e‘él&hc%fviﬁé iR a%%%‘:"ﬂ@l?c‘and
1123. A 26- bi twiﬁh&ﬁ‘)emdr S hiend i rmifdzﬁnagfmrpysnebwdﬁd "I]_r'! eacdhseciog. 1125
i ndi cat es ast ortiaon of b ock 1D (address rmatio of the
corr espondi ng %ﬁockd%ﬁfg‘?riijﬁ? lli’he dekS1HEo c8h2 ﬁ‘EPEdQ % r%erd*? teER@ction
code, 105an egradiemteatdmonbeodepsddya pdentyifdede by, t heori kexdmile,
correcting or t 99@.{ tion to the information
I ndi cating the‘ﬁj:gf d%ésrg%%i&g -ﬂr%]a%s I N fon c%l%g% ‘or 1125 are divided into,
15 for exanple, first 13 frames (franes #0 t hrough #12; fi rst frame group)

and second 13 franes (ﬁH@E§hg%§p@6PLﬁ% géb 1n§8§ﬂ3@1t35 %%th%‘fock

sub information i s recorde d i n every frames as
ID. Thus, 2-biRY &% i SE8EmaPtorfhe r‘éﬂ:]d#%ed"qtﬁléﬁé‘h Qéct@r nqﬂﬂ-ﬁlfas af

podtion 120 ofditeetimpcdatidn. When differentiation is used, however, a
noise component is naturally increased. 1In an optical disc
medium having an inferior S/N ratio, a detection error is
reasonably expected. In this example, each pattern of the
wobbles 1126 and 1127 is repeated a plurality of times in

15 order to enhance the reliability of detection.

Main information is recorded in a block unit 1141
along the track groove 1102 from the block mark 1110. The
block unit 1141 has a prescribed length, for example, 64 kB

20 (or 32 kB). The main information can be recorded as
recording marks 28. A block unit is a unit for information
processing, and is, for example, an ECC block. The block
unit 1141 is divided into 32 sectors 1125 when N=32 (or 16
sectors 1125 when N=16). Each sector 1125 is a sub block

25 having a length of 2 kB. Each sector 1125 is divided into
26 frames #0 through #25 when M=26. At a leading end of each
of frames #0 through #25, a SYNC mark is recorded as a
synchronization signal used for reproducing data.

o

30 A frame 1is a fundamental unit of information
recorded on the track groove 1102. In Figure 11, frame #0
is represented by reference numeral 1122 and frame #1 is
represented by reference numeral 1123. As exemplified by



Figure 12 shows an exenplary format of the sub information recorded in the
sectors 1125 in the block unit 1141 and franes #0 through #25. In Figure
12, the leftnost 25 section shows the sector nunbers. To the right thereof,
the sub information recorded in the frames of each sect®srifruagit@os. 1-bit
sub information is recorded in the first 13 franes, and 1-bit Sub

I nformation is recorded in the second _ frames (frane group). In this
exanple, the block unit 30 1141 is an ECC bl ock. BO through B31 each

i ndicate the order nunber of the bit (i.e., whether the correspondi ng bit
Is the first bit, the second bit, etc.) in the ECC bl ock address. 23

Feb 200 t AP bed, A
February 2008 Fapkie 2900 2Ube, 95020808 -l A2, daaerLbed - Aaong
frames), theWwp ﬂfbmeainmngatmmmab TEnnee irE@ﬁviaIrmek addr enss( LSB)

I's buried. | a 1 h {secand, f t formati on
of the secongra?r gle?lﬁmé)ﬁg iﬁf‘g%&églﬁt%g o? ‘thg'p“E bl ocﬂ‘S gg?éggbeﬁ bBri ed.
As shown in PRl @fi1thenIxamesr 14222854 112%r madi 36-pi0 (MeFb ) 180bi s '

burled & a perbr@atafon f
SYNC code "S" indi catol nQ’qrtCJtrili(aIpg'tlirladrltladct)a:lfp 3 é&% éé ogdgr ess cangé{:g%url ed

i nstead of tRE LEASE 2 BPFtéPnt fé E@W%CI(D afﬁﬁ@é%sﬁ LosformgkéoBYNEL code

"S' can be ulke adraeRpIRIAION ZAldok wiianali4ior reproduci ng the ECC bl ock
address or as a detection mark 15 for detecting the start of the ECC bl ock

address. The contents of sector 1 will be described. Anong frames #0
through #25 of sect or The bindk dbesad(indlwdeg aré2rort berthctdodh dhblieanong

thd 32 ts d S nfra rough
#2 tﬁ"? sub%n%%?ﬁgtcl(& et%g%b‘ go our%% é %Q‘F%thrr%ﬂ ©tRE ggebii"ée EOF he ECC
bt ock addr esgorrecting or detectlng detection signals, in addition to

the information indicating the address. .

The 26 frames in each sector 1125 are divided into,
15 for example, first 13 frames (frames #0 through #12; first
frame group) and second 13 frames (frames #13 through 25:
second frame group). 1-bit sub information is recorded in
every 13 frames as a portion of the block ID. Thus, 2-bit
sub information is recorded in each sector 1125 as a portion

20 of the block ID.

‘ ' ) Figure 12 shows an exemplary format of the sub
- information recorded in the sectors 1125 in the block unit
1141 and frames #0 through #25. In Figure 12, the leftmost

25 section shows the sector numbers. To the right thereof, the
sub information recorded in the frames of each sector is
shown. 1-bit sub information is recorded in the first 13
frames, and 1-bit sub information is recorded in the second

13 frames (frame group). In this example, the block unit

30 1141 is an ECC block. B0 through B31 each indicate the order
number of the bit (i.e., whether the corresponding bit is

the £first bit, the second bit, etec.) in the ECC block address.



I's buried. As shown in Figure 11, in sector 1, 2-bit information ("0" and
"1") is buried as a portion of-the block ID 25 In this manner, a 32-bit
block IDis represented by conbining 2-bit information fromeach of the 16
sectors 1125. In the case where the ECC bl ock has a | engthredrugs B85 30 and
the one block unit 1141 is divided into 16 sectors 1125, a 32-bit bloc) can
be obtained by recording 2-bit sub inferB&#tiron in each sector 1125. 23
February 2005 - 38 1In the case where the ECC bl ock has a | ength of 32 kB,
one block IDis represented by 16 sectors as described above. 1In the case
where the ECC bl ock has a |l ength of 64 kB, one block unit 1141 has 32
sectors 1125. In sect dflse torttemuglofs sdttotrhe wihl ér sleafcrsidetdr sAflohgr ough

15 are descri bﬂjmtléﬁ J{Ue‘?:%yo #?\Ilglmagglgleé:&t}eol nigrgg%%goﬁ%(}oﬁlg tgii (sub

i nformati on grou descr I hce t'he
recorded in repBirst oirangs)n the bivsk Unbitlamongt hbebBackikb of fheal |y

deterni ned by g gsfwc;erela/ éeﬁzm b%m gn(%r e)é 3;9;: th;fgﬁaﬁfme

post - proce53|n ata rea at a recor I ng, can be pér
qui ckly. Si nce e(ﬁﬁ‘b@kdli}‘@éesiep‘éla@eﬁubM@ﬁormatﬁenbbﬁckhanEecqndll t he

reading 15 red;i@tanldﬂ[g tq{e tahae lﬁﬂ?smﬁﬂ Qh%aﬂcéebiBBﬁ”SﬁﬁrFLsgsE.Eaﬂufie%er

recordi ng the bl ock | he bl ock unit tw ce ormation ot
than the bl ock®§ FhoHR g& Fflﬁz:lredéa Forsestamile, 2rihd toiaderraisenr 610T he

bl ock 1D can 2&nhdeingl uslasuired hes sabpbpf 6B OBhEr BUBek ThRA . or der nunber
can be used for finally determ ning the address nunber based on a

majority. In addition, such a nunber provides useful
S 10 In the first frames of sector 0, a SYNC code "S"

indicating the start of the ECC block address can be buried

‘instead of the first 1 bit of the ECC block address (LSB).

The SYNC code "S" can be used as a synchronization signal

for reproducing the ECC block address or as a detection mark
15 for detecting the start of the ECC block address.

The contents of sector 1 will be described. Among
frames #0 through #25 of sector 1, in frames #0 through #12,
the third 1 bit among the 32 bits of the ECC block address
20 is buried. In frames #13 through #25, the sub information
of the fourth 1 byte among the 32 bits of the ECC block address
is buried. As shown 1in Figure 11, in sector 1, 2-bit
information ("0" and "1") is buried as a portion of-the block
ID.
25 .
In this manner, a 32-bit block ID is represented by
combining 2-bit information from each of the 16 sectors 1125.

In the case where the' ECC block has a length of 32 kB

30 and the one block unit 1141 jis divided into 16 sectors 1125,

a 32-bit block can be obtained by recording 2-bit sub
information in each sector 1125.



information for'-signal processing, for exanple,- which sector 1125 in the
bl ock is now read or which sub information 25 group in the block is
incorrect. In the case of an optical disc nediumhaving a plurality of
recording faces or layers, an order nunmber of the recorsi pgy|gyoposan be
included in the sub information 30 group. In this way, the recording face
can be easily identified as described above with reference to Figure 16.
In this exanple, the block ID has 32 brt$8 The 23 February 2005 - 39

nunber of bits of the address information is not limted to 32, but can be
any necessary nunber in accordance with, for exanple, the data anmount to
be recorded on the optical disc nmediumor the type and systemof the error
correction 5 code. |hRtHissceazgmilese the BeiCoekogkihas a8 1engtiealf i3zt &E32

sectors with dEEdIcik 16 sLek ' . e ' tion is not
limted to su X 9“'—&5%%@&5&% gkt%%éf%%%ﬁé,ﬂﬁﬂyﬁ%hﬁ-

h nunber Vﬁ:{ sectors. 1
i nformation iS%retor®REe iR ttfhr%ﬁ"tgg Pherkdeasi & terdith axi &t MR h olde26.

The present bhvektimbt ild40halsi 82 b #crs1aR5a NYALEs 08§ rl%firoﬁ H N
nis recorded after being nodulated’into

this ex |l e, o he b_inforpati

sawt ootﬁgghapgé%l‘ V\%% | BEETRES O SRFOT R TN Yorne feseaibedsdoh a
shape of wobbresetifThensubNamédypathen iegorietiesordec &f s85tH8LENY sub

modul ated i n{Qr hayi a.gh r .exanple, shown in Figure 20 4
or 7. In thi ;Eex%%%,fé?h?%ﬁgéklgraggs?gigeg’uf:?’ﬁ f-portion of the track
groove. The present invention is not limted to such a formof block mark.

For exanple, the Dl 0ckid®& khe sub information is recorded in repetition
) 10 in the block unit 1141, the block ID is finally determined
by reading only 16 sectors, i.e., 32 kB (2 kB x 18).
- Therefore, post-processing (data :i:ead, data recording,
etc.) can be performed guickly. Since the block ID is
repeated twice in the block unit 1141, the reading

15 reliability of the block ID can be enhanced.

Instead of recording the block ID in the block unit
1141 twice, information other than the block ID can be
included. For example, the order number of the block ID can
20 be included in the sub information group. The order number
can be used for finally determining the address number based
: } on a majority. In addition, such a number provides useful
information for "signal processing, for example; which
- sector 1125 in the block is now read or which sub information
25 group in the block is incorrect.

In the case of an optical disc medium having a
plurality of recording faces or layers, an order number of
the recording layer can be included in the sub information

30 group. In this way, the recording face can be easily
identified as described above with reference to Figure 16.

In this example, the block ID has 32 bits. The



25 can be nodul ated i nto wobbl es having a shape, for exanple, shown in
Figure 5 or 6. (Exanple 9) Figure 13 shows a track groove 1302 according to
30 Exanple 9 of the present invention. The track groove 1302 can be forned
in the optical disc medium 20 shown in Figure 2 instead2®Fetrngrytaoask
groove 102 shown in Figure 1. As shown in Figure 13, the track groove 1302
has shapes which are 23 February 2005 - “48° different on a bl ock- by- bl ock
basis. In Figure 13, a block mark (identification nmark) 1310 is a cut-off
portion in the track grodve 1302 and shows an index indicating a |eading
end of each block, 5 Each block is divided into N nunber of sectors 1325
(N=32 or 16), BHEDEZcRIsEdtsr of3tbei gddrergedntnrmatinontisr notf limites #0

through #25 (Med632,Eaeh ddime hay ReBE8sEHaadn ’ es43326 or
1327 in a periqQdical mapner, The 10 mbb%géleZGb%ﬁ?ﬁoh%w& ??‘qe:?lént

prescri bed shap85 F¥aWPl8actroidd? aRryntepbpeke ecendedian vhei ontital, "1
or "S*). One &ype médsuh onfriamypenandOsystdm ¢¥ tha brkre ; by
one shape. of V\§§8| es 1326 or 1327. The typ}ésof sﬁ) t%%n%orné{?gﬁfgﬁgitgﬂe

I

shape of ir’/vobb '(a\7vobbl es 1326 or 1327) 15 are in a one-to-one

rel ati onship. Mre specifically, the wobbles 1326 and 1327 both have'a
general ly sawt oot h shape, di fferent rising shapes (ar risin
falli ngﬂghtatbfe%%% a (ilerigt ?a‘&?%‘ﬁ%s‘i‘l?lgﬁeg \%‘B’B-Idéél inie %g

gradi ent) and

1327 are for mede¢hone cei tare3 i tdr tlte septorsf widh Relienf.or Théipredeft or
"1"). A stringifestPohnior i | repr t copbi nagion of the
wobbi es 1326 and sigPonlye ’gi@?f‘gjr}g%g%diﬁgtﬁz&?igﬁm‘g‘xﬁéﬁﬁ’gﬁ?eﬁﬁﬂr? he

J

In this example, the sub information is recorded in
26 frames included in each sector with M=26. The present
invention is not limited to such a number of frames.

15 In this example, the sub information is recorded
after being modulated into sawtooth-shaped wobbles. The
present invention is not limited to such a shape of wobbles.
The sub information can be recorded after being modulated
into wobbles having a shape, for example, shown in Figure

20 4 oxr 7.

In this example, the block mark is a cut-off portion
of the track groove. The present invention is not limited
to such a form of block mark. For example, the block mark

25 can be modulated into wobbles having a shape, for example,
shown in Figure 5 or 6.

"

(Example 9)
Figure 13 shows a track groove 1302 according to
30 Example 9 of the present invention. The track groove 1302
can be formed in the optical disc medium 20 shown in Figure
2 instead of the track groove 102 shown in Figure 1. As shown
in Figure 13, the track groove 1302 has shapes which are



falling gradi ent between the wobbles 1326 and 1327 can be 25 easily
detected by a differential push-pull detection signal as follows. A
scanning |l aser beamis directed to the track groove 1302, and a
differential signal indicating the difference between theréighl mapunts
received by detection areas of a light receiving el enent dividéd along a
direction 30 perpendicular to the track gpoave 1302 (a radial direction)
of the optical disc medium?20 (i.e., a push-pull signal) is generated.
Thus, a detection signal having a rising gradient and a falling gradient
which vary in accordance 23 February 2005 - 41 wth whether the sub

i nformation idifférent"dn a B168kabperlockhss dif f ' e Lhsin

gradi ent and the fﬂéi ng. J?r di ent?can b?’éﬁ?iﬂ?y ?fdxg%%#%digy,éfbo dbk
exanpl e, di fF&FEn ‘%‘?‘%’gf R Berkdn13ilgnis A subned £ phetigpeimftiehe sub
i nformation cenabk gebevéelBoDard\erive & it 3l AN 125 A Ul
of di fferentég{li QB. a\/‘%ﬁn ngferentiat‘i on i s used, however,” a "nol Sé
conmponent is natural ?y |nE 2%%ed. In an optical disc 10 nedi um havi ng an
inferior5S/Nratio, a detection error is reasonably expected. In this

exanpl e, each patter t bbles. 1326, and 1327 is repeated a plurality
of times in order t?gé%g%?gﬁmﬁg %Y}%%‘%IJH‘ S#LDHE‘P@Et?%rﬁBGI‘B)%iW25

i nformation | N722REdé )i.nandgasik semttord IBR5 dAkoAgvidedt Iek M nompa 302
fromthe bl ocks Fdainek3 unity 13 a prescribed | ength, for
exanpl e, 64 kB (or 32#?2%@}%% gqrr%?KM?J%T%r'rra#%ggagﬁ“egfé‘aﬁe%&r&§&’ra§’3d
recordi ng markKEmBEr of wphekegnt326 o 13@7 ihoa perfiordirta bmatheyr OCaRR Ny,

ang is,1d or exstiples 12eEERANI LK natRCaPELekentfeddiinid Al ded into 32
seCttors 1325 when N=32 (or_16
each other, 'and represent sub information ("0%, "1" or *S"),.
One type of sub information ("0", "1" oxr "S") is represented
by one shape of wobbles 1326 or 1327. The type of sub
information and the shape of wobbles (wobbles 1326 or 1327)
15 are in a one-to-one relationship. More specifically, the
wobbles 1326 and 1327 both have a generally sawtooth shape,
and have different rising shapes (or rising gradient) and
falling shapes (falling gradients). The wobbles 1326 or
1327 are formed in accordance with the type of sub
20 information ("0" or “1%"). A string of sub information is
‘ represented by a combination of the wobbles 1326 and 1327.

The difference in the rising gradient and the

falling gradient between the wobbles 1326 and 1327 can be

25 easily detected by a differential push-pull detection
signal as follows. A scanning laser beam is directed to the

track groove 1302, anﬁ a differential signal indicating the
difference between the light amounts received by detection

areas of a 1ight receiving element divided along a direction

30 perpendicular to the track groove 1302 (a radial direction)
of the optical disc medium 20 (i.e., a push-pull signal)

is generated. Thus, a detection signal having a rising
gradient and a falling gradient which vary in accordance



sectors 1325 when N=16). Each sector 1325 is a sub block having a length
of 2 kB.- Each sector 1325 is divided-into 26 franes #0 through #25 when
M=26. At a | eading end of each 25 of franes #0 through #25, a SYNC mark is
recorded as a synchronization signal used for reproduci sgréatiary 200brame is
a fundamental unit of information recorded on the track groove 1302. In
Figure 13, frame #0 30 is represented by 4kference nuneral 1322 and frane
#1 is represented by, reference nuneral 1323. As exenplified by the
frames 1322 and 1323, each frane includes one type of wobbles forned in a
periodical manner in advance. In this 23 February 2005 - 42 way, 1-bit sub
i nformati on " (it yhedherdthe suldafiogmptien dschobfoxr Hd f danebtdBeedand

1323, 4 26° b o2 subendf 05 TRLEOr QP §RERYURE WAL P01 P1nd 325

indicates at least a portion of a dr ess |n or 5 the
corr espondi ng LI £aP34Re THRS2EYT r 488 F—ﬁléﬁchbﬁectmrlmlae

di vided into, difffferetamtand ithe! detddeims dfqmes #0 through #12; first
frame grq__ﬂup) and second 13 franmes (franmes #13 through #25; 10 second frane

group) n the 13 franmes in the first frames, the sane shape of wobbles

are formed in a peri od'haal tfm‘lﬁ?pe dﬂ’ltﬁévéiﬂﬁﬁnfbﬂmh‘ﬂgoiﬁzéﬁ%@-’&eﬁéb'ﬁ&f
I n a periodical manner

second frames h ang wobbl.es ar for

i n advance. ﬂ}i't %h% sub nf% et o O'D% aingg'r ag ag M3tpRf 15 in

each sector 13'@55&3121111:&1&1:3910 | ifenalifferen ebatl e disotseli2howsde sates at

| east a porti n) .Qf .the gcorr ondi ng
19k Bofibdlignt J<l ALEREST 1y TOFERLLRN) O SLSHEQLERIAAL N9

bl ock unit 1341. The can I nc e“an error
er¥ or délecti Bgddgdechaying parinfexribor B/Nittatic ke f&ﬂt&ﬂtimtemmus

_detecting det gebis@Rabig@kSectda 2ddiyd 49  Bxample, each pattern of the
wobbles 1326 and 1327 is repeated a plurality of times in
order to enhance the reliability of detection.

15 Main information is recorded in a block unit 1341
along the track groove 1302 from the block mark 1310. The
block unit 1341 has a prescribed length, for example, 64 kB
{er 32 kB). The main information can be recorded as
recording marks 28. A block unit is a unit for information

20 processing, and is, for example, an ECC block. The block
unit 1341 is divided into 32 sectors 1325 when N=32 {or 16

N sectors 1325 when N=16). BEach sector 1325 is a sub block
) --having a length of 2-kB.- Each sector 1325 is divided into-
26 frames #0 through #25 when M=26. At a leading end of each

25 of frames #0 through #25, a SYNC mark is recorded as a

synchronization signal used for reproducing data.

