1 March: 2005 DESCRI PTI ON OPTI CAL DI SC MEDI UM OPTI CAL DI SC PLAYBACK AND
RECORDER 5 TECHNI CAL FI ELD The present invention rel ates to1aaréptdosal di sk
on which information (e.g., digital video information) can be stored at a
hi gh density. 10 BACKGROUND ART In recent years, the recording density of
optical disk nedia goes on increasing. On an optical disk nmedium a track
~groove has normall'y been formed in advance and a recording fil mhas been
formed so as to cover the track groove. Data or information is witten by
the user on the recording film al k 15 groove, i.e., either on
the track groove or on an area (I@%é'?ﬁ)tﬁéggsed bet ween adj acent parts of
the track groove. The track groove is forned so as to wobble just like a
sine wave and a clock signal is generated in accordance with a wobble
period. Synchronously with this clock si user data is witten on, or
read out from the recordi ng OATHCALDIEE ﬂhﬁmb' Mdata at a predeterni ned
position on an optical disk, address information (positional information),
i ndi cating physical | MIMSDBCHM\(BAGK&HNH&CORMS to be allocated
to, and recorded at, respective sites on the optical disk while the disk

I s beisng manufactured. Normally, an address is allocated to a series of
areas that are arranged along a track groove and have a predeterm ned

| ength. 25 There are various netregdsnicAL F@_qjdl ng such address information
on an optical 1

The present invention relates to an optical disk on which information (e.g.,

digital video information) can be stored at a high density.

10 BACKGROUND ART

In recent years, the recording density of optical disk media goes on
increasing. On an optical disk medium, a track groove has normally been formed in
advance and a recording film has been formed so as to cover the track groove.
Data or information is written by the user on the recording film along the track

15 groove, i.e., either on the track groove or on an area (land)‘interposéd between
adjacent parts of the track groove.

The track groove is formed so as to wobble just like a sine wave and a clock
signal is generated in accordance with a wobble period. Synchronously with this
clock signal, user data is written on, or read out from, the recording film.

20 - To write data at a predetermined position on an optical disk, address
information (positional information), indicating physical locations on the optical disk,
needs to be allocated to, and recorded at', respective sites on the optical disk while
the disk is being manufactured. Normally, an address is allocated to a series of
areas that are arranged along a frack groove and have a predetermined length.

25 There are various methods for recording such address information on an optical




1 March 2005 disk. Hereinafter, a conventional nethod for re [ '
address on an optical disk will be described. Japanese Laid;%;gh;%san
< Publication No. 6-309672 discloses a disk storage mediumon which a
wobbling track groove is discontinued |ocally so that an 5
address-dedi cated area is provided for the discontinued part. Pre-pits
‘representing address information recorded, are fornmed on the ,
address-dedi cated area on the track groove. This optical disk has a
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(for wif on thereon) coexi st on the same track gr
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Japanez‘% [k_al.[gE)Open rPUb4 ication No. 5-189934 discloses an opti gal di sk on
whi ch ak wdlkbe de3eTGd-on i s recor ded by changi ng the wobbl e frequency of a

track groove. In an optical disk |ike thi - '
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Publ i catniediuniNoon %Mﬁ.‘ﬁ%%@@lﬁgog@% SIS ;%&Ipscgpgﬁu%&slog\#lﬁfc ﬁofﬁ'@P dts are
formed between adjacent parts of a track groove. These pre-pits represent
the adds@ssss-Gedicarid carcnedsr peovidathefor e | dissontipead opadpt i EAE-RiPsks have

the followi ng problens to be solved for the purpose of further increasing

the recordiintfgnaddryss Rfofmhation, rezdrded, dradooped cal thi atdress-Wiedisatedidr ess
information 1s recorded as pre- bits within the address-dedi cated area on

the tra = " . . .
. 2, &h takk ?ﬁjoodé‘fe"l'h%ag tic2f GlskShad 8 steeture ihhehielldhe addasdt cat ed
area and the grgefa are€a should bepreduced di sadvant ageously. As a resul '?,
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for the" ecording an address thereon by nodul ati ng

on the same track groove.

| 10 Japanese Laid-Open Publication No. 5-189934 discloses an optical disk on
which address information is recorded by changing the wobble frequency of a track
groove. In an optical disk like this, an area on which the address information is |
recorded and an area on which data will be written are not separated from each
other along the track.

15 Ja-panese Laid-Open Publication No. 9-326138 discloses an optical disk on
which pre-pits are formed between adjacent parts of a track groove. These pre-pits
represent the addréss information recorded.

These various types of optical disks have the following problems to be
solved for the purpose of further increasing the recording density.

20 First, as for the optical disk on which address information is recorded as pre-
bits within the address-dedicated area on the track, a so-called “overhead”™ occurs
to secure the address-dedicated area and the data area should be reduced

disadvantageously. As a result, the storage capacity available for the user has to be

reduced.

25 Next, as for the optical disk for recording an address thereon by modulating




. 2 1 March 2005 the wobbl e frequency of the track, a wite clock signa
cannot be generated precisely enough. Oiginally, the wobbk @i sdtg track
groove is created mainly to generate a clock signal for establishing
synchroni zation required for read, and wite operations. Were the wobble
frequency is single, a clock signal can be generated highly 5-precisely by
getting a read signal, having anplitude changing with the wobbl e,
synchroni zed and nultiplied by a PLL, for exanple. However, if the wobble
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On the ot her hand, Wnere the recording filmformed on the optical disk is a
phase- chaMagref therwobble frauency, issingles a edenkdsignal icam bayganesaied highly
decreased 15 SNR as the data stored on the filmis altered repeatedly. If

t he wabblpecdigaly)bgnggtting siregesighdie havingeampiitudsecianghice withnthaalblobblesi ng a
band-pass filter having a narrow band. However, if the wobble frequency
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result, t noi se components are nor e ely contained and the jitter
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10 case, the PLL cannot sufficiently follow up the jitter of a disk motor or a jitter resulting
from the eccentricity of a disk. Thus, some jitter might remain in the resultant
recording signal.
On the other hand, where the recording film formed on the optical disk is a
phase-change film, for example, such a recording film may result in a decreased
15 SNR as the data stored on the film is altered repeatedly. If the wobble frequency
is single, the noise components are removable using a band-pass filter having a
narrow band. However, if the wobble frequency has been modulated, the filter
should have its bandwidth broadened. As a resuit, the noise components are
much more likely contained and the jitter might be further worsened. It is expected
20 that the recording density will be further increased from now on. However, the
higher the recording density, the narrower the allowable jitter margin will get.
Accordingly, it will be more and more necessary to minimize the increase in jitter
by avoiding the modulation of the wobble frequency.
In the structure in which the pre-pits representing the address information