A frame 1s a fundamental unit of information

recorded on the track groove 1302. In Figure 13, frame #0

30 is represented by reference numeral 1322 and frame $1 is
represented by, reference numeral 1323, As exemplified by

the frames 1322 and 1323, each frame includes one type of
wobbles formed in a periodical manner in advance. In this



the information indicating the address. Figure 14 shows an exenplary format
of the sub 25 information recorded in the sectors 1325 in the bl ock unit
1341 and frames #0 through #25. In Figure 14, the . leftnost section shows
t he sector nunbers. To the right thereof, the sub inforﬂypémﬂagg@gsded in
the frames of each sector is shown. 30 The contents of sector wll be
described. In all frames #0 through #25,¢f sector 0, the first 1 bit anong
the 32 bits of the ECC bl ock address (LS&) is buried. As 23 February 2005 -
43 shown in Figure 14, in sector 0, 1-bit sub information BO ("0" or "1")

is buried. The contents of sector 1 wi II be descri bed. In all 5 frames #0
t hrough #25 ec tn (PTG nl wen S bl ock
addr ess (LSB)&ai i%lé ‘iﬁ;%&h‘{)‘a‘t‘#ﬁ] ure B?n %ec %rd%cﬁﬁg %@ub

i nformati on B@&Gb" G'f dﬁhe" 1fyames bilBRad anﬁo 113123sect99r26_ bifie (M2 6 )nfoubmat i on |
BO buried in iﬁf&%at@ohsg%éﬁr iB%‘iddrédr i&e@atd%@ec?&?: Cl%#’)&ﬁ}] a et or

will be described. In al franmes rougEpj sect or e second 1
bit among 15 ?Fel‘a?s%l@sp%#'t%% ‘Eﬁ:@b‘? rlegines g dnifqrmadsiemb et i n

Figure 14, intaectetrdspdnBlihgSwloonf enyat izwaiBl ("0" or "1") is buried.
The contents of sector g wi ||l be described. In all 20 franmes #0 through

#25 of sector 3, the second 1 bit anong the 32 bits of the ECC bl ock
address is buried. AsThd®@® friamds gnreaaﬂ,secfwlequqs drelat¥idsabinto,

| nformation B%m(:og:;amg e" ]f:%rslts lthu frames (frames #0 through #12: first
frame group) and second 13 frames (frames #13 through $#25;

_} 10 second frame group) . In the 13 frames in the first frames,
the same shape of wobbles are formed in a periodical manner

in advance. In the 13 frames in the second frames, the same

shape of wobbles are formed in a periodical manner in advance.

Thus, 2-bit svb information "0%", "1" or ¥S" is described

15 in each sector 1325. 32-bit sub information in each sector

1325 indicates at least a portion of a block ID (address

information) of the corresponding block unit 1341.

The blbck ID can include an error correction code,
20 an erreor detection code, or a parity code or the like for
correcting or detecting detectlion signals, in addition to

the information indicating the address.

Figure 14 shows an exemplary format of the sub
25 information recorded in the sectors 1325 in the block unit
1341 and frames #0 through #25. In Figure 14, the leftmost
section shows the sector numbers. To the right thereof, the
sub information recorded in the frames of each sector is
shown.
30
The contents of sector 0 will be described. In all
frames #0 through #25 of sector 0, the first 1 bit among
the 32 bits of the ECC block address (LSB) is buried. As



25 In sector 3, the sub information Bl buried in sector 2 is described in
repetition. In this manner, in even nunber sectors up to sector 12, third,
fourth, fifth, sixth and seventh 1 bit anong the 30 32 bits of the ECC

bl ock address are respectively buried. In the odd nuntlgzFéhhasenpers up
to sector 13, the sanme sub information as in the even-nunber (N-1) sectors
I's buried. 23 February 2005 - 44 The ceny4gnts of sectors 14 through 24
will be described.. The contents of sector 14 will be described. Inall 5
frames #0 t hrough #25 of sector 14, the eighth 1 bit anong the 32 bits of

t he ECC bl ock address is buried. As shown in Figure 14, in sector 14,

1-bit sub infosheihoDn BFigite 14[ id"dediodw, adbil slive ie@Feiraaks oaf seect or

15 will be desg¢giped. Ln,al ranes, #0 through #25 of sector 15, the ninth
1 bit anong tﬁeb32°’6it2 zf%‘?h&uﬁ %bl ock address is buried. As shown in

Figure 14, in sector 15, 1-bit sub information B8 ("0" or "1") is buried.

15 1-bit sub informti [ crib up.to sector. 24, simlarly.. Th
contents of sectors ZSAFrtqﬁr%our{gi%srﬁs vﬁ%ﬁfeggorzgW&é‘?‘cp?b%eus.crl'%ecﬁtbmléln‘?glof
sector 255w | | fhamges#oi berdougho#gs bFasest¢d Lhrohghf#P5tol bettamoRd, in

frames #0 thro i£d 1 8B d R RN, - ot bi.t among .t he, 32
bits 25 of the Sgll%i':%a%%r%%és IS %{JI’I ed.a&&g‘%s O\I\(/rl%'slgr‘? ﬁisgﬁ%g%i' M the
first frame grehewafindoigrresie ] Wi tseqfied df.odnbiitogubBl8fetatdon"BO) s

buri ed. ("0 or *1") is buried.

' } 10 In sector 1, the sub information B0 buried in sector
0 is described in repetition.

~ The contents of sector 2 will be described. In all
frames #0 through #25 of sector 2, the second 1 bit among
15 the 32 bits of the ECC block address is buried. As shown
in Figure 14, in sector 2, 1-bit sub information Bl {"0"
or "1") is buried.

The contents of sector 3 will be described. In all

20 frames #0 through #25 of sector 3, the second 1 bit among

the 32 bits of the ECC block address is buried. As shown

‘ in Figure 14, in sector 3, 1l-bit sub information Bl (*0”
) : - - or "1") is buried.

25 In sector 3, the sub information Bl buried in sector
2 is described in repetition.

In this manner, in even number sectors up 'to sector

12, third, fourth, f£fifth, sixth and seventh 1 bit among the

30 32 bits of the ECC block address are respectively buried.
In the odd numher (N) sectors up to sector 13, the same sub
information as in the even-number (N-1) sectors is buried.



Anong frames #0 through #25 of sector 25, in frames 30 #13 through #25
(second franme group), the 20th 1 bit anong the 32 bits of. the ECC bl ock
address is buried. As shown in Figure 14, in the second frame group of
sector 25, 1-bit sub information B19 ("0" or "1") is bupipgh 23 Jophruary
2005 - 45 The contents of sector 26 will be described. Anong franmes #0
through #25 of sector 26, in frames #0_t g&ough #12 (first frame group),
the 21st 1 bit anmong the 32.bits 5 of thé ECC bl ock address is buried. As
shown in Figure 14, in the first frame group of sector 26, 1-bit sub
information B20 ("0" or "1") is buried. Anong franmes #0 t hrough #25 of
sector 26, in franes # t hrough.#25 (seco frame group), the 22nd 1
bit ampng the 32 bi tsT%Q t#?gltﬁeésol%%ksﬁﬂgf’gsc‘snf% %ﬁFP‘éﬂp A& s¥bhh ben
Figure 14, indesderibednd frame group of sector 26, 1-bit sub information
B21 ("0" or "1") is buried. 15 1-bit sub information is described up to
sector 31 simlarly. As described above, in this exanple, the nunber of
sectors and the nunmbeFhefcdntands pfi sduishr Lhewslb henfiesoribea. 20rh 111 :
descri begl ar eryahd 0 1SS i sifion of ..the hit of the

bl ock ID (i.e, ,&Foﬁg#rd,g%t or r?\i gﬁero\ﬁblgtgszl.&ggl ‘221’ thE%é)e?%Véfl badf ARGt i on
BO I's the LSEBREERLLeeL | theFRE ioB3 pddreds 14SBudd.n Assghbem f Or

readi ng contiinaEbgedé als) ol bddtor 1Y, PR enr?l neRtigal di §6 (whe bl ock
| D of data which, j,g beiﬂﬁgﬁconti nuously read I nélr eaggs%"%g%og ?gwér Ia’bit
sequenti al | y.®Bet heén 4f9cent block IDs, the block ID value is
different only by "1" . Therefore, the block ID can 30 be determ ned nerely

by} reacg(pg several | WMEL c%ntt%n%fs éPesector 15 will be described. 1In all
frames #0 through #25 of sector 15, the ninth 1 bit among
the 32 bits of the ECC block address is buried. As shown
in Figure 14, in sector 15, 1-bit sub information B8 ("o~
or "1") is buried.

15
1-bit sub information is described up to sector 24
similarly.
The contents of sectors 25 through 31 will be
20 described.

The contents of sector 25 will be described. Among
frames #0 through #25 of sector 25, in frames #0 through
#12 (first frame group), the 19th 1 bit among the 32 bits
25 of the ECC block address is buried. As shown in Figure 14,
in the first frame group of sector 25, 1-hit sub information
B18 ("0® or "1") is buried.

Among frames #0 through #25 of sector 25, in frames
30 #13 th_rough #25 (second frame group), the 20th 1 bit among
the 32 bits of the ECC block address is buried. As shown
in Figure 14, in the second frame group of sector 25, 1-bit
sub information B19 ("0" or "1") is buried.



bl ock 1D which is being read, since the remaining higher bits can be
estimated fromthe value which is read fromthe inmmediately previous bl ock
ID or fromthe value which is 23 February 2005 - 46 read fromthe block ID
previous to the current block ID by a certain nunber. | tohsag3®es the
reading reliability of the several |ower 4lg..i ts of the block IDis

I mportant. In this exanple, the |ower bit's of the block IDis arranged
over 5 a plurality of sectors, i.e., by a larger nunber than the other

hi gher bits as shown in Figure 14. Therefore, the reading reliability of
the lower bits of the block ID, and thus the reading efficiency of the

bl ock 1D can be enhanced. 10 In this exanple, the block ID has 32 bits. The
number of bits of the dHdrewstémisodaséohor2thutilli betdskctbe?. bwlorgan be
any necessary i n Lkh ampl e .the data anount to
be" r ecor ded ong?ﬁ%ggp#iﬂcgﬁ%gg@c%ﬁgﬁsmsggft?%eﬁiéygg‘na & RS %r‘?\ ﬁrﬂﬁ’@r’error
correction 15%&3defirattframexgrpie) . tihe Blak Uit isnatiyithed 32nba 32
sectors wpth NeB8ZAKHOEADObIBeko ' e Rpr.e ' ntion.i s not
limted to such a_nunber %f 6&%?%%#92%5%?%#;&; e%asn%ﬁg%nt*‘ul{é“%t%lre 14,

i nformation i sTREH déFStnframe cravesof Raqhhey 26n babht sats dnfoirhb tVeas.

The present iBxenttom bs mor)l jg edisdq@. such a nunber of frames. 25 In
this exanple, the sub information is recorded after being nodulated into

saw oot h- shaped wobbl es. The present invention is not limted to such a
shape of wobbl es. TheAmary ifirfamesns 0 ofheaunglh ¢ 22 6e ed+att £4, B¢ BBames

g‘r);gl ategy | nt#’lwcﬁfglpq#\ﬁlansgcgggpfrajggrgz?&(&p l,et’:hg hzoﬁl\ﬁnd IlanE.I‘tglaJrrllgng30 4
_ the 32 bits of_ the ECC block address is buried. As shown
in Figure 14, in the second frame group of sector 26, 1-bit
sub information B21 ("0" or "1") is buried.

15 1-bit sub information is described up to sector 31
similarly.

As described above, in this example, the number of
sectors and the number of frames in which the sub information
20 is described are varied in accordance with the position of
the bit of the block ID (i.e., lower bit or higher bit).
In this example, sub information BO is the LSB and the sub
) information B31 is the HSB.

25 In a system for reading continuous data stored in,
for example, an optical disc, the block ID of data which
is being continuously read increases from a lower bit
sequentially. Between two adjacent block IDs, the block ID
value is different only by "1". Therefore, the bleck ID can

30 be determined merely by reading several lower bits of the
block ID which is being read, since the remaining higher
bits can be estimated from the value which is read from the
immediately previous block ID or from the value which is



In this exanple, the block mark is a cut-off portion of the track groove.
The present invention is not limted 23 February 2035 - 47 to such a form
of block mark. For exanple, the block mark can be nodul ated i nto wobbl es
having a shape, for exanple, shown in Figure 5 or 6. 5 f¥xasmhe 2005 Figure .
15 shows a track groove 1502 according to Exanple 10 of the present

I nvention. The track groove 1502 can bedborned in the optical disc nedi um
20 shown in Figure 2 instead of the track groove 102 shown in Figure 1. As
shown 10 in Figure 15, the track groove 1502 has shapes which are

different on a bl ock-by-block basis. In Figure 15, a block mark
(identificat iI@rﬁdnﬁﬁo)m m:EObrLsck EDtpoé¥iposttonthe dleredt adlock aoveyl502

et ded | DOREadihaRbERD o 8318080 1 8S SRERSE Sl Bl aT St ek,
1525 is divi d&¢ Faverrinlemer bigk tﬁfa:rllmsbitéckmmmghid#ﬁért%&fi) I:Eﬁfa'isf rarre

h e 6hn 1 eriodi cal, mann

Tﬁz gopQSEE[Es 1 26 gq§£152fmﬁgve %E%ren %?éécr?Beﬁgsﬁﬁﬁagg?goﬁyeEéch
other, and r &PedERlidkih qfnﬁ@ﬁ?@trlsoni( 'e0',, byl'a darger) numb@methupethe sub

I nf ti e "3 h b 1526
i oration tbier Ml s | MRS o0 of ghe03q Safe ofo1BDDLER 1°

i_nf or mati on ape of

or 1527. The t of - sub
1526 or 1527F %%%é’rge *‘ﬁr 12P3d- o o8 nEheel avesRbtS. Oﬁ/tﬁf@sb@@@lkfﬂ@al EJ;Asi t he
wobbl es 1526 thues th37rd@iinfarE it 100 Bkl thé MRU Bpshap e eﬁ‘ﬂé!n.?g =

a i ng

different rising shapes (or rising gradient) and falling shapes
gradients). The wobbles 1526 or 1527 are fornmed in accordance wth the

type oft0sub In this example, the block ID has 32 bits. The
number of bits of the address information is not limited
to 32, but can be any necessary numbe_ar in accordance with,
for example, the data amount to be recorded on the optical
disc medium or the type and system of the error correction
15 code.

In this example, the block unit is divided into 32
sectors with N=32 (or 16 sectors with N=16). The present
invention is not limited to such a number of sectors.

20
In this example, the sub information is recorded in
‘ 26 frames included in each sector with M=26. The present
'\) invention is not limited to such a number of frames.
25 In this example, the sub information is recorded

after being modulated into sawtooth-shaped wobbles. The

present invention is not limited to such a shape of wobbles.

The sub information can be recorded after being modulated

into wobbles having a shape, for example, shown in Figure
30 4 or 7.

In this example, the block mark is a cut-off portion
of the track groove. The present invention is not limited



30 information ("0" or "1"). A string of sub information is represented
by, a conbi nati on of the wobbles 1526 and 1527. The difference in the rising
gradi ent and the 23 February 2005 - 48 falling gradient between the
wobbl es 1526 and 1527 can be easily detected by a diffep®ptbahbrynush- pul
detection signal as follows. A scanning l.gser beamis dlrected to the
track groove 1502, and a differenti al S|gﬁ “indicating the 5 difference
bet ween the |ight amounts received by detectlon areas of a light receiving
el enent di vi ded along a direction perpendicular to the track groove 102 (a

radi al dlrectl f ti.c sC 20 (i.e., push- puII si gnal )
i s generated. &é %t%éy{) Pgngi?fjhawaﬁng #S]Dra e,}g(ag‘pﬁ.& 1%1’& bdrekimark a
falling gradi e:ﬁnvtha clodvdateidniatoowdables havingheshapet, hgosubxamhps mati on

is "0 or 1is ecence in the rising gradient and t he
falling gradi enc% cgﬁgb%l%mélgééeéflfled by, for exanple,

differentiating the detection signal. 15 Thus, the type of the sub
i nformatipn carpPgy, §¢d by the size of the val ue obtained as a resul t

of differentiationn. Wien differentiation is used, however, a noise
conponent is nat ural | yFigigreddedhaws an bpack adratiee 1200 2k eordiavg nfgoan

nferior SN ki1 10eb EHHOBrBERATL ayohe3aanahine LAk efloqll 4 N2y

exanpl e, each ern of the bbles 1526 and 1527 1s repe

of tinmes in e $OERRgNER ﬁ%opéﬁ% Aieg mediam &0 sbewn2in NBigure

information i 2 f1aeeedachs tha frtakgubokelfod shalR G f‘ﬂ&ui-éalck 8508Y Rl 902

fromthe bl ock K 151 T | ock unit 1541 has prescribed | ength of,
f o) exaﬁ'& mafr %’r’l B‘% B TS P -’r%ﬁﬂbﬂﬁ Shenrss rivihierens

d:u.fferent on a block-by-block basis. In Figure 15, a block
mark (identification mark) 1510 is a cut-off portion in the
track groove 1502 and shows an index indicating a leading

end of each block.

15

Each block is divided into N number of sectoré 1525
(N=32 or 16), and each sector 1525 is divided into M number
of frames #0 through #25 (M=26). Each frame has a prescribed
number of wobbles 1526 or 1527 in a periodical manner. The
20 wobbles 1526 and 1527 have different prescribed shapes from
each other, and represent sub information (0", "1" or "S").
One type of sub information ("0", “1" or "S") is represented
- ) o by one shape of wobbles 1526 or 1527. The type of sub
information and the shape of wobbles {(wobbles 1526 or 1527)
25 are in a one-to-one relationship. More specifically, the
wobbles 1526 and 1527 both have a generally sawtooth shape,
and have different rising shapes (or rising gradient) and
falling shapes (falling gradients). The wobbles 1526 or
1527 are formed in accordance with the type of sub
30 information ("0" or "1"). A string of sub information is
represented by a combination of the wobbles 1526 and 1527.

The difference in the rising gradient and the



recording marks 28. A block unit is a unit for information 30 processing,
and is, for exanple, an ECC bl ock. The block wunit 1541 is divided into 32
sectors 1525 when N=32 (or 16 sectors 1525 when N=16). Each sector 1525 is

a sub block having a length of 2 kB. Each sector 1525 i to 23 .
February 2005 - 49 26 frames #0 through #25 when M=26. %\% ﬁéE{HuQnglng end of
each of franmes #0 through #25, a SYNG neg k-is recorded as a

synchroni zati on signal used for reproducing data. 5 Afranme is a
fundanmental unit of information recorded on the track groove 1502. In
Figure 15, frame #0 1is represented by reference nuneral 1522 and franme #1

is representﬁﬁsﬂ.h;ng eg‘mtiamrﬁ: betwean 1hé3wohb1e%eiBbis laﬁﬂ ?527 %an{)gm?s
1522 and 1523, cl.udes one. type of 10 wobbles fornmne
peri odi cal rranner 3%58@ 8%, #hi f\tﬁd%ntﬂaélrtp‘éﬁb -pridr Metemtion, 1"
or "S" is desﬁﬁrg‘nﬁdasrfobws of X beahni 8 ahd? bl 1828 rddie Sl the

f t S t 26-bit (M=26
 nf or & | 82 '&ﬂ@.@%%FQ%"lﬁ% 5l e S e { siteate s hdbcat iadtee a
portion>o Ele 2= émwesa tiné drirgitti ampuafts tBeet OeaesP ko Phock
uni t 1541 13@1435'35 Lgne e_franme, and thus a
32-bit block IDis %u% ?'g'gﬁ e ‘%:121 a‘u% %él‘ffiﬂélw AR RaL | on
group). The BEFASTEBERY ﬁ@l ’Elhé '%ﬁa@r gRoosEr Loet (ancadike] diafedtidh)
detection Co@€ thie dpAdally AR medihie 2l lf f.or g}rﬁl %Et |®glt or det ectl ng

detection signals, in.addition to 25 the mforrﬁatl
address. As &s F5EF e Thasy| @ckdnt?CF@-lepﬁfmmleuaby.ngcaJWJmml bi t

n%ornﬂﬂlon gwhﬁﬂhntsa@ﬁBng%Qlﬁﬂgeg%BdﬁEnttQﬁl%% B%&%B%n.ﬁ%g%ﬁﬁa&égf
ire bl OCkWUBh ﬁhé@ﬁ 8580 & information is "0" or *1" is obtained.
This difference in the rising gradient and the falling
gradient can be easily identifieqd by, for example,
differentiating the detection signal.
15
Thus, the type of the sub information can be detected
by the size of the value obtained as a result of
differentiation. ¥When differentiation is used, however, a
noise component is naturally increased. In an optical disc
20 medium having an inferior S/N ratio, a detection error is
reasonably expected. In this example, each pattern of the
_ wobbles 1526 and 1527 is repeated a plurality of times in
,} order to enhance the reliability of detection.