25 recorded are formed between adjacent parts of the groove, it is difficult to form




25 recorded are formed between adjacent parts of the groove, it is
difficult to form3 1 March 2005 | ong enough pre-pits in sufMaedterggsy | arge
nunbers. Accordingly, as the recording density is increased, detection
errors mght increase its nunber. This is because if large pre-pits are
formed between adj acent parts of the groove, then those pits will affect
adjacent parts of the track. In order to solve the problems described
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the pres track groove. On the optical disk medium
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According to one as the presen |nvent|on there is prOV|ded an

optical di sk ggdhum, Bf HRENhY SRR is! { é%x&ﬁi%"ﬁeg{@ 8Hd‘(’)%4\}:l GPa h F”at on

is recorded along t rack gr oove, mher gro |nc es a
plural i t,8hg an address that has been recorded on the optical disk medium.

DISCLOSURE OF INVENTION

An optical disk medium according to the present invention includes a track
groove. On the optical disk medium, information is recorded along the track groove.
The track groove includes a plurality of unit sections that are arranged along the
track groove and that have side faces displaced periodically along the track groove.

| The side faces of the unit sections are displaced in a single fundamental period.
Subdivided information allocated to each said unit section is represented by a
combination of wobble patterns to be selected from multiple types of wobble
patterns that are defined so as to correspond to respective signal waveforms that
rise and fall mutually differently.

According to one aspect of the present invention, there is provided an
optical disk medium which comprises a track groove and on which information is
recorded along the track groove, wherein the track groove includes a plurality of
unit sections that are arranged along the track groove and that have side faces

displaced periodically along the track groove, and wherein the side faces of the




unit sections that are arranged along the track groove and that have side
faces displaced periodically along the track groove, and WnefseiH2dgse Si de
faces of the 4 1 March 2005 unit sections are displaced in a single
fundanmental period, and wherein subdivided infornmation allocated to each
the unit section is represented by a conbination of .wobble patterns to be
selected fromnultiple types of wobble patterns that are defined so as to
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Whi ch pQgitfcbPidlk medium which comprises a track groove and on which positional

information indicating a physical location on the track groove is represented by a

wobble shape of the track groove, wherein the optical disk medium includes a

plurality of positional information units that are arranged on the track groove, and
wherein each said positional information unit includes: a positional information
section that represents the positional information by a combination of wobble
patterns to be selected from multiple types of wobble patterns that are defined so
as to correspond to respeciive signal waveforms that rise and fall mutually
differently; and a sync mark section having a wobble pattern in a shape
distinguishable from the wobble patterns of the positional information section.
According to another aspect of the present invention, there is provided an
- optical disk medium which comprises a track groove and on which positional
information indicating a physical location on the track groove is represented by a
wobble shape of the track groove, wherein the optical disk medium includes a
plurality of positional information units that are arranged on the track groove, and

wherein each said positional information unit includes: a positional information
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i nformation indicating a physical |ocation on the track groove is
represented by a wobble shape of the track groove, wherei n1 paecromioscal

di sk nmediumincludes a plurality of positional information units that are
.arranged on the track groove, and wherein each said positional information
unit includes: a positional information |1 March 2005 section that
represents the positional information by a conbination of wobble patterns
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to anot her aspect of the present 1nvention, there Is prov
~optical disk medium which comprises a track groove and on which information is

recorded along the track groove, wherein the track groove includes a plurality of

unit sections that are arranged along the track groove and that have side faces
displaced periodically along the track groove, the side faces being defined so as to
correspond to respective signal waveforms that rise and fall mutually differently,
and wherein the side faces of the unit sections are displaced in a common period,
and subdivided information allocated to each said unit section is represented by a
shape given to the unit section, and wherein management information is
represented by a combination of the subdivided information.

According to another aspect of the present invention, there is provided an
optical disk medium which comprises a track groove and on which information is
recorded along the track groove, wherein management information of the optical
disk medium is represented by a wobble of the track groove.

According to another aspect of the present invention, there is provided an

optica'l disk medium which comprises a track groove on a recording surface thereof
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optical disk nmedi um which conprises a track groove and on which information
Is recorded along the track groove, wherein nmanagenent i nfofaedd osof the
optical disk nediumis represented by a wobble of the track groove.

Accordi ng to anot her aspect of the present invention, there is provided an
optical disk nmedium which conprises a track groove on a recordi ng surface
thereof 4b 1 March 2005 and on which information is recorded al ong the
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each sai d bl ock having a predetern1ned | engt h, and where an identification
mark, if8fating the beginning of each said block, is provided on the
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block, is provided on the track groove, wherein writing is started before the
identification mark, located at the beginning of at least one block on which the
signal should be written, is reached and wherein the writing is ended after the
identification mark, located at the end of the at least one block on which the signal
should be written, has been passed.

According to another aspect of the present invention, there is provided a
.method for writing a signal on an optical disk medium, which comprises a track
groove on a recording surface thereof, on which information is recorded along the
track groove on a block-by-block basis, each said block having a predetermined
length, and where an identification mark, indicating the beginning of each said
block and including a plurality of sub-marks, is provided on the track groove,
wherein writing is started after the first one of the sub-marks, included in the
identification mark located at the beginning of at least one block on which the
signal should be written, has been detected, and wherein the writing is ended after
the last one of the sub-marks, included in the identification mark located at the end

of the at least one block on which the signal should be written, has been detected.
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| engt h, and where an identification mark, indicating the beginning of each
said block and including a plurality of sub-marks, is proviggersboshe
‘track groove, wherein witing is started after the first one of the
sub-marks, included in the identification mark |ocated at the begi nning of
at | east one block on which the signal should be witten, has been

det ect ed, and wherein the witing is ended after the |last one of the
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a plurali sectl ons are arran
identified by comparing the number of times the first wobble pattern has been

detected from the unit section with the number of times the second wobble pattern
has been detected from the unit section.