25 Main information is recorded in a block unit 1541
along the track groove 1502 from the block mark 1510. The
block unit 1541 has a prescribed length of, for example,
64 kB (or 32 kB). The main information can be recorded as
recording marks 28. A block unit is a unit for information

30 processing, and is, for example, an ECC block. The block
unit 1541 is divided into 32 sectors 1525 when N=32 (oxr 16
sectqrs 1525 when N=16). Each sector 1525 is a sub block
having a length of 2 XB. Each sector 1525 is divided into



30 by the 32-bit sub information group. Wien the ECC bl ock has a | ength of
64 kB, each block includes 32 sectors. Accordingly, one block includes 832
23 February 2005 - 50 frames (=32 x 26). Wen the block IDis represented

by 32 frames (one frame group), the block ID can be rep EMes
(i.e., the same block IDis described in 26 frane group%?kgﬂugﬁgx@Fock
unit 1541. 5 When the ECC bl ock has a | eng®h-of 32 kB, each bl ock includes
16 sectors. Accordingly, one block includes 416 frames (=16 x 26). Wen
the block IDis represented by 32 frames (one frane group), the block ID
can be repeated 13 10 tinmes (i.e., the sanme block IDis described in 13
frame groups)2§ framesbfddhnmigh $35whemM=Ries nabreleatihaghénd bl Eads

represented by ( r oup) d . | ock j s, descri bed
a 15 plurali tc;/@é?r%rﬁ@ﬂ%‘é?%%?%gﬁg@g?#ﬁun% ﬁgﬁq m%'th]gs EBt %eecbclr 135 i3
finally deter fysthngnizafdion stongl 32sdd afes . rapeedficoing @aba - processi ng
(data read, data recording, etc.) can be perfornmed quickly. 20 Since the
block IDis repeated a plurality of tinmes 1in the block unit 1541, the
reading reliability of*thE2BRockE PBD Edmdpeerhhncwdt 28£| ninfommatoiomot her

Flaure 16 al t ﬁ%ﬁﬁ%t{“;%?;%?@i;e%%‘??ﬁ?%‘ﬁﬁgb?%ﬁﬁgﬁ‘g%ﬂ1?22%%8%%fhﬁi t
1541 is reduced SSPEFHES Y Bt Ry k42 mnfhefrase the 19l ock
I D can be i nclmgaesen tidie byulreiferental namegaoups23ne B9 ox&gs) Neidern£an be
used for fi nal1:'1% %%ta?nrerg 1539 tarﬁ% ?gg ?Sgach frame includes one type of
) 10 wobbles formed in a periodical manner in advance. In this
way, 1-bit sub information "0", "1" or "S* is described in
e.aph of the frames 1522 and 1523. The sub information is
described as SYNC information. A 26-bit (M=26) sub
information group included in each sector 1525 indicates
15 at least a portion of a block ID (address information) of
the corresponding block unit 1541.

1-bit sub information is assigned to one frame, and
thus a 32-bit block ID is buried in the continuous 32 frames
20 {sub infeormation group).

_ The block ID can include an error correction cogde,
) . an error detection code, or a parity code or the-like for -
correcting or detecting detection signals, in addition to
25 the information indicating the address.

As described above, a block ID is represented by
combining 1-bit information, which is assigned to each of
the 32 frames. Namely, the entire block ID is represented

30 by the 32-bit sub informatiomn group.

When the ECC block has a length of 64 kB, each block

includes 32 sectors. Accordingly, one block includes 832



nunber based on a majority. In addition, such a nunber provides useful

I nformation for signal processing, for exanple, which sector 1525 in the
bl ock is now read or which 23 February 2005 - 51 sub information group in
the block is incorrect. In the case of an optical disc nedrgpauBavineg a
plurality of recording faces or |layers, an order nunber of 5 the recording
| ayer can be included in the sub informajon group. In this way, the
recording face can be easily identified. For exanple, one of the four sane
order nunbers in Figure 16 can be replaced with the order nunber of the
recording layer. Thus, the recording face can be easily 10 identified. In

t hi s exanpl e, sddiaPlieale k S | t rr of _bits of the address
i nformation i,s not I(i i te([j)zg?o ?%Q‘Lut?lec%ﬁ%gé?g%iﬁegggggﬁgnﬁagbgy 74
accor dance witifmess (ede &xams eroupd .dihe hhookt IDochr becrepedtea bbe
optical di scimed &, [ end t Lk Or rrection code.
I Ir[: this exanpl o hd YR N1 S egfni %tgohggc%‘g’%g‘eggbrigv#’fﬂnﬁh%

e pH}e.blgk unit i s divi
(or 16 sect or¥ SRS N ;’.e BeSl e98h 454A%ention is not linited to such a

nunber & sectors. In this exanple, the sub information is recorded in 26

frames included in eﬁgh Sﬁ:t%b%gh 26. The present 25 invention is not
limted to such a nunbe&r of® ocrPasipslendkhief 32h&Bsusachfmtawiti on is

recor ded afti@pluéesglﬁosebaoed.iMmammjﬂ;s&m%ambizﬁﬁu%&@ Pgesent
i nvention isf%he%i @&deti)s)suc sh%%e if %\gggl es. 30 The sub Information
can be recorded after bei Hg modul ated?® REge | 58 FeRTegentedare 32 or
exanpl e, sho@ﬁamﬁsFi(QGﬁefFam@rgﬂ‘oup).. the block ID can be repeated 13
10 times (i.e., the same block ID is described in 13 frame
groups) in the bleck unit 1541.

In this manner, the block ID is represented by 32
frames (one frame group), and the ID block is described a
15 plurality of times in the block unit 1541.

Thus, the block ID is finally determined by reading
only 32 frames. Therefore, post-processing (data read,
gata recording, ete.) can be rerformed guickly.

20
Since the block ID is repeated a plurality of times

) in the block unit 1541, the reading reliability of the block
- ID can be enhanced. -

25 Information other than the block ID can be included
as described above with reference to Figure 16 although the
times of repeating the block ID in the block unit 1541 is
reduced in this case. For example, the order number of the
block ID can be included in the sub information group. The

30  order number can be used for finally determining the address
number based on a majority. 1In addition, such a number
provides useful information for signal processing, for
eXample, which sector 1525 in the block is now read or which



23 February 2005 - 52 In this exanple, the block mark is a cut-off portion
of the track groove. The present invention is not limted to such a form
of block mark. For exanple, the block mark can be nodul ated i nto wobbl es
having a shape, for exanple, 5 shown in Figure 5 or 6. ¢fxapplLg sbby Figure
22 shows a track groove 1602 according to Exanple 1]. of the present

I nvention. The track groove 1602 10 can b& forned in the optical disc
medi um 20 shown in Figure 2 instead of the track groove 102 shown in Figure
1. As shown in Figure 22, the track groove 1602 has shapes which are
different on a bl ock-by-block basis. 15 Referring to Figure 22, an ECC

bl ock whi ch i ssabubhformétionnyngup bhotkeatdloeksiiss idiceirtdedtinto four PID
sections PIDO through PID3. The PID sections PIDO PIDl, PID2 and PID3
are respectively indicated by reference nunmerals 2202, 2204, 2206 and
2208. The PID section 2r02he22ese ZH)@mndPROca20&isce nastiycthasiyy a

preceded by an?férlégg}g% d&béyc&:e erfa%esTBE 8%55S64A IO nphbet egd 3

are respective ate ence_nuperal s 2201, 2203, 2205 an
2207. Th& anntResereonibngdgyen 63, boinchided iy the Fupnénfermasipnock

mar k (identifigathgn Mank) el Oway D EhBUNRcArding SrRbECkaBde easily
(identification nark%_2220 Is a cut-off portion 1n the track groove 1602
and shows an i #@eRtifdeeat iFRF §%aFBAGK rfb'Peeﬁﬁ he &QUF PRI QFGeTRUmMRET S

descri bed aboven Fhgubéor& can Beirded dced wiaty th30 odersaainbapsofNEAE, and
each PID section_is. further diviged into Mnunber of _frames (M:=52). . Each
frame (e.g., ehtRobfing, gﬁ%‘%rzz ,“52'22%*,’ © 255‘%0 5‘%%“925%?3 h&a3™ ab%r%éﬁli&ged
nQpber ab wobhent2226d.2227, 2229 or 2230 along the track groove

In this example, the block ID has 32 bits. The
number of bits of the address information is not limited
to 32, but can be any necessary number in accordance with,

15 for example, the data amount to be recorded on the optical
disc medium or the type and system of the error correction

code.

In this example, the bleck unit is divided into 32
20 sectors with N=32 (or 16 sectors with N=16). The present
invention is not limited to such a number of sectors.

: } : In this example, the sub information is recorded in
26 frames included in each sector with M=26. The present
25 invention is not limited to such a number of frames.

In this example, the sub information is recorded
after being modulated into sawtooth-shaped wobbles. The
present invention is not limited to such a shape of wobbles.

30 The sub information can be recorded after being modulated
into wobbles hpving a shape, for example, shown in Figure

4 0o 7.



23 February 2005 - 53 1602 fromthe block mark 2220. The wobbl es 2226,
2227, 2229 and 2230 have different prescribed shapes fromeach other, and
represent sub information ("0", "1", "S" or "B'). One type of sub
information ("0", "1", "S" or "B") is represented 5 by opershang Moswobbles
2226, 2227, 2229 or 2230. The type of sub information and the shape of
wobbl es (wobbl es 2226, 2227, 2229 or- Z2230) are in a one-to-one

rel ati onship. Mire specifically, the wobbles 2226, 2227 and 2228 all have
a generally sawm ooth shape, and the wobble 2230 has a sine 10 wave shape.
The wobbl es 2226, 2227, 2228 and 2230 have different rising shapes (or

ri sing gradient) anénf‘éllli$@ami@eth(eﬂaldaﬂnglagﬂ(aﬂsmbﬁt oﬂ'ﬁ@dmmles 2226,

2227, 2229 3 he t

i nf or mat i ono(g'r' the Qrééﬁ %ﬁéé‘@é’ r%haec%%reg%gl 3?%&&93 i" ?1fe 191"5'11}?@1

gradi ent and®t ﬁE'Chf al form of hficak maming Fhe' eBbipae, 22R6 b1 maz29 and
2230 can beagaselmod@isﬁé&dub&'o %iiﬂ‘ff%' BaL ngﬁaﬁgo #Igtg%cqty';,g.ﬁ si gnal

as fol scanning | aser. beami s recte e 1602,
‘and a |ffeF A¥Ra - Bsi & Rdi%ati-ng the di fference bet ween the |ight
anounts received by detection areas of a light receiving elenent divided

al ong a di r?ﬁ#ﬁﬁﬁ &P’ endi cular to the track groove 1602 (a radial
di rection) éL |caI disc nedium 20 (i.e., a push-pull signal) 25 is
generated. Thus, a Hégerei a2 showal ah&\ta&& gricoVeNd 60 adiRaiaRrd 1@ falling

gradi ent wh I ther he sub_information is "0",
"1y, S orhﬁ%ﬁiylitr)bt%%%%dg Q%Snt‘('ﬁ Vx%ﬁ $HETRPE| FRPPFadied and
thz- 1ari ngagrh@h@mm%@rirbéhea@ptycummsé mmﬂ:ih;m 2i005hewA M Figue
differenti apiftfstditg 6¢1AM t2 ok Fve 102 shown in Figurel. As shown
in Figure 22, the track groove 1602 has shapes which are
different on a block-by-block basis.

15 Referring to Figure 22, an ECC block which is a unit

of forming a block address is divided into four PID sections

PIDO through PID3. The PID sections PIDO, PID1, PID2 and

PID3 are respectively indicated by reference numerals 2202,

2204, 2206 and 2208. The PID section 2202, 2204, 2206 and

20 2208 are réspectively preceded by annex sections 0 through

3. The annex sections 0, 1, 2 and 3 are respectively

) indicated by reference numerals 2201, 2203, 2205 and 2207.

The annex sections 2201, 2203, 2205 and 2207 each include

a block mark (identification mark) 2220. In Figure 22, a

25 block mark (identification mark) 2220 is a cut-off portion

in the track groove 1602 and shows an index indicating a
leading end of each PID section.

As described above, the block is divided into four

30 PID sections (N=4), and each PID section is further divided
into M number of frames (M=52). Each frame (e.g., each of
frames 2222, 2223, 2224 and 2225) has a prescribed number

of wobbles 2226, 2227, 2229 or 2230 along the track groove



Thus, the type of the sub information can be detected by the size of the
val ue obtained as a result of 23 February 20;,5 - 54 differentiation. Wen
differentiation is used, however, a noise conponent is naturally
Fncreased. In an optical disc medium having an inferior28Fabruaty 2mos5a
detection error is reasonably expected. In this exanple, each pattern of
the 5 wobbl es 2226, 2227, 2229 and 2230 ts°3epeated a plurality of times
in order to enhance the reliability of detection. The contents of the PID
sections will be described. Each PI'D section includes 52 frames each
havi ng 372 byte 10 and thus has a |l ength of 19344 bytes (=372 bytes x
52). The PI D k497 Eromthe (tRoEd) maEk| . 8 Thie wpbbLom 282t 22)217 22029

24-bit bl ock adgieeinhaveedi Ofer2dP. ﬁ&&ibé@@ha?@%ogg@ﬁ Jt—th rfmd a

4-bit address r%lr# 2212. %5 The FFI'D I nformatio 2 represen

nunber of the %‘F&ﬁ sppplreermaiiep. 670" whdthelf StherPIBY kectinen i s

Pl PO PI DI, PI DXxygse glfllaib ﬂﬁezgfmazbnm%ss1I"nfm""na£“@ﬁ) %T@%p!c%s% CE%@)

i nf or mat i assi_gned to_eac a conmon. anon t hr oug

of the sa C%“glo&?ks FRE %HY) P%%Hwerﬁ gg@étfl 6A2521423% °§n2?§ﬁer Tte d&ect i on

code gener at ed off swh ih€oPhBtioh cmdtis s alﬂdnémléi& QloMAYL9226,
trailing end 25 of

I nformation 22 Th d 2212 Is located at a

the PID secti o% 2 ta(r;a(l5 i ngq’? Cahd a[ §hGs&8-PBP JEFeItaél'é‘tCT'}f'ﬁué"l e¥8rRy and
of the PID sectdraeRnlishi dive swobhdesli2a2s .y &msmwdemztaoauhehab@ a
secti on 2202, TS SayBBdts? Shhyldc PSR RoNGT BBLI0R,00 USL0.

si.ne wave- shaped wobbl'es such exanpl e the vvo
frame 2239 in AGe RS t Foes Wolhies n%@?%n 2227, "2228 oand" 3230 Thave

address nmark 222 fiexrdrap rasange @ e MIMiriG e gradient) and falling
shapes (f_alling gradients). The wobbles 2226, 2227, 2229
or 2230 are formed in accordance with the type of sub
information ("0O", “1¥, "S" or "B").
15
The difference in the rising gradient and the
falling gradient among the wobbles 2226, 2227, 2229 and 2230
can be easily detected by a differential push-pull detection
signal as follows. A scanning laser beam is directed to the
20 track groove 1602, and a differential signal indicating the
difference between the light amounts received by detection
) areas of a light receiving element divided along a direction
» perpendicular to the track groove 1602 (a radial direction)
of the optical disc medium 20 (i.e., a push-pull signal)
25 is generated. Thus, a detection signal having a rising
gradient and a falling gradient which vary in accordance
with whether the sub information is "0", "1i", "S" or "B"
is obtained. This difference in the rising gradient and the
falling gradient can be easily identified by, for example,
30 differentiating the detection signal.

Thus, the type of the sub information canbe detected
by the size of the value obtalned as a result of



sub information "S" recorded by the wobbles 2229 in the frame 2224 and the
sub information "B". For exanple, the address 23 February 2005 - 55 nark
2212 has 4-bit information "SBBS'. Wien this pattern is detected,
detection of the foll ow ng annex section or PID sectionaj se@rug@agoeg for. 5.
Since the sub information "B" is used only for the address mark, the
address mark is easily be distinguishabf€ -fromthe sections haV| ng ot her

i nformati on. Thus, the detection precision of the address mark can be
enhanced. 10 The contents of the annex sections will be described. Unlike
the PID sections, each annex section has the block mark 2220 recorded on
the di sc i n &HvAprentiabion oc Whew Riffezenitdatflon exanpdd, howdvewy amr k

vvhichisa f 60 wn i.n.Eiqure 17
Goscri bed 10 pLle coondlt 1bhAtiAl 6400 d 02 Mo B RAT 50,

(PIDO and i®edlys hayingiahy infexnson iy Nostilcoclk. datretiseceramer G hr ough
3 are Provi desaionasygnomededar ¢ 1R Bauheouab Bl Dbl GGV Sl pyand each

have a 20 |l en tQ of gé%gyt es._ The bl ock mrror
| engt h df ab‘t’) legy fl?r?%"a-cr?%én%@@ﬁ% s gepnpted: a pduradd tiyecor ded

in order to @fhamees tie oBbect b hiHess Sﬂh@reqfiamal%%% AREK %%%Ql 25
Usabl e dummy data can be, for exanple, information including 2 mar'ks and

AT spaces sinply in repetition. Thus, the recording mark of the single
frequency conponent ‘Hmlcomtenhtlsouﬂ “trraas m@agebelbﬁgmmwaaaa@&%d.or

easi er detggl l?rblﬂ-@é%té%% %F g o€ mor a5| I Oﬂet ect ed.
As descri bed a ove, one IVI Hﬁagcq’ -@eP 63, and
eajh AD secn@rthus ma@cadk@nm’ghaqf 19344 bytes (=372 bytes X 52). The
PID section 2202 (PID0) includes 8-bit PID information 2209,
24-bit block address information 2210, 16-bit IED

informatien 2211, and a 4-bit address mark (AM) 2212.

15 The PID information 2209 represents the number of
the corresponding PID section (i.e., whether the PID section
is PIDO, PID1, PID2 oxr PID3). The block address information
2210 is address information assigned to each block, and is
common among PID0 through PID3 of the same ECC block. The

20 IED information 2211 is an ID error detection code generated
from the PID information 2209 and the block address
information 2210.

The address mark 2212 is located at a trailing end

25 of the PID section 2202 (trailing end) and is used for
detecting a leading end of the PID section 2204, which is
immedjiately subsequent to the PID section 2202. The address

mark 221.‘!. includes sub information "B" using sine wave-
shaped wobbles such as, for example the wobbles 2230 in the

30 frame 2225 in addition to the sub information "1®, *0", or
"S". The address mark 2212 is represented by combining the

sub information “S" recorded by the wobbles 2229 in the frame

2224 and the sub information "B". For example, the address



23 February 2005 - 56 annex section. In each annex section, a block mark

I ndicating a | eading end of the PID section is formed. Such PID sections
are repeated in the ECC block. Since the block IDis finally determ ned by
reading only 1/4 of the ECC bl ock, 5 post-processing (daparegady Zaba
recording, etc.) can be perforned qui ckly. Since the block IDis repeated
a plurality of tines in the ECC bl ock, -tlgg reading reliability of the
block D 10 can be enhanced. In this exanple, one ECC block is divided
into four PID sections. The present invention is not limted to such a
nunber of PID sections. One ECC bl ock can be divided into 15 an arbitrary

i ntegral nunbemak £hDzsecd l40mﬁ_t KR FoRma t@anPEBRs Y Ne wkh ivHiy Eﬁft'teﬁn' S
recorded after, bﬁ@ﬁg ggl 3t§ nto saw oot h- shaped wobbl es. resent
i nvention is ndf L8 & EH‘t&c’?hQEetBF’ heBhPEdngognRRE §G§tﬂ-ﬁflop?ﬁat i on

can be recorde@d1af cecthenngsnpgebated fot,o wobbl es having a shape, for
exanpl e, shown in Figure 4 or 7. In this exanple, the block mark is a
cut-off portion 25 of the track groove. The present invention is not
linmited t& such a fornSbhcel tok sl kinfeamadiampl B " 1@&1&&@%1@!&: €the be

dul d Fi
6. Al ernat | vel Reer T, MepadRREs i, TP Ly RE ABEPeRiABEFAS o
shape, for exa#pr®, theowrcBens Frying orhers iafortatieranpl thiR) Eheure
17 shows a traglktgbe9¥s pFR2i3¢6R" BENYnk0ad3rELL HALY 905be Bfhanced.

} io0 The contents of the annex sections will be described.
Unlike the PID sections, each annex section has the block
mark 2220 recorded on the disc in advance. The block mark
_2220 is, for example, amirror mark which is a cut-off portion
in the t.fack groove 1602 as shown in Figure 17 described

15 below. The annex section 2201 prece'des the PID section 2202
(PID0) and is also a leading end of the ECC block.

Annex sections 0 through 3 are provided in advance
before PID0O through PID3, respectively, and each have a
20 length of 23 bytes. The block mark (mirror mark) 2220 has
a length of about 2 bytes. In each annex section, dummy data
can be recorded in order to enhance the detecting precision
of the b;ock mark 2220,

25 Usable dummy data can be, foi‘ example, information
including 4T marks and 4T spaces simply in rei_:etition . Thus,
the recording mark of the single frequency component and
the blocic mark can be fregquency-separated for easier
detection. Thus, the block mark can .be more easily

30 detected. |

As described above, one ECC block is divided into.
four PID sections, and each PID section is preceded by an



Exanpl e 12 of the present invention. The track groove 1702 is obtained by
nodi fyi ng the annex section of the track groove 1602 shown in Figure 22. 5
In Figure 17, reference nuneral 1701 represents annex section 0, and 1705
represents each of annex sections 1 through 3. The tracks gegaus 2b082
havi ng a shape of. a continuous plurality of sine wave-|ike wobbles is
formed in the disc in advance, and eacH annex section has a length 10 of
93 bytes. The annex section includes i & Wobbl es.  Annex section 0 has

bl ock marks 1703 and 1704 each as a «cut-off portion of the track groove
1702, and annex sections 1 through 3 each have a block mark 1706 as a

cut-of f portj of e. track groove 1702. 15 As described in Exanple 11,
annex sectioﬁgﬂaxt I"ﬁ%cﬁ Pig pr%beﬁécpes%‘?:??‘véeﬂt[;%ct Borndlogk @aribe a

| eadi ng end inflichtingdd: deadimigosnatdfDthe THED efe@ditor i sl SodRI@ndagip
provi de a sapisf ' Lgh | evel _qf readi reliability 20 of annex
sections 0 t%¥(ﬁ)u53'%§{.64é/na ﬁeg%%%%gﬁgﬁtSﬁ%@?@&?c%r Ringer tye locka
plurality of IPilfeEinably dedrmiminedibyaading brlpnyexosatid BOC H1dek, i N the:
case whgre apgh¥Lalbhby S I maks . are pravi ded in the annex
section. the. bl o%k rra?ﬁ%gn%ggtge?%%fiédd\?\niﬁlhrﬁcﬁ’?: GavELSr) AN &S ity
25 even whenP@REOEPEELGUBEEAR . nar ks cannot be det ect ed by an external

di sturbance such as, for exanple, noise or a defect. |In the case where the

bl ock mark is repeatgd a pl uraliti/cd of times with a certain interval, the
correct bl ock mark %’aﬁﬁc%éj?a?ilpﬁ I3 tis geraadisideaf pbaral pbpusd thimeek mar k

which 30 i simeties EEC BodI0) Sithe aredffioG) r¥1 48 14K, d shape
of }t hey bl ock, rlléé L med LN anenex segfti:iiE ons 10 tkﬁioﬂl}gﬁ%t%één%q{%g%sane.
g@ ebrrgé?’ﬂ’ic?é% :

For exanpl e,

In this example, one ECC block is divided into four
PID sections. The present invention is not limited to such
a number of PID sections. One ECC block can be divided into
15 an arbitrary integral number of PID sections.

In this example, the sub information is recorded
after being modulated into sawtooth-shaped wobbles. The
present invention is not limited to such a shape of wobbles.

20 The sub information can be recorded after being modulated

into wobbles having a shape, for example, shown in Figure
: } 4 or 7.

In this example, the block mark is a cut-off portion
25 of the track groove. The present invention is not limited
to such a form of block mark. For example, the block mark
can be modulated into wobbles having a shape, for example,
shown in Figure 5 or 6. Alternatively, the block mark can
be modulated into wobbles having a shape, for example, shown
30 in Figure 17, 18 or 19,

(Example 12)
Figure 17 shows a track groove 1702 according to



- 58 one block mark 1703 can be provided in each of annex sections O
through 3. Alternatively, as shown in Figure 17, the nunber and shape of
the bl ock marks forned in annex sections O through 3 can be different
anong annex sections O through 5 3. For exanple, the nunperesiiatiosl ock
marks in annex section O can be different fromthat in annex sections 1
through 3. In this case, a |larger nunber &7 Bl ock marks are provided in
annex section O than in the other annex sections in order to enhance the
reading reliability of annex section 10 0 acting as the |eading end of the
ECC block. In Figure 17, two block marks 1703 and 1704 are provided in
annex section Eﬁammerbasszﬁ)rtmdapnekenarimﬂéﬂ)ﬁims. pris d@ﬁckngﬁﬂﬁd‘b qf7o2nnex
sections 1 throug shape_of the. b rks forned
in annex SEC'[I%% gb%alé@?? bi‘reﬂ'&ﬁ% r{sﬂ 1fh%f£’1%e§nﬁ8?t%88t P@nggf tRAGHgh 3,
t he bl ock mar kgraoyands02eshioom it Fdguwe &2sily di stinguishable fromthe
bl ock mark of the other annex sections. Thus, the | eading address of the
ECC bl ock can-be finally determ ned w thout readlng the entirety of the
PID secti®ns. 20 In Fi §ar Eignre Hd pluskdtencefnhecal Mkl aeprepentisded
at the sane po t L vel

P ahhestnséatisﬁr@ %d ’ﬂ?o Bt Canéébe rov:e%bgke%m i L gﬁgh y

as shown in Fi gure 18, the Ravi ng
a 180 degree phatBrogal ﬁferé’ﬁ’@e téifaq]ﬂ"l@r\fﬁﬂ{ﬁ Q%Ib@klmmssllm afida

1804). In thi scenmﬁhausegg_hﬁallqetl[y BT &iheSwavahxgﬂ&ahob'b%Qt B50kofmBAt es,
but the present %e I.on i S |m%%£ to such a length. An ogtl mum
deS| gn | ength WHi S(ﬁ)la'ef" ¥ HHEd @&%W’HF&%%@P ks endesgthcal

2t canlobe sefeoBetytas. exTpl annag skewidn fMdElided SnihbewBbetks . mark
have a phyﬁhﬁgl: ESB@E_EHO‘CQ Lh sytb'“:.'llock marks 1703 and 1704 each as a
cut-off portilion of the track groove 1702, and annex sections
1 through 3 each have a block mark 1706 as a cut-off portion
of the track groove 1702.

15

As described in Example 11, annex sections ¢ through
3 precede respective PID sections and can be a leading end
of the address informaticn. Therefore, it is demanded to
provide a satisfactorily high level of reading reliability
20 of annex sections 0 through 3. In the case where the block
mark is repeated a plurality of times (for example, twice)
in the annex section; i.e., in the case where a plurality
’ ) of same block marks are provided in the annex section: the
block mark can be detected with a high level of reliability
25 even when one of the block marks cannot be detected by an
external disturbance such as, for example, noise or a defect.
In the case where the block mark is repeated a plurality
of times with a certain interval, the correct block mark
can be easily distinguishable from a pseudo block mark which

30 is generated by noise, a defect or the like.
The number and shape of the block marks formed in
annex sections 0 through 3 can be the same. For example,



23 February 2005 - 59 When the bl ock mark can have a physical length of 4
bytes as shown in Figure 19, the physical length of the block mark in
annex section 0 can be different fromthat in annex sections 1 through 3.

Thus, the reading 5 reliability of the block mark in anngxregehiyofo8 can be
enhanced. When the length of the block mark formed in annex section Qis
different fromthat of annex sections_ £;h_rough 3, the block mark in annex
section 0 can be easily distinguishable fromthe block mark of the other
annex 10 sections. Wth reference to Figure 20, an optical disc nmedium in
whi ch bl ock marks are pre-pits formed in a land wll be described. Figure

20 shows a tdmaelk1PXONS | ptical ,di sc nmedium The track
groove 2002 s, .obt ai nigdrlﬁg%njog?‘ﬁg’%%%éég ﬁé}(eggét?gﬂnﬁle?&ﬁ%cFiaéﬁ gr oove
1602 shown 4 ntHErQgugR 32 "Ahtermatively, resestoen mnmarajuRd0ly, r egeesent s
Bl ook mar ks 1021111@‘85&23 e oroEE U B b e s R, POER AT Bindtencobbpbrans o
the track groo %3o?an£ﬁ1€%f§é€ﬁp‘érﬁmngrﬂmtﬂmﬁleatﬁrdm a0fMrenghcut - of f

portiors irBih&dmnex2Be, Wied dlgbdF 0 |.s scanned by an
optical spot T the bl thf:%k s 2004%#32%%’%8%%%5%% It a?‘énf% bei ng

of fset from'tThe coht2ro8t srent £opm fhabogy wynex heedtionskl The

bl ock mar ks thotmdhBredInrthiechaad 2003 Ry ahRAMRr b t:EI}cQH{ Ea%ﬁscgfebe
det ect ed usiﬂlg,‘g&gé E_%r%gﬁ%ﬁlse%itg_nal I.ndi cat j nérg the difference between the
light anmounts 30 received by two aiv FAFERthe Sthaagnek sectfjbns
ght « - ' '
receiving éfeREAST( &0 ghhancputiie pehliisggnal JabIhetPldE saabkoisct fi§5CT i bed
abgveare del agtedg sk he 488and dd€'cF thd' Ece block. 1n Figure 17
two block marks 1703 and 1704 are provided in annex section
0, whereas one block mark 1706 is provided in each of annex
sections 1 through 3. When the number or shape of the block
marks formed in annex section 0 is different from that of
15 annex sections 1 through 3, the block mark in annex section
0 can be easily distinguishable from the block mark of the
other annex sections. Thus, the leading address of the ECC

block canbe finally determined without reading the entirety
of the PID sections.

20

In Figure 17, the plurality of block marks are
) provided at the same position in terms of the phase of the
wobbles. Alternatively, as shown in Figure 18, the block
marks can bg provided at positions having a 180 degree phase

25 difference of the wobbles (block marks 1703 and 1804).

In this example, each block mark has a physical
length of 2 bytes, but the present invention is not limited
to such a length. An optimum design length which is

30 determined based on the diameter of the optical spot can
be selected. For example, as shown in Figure 19, the block
mark can have a physical length of 4 bytes.



signal. The bl ock address can be detected using a simlar 23 February 2005
- 60 differential signal. Therefore, the block address and the PID
sections can be detected without switching the differential signal into a
sum signal. Thus, a signal detection section can have azsreRlugry Bjoscui t
configuration. 5 In the case where a plurgélty of same bl ock marks are
provided in one annex section |like the bl dck™marks 2004 in Figure 20, the
nunber of bl ock marks can be different between in annex section 0 and in
annex sections 1 through 10 3. For exanple, when annex section 0 includes
two bl ock marks 2204 n e 1 through 3 each have one bl ock
mark 2204, the reading r%?aﬂ%lllf ﬁ% fﬁ% bﬁ”%aPkPPKS&Hﬁéx1&59§bc9fon 0
can be enhancel. byhes mheShmwnxmn<migunelﬂgqckhmaph951ﬁaiﬁmdn'ﬂhaaﬁegha
section 0 is dhifekenhrk’ 0, ?QQ cti.ons.1 ou , the bl ock
mark in annex sect%on Bicgﬁ1é %aé? §§S?In%% 2%a$&%£ %ﬁftﬁ%?@ﬂ%k@ Thar k
of the other %%ne&ﬂ@ﬁ%nlﬁﬂﬂilqyy | A e&bhoagheXBSectmhus duthy ded®itesg be
recorded 5in orgefableppaneerhbendsbge e the b ock mark.
£p halft REeGal” Lol N St £R7 1

25 Usabl e du data can be, for exanpl e, or mat'i On
and 4T spaces SHpRGedn Mhsd thedenatiuef tl@%@hoé’dmman:hgfqmnéd mh drireesi ngl e

frequency Comﬂioﬂmistﬁqﬂﬂ% FROI G B SR SO ?f:ll%‘i'&g%a%letgo&&%d

easi er det ecti on hug ]ree k mar k can be nore ea
(Exanpl e 13) loc mar in annex section c.an be easily

distinguishable from the block mark of the other annex
10 sections.

With reference to Figure 20, an optical disc medium
in which block marks are pre-pits formed in a land will be
described. Figure 20 shows a track groove 2002 in such an

15 optical disc medium. The track groove 2002 is obtained by
modifying the‘annex section of the track groove 1602 shown
in Figure 22. In Figure 20, reference numeral 2001
represents annex section 0, and 2005 represents each of annex
sections 1 through 3. Block marks 2004 are formed in a land
20 2003 between adjacent portions of the track groove 2002 of
annex section 0. The block marks 2004 are cut-off portions
" in the land 2003. When the track groove 2002 is scanned by
:M) ~ an optical spot 2007, the block marks 2004 are scanned in
the state of being offset from the center of the optical
25 spot 2007 by a half track.

The block marks 2004 formed on the land 2003 as shown
in Figure 20 can be detected using a differential signal
indicating the difference between the light amounts

30 received by two divided detection areas of a light receiving
element (e.g., a push-pull signal). The PID sections
described above are detected using such a differential
signal. The block address can be detected using a similar



Figure 21 shows a PID section 2100 of an optical disc 23 February 2005 - 61
medi um according to Exanple 13 of the present invention. The PID section
2100 is obtained by nodifying the PIDO through PID3 shown in Figure 22.
The PID section 2100 includes 52 frames each having 372;bybggaryatist hus
has a 5 Il ength of 19344 bytes (=372 bytes x 52). The 'PID section 2100

i ncludes 8-bit PID information 2209, Zg-gbt_block address information
2210, 16-bit 1ED information 2211, and a 4-bit address mark (AM 2212 as
an identification mark. The PID information 2209, the bl ock address

I nformati on 2210 10 and the IED information 2211 are simlar to those of

Exanple 11. a_lt'@f@ﬁéﬁ I 211 ed end the PID
secmoon 2100 d | s -gfé%l ;%rdﬁ(% ec'?lhﬁrje‘fsﬁje tﬁ& q%&éelgtéd%%sé Bl tE&ct I on

which is i qféRt bg tiﬁéeprtsdse thpuzl06withbiaddr ¢ke nark
2211 is a 4 dﬁﬁr@ﬁtm Ui gnaDChneionth Sitmi BEQLABLT O B | gJB
the sub infor t|on "Q", or "5". The addregég&nark&q‘%%ll 2 g‘i i%‘éfsent ed

by combi ni ng $He s%m? l‘ﬁe&tr’rﬁf‘l have g Pt ewe cdmeuiis @@nﬁ!-gunra‘tan The .
address S5rark can‘be a different conbination of sub information in each PID

section 2100. For m as sh in g\hg‘ﬁ 21 an address mark 2107 of
PID3 includes 4-bit intorraless © §§§ a ity ofoRBMeabilesk manssect ed,
Ioltet Ieit I gﬁnt):‘ f tm@nmﬁ Foat ¢ Iamnﬁiaédrtaﬁm s ﬂi&;(ﬁlﬁ%}? I eg{es-cli_aga'lt he

i 4 sect i p i ng
i medi atel y subselquent PI D?{oér {H'e“5 gaddd’%sgs %?}? %‘%a‘?\a’ﬁ be difieEantor . 30
An address meEWERTL 15F 2pnpR, seatiddr @ s deink a2e% sek:tBolk, 1arHraaghdr ess
ma}k 21@5 of PI D2 each include "SBBS',

For example, when annex section 0 includes two block
marks 2204 and annex sections 1 through 3 each have one block
mark 2204, the reading reliability of the wlock mark in annex

15 section 0 can be enhanced. When the number of the block marks
formed in annex section 0 is different from that of annex
sections 1 through 3, the block mark in annex sedtion 0 can

be easily distinguishable from the block mark of the other
annex sections.

20
In each annex section, dummy data can be recorded
) in order to enhance the detecting precision of the block
o mark.
25 Usable dummy data can be, for example, information

including 4T marks and 4T spaces simply in repetition. Thus,

the recording mark of the single frequency component and

the block mark can be frequency-separated for easier

detection. Thus, the block mark can be more easily
30 detected.

(Example 13)
Figure 21 shows a PID section 2100 of an optical disc



which is different fromthat of the address mark 2107 of PID3. Since the
contents of the address mark of PID3 are 23 February 2005 - 62 different
fromthose of the address marks of PIDO through PID2, the address nark of
PID3 is easily distinguishable fromthe address mark ofp4 pg,hkenoR! D
sections. Thus, the detection precision of the address mark of "PI D3 can be
5 enhanced. Nanely, the |eading end of thgjbl.ock can be nore easily
detected by such a different combination of sub information. The address
mar ks of PIDO through PID2 can be formed 10 of the sane shape of wobbl es

(i.e., the same conbination of sub information). For exanple, the address
mar ks of PI DO g N+ al de 2" " ; 2101,
2103, 2105 and mbBAGHIRoEbPE; £811:8 F’gtﬁfrﬂghglgamﬁﬁ%e DiEsBAT Tn%AREER .

represent ed byThRe PdBbiession t%’é’q rhek ofitgdned dan medering ethesPigoa

differential stgpahghn@ireat I%M&:ﬂlfigﬁggcgzbet RN BIf sbbfibnaBREpt S
received by twp divided detection areas receivin enent

(e.g., a push- fBBPF'ugFﬁnQF)fraﬂ'i%sZEaPP@PﬁFBHnﬁF?oHYQQSQ apﬁe%lipéckla&dér ess
i nformati gn, 2219ngtnmtftm4£myﬁa‘sor(mzormy%&blxa52) det qqieetﬂ'msisaatiaﬁh a
differenti al hgagl e bl og:l bg&dr@ gr the _.identification nar
precedi ng each &88’ ugﬁs etPEQTRET AR, 2200 A4 TP1E ePéﬂf‘?‘al
signal . Ther ef addre&8 irEormesitiom 221d ,0fl 6eddlt HB[D irefdnneat i die@2iaqdang end
of the block, .a tegte swi t chi ng the
differenti al s?g%g?i?%%&gg%sﬁ%ﬁs(m:n&dzqﬁ %% gﬁe gﬁ\ﬁ: ERSFH&P ngh %
si gnal det ect i 8hedddt foformation 2309 .sthplskoak nddressdmfﬁcgmaaumcunzzxo

} 10 and the IED information 2211 are similar to those of Example

11.

The address mark 2211 is located at a trailing end

of the PID section 2100 and is used for detecting a leading

15 end of the PID section which is immediately subsequent to

the PID section 2100. The address mark 2211 is a 4

information unit including sub information "B" in addition

to the sub information "1%, "0", or "S*. The address mark

2211 is represented by combining the sub information “S“

20 and the sub information "B". The address mark can be a

different combination of sub information in each PID section

2100. For example, as shown in Figure 21, an address mark

2107 of PID3 includes 4-bit information "SSSS". When this

combination is detected, it is identified that this is the

25 address mark 2107 of PID3. Thus, detection of the

identification mark in the annex section preceding the

immediately subsequent PIDO or the address of PID0 can be
prepared for.

30 An address mark 2101 of PIDO, an address mark 2103
of PID1, and address mark 2105 of PID2 each include "SBBS®,
which 1s different from that of the address mark 2107 of
PID3. Since the contents of the address mark of PID3 are



In order to enhance the detection precision of the address marks 2101,
2103, 2105 and 2107, dumry data can be recorded in portions of the track
groove corresponding to 23 February 2005 - 63 the address marks. Usable

dummy data can be, for exanple, information including 433 pBEkarat@ds4T
spaces sinply in repetition. Thus, 5 the recording mark of the sSingle
frequency conponent and the block mark gan_be frequency-separated for
easier detection. Thus, the block mark can be nore easily detected. The
address marks shown in Figure 21 can be detected using the differential
signal mentioned above. Therefore, the 10 address marks can be detected by

recordi ng promfehsg&{t Qa_tgfam thasd ed +9fe 0of ns, of t
track groove S@g‘,{ rﬁfwﬁ to the ac}glr egsuﬁ%rs%g}n%ﬁ g {[bﬁ @?f?’dﬁ mar k
in the annex @SS BAnly pE SBRIDA ks C%@SbbYL@fEﬁitllmglm:Dﬂhabaél on.
The identifi chtmmlthmaﬂdrastshﬁaﬁﬁw tHeChtRBri BIp fs‘ycte.‘[h I F g,}{

I'g eve

mrror mark SISE xlded at .a significantl
posi ti oni ng preC|S|on RRBFLPLPR, ofydihey Fodnask ofaPIddharwe bhe

preci si dn of erfeaneed | Nmrwlyvmrthle lemmmigrauiee,fl ﬁhétﬁéag i Eg 1L_}ge of
linking for addifjpnaly %Bégg, |te %Ex ngle 14 ure A shows an
optical di sc ap arat us G4 f&: ancai CERBhpFem 4 lPﬁeqﬁeS‘eht

i nvention. TRALYMAEANJi sc apparatus 2300 reproduces sub information
which is recorded on the optical disc nediumby a conbination of a

plurality of shapes of wobbles described in the preceding exanples, so as
to record and reprodd®® aefRess marks odt PO thxywgh PBDRcan beofehass

| l,,].}USt @t i Ng o the same shape of wobhles (i.e., the same combination
of sub information). For example, the address marks of PIDO
through PID2 can all include "SBRBRS".

The address marks 2101, 2103, 2105 and 2107 shown
15 in Figure 21, which have information represented by the
wobbles of the track groove, can be detected using &
differential signal indicating the difference between the
light amounts received by two divided detection areas of
a light receiving element (e.g., a push-pull signal). The
20 PID information 2209, the block address information- 2210,
and the IED information 2211 are detected using such a
differential signal. . The ©block address or the
identification mark Preceding each PID section can be
detected using a similar differential signal. Therefore,
25 the leading end of each PID section, the leading end of the
block, and the block address can be detected without
switching the differential signal into a sum signal and a
differential signal. Thus, a signal detection section can
have a simpler circuit configuration.
30
In order to enhance the detection brecision of the
address marks 2101, 2103, 2105 and 2107, dummy data can be
recorded in portions of the track groove corresponding to



operation of the optical disc apparatus 2300 shown in Figure 23A 23
February 2005 - 64 The optical disc apparatus 2300 includes a conversion
section 2330, a reproduction signal calculation section 2308, a focusing
position control section 2309, a tracking position contspk.5es 2@9 2310, a
sub information 5 detection section 2312, a laser driving section 313, a
reproduction signal processing section 238 -and an address

i nformati on/di sc managenent information processing section 2315. The
conversion section 2330 includes a sem conductor |aser 2302, a collimtor
| ens 2303, a beam splatter 2304, 10 a converging section 2305, a |ight

col | ection | enstiZB80&idress imgdkslet ecti on section 2307, and an actuator
2311. The optical disc apparatus 2300 directs a |ight beamtoward an
optical disc nmedium 2301 so as to read the main information and the sub

i nformati on recorded oWsd eodumeg datacarebieyntdb &2ddp ey ia@oieddt idie

mai n informatiap, | NLo agr production signal. Wth
reference to F| res Jig?iﬁ%%@w%%‘?s BEERLY F?Bé:fjgl?ﬂe Mfhus,
sem conduc® or | rrez:sazimry dstlectedlion singd@e ifnfegruemtdyo redmpom eoft tdrel
optical disc ldMy73 trﬁgﬂyg t c
spl atter 2304% th% QF: co%\{;‘grk&?e i3 ??igﬁ&zgggﬁﬁgﬁco#%cte |ght
is then refledlekeEiPm ffbeEétre‘éP%glPﬁEff@rﬁq%%mb@lmrmedﬁaﬁvmecm i s
col l ected on thgnd is@dredat aahkgnsﬁsﬁﬁlﬂ{lﬁ%%et bhodgh ¥e #J% tq
conver gi ng Secuonéﬁ@%{’ﬁ tt}: l}gams itter 2304 and the t col eé)tq on
| ens 2306. LigHtPS JAmeL‘s‘ iengdy abasre ¢ hg'meF-‘&IﬁPrG’et dé&re on
segtion 2807 eaireus mai:kacgﬂbag@eﬁecgtrﬁﬂb rrétfc&mﬂ@g%o%&m@é&:@%m of
recei ved |1 ght J.nstearcfpcgf)d&ummy(:t ' Ondgltg?al:l.nz%%%t Sotnesp o$f1 tl)xe track groove
corresponding to the address marks.