According to another aspect of the present invention, there is provided an
apparatus for reading subdivided information from an optical disk medium, which
comprises a track groove and on which information is recorded along the track
groove, the track groove including a plurality of unit sections that are arranged
along the track groove and that have side faces displaced periodically along the
track groove, the side faces of the unit sections being displaced in a single
fundamental period, the subdivided information allocated to each said unit section
being represented by a shape given to the unit section, the side faces of each said
unit section being displaced according to a pattern to be selected from first and
second wobble patterns that have the same fundamental frequency but mutually
different shapes, wherein the apparatus comprises: an optical head, which

. irradiates the optical disk medium with light and generates an electric signal
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‘al ong the track groove and that have side faces displaced periodically
along the track groove, the side faces of the unit secti onfpaeHE05

di splaced in a single fundanental period, the subdivided information

all ocated to each said unit section being represented by a shape given to
the unit section, the side faces of each said wunit section being displaced
according to a pattern to be selected fromfirst and second wobble
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unit secghions that are arranged along the track groove and that have si de

faces displaced periodically along the track groove, the side faces of the

unit section I | a r i

subdi vi ded i %%?’n%‘ SEH.I oca?%%c?g? é@gﬁ?g%%rgqqﬁ%?%?ég?% "SO&OVME@ an
apparatus for reading subdivided information from an optical disk medium, which

comprises a track groove and on which information is recorded along the track
groove, the track groove including a plurality of unit sections that are arranged

along the track groove and that have side faces displaced periodically along the

track groove, the side faces of the unit sections being displaced in a single
fundamental period, the subdivided information allocated to each said unit section
.being represented by a shape given to the unit section, the side faces of each said
unit section being displaced according to a pattern to be selected from first and
second wobble patterns that have the same fundamental frequency but mutually
different shapes, wherein the apparatus comprises: an optical head, which
irradiates the optical disk medium with light and generates an electric signal
responsive to part of the light that has been reflected from the optical disk medium;
read signal processing means for generating a wobble signal, which has amplitude
changing with the wobble pattern, from the electric signal; timing generating means
for generating a timing signal that defines a timing at which the wobble signal rises,

timing at which the wobble signal falls and a timing at which the subdivided
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bei ng represented by a shape given to the unit section, the side faces of
each said wunit section being displaced according to a pattejardiordes
selected fromfirst and second wobble patterns that have the sane
fundanmental frequency but nutually different shapes, wherein the apparatus
conprises: an optical head, which irradiates the optical disk nediumwth
| i ght and generates an electric signal responsive to part of the |ight
that has been reflected frogmthe optical disk nmedium _read signal
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along the track groove and that have side faces displaced periodically along the

track groove, the side faces of the unit sections being displaced in a single
fundamental period, the subdivided information allocated to each said unit section
being represented by a shape given to the unit section, the side faces of each said
unit section being displaced according to a pattern to be selected from first and
” éecond wobble patterns that have the same fundamental frequer_ncy but mutually
different shapes, wherein the apparatus comprises: an optical head, which
| irradiates the optical disk medium with light and generates an electric signal
" responsive to part of the light that has been reflected from the optical disk medium;
read signal processing means for generating a wobble signal, which has amplitude
changing with the wobble pattern, from the electric signal; timing generating means
for generating a timing signal that defines a timing at which the wobble signal rises,
a timing at which the wobble signal falls and a timing at which the subdivided
information is sectioned; first shape counting means for detecting the first wobble

~ pattern responsive to the timing signal and counting the number of times the first

Af




bei ng represented by a shape given to the unit section, the side faces of

each said wunit section being displaced according to a pattegardh@obs

selected fromfirst and second wobble patterns that have the sane

fundanmental frequency but nutually different shapes, wherein the apparatus

conprises: an optical head, which irradiates the optical disk nediumwth

| i ght and generates an electric signal responsive to part of the |ight
fromthe optical disk nedium ad  sj
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i nfor mt@%n%émgtﬁlgﬁ%eééj%sﬁ '\}é@%&tq ﬂ@r@%ﬁéﬁ%&é@’t@% ?%'téé n@gnts[ngn gg'lneer ating

addr ess de@é@{”@g’f’bgﬁs aha;igtgﬁgﬁaq{n \r/var e&mﬁ?&jn%i?)h the side faces of the track

groove are aced . fnner or outer periphery of the disk
wi th respect 1o GeRGHUPENLBRIMENT B side faces of the track groove are displaced

either toward inner or outer periphery of the disk with respect to a centerline of the
track groove.

In another preferred embodiment, the information is recorded on a block-by-
block basis. Each said block has a predetermined length and includes a number N

of unit sections that are arranged along the track groove.
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track groove. In another preferred enbodi nent, the information is recorded
on a bl ock-by- block basis. Each said block has a predeterm maech 208t h and
i ncludes a nunber N of unit sections that are arranged al ong the track
groove.. 4g | March 2005 In another preferred enbodi nent, part of the side
faces that is shared by at |east two of the unit sections has a constant
di spl acenent peri od W t hin at | east one of the bl ocks. In anot her

EL.GLGLL?? se ﬁga'm et gﬁdo%ra%e f"%rhﬁﬁ%*'agﬁ' b Aes Bt %?atﬁﬂ& 9 §a0h
ol ook 1RSSIEPE I ok 8BrthnTias ABRaNERT abbRbadeR: ké‘@?fi‘@ﬁlﬁﬁ’* W fne”

mformatd qﬁ E)rggp i ncl udes address information of its associated block to
which th J %P ‘ections, where the subdivided information group is

recorded, bel e%gxolﬂ%rrgb r%ﬁ &'Rggdlmn?rb”}gég@%cﬁwgééor offly o aﬂltocat% Ch sai d

N-bit subdi VI |on group rrnc rec ion co

and’ or 49 cBEREIHERhEN, £9°% grd b ARG SERGRSh REPOCL RY'N oA1g T o

correction code or er’ror Ion co as I (0] COI‘I’EC'[ an

error Ofre Haed SRS N el fédi’Bhé% ‘ﬁfée%ii.uﬁgd il a&ﬁ&&d%l&&“”er that |ow order

bits of e error correction or ctron co ave a relatively large

vei ght . 6 1 'Yﬁr%tﬁ&oﬁ ff@rr@@%rﬁ'@édlmeﬁi e 4G sSIPRDIFRNbdiviRRAinRithtBA! €

section has fir
group includes address information of its associated block to which the unit

sections, where the subdivided information group is recorded, belong.




di spl acenent pattern that has been so defined as to nmake a signal waveform
rise relatively steeply and fall relatively gently or a se¢@pRgts2@s

di spl acenent pattern that has been so defined as to make a signal waveform
rise-relatively gently and fall relatively steeply. 7 1 March 2005
According to an enbodi nent of the present invention, an inventive address
reading nethod is a nethod for reading subdivided information from an

iois)t Fecorded B %ﬁ%‘ﬁﬁhﬁ@‘%@ﬁﬁ n%l'ﬂ@‘g@ﬁ!e%l’r%ég? kf%%?@&%@%ﬁ?ﬁ%k?@;%ﬁﬂig? iy
2} dg::‘ 1866 et AR el BoRRLANPESIS ARy Rl ertRte Rl DS (i'ae f%ggs

. . ( ! ; . T
Subdi vi ded i roPneEe FPEErBuPuBBafet. e St B, o Shb irersent e
by a s ha&&e&@)‘ng%&e%%]ﬁs Hﬂflif(yi tﬁé%ﬁe%f"an Ehfor of e aé@%@é irﬁBrrﬁﬁ@rﬁf \rﬁgf%ﬂpldf]' t

section are aced accor 0 a pattern to el ecte I'rst and

second, YRRRLS ARhAL el BRkoeY fid BB LRRRI P abiFRUEE el
a"OCatqgk?ﬁﬁgﬁgﬁgﬁﬁF@h“n't section is identified by conparing a nunber of

times the pattern has been detected fromthe unit section with
a nunber of tinmes the second wobble pattern has been detected fromthe
unit section. 1 March 2005 In a preferred enbodinent, if a difference

bet ween the nunber of tinmes the first wobble pattern has been detected
fromeach said unit section and the nunber of tinmes the second wobbl e
pattern has been detected fromthe unit section falls wthin a
predet erm ned range, then the subdivided information allocated to the unit




section is error-corrected. In another preferred enbodinent, a type of a

gi ven wobble pattern is identified by a gradient of a | eadi gagrdrogosai | i ng
edge of a signal corresponding to the wobble pattern. In another preferred
enbodi ment, the type of the given wobble pattern is identified by
conparing an absol ute gradient value of the | eading edge of the signal to
an absolute gradient value of the trailing edge thereof. 9 1 March 2005 In
a preferred enbodi ment, the optical disk nediumincludes a precision
positioning mark section ahead of each said positional information section.

I n anot her preferred enhodi nent he preci,sion positiani mar ection is
i eposed atinyaetEer PP arnbodieck 85y AR BRRIsechPh e A disCEe
anot her preferred enbodi t, the precisign positioning mark section has a
Sobbl o RIEERMERt GAGHABaUAs bGR ReHAIMEHOR TRKS ADENY WAYTEIT 6P 1 e
sync mark, section. In anpother preferred enbodi nent, th reci sion
posi t i orfEIRYVRkY Kesplytanshf a@?atﬁ}élyagﬁbtﬁbpé ap3RoBENSIfle C{@.&Slgﬁ ent pattern
di stingui shable fromthe wobble patterns of the paqgsitional information
sect i on.thahhasbeassopielinedr asitamsake asianal wayvafosay dsqipiptively gendly andn t he
positional information section includes: a first part having a snmooth sine
~wave shdpbrelahivelysteepliond part in which a di sk-inner-periphery-oriented
di spl acenent and/or a disk 15 outer-periphery-oriented displacenent
have/ has a shape steeper than the part having the sine wave shape. In

anot her preferred enbodi nent, the wobble pattern in the sync mark section
includes the first part and/or the second part.




I n another preferred enbodi ment, the precision positioning mark section 20
includes an identification mark for use in precision positipgarg 2008

anot her preferred enbodi nent, the identification mark is a mrror mark that
has been fornmed by discontinuing a part of the track groove. |In another
preferred enbodi nent, the mrror mark is disposed at the second through
fourth period parts of the wobble pattern in the precision positioning mark
25 section. 10 1 March 2005 In another preferred enbodi ment, the wobble
pattern in tHEEFERgsio@N gBbedigMgohdhr BERSENbNNERtien, sPhe MBIV hape.

I n anot her preferred enbodiment, in each said positional inforpation unit,
the pr@ddsessnrapsing mathed isarmetns fosreading '-istbﬁl\ﬂqi%m foraiigmEPMmANsect i on
and the sync 5 mark section are arranged in this order. In another

pr ef er r eptisabdigk raediuma wiishiasluded lBotrck armave ard nswhicheisformatian/igr i t e
uni't, includes a nunber L of the positional information units (where L is a
nat ur al recerided)along thaotrae gpoeveerThel trekogrionratinciudes ra qburalitygob ot k
corresponds to a data to unit that constitutes an error correction code.

| n anot sectipneftbalr ate artarngiede atongwtha itragkogrooke ard dhat havbl side facesi t her
started or ended behind a start point of the precision positioning mark
sect i on displacedppedmdiezlly aledgltbadtdrk gnomaolhe sige Efoesrafdhe mnitdserdions
witing on the recording block is either 15 started or ended behind the

m rror rameldispyacedinedsinglerfundameatsd period NTlae subdivideddhformatoe stiocktegnt , t he
mrror mark has a length of I /I mto 10 ,u mas neasured along the track
groove. to each said unit section is represented by a shape given to the unit section. The

side faces of each said unit section are displaced according to a pattern to be
selected from first and second wobble patterns that have the same fundamental
frequency but mutually different shapes. In this method, the subdivided
information allocated to each said unit section is identified by comparing a number
- of times the first wobble pattern has been detected from the unit section with a
number of times the second wobble patiern has been detected from the unit

section.