The identificationmark in the annex section and the

15 address mark can be used in combination. The ideptification

mark in the annex section is, for example, a 2-byte mirror

mark, and thus is prdvided at a significantly high level

of positioning precision. Therefore, such a combined use

can enhance the precision of the position at which recording

20 is started at the time of linking for additional write or
rewrite.

) (Example 14)

Figure 23A shows an optical disc apparatus 2300
25 according to Example 14 of the present invention. The
optical disc apparatus 2300 reproduces sub information
which is recorded on the optical disc medium by a combination
of a plurality of shapes of wobbles described in the
preceding examples, so as to record and reproduce main
30 information. Figure 23 is a flowchart 1llustrating an
operation of the optical disc apparatus 2300 shown in Figure

23A.



30 The reproduction signal calcul ation section 2308 processes the
reproduction signal 2320 with addition, subtraction, nultiplication or

di vision. An FE (focusing 23 February 2005 - 65 error) signal 2321 which
is output fromthe reproduction signal calculation sectp®ppe38§ @952
result of such a calculation is sent to the focusing position control
section 2309. A TE (tracking error) ngggl_2322 which is output from5 the
reproduction signal cal culation section 08 as a result of such a
calculation is sent to the tracking position control- section 2310. An RF
(radio frequency) signal 2323 which is output fromthe reproduction signal

cal cul ation section su f such_a.calc tion | ent to 10
the sub information d%%}ectl n séjgt [ %%Sgi%ﬁpgﬁﬁaftﬁg :ig‘grood e§i grfal _
processi ng se@eRvarsden geceios2000, dheepoeduchyoncsidnan daQﬂ:hﬂ_les;ﬂpt i on
2309 drives theraghuages Zé%MSfﬂQ’ﬁié?%%i@fM*ﬁ +i accc?trdan th 15

the FE signal 2321 so as to contr usi ng posi i pt i%cal
spot on the i FFRFRAREOROFAEEOBICOHEr Bhbigeation|i 231 o di mutﬂaﬁforﬁhdzlfdrﬁcm ng -

posi ti onsconta@teéegbhoaeciiéﬁ giiges o heg Aot L&ﬂ-ﬂ’mﬁﬁlg:e %5%83‘69?&399 out put

In accordance with the TE signal 2322 so as to cont Fackith
posi tion of t¥ebP PG&F-ng%"tgrtﬁi'- PRECRRFdRGet eehlonABl bf anﬂeﬁmpﬂﬂmalsa:h sc

medi um 2301. ifWEorpatesh/anes mmdn@ﬂteﬂnfarha&%n%rwéséﬂ?&%b@%% sition
andthetrack%&g pq%“t} on_is ysed to re P’re pits, or narks
spaces on th Pti care §ooV eﬁg&oaﬁ%mon ﬂ?’e’% Rdusss %ﬁ&&@@onﬂu%qme
opt i cal di sc baskun2262], a v Ihinast af ]&rpénasmﬂl fd ﬂfﬁiﬁ%pﬂﬁﬂ&%r pallsect
ht aj,differ t T. the for ecqrded onthe
?lcalidlsc %ﬁ%&ﬁ%&%&%ﬁ& ggg@ian EHES li Qi ens 2306
a li_ght detection section 2307, and an actuator 2311. The
optical disc apparatus 2300 directs a light beam toward an
optical disc medium 2301 so as to read the main information
and the sub information recorded on the optical disc medium
15 2301 and convert themain information and the sub information

into a reproduction signal.

With reference to Figures 23A and 23B, the 1ight beam
emitted by the semiconductor laser 2302 is collected on an
20 information face of the optical disc medium 2301 through
the collimator lens 2303, the beam splitter 2304 and the
o 1ight converging section 2305. The collected light is then
reflected and diffracted by the optical disc medium 2301
and is collected on the light detection section 2307 through
25 the light converging section 2305, the beam splitter 2304
and the light collection lens 2306. Light receiving
elements A, B, C and D of the light detecticn section 2307
each output a voltage signal in accordance with an amount
of received light as a reproduction signal 2320 (step S100).
30 '
The reproduction signal calculation section 2308
processes the reproduction signal 2320 with addition,
subtraction, multiplication or division. An FE (focusing



In the case of a push-pull system the TE signal 2322 is an output of a
di fference between the anmounts of l[ight 30 received by two |ight receiving
sections of the light detection section 2307. The two |ight receiving

sections each including two of the four |ight receiving B, C
and D and are defined by a |line parallel to the tracki ngZ%E@%‘éE%&g@? 2005 -
66 direction. Here, the difference is (-A8B) < B+C). The RF signal 2323 is
an out put of a sumof the anounts of light received by the four |ight
receiving elements A, B; Cand D. Here, the sumis (A+B+C+D). In the case
of an 5 astigmati smsystem the FE signal 2321 is an output of

(A+C) - (B+D). Tikeraay isdanaiatd3l whichpisdoecdpun frivem fitld awpRrgduerAre; . 10
The TE si gnal nd [.gn d_ byt r eproducti on

si gnal cal cul a@%@ec?é%%@d%r%cgﬁﬁu%%@? %% &u elsrllﬁ%r r?%oi%‘ﬁ‘:’h a

det ecti on sect icGd- 2B ELInNis sead tothgstocisiiny e sidh amnéontedl encties sub

i nformation 15 68gigect gdy i | | ction 2312 is
output to the azddréssQ?IrﬁjgF%ﬁ?gﬁ?ﬁg&aﬁgﬁé%ﬁfﬁkgﬁgﬁc(%t L}to &89 ng
section 2315 at@etRePradartieon glggalaniowlabban seztion 230MAsimrEsglite 34,

the sub i nfor melfi Grudiet £Cbh0Bul&ELEH ONs 2383 NG UERS érésfcfﬁgi”gSs‘i't%%;

generation secti %% Pg'glo, g I eveJ(-sI iiced pul se signal generation _section
3411, a third“BPFMaf8FA28nr #1110y ) 24BE Gxadie Erxaven®y bisgearl 8823ct i on
section, and awhdlch Hfsoomfputn fgemethti apgo@uc®lon22idnil. cdheul skebance
clock generatign 39¢\ 9303*42 a result of such a calculation is sent to

) 10 the sub information detection section 2312 and the

- reproduction signal processing section 2314 (step S200).

The focusing position contreol section 2309 drives

the actuator 2311 by a voltage output in accordance with

15 . the FE signal 2321 so as to control the focusing position
of an optical spot on the information face of the optical

disc medium 2301. The tracking position control section

2310 drives the actuator 2311 by a voltage output in
accordance with the TE signal 2322 so as to control the

20 tracking position of the optical spot on the information
face of the optical disc medium 2301. The optical spot

) controlled in terms of the foocusing position and the tracking
. } position is used to read the pre-pits, or marks and spaces
on the optical disc medium 2301. The marks and spaces in

25 the optical disc medium 2301, which is of a phase difference
type, reflect light at different reflectances. Thus, thé
information recorded on the optical disc medium 2301 is read.

In the case of a push-pull éystem, the TE signal 2322 is

an output of a difference between the amounts of light

30 received by two light receiving sections of the light
detection section 2307. The two light receiving sections

each including two of the four light receiving elements A,
B, C and D and are defined by a line parallel to the tracking |



includes a first BPF 3401 and a synchroni zation detection section 3404.
The | evel -sliced pul se signal generation 30 section 3411 includes a second
BPF 3402, a conparator 3405 and an integrator 3408. The sub infornmation
generation section 3412 includes a najority determ nati onFssGbivang8406

and a sub information decoder 3407. 23 February 2005 - 67 The first BPF
3401 is designed to have such a filterggg-constant as to extract a wobble
signal nodulated into the TE signal 2322. Based on the TE signal 2322, the
5 first BPF 3401 generates an output signal 3401 containing a fundanental
wave conponent having a sine waveform synchronized with the wobbles in the
track groovedifféetisynclilars zathenddereekhen saciingn)34@ddieceipygs ghe

out put  si gng)lo gégl' 3?ﬁdigenerat es a rfference cl.ock signal 3404' 10 in
synchr oni zat TR @it AofRe i YhAUTRLY 95 oin T ptiheaampings o ildeitso1

(Fi gure 23A)r¢setped3ny) thd hpurfkighic remd Delngiclale BOK , I, UG d O
synchroni ze 4 he Sﬁ{g nf ti.on .signal he seco BPF 3402 is a
differenti aI]Sfi | ter éf'brcﬁl etééc i AG a(gi"g§%§ggge ofna GBER VR e m
which i% notgtigeatiamosynéeme dihgnd'E 2828naln2aedoridaner virtputher phase
(or directi opj&@j_wgnﬂeep edge, the second BPF 3402 generates an upward
or downward differential pulse signal 20 3402'. The differential pul se
signal 3402' is output to the conparator 3405. The conparator 3405

conpares a regul at edThE |t 19@bb-aa iled s Bagkp HHEQHAR | AL 5408
with the differential pulse signal 3402 an%l gener at%‘geta{{e{]g\%g'llj% S%ed

pul se si gnalm%‘l’fﬁ%r'v»ith an upward state and a downward 25 state of the
dijferkmtial pul se signal 3402' being "0" and "1" (step S400). The

'evel -sliced pul se St03g 348Ra1' 9322 and the RF signal 2323 generated
by the reproduction signal calculation section 2308 are
output to the sub information detection section 2312 angd
used for decoding the sub information. The sub information

15 detected by the sub information detection section 2312 is
output to the address dinformation/disc management

information processing section 2315 and the laser driving
section 2313.

20 As shown in Figure 34, the sub information detection
section 2312 includes a reference clock generation section
3410, a level-sliced pulse signal generation section 3411,
a third BPF (bandpass filter) 3403 as a block mark signal

detection section, and a sub information generation section
25 3412.

Lu/;

The re_ference. clock generation section 3410
includes a first BPF 3401 and a synchronization detection
section 3404. The level-sliced pulse signal generation

30 section 3411 includes a second BPF 3402, a comparator 3405
and an integrator 3408. The sub information generation
section 3412 :anludes amajority determination section 3406
and a sub information decoder 3407.



putput to the majority determ nation section 3406. The third BPF 3403
filters the RF signal 2323 so as 30 to detect a block mark signal 3403

and finally determine the |eading end of the sub information group (step
S500) . The detected bl ock mark signal 3403' is output tgs3FBguaRBiodsity
determ nation section 3406, where the detected 23 February 2005°- 68 bl ock
mark signal 3403 is used for timng synchgpnization. The majority

determ nati on section 3406 conpares the nunber of "01' pulses and "1"

pul ses of the level-sliced 5 pulse signal 3405 during a specified tine

i nterval, based on the synchronization signal generated fromthe reference
cl ock signal 3404' and the block mark signal 3403 . Then, the mgjority

determ nati on section 06 out put h | ses .whi.ch occupy the majority of
all the pul ses during the 1%%%%c??%eg’ﬁ%nel?npﬁsﬂ'gp% thehav® FHEbr mati on
decoder 3407 dSlltdming conistattdasatsignatadd@bivobble subnaDiydRlEHIYs
decoder 3407 c et-her. | .S, an or in.the_.leyel-sliced data

si gnal 3406' . %???t erIgEi élﬁggﬁé%%?zi n ﬁ%eeé 1BV -‘esFFcﬁi'ng%faz%%?g'nézlhe
3406', thé sub fiFsdr REE 3401 Benatakes MO PudPUius$ghht 340E! -inteahidey a
signal 3406' a% @usHBmk ' 'dﬁﬁﬂ 0 L .£xanpl addre

i nformation) (step 8651(3) ai:%%nﬁ]%p@ab?/e r%%glgurh(g?&ﬁ?g %ubsfrm oﬁﬁﬁ’tei%(sﬂlfm
signal 20 3426 Foh Witd dhe cepbbiiee Andithm X3erck gmeepreodudée: The

optical disc apyaicirmi23 ctraeteEel BhNee b 6 ﬁwkecgﬁg'sgfﬁ&éf%%g%ﬂ n

the track groovg'gls ngg gei Qg re$rodu ed, based on the address informnation

i ncl uded in t h& 98 d108d 2BLIehPEREERI B et grance pipcivrignadc 3484y t he

meiyn 25 (L0 or NER eynuhriohd zaptionakritits ¢ hee diighal3tbad Boaddes sptabatihe

bl dck whi ch '%i@é%kﬁ&%h%‘i"kf’f&u%% Egﬁ)bts?%épIQBOo). The reference
clock signal 3404' is used to synchronize the sub information
signal.

15 The second BPF 3402 is a differential filter for
detecting a steep edge of a sawtooth waveform which is
modulated into the TE signal 2322. In accordance with the
phase (or direction) of the steep edge, the second BPF 3402
generates an upward or downward differential pulse signal

20 3402'. The differential pulse signal 3402' is output to the
comparator 3405. The comparator 3405 comﬁares a regulated

slice voltage fed-back through the integrator 3408 with the
) differential pulse signal 3402' and generates a level-
sliced pulse signal 3405' with an upward state and a downward

25 state of the differential pulse signal 3402' being "0" and
gl (step 5400). The level-sliced pulse signal 3405' is
output to the majority determination section 3406.

The third BPF 3403 filters the RF =ignal 2323 so as

30 to detect a block mark signal 3403' and finally determine
tha leading engl of the sub information group (step S500).

The detected block mark signal 3403' is output to the
majority determination section 3406, where the detected



which the main information is to be recorded is determned, and then it is
predi cted that the next block is the block in which the main information
is to be recorded. In this 30 nmanner, the main information can be recorded
fromthe | eading end of the block of the targeted bl ockys CExamRl®0s5) 23
February 2005 - 69 A lead-in area and a | ead-out area of an optical disc
medi um according to Exanple 15 of the prggent invention will be described.
5 Wth reference to Figure 30, a lead-in area and a |ead-out.area of a
conventional optical disc medium 3001 w || be described. The optical disc
medi um 3001 includes a lead-in area 3003 provided in an inner peripheral

area, a |eadobotk areazk 306d4apraIedsi dsad 1t eimPg 'Qfﬁé and a
recordi ng and reproduction area provided between thg ea ?ﬁig%ga gOOS and

the | ead-out area 3004. In Figure 30, a portion 3007 is enlarged. The
| ead-in area 3003 hasrh@rmprstﬁm)ﬁtémmim@@m Brog eéQﬂnBSréQe

difference i & t he,pr its a the remalnin
area, the |nf\(€)}rlénat}ﬁﬂ£)b?o a@ g"ﬁglé’%e%gdr egd %5} é’idgg‘ﬁ %Y%%‘%@Bgeaa

di sc managemsRls e fsdraRal c3|40|5éc6udenlg|an spechidicsl tihe dhservBNaUBABE

I nformati on contias r t he sc_r roductlon
power, servo Janforng%lfzggbn%%é'g?gn%tlo Héf._{%[ ]%&t%fﬁopbgh?d??\ POREF. 20
The recordi ngdC-&M 404, ardatBediloris nmnkr aci.b'ngﬂoaueB'SOO'?heﬁaned
in advance. Bwn@afafjwﬁmﬁwdbta@lﬁhﬂatieﬂté@éuaﬁ%é gltg,liﬁc%aF B8N §g82l i

rewitable datals recordeg he track groove 30
the track groBvESH 3865UP% PSS&@J% Y of ‘all the pulses during the

| } 10 specified time interval to the sub information decoder 3407
as a level-sliced data signal 3406'. The sub information
decoder 3407 checks whether there is an error in the
level-sliced data signal 3406'. When there is no erroxr in
the level-sliced data signal 3406', the sub Information

15 decoder 3407 outputs the level-sliced data signal 3406' as
& sub information signal 3420 (for example, address
information) (step S600).

| By the above procedure, the sub informafion signal
20 3420 recorded on the qptical disc medium 2301 is reproduced.
The optical disc apparatus 2300 can determine which block
7 of information in the track groove is now being reproduced,
} based on the address information included in the reproduced
sub information signal 3420. When recording the main
25 information on the optical disc medium 2301, the address
of the block which is immediately previous to the block in
which the main information is to be recorded is determined,
and then it is predicted that the next block is the block
in which the main information is to be recorded. In this
30 mannexr, themain information can be recorded from the leading
end of the blo‘ck of the targeted block.

(Example 15)



In the conventional optical disc nedium 3001, the |ead-in area 3003 and
the | ead-out area 3005 are different fromthe recording and reproduction
area 3004 in terns of the shape of the pre-pits 3006 and the shape of the
track 30 groove 3002. Therefore, two tracking systens ha)g?lzggmg § 20¢8ed in a
swi tchi ng manner. Mre specificall y, tracking of the differenti'al phase
system (DPD) is used for the lead-in ares®8003 and the | ead-out area 3005,
and tracking of the 23 February 2005 - 70 push-pull systemutilizing
diffraction by the track groove 3002 is used for the recording and
reproduction area 3004. In Exanple 15 of the present invention, an opt -'al
di sc medium for allow Aglead-samras amilmgeasiso'em&maaeflmedptioaltd]ﬁc

lead-in area, hpathithcabeaingNts FE%H@QQOH“&% B presdiits gg%ﬁﬁg .

provi ded. Such an optical disC nmedium can sinp
10 Her ei naf t er P&al&itEiRad di sc medi um accord| ng to Exanple 15 will be
descri bed. Figure 24 shows an optical disc nedium 2400 according to

Exanpl e 1% The opti cal ighsc di um 2400_15 includes a lead-in area 2401, a
recor di ng “and repr oducth IereXePsG2 Lo RiguTredf. ot leadaln/o®a Fred a

| ead-i n area 24@hd-amt fHred e:asdfotﬁom;reeﬁiaiﬁa_ @tqd&lsm%ﬂ?f%&w 3001

information r d [ cho i n_area 2401 an | e

| ead- out area %ﬁ'gt} candfrl %gﬁ% %{Jecéh:g ct"l‘l%ﬂ'i'-% 9L ieglugies

recordi ng the asdeadatia area. 3oaa prem.ﬁeul inisd irmaoplimgheraiFages=e 24,

the lead-1n arga 1 n area froman e faC|rcIe
& 13&@ oﬁi‘ aP@a 1966’4/ tph%%ldédagn ?E t%%{ ﬁ%ﬁ% ATEA

havi ng a _radi us from tthe center
24Q0 tolfn ed&édoﬁ Jae%wcarwm Fgpxodagitionoares. movmdédmnmmrﬂih@enter

of “the optical 1diagcifedtea3ttiPandhd 346-0ud £Rea 3004. 1n Figure 30,
a portion 3007 is enlarged. The lead-in area 3003 has
bre-pits 3006 formed in advance. By reading the difference
in the reflectance between the pre-pits and the remaining

15 area, the information of "0" or "1" is read. The lead-in
area 3003 has disc management information recorded in
advance. The disc management information contains, for
example, information on the disc reproduction power, servo
infermation, information on the optimum recording power.

20 The recording and reproduction area 3004 has a track groove
3002 formed in advance. By performing tracking control

| along the track groove 3002, rewritable data is recorded

) in the track groove 3002 or data recorded in the track groove
3002 is erased.