I n anot her preferred enbodi nent, a single subdivided information unit is
represented by a wobble for M periods (where Mis a natural1madezoosqual to
or 20 greater than 2), and one bit of the positional information is

all ocated to each said subdivided information unit. In another preferred
enbodi ment, the sync mark section is a conbination of first and second
wobbl e patterns, the nunber of which is N (which is a natural nunber). In

cach, o0 1 1kl VAR BRI Renf ARG MR R AL ) 2
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sync nar : | L ination including both a transition point from
the fi rs%%c\ﬁxs)@tlﬁ gﬁgg??@?ﬁgﬁgto the second wobble pattern and a transition

int f t hint [ ; t .
Bnother  oref o S on O e, Seautet A o 4 R oo Batiint ™ 11
Lepr eor et By B gdidiidryREdIRY & B8Rho WG 2 5l dBredpofdiand! no 1o

B wobbl e periods; The precision positioning mark s i'ng the
mrror REKyodhS pattedr€ndt h corresponding to C wobbl e periods; one wobble
period has a length 1s corresponding to Wchannel bits of recording data;

the number ofj, Chamiel pikdFed®kntbodifeht, Q;\thwgé Of the YN wobbRe paREMES!

read/wite unit, 1s D, and the nunber o
identified by comparing an absolute gradient value of the leading edge of the

signal to an absolute gradient value of the trailing edge thereof.




3ﬁSitanaE inEPrEation units allocated to each said recording block is E,
~where A, B, ., E, Mand Ware all natural nunbers, an equajj

MB+C) X WX E is satisfied. 20 In another preferred engogfﬁgﬁ?gﬁgéfs a
multiple of M In another preferred enbodi nent, A=48, M=32, B=128, C=8,
W=186 and E=4. In another preferred enbodi nent, A=48, M=36, B=144, C=9,
WE155 and E=4. 25 In another preferred enbodi nent, A-48, M=24, B96, C=6,
WE186 and 12 1 March 2005 E=4. I n another preferred enbodi nent, A=48, M=36,
B=144, C=9, W-124 and E=4. The optical disk nedium nmy use a nodul ation
code for converting 8 bits into F channel bits. Supposing the precision
positioning mark section, including the mrror mark, has a length

correspondi ngy tp prefaRbAl EmBSdiems, tHenepuebhlisk pesdioth hetudes & gngtision
corresponding to Wchannel bits of recording data; the precision

posi ti o é@@gp@r%aﬁ@%é&ﬁlﬁi %]/fegacﬁof' &0 dhid poLRsRANA{oMSatien Bektignes of the

[gcc(i)r?iranes f tﬁneres . ed | m_‘ormat I on l:IrTIt has' a length cpr.respondi ng
2 nomber R oft 0l R ontBfpe i ingiedsia poBliphlil hEFESELAIE T 7
bot h SeaciepPRed ot o Beqiarepf achaUB aoRbnal FoTgaigRus® Cg “\wige. p=1, oo
and R=93.1n another preferred enbodi nent, F=1 5, M=36, C=9, W1 55, P=1, Q4
and R=93. | n dmenhther prefegiedcambedimentvdie preciion pestigningeNalk-geQionfas =4
an a wobble pattern in a shape distinguishable from the wobble pattern of the sync mark
section.
In another preferred embodiment, the precision positioning mark section has
10 a wobble pattern in a shape distinguishable from ‘the wobble pafterns of the
positional information section.
In another preferred embodiment, each said wobble pattern in the positional
information section inc!uc{es: a first part having a smooth sine wave shape; and a
second part in which a disk-inner-periphery-oriented displacement and/or a disk-
.1.5 outer-periphery-oriented displacement have/has a shape steeper than the part
- having the sine wave shapé.
In another preferred embodiment, the wobble pattern in the sync mark
section includes the first part and/or the second part.
In another preferred embodiment, the preciéion positioning mark section
20 includes an identification mark for use in precision positioning.
In another preferred embodiment, the identification mark is a mirror mark that
has been Iformed by discontinuing a part of the track groove.
In another preferred embodiment, the mirror mark is disposed at the second

through fourth period pafts of the wobble pattern in the precision positioning mark

25  section.
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R=93-1n another preferred enbodi nent, F=1 2, M=36,C=9, W1 24, P=1, 4 and
R=93. Accordi ng to another enbodi nent of the present inventi barchezD05
inventive positional information reading nethod is a nmethod for reading
out positional information fromthe optical disk nediumof the present

I nvention. The nmethod includes the steps of: detecting the sync mark
section that has been fornmed on the optical disk nedium detecting the
preci sion positioning mark; establishing a bit synchronization for the

positional i “lfnorarr'iBEHéP”PFé‘fér’ﬂQd t &ebsdinforitB ke 13oBbldBpstierA0RP tHEt prdcRibrand/ or

the precision positioning mark detected; and readi hg out the positional

I nformat | on. | 1t .t chroni zati on established in the
step of %@ﬁ%\%@ﬁ‘%ﬂggﬁ@ﬁm S%?hgﬁfég%isggﬁabn for the positional

i nformati on. IAccorrc‘ii nﬁ ;o a#ot Eer. enbadi maHt 0 th{ﬂe relﬁ(int tj nvent'&on an
i nventi ve dat'd anGhe TSR IROPUMENTIP a5 551 Bt ‘FEF&' mation YiHe Mt i cal
di sk .medium of the. present inyentjon. The nethod |ncludes the steps of:
det ect i njfeERENsHPRItioRNg Mk Seckan. he Posions dforeatiagsemtionrand e 8WIC di sk
medi um detecting the precision positioning mark based on the sync mark
sect i Hn mietkesrotidn apeafrangehiy thissirdeioni ng  using the precision positioning
mar k detected; and starting to wite the data based on a positioning
resul t obt ai nedanstheh@refesietii embodineintpa detoddinda bbdek? G@tEch ris aa pnefllest ed

- enbodi nent, the control information is recorded on a non- user area.