25

In the conventional optical disc medium 3001, the
lead-in area 3003 and the lead-out area 3005 are different
from the recording and reproduction area 3004 in terms of
the shape of the pre-pits 3006 and the shape of the track

30 groove 3002. Therefore, two tracking systems have to be
used in a-switclhing manner. More specifically, tracking of
the differential phase system (DPD) is used for the lead-~in
area 3003 and the lead-out area 3005, and tracking of the



2401 includes a di sc managenent area (an area froman edge of a circle
having a radius of 22.59 mmfromthe center to an edge of a circle having
a radius of 24.000 mmfromthe center) having disc managenent information
recorded in 30 advance. The |lead-in area 2401 can al so ipgFES@aR 2005
rewitable area for trial recording on the optical disc nedium’or drive.
The information in the di sc managenent rea is prohibited from being
rewitten on principle. In 23 February f%bS - 71 this exanple, the lead-in
area 2401 and the | ead-out area 2403 nean the disc managenent area. Wth
reference to Figure 36, a track groove 3631 5 fornmed in a spiral manner in
a recording &ﬁﬁﬁ] t5h ' | | .1l .be described. The
track groove 3631-%;1%131 %g%ﬁ%glcﬁﬁig%%f? a -%%cﬁggoyﬂtgﬂ?dgFﬂ%ﬁl%ﬁ?P%%t ar ea
2403. The tra90%4d§oveedetaritherercdddng endpreprridbed ioshapea ddoowbbl es
3626, 3627 and 3628 in a periodical manner. 10 The wobbl es 3626, 3627 and
3628 have different prescribed shapes fromeach other, and represent sub

information ("0", "TD Example iR theebrogends iswentibonnasiept{#aY, "1",
"S' or "B') idscepedsant B Bl 1088 ngheRe seneV0PALRS n3628s e G2/ gfu_ég%& The
bE?es 38 6 27 or

type of sub inf tion.and the shape of 15 wobbl es “(wo :

3628) .are in fgn%%g-%t %?3ﬁeinr%lf%?‘i g’r?%ﬂ"p‘i’.uqvﬁl’:@aspé@idf &B&I FocoxGeng ot es

3626 and 362ZFeprpdunfimrgereaals yremited. h stiapeamghdivaabblese 3638

having a gengrald: s ve have diff.erent rising shapes (or

ri sing gradi e%%trféajthrl{g f%ivl \lq%éa stcﬁ:ra%%gcg“(gf APEERF TP %di ents) 20 as shown in

Figure 36. The di sc managenent information is represented by a string of

su) i nfigr mati on showgeh¥ sHhRg+eFoMiLNALL f bhl es 3626,..3627 and

3638. The difference in the rféfnghggggggﬁ? g%‘%}%?éaum accerding to
Example 15 will be described.

Figure 24 shows an optical disc medium 2400

according to Example 15. The optical disc medium 2400

15 includes a lead-in area 2401, a recording and reproduction
area 2402, and a lead-out area 2403. The lead-in area 2401

and the lead-out area 2403 have disc management information
recorded in advance. Each of the lead-in area 2401 and .ne
lead-out area 2403 can further have an area other than an

20 area for recording the user data, i.e., an area for trial
recording. In Figure 24, the lead-in area 2401 can be

- provided in an area from an edge of a circle having a radius
B ) of 22.59 mm from the center of the optical disc medium 2400
to an edge of a circle having a radius of 24.02 mm from the

25 center of the optical disc medium 2400. The lead-in area
2401 includes a disc management area (an area from an edge

- o a circle hgving‘a radius of 22.59 mm from the center to

an edge of a circle having a radius of 24.000 mm from the
center) having disc management information recorded in

30 advance. The lead-in area 2401 can also include a
rewritable area for trial recording on the optical disc
medium or drive. The information in the disc management

area is prohibited from being rewritten on principle. 1In



25 falling gradient anong the wobbl es 3626, 3627 and 3628 can be easily
detected by a differential push-pull detection signal as follows. A
scanning |l aser beamis directed to the track groove 3631, and a
differential’ signal indicating the difference between dheehd,gRtogagount s
recei ved by detection 30 areas of a light receiving elenent divided along a
direction perpendicular to the track gFogﬁe'3631 (a radial direction) of
the optical disc nedium 3400 (i.e., a push-pull signal) is generated.

Thus, a detection signal having a rising 23 February 2005 - 72 gradient

and a falling o o Wi t et.her_ the sub

i nf or mati on isgi;lgg Sﬂgmﬁ’ﬂé htﬁ ta":l"'eﬁcgdﬂi %ﬁ m‘éﬁ%(ﬁ’b& t\é’m § 9% M prga
gradi ent and tﬁéOBammangthgrédsentﬂaualgebenéaau:leyi identified by, for
exanple, 5 differentiating the detection signal. The type of the sub

i nformati on can be detected by the size of the value obtained as a result

of differentiation. |nWihke refdrencar ta Pidfhreasd,t hetlraal- avbogeegsd403,

t he sub ingfor ' | nt |nfor tion f t he

recor di ng@'andr@%’ﬂr&é1 J?% I?l gﬁ a'ége}él%a% gﬁ]‘?&%’% of iR ggégal

i ncl udi ng a bl d&ﬁcm@lu@mma&ma he mbbrebeﬁﬁzal‘rﬁ@rt:mbk yradwven86330 as

to indicate suyb i B i, 0P} - BY 24 n e ock 15
gb EBEREARLL OPheBl eal a8 §6§gai gﬂgfsg)ye Qe%ta pg Gked> o

mar k 3630 each have a total of 36 wo
sub i nformati oR4®d* afRE StHRFIRfGFARYE 0R63L"1s Pﬁﬂvﬁéedawetbf prhscv{hbedal

di sc medi um 2480ah8 dHwebBAEPEE26 Pfadd e aRl\sd 28 TRl a ﬁéﬁd&h}’éAJT @Epﬁéﬁquency

at which_the be es 626 3 7 are.forned i s constant at rom-t

20%i nner AUst t Ekw?li‘)b fig % 7 30t 262K fRVeefldféREentoPrrgartbedA and
25B, the |ead- shapas&r&ﬂ&&c&nﬁthhﬁ laastirepreaeat 2493 nddimdie zoPered
with "1*, "S" or “B“). One type of sub information ("0", “1%,
"S" or "B") is represented by one shape of wobbles 3626,
3627 or 3628. The type of sub information and the shape of
15 wobbles (wobbles 3626, 3627 or 3628) are in a one-to-one
relationship. More specifically, the wobbles 3626 and 3627
having a generally sawtooth shape and the wobbles 3628 having
a generally sine wave shape have different rising shapes
(or rising gradient) and falling shapes (falling gradients)
20 as shown in Figure 36, The disc'management‘ information is
represented by a string of sub information shown by the

combination of the wobbles 3626, 3627 and 36728.

The difference in the rising gradient and the

25 falling'gradient among the wobbles 3626, 3627 and 3628 can
be easily detected by a differential push-pull detection
signal as follows. A scannhing laser beam is directed to the

track groove 3631, and a differential signal indicating the
difference between the light amounts received by detection

30 areas of a 1light receiving element divided along a direction
perpendicular fo the track groove 3631 (a radial direction)

of the optical disc medium 3400 (i.e., a push-pull signal)

is genere_lted. Thus, a detection signal having a rising



the recording and reproduction area 2402. 25 Figure 25A shows a track
groove 2502 in the recording and reproduction area 2402. A frame 2510
including a block mark 2520 has ni ne wobbl es 2528 (sine wave shape) forned
in advance so as to indicate sub information "B". 52 frap®feB@ars0bs
followi ng the block mark 2520 each have a total of 36 wobbles 2526 and
2527 (sawt ooth shape) so as to indicateysub information "0" and sub
information "1". In the case of the optical disc medium 2400 in this
exanpl e of the CLV 23'February 2005 - 73 format, the physical frequency at
whi ch the wobbl es 2526, 2527 and 2528 are forned is constant at fa from

t he i nner nosgratieck teamd e faUlenEDSraddidght (hivpPRhaey 524 a0 ndd t)-
The wobbl i ng‘amu‘?% %Pt hﬁlmggulg s_constant at 22.5 nnpf. I'n "t he

recordi ng and rep 8% Forrars ﬁg??ﬂnﬁﬁéc’“réﬁor%ﬂ Ry T is obtedaredbd after
bei ng nodul aTkds |dififersenexaipl ehe a r4GRNW GitatiRthts| 0@l ¥l ¢yl S.i.ng{
run-1ength s.cted be 2T (mnimmle h).ig recorded in the track
10 groove 25%§$h%ﬁglttchacrﬁﬁel g%i teﬁ(se]ﬁg’(h Jg‘ltle?%'%)%i ﬁ:tY'i s faF orxEmp iR, The

| aser |Pght @4Eferentiaddng hheatetectponduigmygl t hehei ggpk dEstie Ran val ue
of the wavel epgh iz 40, ( 1 ~sand unerj cal ‘aperture (NA)
of 0.850.01. 15 E}nggﬁlgﬁzé%ﬁ?ﬁo%@? e?rbg'cgﬂ%grsé%\?eoéégf‘r i ebtadaad, area
2401 and t he®Fe3dr 68114 ed dibBerempiabiant s I thee lendadln greave 431l are
as descri bedanovBeW £8qL 6HEHAGE Fipgur B4 ical frequency fb
at whi ch the_wobh o5 20 3626, 36272_t4§r?d’ écg'%sg'ﬁﬁ REOIan o AISHERSY
the | ead- out ~Gr &&-F20828REeNERhed HfoTmATE taMeEon| gher rérordimgf meqguency

) io reproduction area 2402.

In Figure 36, a frame 3620 including a block mark
3630 has nine wobbles 3628 formed in advance so as to indicate
sub information ¥BY. 52 frames 3621 following the block
15 mark 3630 each have a total of 36 wobhles 3626 and 3627 sa
as to in;licate sub information "0® and sub information “1".
In the case of the optical disc medium 2400 in this example
of the CLV format, the physical frequency at which the
wobbles 3626 and 3627 are formed is constant at fb from the

20 innermost track to the outermost track.

With reference to Figure 25A and 25B, the lead-in
area 2401 and the lead-out area 2403 will be compared with
the recording and reproduction area 2402.
25
Figure 25A shows a track groove 2502 in the recording
and reproduction area 2402. A frame 2510 including a block
mark 2520 has nine wobbles 2528 (sine wave shape) formed
in advance so as to indicate sub information "B". 52 frames
30 2511 following the block mark 2520 each have a total of 36
wobbles 2526 and 2527 (sawtooth shape) so as to indicate
sub information "0" and sub information "1". In the case
of the optical disc medium 2400 in this example of the CLV



fa at which the wobbl es 2526, 2527 and 2528 in the recording and
reproduction area 2402 are forned. By setting the frequency of the wobbl es
hi gher, the anount of information 25 included in a unit area can be
Lncreased. In the lead-in area 2401 and the |ead-out aregs2dBary B05
plurality of wobbles indicate 1-bit sub information. Between the |ead-in
area 2401 and the | ead-out area 2403, 3Q gy 4t he recording and reproduction
area 2402, the nunber of wobbles indicating 1-bit information which is the
m nimum unit of sub information can be different. By reducing the nunber
of wobbl es indicating 1-bit information in the 23 February 2005 - 74

e A ey S Py O
recordi ng and rgpr.odugt are .t he e ndj cating .the disc
management i nf #%gt 'Fﬂﬁ ﬂb% Bgea%qlffﬁ‘%q éﬁtq’?}“\fl%%ﬁii# rErH: FRe Lpnermos tar eas
of the | ead-intrRck ¢ 2heloandrimbet! eadehull arcb RdDI 2 AcHIOG1 Bed yabove,
the lead-in ar 240 the | ead-qut ar 2403 includes the track groove
3631 having p(ra‘[g’gcé? ggggﬁa%ggu%f %%%ﬁ?éé"‘f%’r%&& ?ﬂnﬁjtﬁBfﬁ'i%%?@aIS RERRer, 10
and-each shape of the wobbles in the track groove 3631 represents the disc
managenent i nformationy, Siace | in eri pdi cal
manner in the track :_ng(IJIO\E:E&Z. %%Fr#%gggﬁ %E?ﬁgh?‘géggg‘rﬁgeanaﬁﬁ’ pr3§&ction
area 2402, tr&eeceagidy pREksiferesendsd efitepebeind modulakednt iIrethiss of

the optical di skafipdieum 340Q06pShpaa1hbeal reomency e ; mohhbl es i he
| ead-in area 2401 and. .t he I&a?g-out area 2403 is_t‘ginicﬁ]rré"ss h?ghe?ebﬁgh t hat
of the recordi 5§SikdCtrghtoRstt dmiadawmbenathhl isecpried inddie sraskl- bi t

su? i nf Qonat | erootvee 2B0RINt Thei dhanmell Wit cTOiGEN bt aHiN tpdth@res i s

I 'ACr eased. Thu%’.(ﬁhﬁ. ‘ﬁ?nb.bl esrhiendil%%tejrnglth di sc

ight used for recording and
reproducing the signal has a mean value of the wavelength
of 405 nm (+10 nm, ~5 nm), and a numerical aperture (NA)
of 0.85z0.01.
15
Figure 25B shows the track groove 3631 in the lead-in
area 240; and the lead-out area 2403. The details of the
track groove 3631 are as described above with reference to
Figure 36. The physical frequency fb at which the wobbles
20 3626, 3627 and 3628 in the lead-in area 2401 and the lead-out
area 2403 are formed is ten times higher than the frequency
. fa at which the wobbles 2526, 2527 and 2528 in the recording
,) and reproduction area 2402 are formed. By setting the
' frequency of the wobbles higher, the émount of information
25 included in a unit area can be increased.

In the lead-in area 2401 and the lead-out area 2403,

a plurality of wobbles indicate 1-bit sub information.
Between the lead-in area 2401 and the lead-out area 2403,

30 and the recording and reproduction area 2402, the number
of wobbles indicating 1-bit information which is the minimum

unit of sub information can be different. By reducing the
number of wobbles indicating 1-bit information in the



managenent information can be efficiently recorded in the Ilimted areas of
the lead-in area 2401 and the | ead-out area 2403. 25 In this exanple, the
frequency of the wobbles in the Ilead-in area 2401 and the | ead-out area
2403 is ten tinmes higher than that of the recording andzgeppREHCcLdoBN area
2402, the present invention is not limted to such a nunerical value. 30
In this exanpl e, sawtooth-shaped wobbl are described. The wobbles are
not limted to such a shape according to the present invention. 23
February 2005 - 75 1In this exanple, one wobble indicates 1-bit
information. A plurality of wobbles can indicate 1-bit information.

Al t ti 6 th f fb of t h
wobbl oo | n the ez anes 20T dHECnE el T aner. 240 B SRR | over
than the fré&gudhaf rf tbe rheomébbloeenidn rejprodecdridinn syl 24602 Odeiss i on .
Moot L ar onopbRes? 1AdiBHL O NI Sttt HE At B ol 0 " e

| ead-in area 2401 and the | ead-out area t he
reliabilitySSEichendiycionmed dperelativelyasnahl iarddwe offettei Tead e 2401

and the | eadreat 2a0eaand4@BC2BaleoBRNaReR024b3 I N this exanple, the
wobbl es in the lead-in area 2401 and the | ead-out area 2403 are of the

sane frequency, which is different fromthe frequency of the wobbles in

the recording and Repdesicibed sbede 240Re 1dadlen CASEAWEHE 108 the
lead-out area 2403 includes the track groove 3631 having
prescribed shapes of wobbles formed in a periodical manner,

) 10  and each shape of the wobbles in the track groove 3631
represents the disc management information. Since the

wobbles are also formed in a periodical manner in the track

groove 2502 included in the recording and reproduction area

2402, tracking of the same system can be used for the entirety

i5 of the optical disc medium 2400. Since the frequency of the
wobbles in the lead-in area 2401 and the lead-out area 2403

is ten times higher than that of the recording and
reproduction area 2402 and one wobble indicates ]1-bit sub
information, the amount of information recorded in a unit

20 area is increased. Thus, the wobblesg indicating the disc

management information can be efficiently recorded in the

) limited areas of the lead-in area 2401 and the lead-out area
- 2403.

25 In this example, the frequency of the wobbles in the

lead-in area 2401 and the lead-out area 2403 is ten times
higher thgm that of the recording and reproduction area 24.02 ’
the present invention is not limited to such a numerical
value.
30

In this example, sawtooth-shaped wobbles are
described. The wobbles are not limited to such a shape
according to the present invention.



20 di sc managenment information is recorded only in the lead-in area 2401,
the frequency of wobbles only in the lead-in area 2401 can be different
fromthat of the recording and reproduction area 2402. 25 In this exanple,
the optical disc medium 2400 includes the lead-in area 24@inad idvs

| ead- out area 2403. The optical disc nmedium 2400 can include only the

| ead- in area 2401 or only the | ead-out-ayga-2403, in addition to the
recordi ng and reproduction area 2402. 30 (Exanple 16) , Figures 27A and 27B
show track grooves 2502 and 2731 of an optical disc nediumaccording to
Exanpl e 16 of the 23 February 2005 - 76 present invention. The track
groove 2502 shown in Figure 27A is the sane as the track groove 2502
descri bed above with rf ce tQ Fi gure 25A a is formed. in the

fergn or.n .
recordi ng and reproduc |onEh%ﬁea’§W§9' ,fﬁﬁ’oﬁPSg&P dr8EiRBErEm 22B8tshown
in Figure 24. iiﬁlﬁermahmhngroAvplﬁi‘aliskyomE WoLH g exaly Bigafceef oLpeg in
the lead-in ar ég;tg the | ead- out area 2403. 10 The frane 2510
i ncl udi ng the 2520 has nine sine wave-shaped wobbl es 2528' so
as to indPcate sub information "B". 52 franes 2511 follomﬁng t he bl ock

mark 2520 each have S a d 2527

so as to indicate sub%i?%fﬁn%ﬁ%%fyb%\gg E{}Tgﬁ%r%%ng?? ‘%%GB St he

case of the opfFEﬁPeﬁFﬁcfheﬁfuﬁh24®@bblﬁ5thmstb&ahgmé-bm aheaCZWDloamat

the physical ftpgupass-oet WeLhdde d&blaleeioaé%fitnaﬁ%h@r‘ﬁféé@ ;Elor med
rac

is constant at .fg fro Ehe i nnernost track to the outernos
wobbl e: 124 ch%hnet® P Fecqrplrgepd reproduction area 2402.

f} 10 In this way, the S/N ratio when detecting the wobbles in
the lead-in area 2401 and the lead-out area 2403 can be
increased. Thus, the reliability of the disc management
information in the lead-in area 2401 and the lead-out area
2403 can be enhanced.

15
In this example, the wobbles in the lead-in area 2401
and the lead-out area 2403 are of the same frequency, which
isg different from the frequency of the wobbles in the
recording and reprodiuction area 2402. In the case where the
20 disc management information is recorded only in the lead-in
area 2401, the frequency of wobbles only in the lead~in area
2401 can be different from that of the recording and

) reproduction area 2402.

25 In this example, the optical disc medium 2400
includes the lead-in area 2401 and the lead-out area 2403.
The optical disc medium 2400 can include only the lead-
in area %401 or only the lead-out Erea 2403,'1h addition
to the recording and reproduction area 2402.

30
(Example 16)

Figures 27A and 27B show track grooves 2502 and 2731

of an optical disc medium according to Example 16 of the



20 representing the wobbling anount of the wobble is constant at Ca. The
track grooves shown in Figures 27A and 27B are different in the wobble
anplitude, which represents the 25 wobbling anount of the wobbles, from
those shown in Figures 25A and 25B. Wereas the wobbl e agphbijddes the
track groove 2502 in the recording and reproduction area 2402 i'n Figure
27A is Ca, the wobble anplitude of the Brack groove 2731 In the lead-in
area 2401 and the | ead-out area 2403 3 in Figure 27B is Cb, where Cb>Ca.
The wobbl e signal anplitude at the tine of reproduction is in proportion
to the wobbling anount. 23 February 2005 - 77 -. Therefore, when the wobble

anplitude o Enkeads] a 2401 and the | ead-out area 2403 is | arger
t han t he vvo%ﬁ%g nl&n%ﬂ?%ﬁggggf t he recording and reproducti on area 2402, the

S/N ratio when detecting the wobbles at the time of 5 reproduction is .

i mproved. Thus, thepigadi haRidd the.di engnt i nformation

can be enhanced. Inthis i’%{a%kg,egt%}dea%f)ﬁ?gglﬂﬁrsg%m% 5818 udes

the | ead-i n2arehe Mmck girogye R5482- descuibadzeincye i T eefisiricarale diosc g

medi uns 2400rggarenesadm@nly sohticliead- thd . ! 4e.¢l,ead- out
e Pt e Sdbrollies g

area 2403, in addition_to the recording an | on-area

(Exanpl e 175738 #£84r25 Sha ambionh Sk madianm R4 eh@E0dmaidgeael of an
optical di sedredihentaeek giogveoFxBEpoemlTn ¥ Jidse 2FBCSERLd \S‘iﬂnte'don' I
Fi gure 28A,?Moﬁgéﬁg‘zaggnare forggi %é the CLV 20 format, and the physi cal
frequency of 't BBFedR28582af800oR8Rakber L6RArREY BFeanB403r ack to the
out er nost track. ’
';} 10 The £frame 2510 including the block mark 2520 has nine .
sine wave-shaped wobbles 2528' so as to indicate sub
information "B". 52 frames 2511 following the block mark
2520 each have a total of 36 sawtooth-shaped wobbles 2526°
and 2527' so as to indicate sub information "0" and sub
15 information “1". 1In the case of the optical disc medium 2400
in this example of the CLV format, the physical frequency
at which the wobbles 2526, 2527 and 2528 are formed is
constant at fa from the innermost track to the outermost
track (1 wobble: 124 channel bit). The wobble amplitude

20 representing the wobbling amount of the wobble is constant
at Ca.

The track grooves shown in Figures 27A and 27B are
different in the wobble amplitude, which represents the
25 wobbling amount of the wobbles, from those shown in Figures
25A and 25B. Whereas the wobble amplitude of the track
groove 2502 in the recording and reproduction area 2402 in
Figure 27A is Ca, the wobble amplitude of the track groove
2731 in the lead-in area 2401 and the lead-out area 2403

30 in Figure 27B is Cb, where Cb>Ca.
The wobble signal amplitude at the +time of
reproduction is in proportion to the wobbling amount.