Anot her @pbiiviEaé uRitSkciiags niafber diohithd positienais@Ration e fwihieré Nokudes a
track groove. On the optical disk nmedium information is recorded al ong the

track  natyral number).
In another preferred embodiment, the recording block comresponds to a data
10  unit that constitutes an error correction code.
in another preferred embodiment, writing on the recording block is either
started or ended behind a start point of the precision positioning mark section by a
predetermined length.
In another preferred embodiment, writing on the recording block is either
‘15 started or ended behind the mirror mark by a predetermined length.
In another preferred embodiment, the mirror mark has a length of 1 Lmto 10
#m as measured along the track groove.
In another preferred embodiment, a single subdivided information unit is
represented by a wobble for M periods (where M is a natural number equal to or
20 . greater th_an 2), and one bit of the positional information is allocated to each said
subdivided information unit.
In another preferred embodiment, the sync mark section is a combination of
first and second wobble patterns, the number of which is N (which is a natural
number). In each said first wobbie pattern, a wobble, having rectangular parts in

25 which disk-inner-periphery-oriented and disk-outer-periphery-oriented displacements

11




groove. Managenent information of the optical disk nmediumis represented by

wobbling of the track groove. In a preferred enbodi nent, theMaoeht2095

information is represented by a conbination of nmutually different wobble

wavefornms that oscillate at the same frequency. 15 1 March 2005 I n anot her

preferred enbodi nent, the control information is represented by a

.. conbi nati on of wobbl e shapes including: a snboth sine wave part; and a

rectangul ar part in which a disk-inner-periphery-oriented displacenent

and/ or |5k < ks ' =G i e i a
Gare Bt chlpe bis RPRLRREICY =G40 SHieRbas CWPBACIRGAK Seobhd HRbble

‘preferre he 1dentification mark 1s | ocated substantially at

the cent et of 20.A0AR A0 WL SHSbEBAA 1S HEiN pefioad " another pref orod

enbodi i cat ron mar ocate sef to a previous block
"W th respect to t center of an are n which the sjignal is witten. In
Anot her - pr et P RPtERE BEHTRES TEREPeandr FAa MR abtih T izt of
portion that has been forned by discontinuing the track groove for a short
_i nt er val first webkla pelemsnd¥-er r ed enbodi ment, the identification mark
includes a plurality of sub-marks. In another preferred enbodi nent, the

t racks gr oove Incimther peaferseti embogimenthéhe desitant seaondrivekble nattefnsr aed by
‘connecting together a plurality of areas of the track groove that have
mut ual | yarehrigeeratietnatelph thephaeanarklsectiont her preferred enmbodi ment, the

track groove is provided with a periodic wobble. The identification mark
has a frequengyagbithéeprsterréd Gmbdiment eheYsynef mahe sustiii B a combination
including both a transition point from the first wobble pattern into the second wobble
pattern and a transition point from the second wobble pattern into the first wobble
10 pattern.
In anoth‘er pi‘eferred embodiment, supposing the positional information is
represented by A bits; the sync mark section has a length corresponding to B wobble

periods; the precision positioning mark section, including the mirror mark, has a

length corresponding to C wobble periods; one wobble period has a length

15 corresponding to W channel bits of recording data; the number of channel bits of a

recording block, which is a smallest read/write unit, is D; and the number of the

- positional information units allocated to each said recording block is E, where A, B,
C, E, M and W are all natural numbers, an equation D=(AXM+B+C)XWXE is
satisfied.
20 | In another preferred embodiment, B is a multiple of M.

In another preferred embodiment, A=48, M=32, B=128, C=8, W=186
and E=4. |

In another preferred -embodiment, A=48, M=36, B=144, C=9, W=155
and E=4.

25 In another preferred embodiment, A=48, M=24, B=96, C=6, W=186 and
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16 1 March 2005 In another preferred enbodi ment, each said block unit
having the predeterm ned length includes a plurality of subMakac2(95t hat
are arranged along the groove. A sub-block identification mark is provided
Wi thin each said sub-block. In another preferred enbodi nent, the track
groove is provided wwth a periodic wobble. A wobble having a frequency
different fromthat of the other parts 1is allocated to each said sub-bl ock
identification mark. In another preferred enbodi nent, each said sub-bl ock
_identifi%%$ion mark is |ocated at the beginning of its associated

sub-bl ock. In another preferred enbodi nt he identification mark for one
of the sub- Bﬂcﬁf@h‘?rnE E{Eﬁré@die}m%%me@a?ﬁ=ﬁ$,o@423@n%=1ﬁévi%9-t &124 and

pr edet err%ric{led | ength represents subdivided information indicating an
address "oT*'the block unit. In another preferred enbodi nent, the wobbl e of

e L e R SRR ek 05 SRR A
present SRt oy 8 LSRN SedBRl pUEhOLRG RELIRLAS, QRSSO
O R 0l Ao P s B L PR
o et T LR R o OB s Sar fee HELSEB RSN L 00
oLt e EKOLSblchad SRbiPL AOTBOERG 0 PRGNS kRPN Bl 2,
The e BB G WO o PO e B e b ©
been pa%sa‘?ﬁ!'and one frame of the recording data has a number R of bytes, where C, F, W

and R are natural numbers and P and Q are rational numbers, equations P XR X F =

CXWand QXRXF =M XW are both satisfied.

In a preferred embodiment, F=16, M=32, C=8, W=186, P=1, Q=4 and
R=93.

in another preferred embodiment, F=15, M=36, C=9, W=155, P=1, Q=4 and
R=93.

In another preferred embodiment, F=12, M=24, C=6, W=186, P=1, Q=4 and
R=93.

In another preferred embodiment, F=12, M=36, C=9, W=124, P=1, Q=4 and
R=93.

According to another embodiment of the present invention, an inventive
positional information reading method is a method for reading out positional
information from the optical disk medium of the present invention. The method
includes the steps of: detecting the sync mark section that has been formed on
the optical disk medium; detecting the precision positioning mark; establishing a

bit synchronization for the positional information using the sync mark
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Accordi ng to anot her enbodi ment of the present invention, another.
inventive signal witing nethod is a nethod for witing a SJ[%% Yhsan
optical disk nediumincluding a track groove on a recording surface
thereof. On the optical disk nmedium information is recorded along the
track groove on the basis 17 1 March 2005 of a block unit having a
predeterm ned length. An identification mark, indicating the beginning of
each said block unit and including a plurality of sub-marks, has been
formed dietesled: padRr dheokecisign toglioning maakedetected: and readisg edethg t he
sub-marks, included in the identification mark |ocated at the begi nning of
at | eastPasitional Biemuatian 1 ascofpange Witk e bR Aynshromizptise estatlisbad imiRe peen
detected. The writing is ended after ~the |ast one of the sub-narks,

i ncl udedPteR ﬁ'étaiba@wggﬁh\%Bttisancmﬂlzarlgeécfretaeaowtfv@aémormatronhe at |east one
bl ock unit on_ which the signal should be witten, has_ been detected., In a
preferred enﬁ%‘ﬂ?oﬁé'ﬁg to ér@ifgﬁmm megt QF%EW%EFBPVE%Q%?‘F\ invendye dafa ¢ t en

h idid i f.i i k. h f d di , th
O e iy niiBow 1 (1 nstApd Tat meftol o S Pafkal difiimee BEORIEN ON OF
DRAW NGS FI G, 1A i i f ti | disk dj. di to th
pr esent prgge@tnwﬁbﬁgﬁ_ ﬂi%?;ﬁ"\éh%\& &cﬁfc%sgﬁ\el,% S IP :ﬁ%ﬁéqué]néﬁécéhﬁh'g'%flggapee
o T 8 i Sk B ke PR
1S o B B SRR S 8 e S
cont | 1 344 P Bl BBGHBAHS I dBeLIZAY shlting to wrte the data basec

on a positioning result obtained in the positioning step.
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the type of a given wobble pattern by a wobbl e signal having. anplitude
changing with the wobble of a track groove. FIG 3B ill ustaifeh »ensef orm
di agrams showi ng a wobbl e pattern of the track 25 . groove, the wobble
signal and a pulse signal. 18 1 March 2005 FIG 3C illustrates a circuit
configuration for extracting the pulse signal and a clock signal fromthe
wobbl e signal. FIG 4 illustrates a main portion of an optical disk medium

~according to g §i éﬁerr ATERBLARRNt, thd CGhtrar | GArH?a& o ﬁsre%opd%%fé E)hon for

an optical disk repro UCI ng apparatus accor econ |rrent
FIG 6 ildaiskegtes a configuration for an opti cal d| sk repr odu0| ng

apparatus according to a third enbodinent. FIG 7 illustrates an address

readi ng net hothAREOHPHICH CFI ﬁﬂ(fo‘ﬂﬂﬁt&coﬂcﬁ "L gﬁ@ e ch@entﬁ)rf ingHﬁite@aé ez a

configuration for an optic reprodu |ng apparatu according t

fifth erpRui grble. 5hc§he%ﬂtkaékR%@&lu@eqfﬁfofﬂnbﬁgn ‘?é’?éécﬂHéé‘tdi@q:f%tr pobbl e

shape detecting means according t enbodi nment

i I-1'ust r ggrgsve mhﬁ?ﬁﬁl@ht fi’r'i\'o%a%h Yt theAbptitaf ‘Hl%?ﬁﬁ%ﬂmﬁc%oféﬂrageﬁt@dabryas' Xﬁlha

enbodi nent . 1A and 11B 1| Iustratearret witing a sig

VFO reqmtgbmg oAtiedirdék gfddwe. 12 il lustrates a main portion of an optical
di sk medl um according to a 20 seventh enbodi nent.

In a preferred embodiment, the control information is represented by a

combination of mutually different wobble waveforms that oscillate at the same

frequency.
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FIG 13 illustrates a main portion of an optical disk nmediumaccording to
an eighth enbodi ment. FIGS. 14A and 14B illustrate a signaj préd 2at% et hod
according to the eighth enbodinment. 25 FIG 15 illustrates a nmain portion

~of an optical disk nediumaccording to a 19 1 March 2005 ni nth enbodi nent.

FIG 16 illustrates a main portion of an optical disk nmediumaccording to a

‘tenth enbodinent. FIG 17 illustrates a main portion of ialn optical disk
di S 8 i, trat [
portion of an"citRe PSS BTG bRt ARl IO R TERSSETIENEY Fi G
9 ill f f f ti |, ock
i gnal SR 2 dHbPle: Shaph ARk ABRY e eram tﬁcﬂﬁgﬁ‘ﬁéi AL t he

Subdl tvf‘orga%nﬁﬂﬁa?ﬁé%&’?sﬂ el Yt g PAfbS Sw.";‘%rie%ﬁ? i fa?fﬂggvﬁ a%déjv;.q teenth
o or B e PO A a1 ol et

ot ormat 1 on df 4HE %?%tflb‘bﬁﬁ@%ﬁﬁi%ﬁﬁ%%ﬂ@% o g B 8RR BHEID G et
FIG 23 thla'c‘éﬁ{%'r%tf%ﬁ Jr65 Fﬁc\lvhl tﬁ%tsﬁlpaf eent rgr oup of subdivided information

on theotlca dlskrre umao enbodi nent. FIGS. 24(a)

through 24( Dinidnotidr@Fbfered SnBBHin&H, H2 iGBAift3tio %k TE M eTd closer to

a previous block with respect to the center of an area on which the signal is
written. |

In another preferred embodiment, the identification mark includes a flat
portion that has been formed by discontinuing the track groove for a short interval.

In another preferred embodiment, the identification mark includes a plurality
of sub-marks. |

In another preferred embodiment, the track groove wobbles periodically.
'The identification mark is formed by connecting together a plurality of areas of the
track groove that have mutually different wobble phases.

N In another preferred embodiment, the track groove is provided with a

periodic wobble. The identification mark has a frequency different from a frequency

of the wobble.
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20 according to a si Xt eent h embodinment. FIG 25 illustrates a detailed
format for the optical disk nmediumaccording to the sixt eq%g‘rcﬁgpﬁgi ment .
e