Therefore, the phases of two adjacent wobbl es 2826 are shifted in
accordance with the track position and the radial position. At the tine of
reproduction, the influence of the 25 interference by the adjacent track is
rmade conspi cuous by the phase difference, and the mobblggsbgm@h,gnglitude
detected by the reproduction signal varies in a periodical manner by the
phase difference. In a wobble in which th&d7 wvaryi ng wobbl e signal anplitude
is mnimum. the SINratio 30 is reduced. The track grooves shown in
Figures 28A and 28B are different fromthose shown in Figures 25A and 25B
in the 23 February 2005 - 78 following point. In the track grooves 2831,

t he wobbl es 28BR&rafereor wbhénbyheherobilef ampiti tade ifusthkeh@cplash area

di fference of I 2 b t_tracks is al n/ 2.
5 When the wob Fg%m?ﬁat %ergé%gdﬁﬁéegﬁ ?%%@%d@%?g%ﬁﬁué%ﬁgnéiéﬁ %ﬁéi
| ead-in area 238plihadenel| el marondiaw and3repredictien dned Re0CAVeher nat

the wobbl e sigaph am¥id U%er@dé@&c%i ctfher e‘%ggfggl %q: con talnLofThus

the 10 detection reliabil n{;‘é | es can enhance
exanpl e, Phe phaBECdPFLdpPE Hﬂ?ﬁ%@?d VEBB$eéﬁusuaﬁﬂynﬂamdlmhy&queﬂge at

the position othghassc RadhgbinehtyiafdrahbtiBa BAA Bleoenﬁfaneagse n at
falling. Wen 15 the steep edges are made at the positions of x/2 and 3 x

xI2 with zz/2 x (2n +.1) (n is an integer), the influence of the
crosstal k fromthe adjEnerthits ackamphbebe theduseih cdhedphas geddid] e £66€ | S

not 1 m ted to;uENa¥d! HES f8lla SAD HBLMoR I8N wiSONSLAN, Ahue, 20,

\) o The optical disc medium 2400 can include only the lead-
in area 2401 or only the lead-out area 2403, in addition
to the recording and reproduction area 2402.

(Example 17)

15 - Figures 28A and 28B show track grooves 2502 and 2831
of an .optical disc medium according to Example 17 of the
present invention. -

In Figure 28A, wobbles 2826 are formed by the CLV
20  format, and the physical frequency of the wobbles 2826 are
constant from the innermost track to the outermost track.
Therefore, the phases of two adjacent wobbles 2826 are
: ) shifted in accordance with the track position and the radial
position. At the time of reproduction, the influence of the
25 interference by the adjacent track is made conspicuous by
the phase difference, and the wobble signal amplitude
detected by the reproduction signal varies in a periodical
manner by the phase difference. In a wobble in which the
varying wobble signal amplitude is minimum, the S/N ratio
30 is reduced.

The track grooves shown in Figures 28A and 28B are
different from those shown in Figures 25A and 25B in the



The wobbles in the recording and reproduction area 2402, the lead-in area
2401 and the | ead-out area 2403 can be formed by the ZCLV format used in
the DVD-RAM I nstead of the CAV format. 25 By form ng the wobbl es by the
CAV format or the ZCLV format, instead of the CLV fornmap3 Feheaneddogbi ity
of the address information reproduced fromthe recording and reproduction
area 2402 can be enhanced. 30 In this- e@anple, the optical disc medi um 2400
i ncludes the l|ead-in area 2401 and the | ead-out area 2403. The opti cal

di sc medi um 2400 can include only the | ead 23 February 2005 - 79 in area
2401 or only_the |ead-out area 2403, in addition to the recording and

repr oduct i ort S Hum poiranBhe th8) tiralekg Wred A B Z%émpﬁﬁiggk
grooves 25028pw 2881 £ofpedn tj&ﬁgl C‘HVSC madijEJm according to anple 18 of
the present.invention. The track gr&ove 22FB2EhaR% i Hhs ghe ahass t he

sane 10 as STeRge Hrobhe meeﬁemmwtabenet%tmﬁgégﬁ@r&e?éﬁﬁﬁ gure
of t

25A and is fier relvays tfye.recordi ng and reproduction area 2402 e
opti cals di sc nmedi um 2400 shown in Figure 24. The track groove 2931 shown

in.Figure 29B cankbe formed in the lead-in area 24g1 and thekl ea_d-oEt area
% e Dt O L W i hetlen
recorded in the frafk 8075022552 24RL b iber beaddbny mwyes amo3

are formed by the CAV format, the wobble signal amplitude

at the time of reproduction is constant. Thus, the
) 10 detection reliability of the wobbles can be enhanced.

In this example, the phase difference is m/2.

Wobbles usually have a steep edge at the position of phase

0 at rising and at the position of Phase n at falling. When

15 the steep edges are made at the positions of %x/2 and 3 x n/2
with n/2 x (2n + 1) (n is an integer), the influence of the
crosstalk from the adjacent track can be reduced. The phase

difference is not limited to such values but can be any cther
constant value.

20
The wobbles in the recording and reproduction area
2402, the lead-in area 2401 and the lead-out area 2403 can

) . be formed by the ZCLV format used in the DVD-RAM instead
of the CAV format.

25
By forming the wobbles by the CAV format or the ZCLV
format, instead of the CLV format, the reliability of the
address information reproduced from 'the recording and
reproduction area 2402 can be enhanced.
30 '

In this example, the optical disc medium 2400
includes the lead-in area 2401 and the lead-out area 2403.
The optical disc medium 2400 can include only the lead-



20 The track grooves shown in Figures 29A and 29B are different fromthose
shown in Figures 25A and 25B in the track pitch. W ereas the track pitch
of the track groove 2502 in the recording and reproduction area 2402 in
Figure 25 29A is TPa, the track pitch of the track groov | e

| ead-in area 2401 and the | ead-out area 2403 .in Figure 28%%3?%a¢g§ﬁgwhere
TPb>TPa. Wen, for exanple, information -rexorded on the groove recording
system optical disc medium having a track pitch TPa = 0.32 m (distance

bet ween two 30 adj acent grooves) is reproduced using an optical spot with
a wavel ength of 405 nm and NA of 0.85 as optical constants, the anplitude
of the tracki ngnemmsa si4ialomlbrdiynethed Yl ddth- ot Hiret 144 6 StEM d 31 tion

significantly |} r 23 February 2005 - 80 pitch 1s

i ncreased, the%garrglqet \t?%?}’dttf&}l%ﬁte a?ﬁ%:cﬁ?lpﬁﬁ”ﬁ‘}cff N 84612492 4 ncr eased
accordingly. Where the wobbling amount of the wobble is constant, the
wobbl e signal gERlkide 1g8asically increases in proportion to the anplitude

of the 5 tracking error signal. Therefore, when the track pitch is
i ncreased? t he wobbl e FAGHERS' 29 RNARSB shavh erackeymfove e R5EOBUSHE 2 315

i ncreased. Thugf By bpeieadl AdsthRels gk s (;_Jang inthe .10 _|ead-in area
2401 and the | ead- out @ar ca 2403 asecg%%araeg%to #(;ttor EepmplecAeret ithe he
recordi ng and PEBFERGcLPERPtAPBa 2402, the S/N ratio when detecting the

wobbl es can be enhanced. 15 Alternatively, when TPb<TPa, the wobbl es

I ndicating the disc ggecmenﬁi informgtion can be efficiently recorded in
the linited areas of the"I'eatT A-CAr e« M0 ERGNE ¥hEirere-20A igricwe 2408.

: ) 10 as the track groove 2502 described above with reference to
Figure 25A and is formed in the recording and reproduction
area 2402 of the optical disc medium 2400 shown in Figure
24. The track groove 2931 shown in Figure 29B can be formed
in the lead-in area 2401 and the lead-out area 2403,

15
The track groove 2502 shown in Figure 29A has a track
piteh (distance between two adjacent tracks) of TPa. The
main information is recorded in the track groove 2502 by
the groove recording system.
20

The track grooves shown in Figures 29A and 29B are

B different from those shown in Figures 25A and 25B in the
) tJ_:ack bitch. Whereas the track pitch of the track groove
2502 in the recording and reproduction area 2402 in Figure

25 2%A is TPa, the track pitch of the track groove 2931 in the
lead-in area 2401 and the lead-out area 2403 in Figure 29B

is TPb, where TPb>TPa. When, for example, information

recorded on the groove recording system optical disc medium

_ having a track pitch TPa = 0.32 um (distance between two

30 adjacent grooves) is reproduced using an optical spot with

a wavelength of 405 nm and NA of 0.85 as optical constants,

the amplitude of the tracking error signal obtained by the

push-pull system is significantly small. When the track



20 In Exanples 15 through 18, the frequency of the WDbb|€$ t he wobbl e
anplitude, the phase difference of wobbles fromthose in ‘an adj acent

track, the track pitch and the like in the lead-in area 2401 and the

| ead-out area 2403 are different fromthose in the recopdiregrart@s
reproduction area 2402. A plurality of these factors can be different
between the lead-in and | ead-out areasggd40l1 and 2403 and the recording and
reproduction area 2402. In the track |n t he di sc managenent area of the 30
| ead-in area 2401 and the | ead-out area 2403, no recording nmark is forned,.
Thus, the S/Nratio of the reproduction signal of the disc nanagenent area

a0 " BEEE, 187 dnctseBats e, HUALSAL e SO LR (L8015

managenent 23 Februar 2005 - ‘81 a e enhance
t he optlcal sggagl rPébI?-HﬁFQ@@Gd 3erendinglvie WBwid hhanesbiPUlig andunhe

| ead-out ares #@3wobbike DPtESRLtELEC WRd Y 2@3@9 %gc%}ﬁgﬁfi%{ﬂg t he

| ead- in area 240 onI the | ead-olUt area

recordi ng a‘ﬁﬁs}gﬁiﬁﬁuﬂ'? a%?%allzmpcl’ﬁt%@aﬁﬁﬂ@el@)ﬂnlm ¥F &hevvs a

track groovErQEBingfebefuﬁigﬁﬁl dTﬁér@E@t@ﬂlﬁﬁ&ﬁréhégtfégg?gi 519 of the
present |nventi ove, 3531 shown in_ Figure can f or med

in the Iealeﬁr§?333246%%nﬁP €| 85084 ARl Budss aISﬁhEttmm©ppfcal di sc
medi um 2400rehveduchiéngiiseifdredbedtrack groove 3531 shown in Figure 35 is
different fromthe track groove 3631 shown in Figure 25B in that the

track groove 3531 has a single frequency recording mark 20 recorded in the
Iead in area 2401 aPeus hebyedacmensdmen 12493track pitch TPb in the

} 10 lead-in area 2401 and the lead-out area 2403 as compared
to the track pitch TPa in the recording and reproduction
area 2402, the S5/N ratio when detecting the wobbles can be
enhanced.

15 Alternatively, when TPb<{TPa, ‘the wobbles
indicating the disec management information can be
efficiently recorded in the limited areas of the lead-in

- area 2401 and the lead-out area 2403.

20 In Examples 15 through 18, the freaquency of the
‘ wobbles, the Wobble amplitude, the phase difference of
wobbles from those in an adjacent track, the track pitch
and the like in the lead-in area 2401 and the lead-out area
2403 are different from those in the recording and
25 reproduction area 2402. A plurality of these factors can
be different between the lead-in and lead-out areas 2401

and 2403 and the recording and reproduction area 2402.

In the track in the disc management area of the

30 lead-in area 2401 and the lead-out area 2403, no recording
mark is formed. Thus, the S/N ratio of the reproduction
signal of the disc management area can be increased, and

as a result, the reading reliability of the disc management



(i.e., the track groove 3531) in a wite once manner. For exanple, a
recordi ng mark having a recordi ng channel bit Ilength of 0.0771 jun is
recorded by providing a signal having ST recording marks and 8T spaces
tepeated in the track groove 25 3531 having the di sc managesmohry 2005
information, in a wite once manner. Thus, the information can be

r epr oduced by a reproduction apparatUSAMgph.does not allow for tracking
of the push-pull system (apparatus of the DPD system tracking). The
conpatibility between apparatuses can be 30 inproved. In this exanple, the
optical disc nmedium 2400 includes the |lead-in area 2401 and the | ead-out

area 2403. 23 Retydladah AW enhBeedhe optical disc nmedi um 2400 can i ncl ude
only the lead- in area 2401 or only the | ead-out area 2403, in addition to

the recording and reproduction area 2402. 5 (Exanple 20) Figure 31 shows a
track groove 3101 of aTmopthigl exdngdJrediten apeacadin@ i« Giaabhs oQJ the

present inventi.on. .the bla 0 |s rovided b

cutting off th nt E)ri"gl&/hfe‘? 5in ‘ﬁr?%?s%g ealep C‘Rumq?asédﬂﬂ-s

1; (i(r) rlredTlraly 5|b|ocal'.{1h)e |apfcelrdah?d:t¢ne rpé\djsmoz-ﬁmbbhnsintalafﬂ?l aﬁn_?tethéag_lgaar_oove
e bl oc Q cut o e,tra roove

3101, and thus&n%r ma]%)l oln%(gr?nblgg ;%geoﬁi 5 D(r?fltt[ o5 39 r'rafLI’il 3%&%%{? a

15 resul t, overtsedde aeanrdigducedl mqmmlom Aped-i2zd2e 32 shows a track

groove 3201 of an optical disc nmedium according to Exanple 21 of the

present invention. In Exanple 1, the block mark 210 is provi ded by
(Example 19)

} 10 Figure 35 shows a track groove 3531 of an optical

discmedium according to Example 19 of the present invention.

The track groove 3531 shown in Figure 35 can be
formed in the lead-in area 2401 and the lead-out area 2403
15 of the optical disc medium 2400 shown in Figure 24.

The track groove 3531 shown in Figure 35 is different
from the track groove 3631 shown in Figure 25B in that the
track groove 3531 has a single frequency recording mark

20 recorded in the lead-in area 2401 and the lead-out area 2403
(i.e., the track groove 3531) in a write once manner. For
example, a recording mark having a recording channel bit

) length of 0.0771 pm is recorded by providing a signal having
8T recording marks and 8T spaces repeated in the track groove

25 3531 having the disc management information, in a write once
manner. Thus, the information can be reproduced@ by a
reproduction apparatus which does not allow for tracking
of the push-pull system (apparatus of the DPD system
tracking). The compatibility hetween apparatuses can be

30 improved. '

In this example, the optical disc medium 2400
includes the lead-in area 2401 and the lead-out area 2403.



cutting off the track groove 102. In this exanple, a plurality of block
mar ks 3204a and 3204b are fornmed by locally inverting the phase of wobbl es
3226 in the track 25 groove 3201. The bl ock marks 3204a and 3204b thus
formed do not cut off the track groove 3201, and in addp3d Feruai/T®05
continuity of the phases of the wobbles 3226 is kept except for the
portion interposed between the block markg 3204a and 3204b. Therefore,
reproduction can be perfornmed 30 without substantially varying the phase of
the clock of the wobbles and w thout generating a phase difference in the
PLL. Main information can be recorded on the block marks 3204a and 3204b.

As a result, Oher bpadcadndiscr ediciesh Z2doFeldiiaincP988 on83 thEXagRle 22)
Figure 33 sho%ﬁ grggaﬁbogroove iSO% of _an E&t'cal di sc_medi um_according to
Exanpl e 22 of “theTpre§ent PhvRRALYofResleRdeRUbpREes 2408 .hAscRrAFETRCRIO | s
provi ded by teot thagrefbriingt andkrgpeoiuctan hpebhizgzoexanpl e, a bl ock
mark 3304.is fornmed of a wobble 3326 having a |ocally higher frequency

than that of the wobbles 26. The block mark 3304 thus fornmed does not cut
of f .the Prack(E§¥8®Bpée330), and thus 10 informati on can be recorded on the

bl ock mark 3304. As apjkesdl4; OV redu | n. Exanples 1, 4,
5. 7 through 12. 15, 15oobnd 19 ﬁér]g“ﬁ%%‘, YrdoSil a%?%]gro%oﬂl RRVIRE

bl ock mark i s94PSaesEst agoonding tadkxainby 80cyhtbe prosenednvenaionnt i cal
di sc medium w thout having a bl ock mark. | NDUSTRI AL APPLI CABI LI TY 20 As

descri bed above, acco digﬁ to thg present invention, a plurality of
prescri bed shapes of WobBFRTPLEel.f fPRellorka Maxdc k19 ob% ebravidiedhbyai n

rnjornaloon i eutting off the track groove 102, 1In this example, a block
i mark 3104 is formed by locally inverting the phase of wobbles
3126 in the track groove 3101. The block mark 3104 thus
formed does not cut off the track groove 3101, and thus
’ information can be recorded on the block mark 3104. As a

15 result, overhead can be reduced.

(Example 21)

Figure 32 shows a track groove 3201 of an optical
discmedium according to Example 21 of the present invention.
20 ' : '
In Example 1, the block mark 210 is provided by
cutting off the track groove 102. In this example, a
) plurality of block marks 3204a and 3204b are formed by
locally inverting the phase of wobbles 3226 in the track
25 groove 3201. The block marks 3204a and 3204b thus formed
do not cut off the track groove 3201, and in addition, the
continu?ty'of the phases of the wobbles 3226 is kept except
for the portion interposed between the block marks 3204&
and 3204b. Therefore, reproduction can be performed
30 without substantially varying the phase of the clock of the
wobbles and without generating a phase difference in the
PLL. Main information can be recorded on the block marks

3204a and 3204b. As a result, overhead can be reduced.



recorded on a bl ock-by-bl ock basis. A wobble shows specific sub
I nformati on described in a frane obtained by dividing 25 the block by a
prescribed nunber K. By fornming the wobble indicating the sub information

i.n a plurality of frames, i.e., a plurality of times, ig3tbg. 8 5
address information can be formed with no or little overhead. single
frequency wobbl e reproduction signal (+.83,-synchronization signal) 30 can
be obtained. Thus, an optical disc nmediumsuitable for high density
recordi ng can be provided. Sub information as a portion of a sub

I nformati on 23 February 2005 - 84 group indicates a sector nunber of an ID
nunber. Wien t kBxamala R2)not continuously read, for exanple, after a seek

operation, the sector g the sectaqr. . i diately after
the seek operation can_ﬁggp?%a%,; %1%5 e%eté:ag{k t‘#@ Ieoét%oﬂ'arol%ng’f‘ ?RELERAdI ng
end of the bl o8ksScmaidiun ageobfibek tphtanple2Radtithe guementy bivart Yosect or .
By finally determning the block ID by reading only a sector group
including_a plurality of sectors in the bl ock, post- processing (data read,
data recordi ng, etc.) EBnEXRTP1® herEbenbdoghi slark WM 1% outotriféd by

repeated a pl ueattiigadss ithRStiacRHrod¥<ale2 . Thys, ;%gy jability
of the bl ock lD%%g:hagtfdﬁ‘en ance c %g:cl' n.a Iead-?ﬁ %ﬁr_l%%e;n g'%lg’eégg%% ar ea,
the disc nana f-8r o of 2 (wahtls dd26/havins & Bosaiprdigbbl es

fornmed in advaficequéhoy, thdre thateof ragkivobbiyst 261 O b dikeflabRI 3368
bl oY O i hendl SFornd 4BRLLCR HoGee 30 LRRALR 0500 2505 MRl fhSe”

wobbl e frequency Is nma eren
) 10 information can be recorded on the block mark 3304. 2As a

result, overhead can be reduced.

In Examples 1, 4, 5, 7 through 12, 15, 16, and 19

through 22, the track groove having a block mark is disclosed.

15 The track groove can be provided on an optical disc medium
without paving a block mark.

INDUSTRIAL APPLICABILITY

20 As described above, according to the present
invention, a plurality of prescribed shapes of wobbles are
“ formed in a track groove in which main information ié
) recorded on a block-by-block basis. Awobble shows specific
sub information described in a frame obtained by dividing
25 the block by a prescribed number K. By forming the wobble
indicating the sub information in a Plurality of frames,
i.e., aplurality of times, in the block, address information
can be formed with no or little overhead. A single frequency
wobble reproduction signal (i.e., synchronization signal)
30 can be obtained. Thus, an optical disc medium suitable for

high density recording can be provided.

Sub information as a portion of a sub information



| ead-in and | ead-out areas and a recording and reproduction area. The disc
managenent area can be efficiently recorded 25 in limted areas of the

| ead-in area in the inner portion and the 'lead-out area of the outer
portion of the disc. 23 February 2005 - 85 CLAIMS 1. Any9pthialy fHoscC

medi um conprising a track groove, along 5 which main information is
recorded, wherein: the track groove is g I vided into a plurality of blocks,
t he pIuraIity of bl ocks each include a p rélity of 10 franes, the
plurality of franmes each include one shape of wobbles indicating sub

i nformati on, anong a plurality of prescribed shapes of wobbl es, the

plurality of %l_. ave addr.ess rmation, and the address
i nformation i elgresen dhy? 5e§'ttr°rn& raP | BBsTD JHEBR R o W¥eTs fibe

|nfornatum1rQﬁ#@sbﬂtedtbqomhrnueuabg péadoblfoes egbimpll el, castoNQ QEekhe
plurality of BEMEE; 0 A C c e maccordrngto claim1l
wher ei n: theé plur a Oﬁ ﬁle Pe Eékeg%ﬁ&e%cl%ghg PEPSF | % bhesgecdes, the
plurality of %@E?@#—@tﬁ | @ke X HdheplagaH |Qgem1:16n areas beaﬁtdaaa!i t;._lﬁgtg@l@r ess

| nformalg on | Mee SRS dndiv S HHd a1l AR YR Ma2es Of Rl

I nformation reti)resented by the shape of wobbles o
plurality of ¥h&Rdeck Hraade reagifnamar @f@-ﬁﬁmgeslaororsayﬁﬁnalwn

optical di sc detkrnincsgr thaobleck! 30y MKIBd only a sector group
including a plurality of sectors in the block, post-
processin_g (data read, data recording, etc.) can be
: ) 10 prerformed guickly.

The block ID is repeated a plurality of times in one
block. Thqs, the reading reliability of the block ID can
be enhanced.

15

In a lead-in area and a lead-out area, the disc
management information is indicated by sawtooth-shaped
wobbles formed in advance. Thus, the same tracking system
can be used for the entirety of the disc. The optical disc

20 apparatus can be simplified.

The wobble frequency 1s made different between the
lead-in and lead-out areas and a recording and reproduction
area. The disc management area can be efficiently recorded

25 in limited areas of the lead-in area in the inner portion
and the lead-out area of the outer portion of the disc.



at least one of the plurality of blocks includes a plurality of pieces of
address information, the plurality of pieces of address information are 23
February 2005 - 86 identical, and the plurality of pieces of address
knformation are each represented by the string of the apsFegshrydtespi ece
of sub information. 5 4. An optical disc nediumaccording to claimS3,
wherein the plurality of pieces of addregg information each include an
order nunber, and the order nunber indicates an order of the respective
pi ece of address information anong the 10 plurality of pieces of address
information. 5. An optical disc nediumaccording to claim11, wherein the
address information is represented by a plurality of bits, and the
plurality of bits are represented by the at |east 15 one string of sub
information froma lower bit to a hi ghe€CLABMS. 6. An optical disc nedium
according to claim1l1, wherein: the plurality of blocks each include a
plurality of 20 sectors, the plurality of sectors include the plurality of
frames, the addred® PRELFRAIGISGF Medivp, LMRBES YT EhEtack dreaye ,oatongri ng

included Bn thghpkHr hithy 18FosRELEHH, i8N¢ecd2dkll Or Mation indicating an
order of the sector armﬂg thg_pl urality of sectors is represented by a
portion of the at |ea¥Pc5ft™piece of sub information. 7. An optical disc
medi um according to cl the trasckeprbbvelQds nfiarimid omiddi Gaihreh fty! 8aSt
one of an erroElggkggtl'on

the plurality of blocks each include a plurality of

_“} 10 frames, '

) the plurality of frames each include one shape of
wobbles indicating sub information, among a plurality of
prescribed shapes of wobbles,

the plurality of blocks each have address

15 information, and ‘ o
the address information is represented by a string
of at least one piece of sub information represented hy the

shape of wobbles of at least one of the plurality of frames.

20 2. An optical disc medium according to claim 1, wherein:
the plurality of blocks each include a plurality of
sectors,
the plurality of sectors include the plurality of
frames, and
25 the address information is represented by a string
of at least one piece of sub information represented by the
shape of wobbles of at least one of the plurality of frames
included’in at least one of the sectors.

30 3. An optical disc medium according to claim 1, wherein:
at least one of the plurality of blocks includes a

plurality of pieces of address information,
. the plurality of pieces of address information are



code and an error correction code is represented by a portion of the at

| east one piece of sub information. 23 February 2005 - 87 8. An optical

di sc nmedi um according to claim 1, wherein the track groove has an
identification mark provided therein indicating a |eadi pgremndagfooeach of
‘the plurality of blocks. 5 9. An optical disc mediumaccording to claim S8,
wherein the identification mark is provided by cutting off the track
groove. 10. An optical disc medi um accor &i g toclaim8, wherein 10 the
identification mark is provided by locally varying a wdth of the tracking
groove. 11. An optical disc medi um according to claim@8, wherein the

identification @ \ﬁ[ded by locally varying an 15 anplitude of the
shape of wobbl es. An optical disc nmedium according to claim1l1, wherein

the plurality of shapé@eopl\mblbibs mfupmmsaofﬁ natirekapenteimueRbhes-and a
second shape @f g t. 20. fromeach other in at |east
one of a risi %adgf%pgﬁswgn%ﬁ %&etﬁ | r?gtr’-"% %} -8 RF irAgt r%‘i‘esﬂéﬁ‘éeof
wobbl es and t R& S dad i osmasd.osf. wobbl es |nd| cate different pieces of sub
i nformatison fromeach other. 25 13. An optical disc nmediumaccording to
claim1l1, wher the plurality of shapes of wobbles include a first shape
of wobbl es an aAé’eBBﬁgci‘iH G agcoRiingate alifimreBenwhetedm €6

other in a dupjuratliry aﬁcbidseeéudﬁtadm@@% ehropnldlieh a0yt ig-366a"d, shape

of wobbles in e er ent pi eces of sub rnformatron Trom ea

ot her. 14. Ang’op 5’1%’" &e AEG %?F. FaOLOrd REMbS T IQ1dhcR t amhetei ardeheos

plurality of §h&pesesp‘iecvhbtd epiace psﬂ)vadeﬁlega QM SIS Fon FRRLYY YegQ0°
) 10 plurality of pieces of address information.

5. An optical disc medium according to claim 1, wherein the
address information is represented by a plurality of bits,
and the plurality of bits are represented by the at least

i5 one string of sub information from a lower bit to a highex
bit.

6. An optical disc medium according to claim 1, wherein:
the plurality of blocks each include a plurality of
20 sectors,

the plurality of sectors include the plurality of
) frames,
the address information is represented by the at
least one string included in the Plurality of sectors, and
25 information indicating an order of the sector among
the plurality of sectors is represented by a portion of the
at least one piece of sub information.

7. An optical disc medium according to claim 1, wherein

30 information indicating at least ane of an error detection
code and an error correction code is represented by a portion
of the at least one pilece of sub information.



88 of the track groove. 15. An optical disc nmediumaccording to claima1,
Wwherein the track groove includes an identification nmark indicating 5 at
| east one of a leading end and a trailing end of the at |east one string
of sub information. 16. An optical disc med~- maccordin 5,
wherein: at |east one of the plurality of bl ocks |ncludg%%§bﬁﬁ #%%allty
of the at |east one string of sub information, the identification mark

i ndi cates a | eading end of the at |east ohe string of sub information, and
the identification mark has an identical shape with another |dent|f|cation
mark in the at Ieast one string of 15 sub infornation in one bl ock. 17. An

optical disc erein one, of the
plurality of b oc ‘?ﬁffé%les a pwg?‘gllﬁl}?c%?%gto F%ﬁ%{“ IHEBe sub
i nformati on, Z@apkegréenelhaeaanomdﬁatkfnudtmanemaaklpadvmgeandhafelhhe at
| east one stri batSH | i fd on mark
has a dlfferen?adghgpg Pf%%%?ﬁé ?Lape g%%fL Qﬁ%d&ﬁ??%?%ﬁ%f%%B;éngrn t he
at | east one string of sub information in one bIock 25 18. An optical disc

medi um aceor di By A ShRIFRL AL SHRERE A, aé&era ?Eéﬂnoé‘ we‘ﬁ: &kaﬁat es a

trailing end- Qf, the at |east one string ormation,
|dentlflcatlonlﬁﬁpﬁlﬁécFB%ﬁ%dmﬁﬁkcbﬁbPﬁPﬁbdﬁd Bﬁ @PFEinghaﬁé bhembbbﬂhs and
a second shapegebowabbl es which are different fromeach other in at |east
one of a rising gradient and a falling gradient with a third shape of
wobbl es which is a sine wave shape. 23 February 2005

10. An optical disc medium according to claim 8, wherein

") 10 the identification mark is provided by locally varying a
width of the tracking groove. ‘

11. An optical disc medium according to claim 8, wherein
the identification mark is provided by locally varying an
15 amplitude of the shape of wobbles. '

12. An optical disc medium according to claim 1, wherein
the plurality of shapes of wobbles include a first shape
of wobhbles and a second shaipe of wobbles which are different
20 from each other in at least one of a rising gradient and
a falling g;adient, and the first shape of wobbles and the
second shape of wobbles indicate different pieces of sub
"_} : information from each other.

25 13. An optical disc medium according to claim 1, wherein
the plurality of shapes of wobbles include a first shape
of wobbles and a second shape of wobbles which are different
from each other in a duty ratio, and the first shape of
wobbles and the second shape of wobbles iﬁdicate different

30 pieces of sub 1nformation from each other.

14. An optical disc medium according to claim 1, wherein
the plurality of shapes of wobbles are provided on one edge



- 89 19. An optical disc nediumaccording to claim15, wherein: at |east
one of the plurality of blocks includes a plurality of the at |east one
string of sub information, 5 the identification mark indicates a trailing
end of the at |east one string of sub information, and phechggRtadoscati on
mark has an identical shape with another identification mark in the at

| east one string of sub information in one block. 10 20. An optical disc
medi um according to claim15, wherein: = 86 Ireast one of the plurality of

bl ocks includes a plurality of the at |east one string of sub information,
the identification mark indicates a trailing end of 15 the at |east one
string of sub 'nLornation, and at | east one identification mark has a

di f f erent shﬁ%e ReokFRAE gRABY¥eef another identification mark in the at

| east one string of sub information in one block. 20 21. An optical disc
medi um accord wherein_ the identification mark is provided

| ng 1o clai.m 8, .
by cutting of#‘ga ‘bﬂrf’?%f‘rca@f dispaRadiumeeroadiageio sdaimis ofherecin r ack
groove. 22. Avhepitriaxat giosventt: LUAES oy ﬂaaﬁtieiéh%&%%ﬁaﬂé*l‘?{d‘?ﬂd(}ti the
identifigatio égstsm?éoov %e%b)é%%uttl ng off a | and between adjacent
portions”of the Track groove? 283ARGFRAaPd RsErabying ardop®ithe &k cl ai m
15, wherein Léagteoheegbeing dimubdahformateesr.ded on the 30
identification nmark. 24. An optical disc nmediumaccording to claim1,

wherein the nunber of pieces of sub information indicating a | ower 23
February 20051¢- obn eptlerl iHesaaedess antordinigonoi slamnges, Whnirdihe:

ng_nber at least one of the plurality of blocks includes a
) 10 plurality of the at least one string of sub information,
the identification mark indicates a leading en;i of
the at least one string of sub information, and
the identification mark has an identical shape with
another identification mark in the at least one string of
15 sub information in one block.

17. An optical disc medium according to claim 15, wherein:
at least one of the plurality of blocks includes a
plurality of the at least one string of sub information,
20 the identification mark indicates a leading end of
the at least one string of. sub information, and
: } at least one identification mark has a different
shape from the shape of another identification mark in the
at least one string of sub information in one block.
25 '
18. An optical disc medium according to claim 15, wherein:
the identification mark indicates a trailing end of
the at least one string of sub information, and
the identification mark is formed by combining a
30 first shape of wobbles and a second shape of wobbles which
are different from each other in at least one of a rising
gradient and a falling gradient with a third shape of wobbles
which is a sine wave shape.



of pieces of sub information indicating a higher bit of the address

i nformation. 5 25. An optical disc nmedium conprising a recording
reproduction area and a di sc nanagenent area, wherein: the recording
reproduction area includes a first track groove, along pbiFebruaBj 2005
information is recorded, the disc nanagenent area includes a second track
10 groove provided in at |east one of am iggner area and an outer area of
the optical disc nedium the second track, groove includes a plurality of
prescri bed shapes of wobbles, and the nmanagenment information of the optical
disc 15 nmediumis represented by a conbipation of the plurality of

prescri bed shapes of wobbles. 26. An optical disc nediumaccording to claim

25, wherein t pl yr.al i rescrihed shapes,of wobbles jnclude a first
20 shape of woggl'es nabtg'y"ggé'o e € g 5d gy & g’ﬁaé’égvﬁﬂ ‘Eitfra&F‘e“q'dWPFE?éﬂf from
each other in at |eastat leéasheng adi the phdrakdital of nlemiadiigetndasdaa
third shape of l=CRI.S - +a 48l e e. 25 27. .An optical disc
nediun1accordiﬂgﬁ?§h§?§?%?2ngwﬁgr%?hg% pﬁé F?E@ggfPiofuér68£8r$ﬂt$ﬁﬁes t he
pluralitysof prescri bthesitgrsiticatigs merkaimdldetes @berabl isdandsodf
wobbl es indi cathR054- Bhbstl BLQr BREERAR L diff La.the disc managenent
area 30 conpared ?o In fhe recprg?n andgpép?%ggépkgﬁbg(eghazs. An opti cal
di sc medi um accor di ng theddanhibicaiaremark har apy identiagk srapevei th
i ncludes the phbbdhbiyi@énE3rieltuah m@PP5%in SHe 4 A3EtbedeSHaPERy%s
wobbl es, and the fir trtr%gk groove ang t he second track groove
sub information™in one block.
} 10 . _
- 20. An optical disc medium according to claim 15, wherein:
at least one of the plurality of blocks includes a
plurality of the at least one string of sub information,
the identification mark indicates a trailing end of
15 the at least one string of sub information, and
at least one identification mark has a different
shape from the shape of another identification mark in the

at least one string of sub infdrmation in one bliock.

20 21. An optical disc medium according to claim 8, wherein
the identification mark is provided by cutting off a portion
of a land between adjacent portions of the track groove.

22. An optical disc medium according to claim 15, wherein
25 the identification mark is provided by cutting off a land
between adjacent portions of the track groove.

23. An optical disc medium according to claim 15, wherein

single freguency dummy data is recorded on the
30 identification mark.

24. An optical disc medium according to claim 1, wherein

the number of pieces of sub information indicating a lower



are different fromeach other in the frequency of the shape of wobbles. 5
29. An optical disc nediumaccording to claim25, wherein: the first track °
groove includes the plurality of prescribed shapes of wobbles, and the
second track groove has a larger anplitude of 10'the sh nmﬂﬁ@les
than that of the first track groove. 30. An opti cal discggggP@%1according
to cladim?25, wherein adjacent portions of the second track groove have a
constant phase difference in the shape ® wobbles of n/2 x (2n + 1), 15
where n is an integer. 31. An optical disc mediumaccording to claim 25,
wherein the second track groove has a larger track pitch than that of the
first track q;pove. 20 32, _An optical disc nediumaccording to claimS8,

wherein t he RHen®F f FRat dddress idniommatier oisylaB8eF nkhan phlhe enumbeat

| east one shape mifecwbhiresub mifamdricdk @Al 3hidRePRii€dr dhac

medi um accordi$ to cla%m 8 X\,herei n the identification mark 1s provided

by varying a ¥ %ﬁ%ﬁﬁcw OFMAEiPRast one shape of wobbles in the track

groove. 34. An optical disc nmediumaccording to claiml, wherein 30 the
are proyided at an .identical perigd. 35. An

8:0H g;: t%i SI: %%gg%gt Sép{%.?a r g;anlosa“uci% %\‘F\mopt?Wrﬁl%br%a@gﬁeﬁgip%z
di sc nmedi um N¢bpredictionesren tant ka glbseenanhgemenhi sheani wheicgfiarmat i on
ok e et Ty BE AOSEO U ST LI Py B Ll
plurality of ¥FaFesgk@e¥e. along which main information is recorded,
the disc management area includes a second track
“) 1o groove provided in at least one of an inner area and an outer
. area of the optical disc medium,
the second track groove includes a plurality of
prescribed shapes of wobbles, and
the management information of the optical disc
15 medium is represented by a combination of the plurality of
prescribed shapes of wobbles.

26. An optical disc medium according to claim 25, wherein
the plurality of prescribed shapes of wobbles include a first
20 shape of wobbles and a second shape of wobbles which are
different from each other in at least a rising gradient and

‘, a falling gradient, and a third shape of wobbles which is
) a sine wave shape.

25 27. An optical disc medium according to claim 25, wherein:
the first track groove includes the plurality of
prescribed shapes of wobbles, and
the number of shapes of wobbles indicating 1-bit
inforr_nati_on is different in the disc management area
30 compared to in the recording and reproduction area.

28. An optical disc medium according to claim 25, wherein:
the first track groove includes the plurality of



5 include one shape of wobbles indicating sub information, anong a
plurality of prescribed shapes of wobbles, the plurality of blocks each
have address information, and the address infornmation is represented by a
string of at least one piece of sub information represepsedhtigntdp@sshape
of 10 wobbles of at |east one of the plurality of frames, the optical disc
apparatus conprising: a conversion sectiroflfer reading the main

i nformati on and the sub information fromthe optical disc nediumand
generating a reproduction signal; 15 a reproduction signal calculation
section for generating _a TE signal and an RF signal froma reproduction
signal ; a ref ePEREETEPEEK SBppAE| oferebhdlesn sadtion for generating a

ref erence cl ock signal | el -sliced | se si gnal
generation section_f rt-ﬁégﬂle%%?it%cgd 9§§L§W?s$?§e%}¥%3ﬂje§?%df§r’f£%"‘r E5RCYRe TE
signal: a bl oBkent f%lr“%ﬁ’alfr&& gefhrithes tinheof relguenty mf thekhapenar k
signal fromthefRRoBbgsal.; and a sub information generation section for
generating 25 a sub information signal fromthe reference clock signal
the level=sliced pul se signal and the block mark signal. 36. A nethod for
reproduci ng an28pt Anabptiisal mHdicumeddinCicebieingeso 18k 59" PR 10N
whi ch main infornationFﬁé E@E% corded, mherei{%é e track groove Is divi ded
into a plurality of brocks., 1he plurairty’ of et Pherglbty gof

plurality of fpPE@8Sribed phapes el wibblespsaedch include one shape of
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wobbl es i ndi cating subehf QI OB 2 .
pIuraIitY of prescribed shapes‘%?ﬂﬁb@g@esP thaﬁlﬁr frggr amplitude of
) (o} the shapes of wobbles than that of the first track groove.

30. An optical disc medium according to claim 25, wherein

adjacent portions of the second track groove have a constant

phase difference in the shape of wobbles of /2 x (2n + 1),
15 where n is an integer. '

31. An optical disc medium according to claim 25, wherein
the second track groove has a larger track pitch than that
of the first track groove.
20 _
32. An optical disc medium accoxding to claim 8, wherein
the identification mark is provided by varying a phase of
%7} at least one shape of wobbles in the track groove.

25 33. An optical disc medium according to claim 8, wherein
the identification mark is provided by va.r'ying a frequency
of at least one shape of wobbles in the track groove.

34. An optical disc medium according to claim 1, wherein
30 the plurality of shapes of wobbles are provided at an
identical peripd.

35. An optical disc apparatus for reproducing an optical



of bl ocks each have address information, and the address information is
represented by a string of at | east one piece of sub information
represented by the shape of wobbles of 5 at |east one of the plurality of
frames, the nethod conprising the steps of: reading theogigr.RffyoFaLi ON
and the sub information fromthe optical disc nediumand generating a
reproduction signal; 10 generating a FEsA gnal and an RF signal froma
reproduction signal; generating a reference clock signal fromthe TE
signal; generating a |level-sliced pul se signal fromthe TE 15 signal:
detecting a block mark signal fromthe RF signal; generating a sub

i nf ormati on sidjmsad médbomt whictefiectndesch aglack gpabvet, heldmy ehishi metn pul se

signal and 2%%%:&8.%‘% E@rﬁéciz%ea& . Wherein the track groove is divided

into a plurality of blocks, the plurality of blocks each

include a plurality of frames, the plurality of frames each

5 include one shape of wobbles indicating sub information,

among a plurality of prescribed shapes of wobbles, the

pluralitf of blocks each have address information, and the

address information is represented by a string of at least

one piecé of sub information represented by {:he shape of

10 wobbles of at least one of the plurality of frames, the
A } optical disc apparatus comprising:

a conversion section for reading the main
information and the sub information from the eoptical disc
medium and generating a reproduction signal;

15 a reproduction signal calculation section for
generating a TE signal and an RF signal from a reproduction
signal;

a reference clock signal generation section for
generating a reference clock signal from the TE signal;

20 a level~sliced pulse signal generation section for
generating a level-sliced pulse signal from the TE signal:

a block mark signal detection section for detecting

) a block mark signal from the RF signal; and

a sub information generation section for generating

25 a sub information signal from the reference clock signal,
the level-sliced pulse signal and the block mark signal.

36. A method for re.producin:q an optical disc medium, v-vhich
includes a track groove, along which main information is
30 recorded, wherein the track groove is divided into a
plurality of blocks, the plurality of blocks each include
a plurality of frames, the plurality of frames each include
one shape of wobbles indicating sub information, among a
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plurality of prescribed shapes of wobbles, the plurality
of blocks each have address infc;mation, and the address
information is represented by a string of at least one piece
of sub information represented by the shape of wobbles of
at least one of the plurality of frames, the method
comprising the steps of:
réadingthenmininformationandthesubinformation
from the optical disc medium and generating a reproduction
signal; '
generating a TE signal and an RF signal from a
reproduction signal;
generating a reference clock signal from the TE

signal:

generating a level-sliced pulse signal from the TE
signal:

detecting a block mark signal from the RF signal;
and

generating a sub information Signal from the
reference clock signal, the level-gsliced pulse signal and
the block mark signal.