FIGS. 26A through 26D schematically illustrate a track groove o
optical disk nediumaccording to the sixteenth enbodinment. 25 FIG 27
illustrates a precision positioning mark section of the optical disk 20 1
March 2005 nedi um according to the sixteenth enbodi ment. FIGS. 28A through
28E illustrate formats for the sync mark section of the optical djsk
~nmedi um accor ¢ ngndthet hpreferreeertribodihent, neach  Faid, biock Ilﬂﬂjgtm%)ﬂ'& e
configuration for an optical disk read/wite drive 5 according to a
sevent epnédetenhinditemgth ift!ases aqlunatityoefggubsblecks thasare e apesf @lenmihe
rel ationships between witing startlend points and mrror marks according
to an eigghtweert suteblookiidentificatioesark ispiavidasnitin@ach spid ﬁﬁ?‘@l@ierrpl ary
recording data formats according to the ei ?ht eent h enpodi nent, 10 FI GS.
32( ?) t hr ougthl;l :Q}jaiheﬁ Inreferregh embedimentp| they ragk rﬂf&of’%r'SV\PTQ‘ﬁ'(?ﬁjj dﬂ&’a 2t
witing start/end points in accordance with the eighteent ' t. FIG
33 :j s a Perigdisruelpble| A%@b@?ih@d‘@k@ﬁﬁ%ﬁﬂ@f Qﬁ)@é‘?ﬂ}ﬁﬁﬁ?tﬁ&qf?hgﬂﬁ% Fﬁrg:'r mat i on
readi ng processing according to th l.ght eent h enbodinment. FIG 34 is a
fl ](c)vvchar'i al"?‘?ﬁﬁ%‘ffod?ﬁ%S?%eslgﬁ'wlf)fdeegﬁmg%éorn W%pl ary positional 15
i nformation readi pr o i [ : ey i ' . FIG
35 75 a il ?mewpﬂfqrmsfe?éeﬁ AoBRER TG} Sall uPLiBCk SRHRCARIEHARE.
accor di 1 e thy. i | 36 illustrates a format f
opt 1 cal kR R CRAh RS (6 ERAORRRY subbloci or an
: In another preferred embodiment, the identification mark for one of the sub-
blocks included in each said block unit having the predetermined length represents
subdivided information indicating an address of the block unit.
In another preferred embodiment, the wobble of the track groove has a
shape comresponding to the information indicating the address of each said block
unit.
According to an embodiment of the present invention, an inventive signal
writing method is a method for writing a signal on an optical disk medium including
a track groove on a recording surface thereof. On the optical disk medium,
information is recorded along the track groove on the basis of a block unit having a
predetermined length, and an identification mark, indicating the beginning of each
said block unit, has been formed on the track groove. Writing is started before the
identification mark, located at the beginning of at least one block unit on which the
signal should be written, is reached. The writing is ended after the identification
mark, located at the end of the at least one block unit on which the signal should
be written, has been passed.
According to another embodiment of the present invention, another
inventive signal writing method is a method for writing a signal on an optical disk
medium including a track grooVe on a recording surface thereof. On the optical disk

medium, information is recorded along the track groove on the basis
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- eighteenth enbodinent. 20 FIGS. 37A through 37E il | ustrate pjbBgh 2venpl ary
~recording formats for control information according to a nineteenth
enbodinment. FIG 38 illustrates an enbodi nment in which four positional
information units, included in one positional infornmation segnment 403,
i'nclude positional information and control information separately. 25 FIG
39 illustrates a configuration for an optical disk read/wite drive that
can 21 1 March 2005 read the control information recorded by the wobbl e of
a groove. BEST FOR CARRYI NG THE, | NVENTI i.n, 1A a
pi'ral | tar ROGH A2 s ASEUHOTBRRR TS Al e pEatipyf §< Jbab oot o
optical disk mediumaccording to the present |nv ntion.

i 11 ust r shaginning af eaeh Sﬁlﬁbbbﬁgmﬁgﬁ'%v@ lusling, a plyrayiyesf %ltthméfksb rlu‘aﬁlt@enlB a
disk center (not shown) exists below the track groove 2 and a disk radi al
di rect i domied onrtbie deackdgriopve hWriing devsiartethafterr hewlirst pae of dhey submearkson i n
which a read/wite light beam spot, being formed on the disk, npves as the
di sk i s in@ti@éceth theridemfichtibih mdrhgodamecﬂe'sme lpeginoming af @l feast doea bim:l(a,lnibl to
the arrow a will be herein referred to as a "disk radial direction" (or

‘radial @ Rehites sugﬁlanmwld behiritna he beeh idefedesd. arThelriting iiendad afterb  wi | |

be herein referredto as a tracklng direction". In a coordinate systemin
whi ch the,| tf(%tiasﬁdnaﬁtloé’atédi %Ethel@ifd &6 On on
t he di sllztﬁeéésggb?%?ﬁ{at%ﬁpﬁ‘ér% | rra [ aﬁetg@\i/ﬁﬁ the I'i1ght beam (which 15 wil|

be here t

oppost ¢ dhe o] RS bGR Bk anich, el e REOYBT ikl YEB iy efged cct 1 on

st Lated :a@;';f%@%?% tbodhegt SRR o < AR08t 6imh o 10 1
on each said identification mark.

10 In another preferred embodiment, the signal having the particular pattern is a

VFO signal.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1A is a plan view of an optical disk medium according to the present
15 - invention.

FIG. 1B is a plan view illustrating a planar shape of a track groove on the
optical disk medium of the present invention.

FIG. 2(a) illustrates plan views showing wobble pattern elements, while FIG.
2(b) illustrates plan views showing four types of wobble patterns formed by

20 combining those elements.

FIG. 3A illustrates a basic configuration for an apparatus that can identify

the type of a given wobble pattern by a wobble signal having amplitude changing

with the wobble of a track groove.

FIG. 3B illustrates waveform diagrams showing a wobble pattern of the track

25 groove, the wobble signal and a pulse signal.

18




a position on a side face 2a or 2b of the track groove changggrdesdosdi cal ly
as the X 20 coordinate thereof increases. Such a periodic positional

di spl acenent on the groove side face 2a or 2b will be herein referred to
as the "wobbl e" or "wobbling" of the track groove 2. A displacenent in the
direction pointed by the arrowa wll be herein referred to as a

“di sk-outer-periphery-oriented displacenent”, while a displacenent in the
direction opposite to the arrow a will be hereinreferred to as a

"di sk-inner i phery-oriented displacenent”. Als in FIG 113, one
wobbl e per od 1% JlHErEE@ S5HF SanrairaBenaonsacting He Pllssisardl A8t Ancy i s
-inversely proportional to one wobble period T and 1is proportional to the

| i near vaeeesigyaldror Hie wobble sin spot on the disk. In the illustrated
exanple, the width of the track groove 2 is constant in the tracking
direction (asFiGadi ithasteadeda maip poriawobyn optieal digkgedium aecaadipg o a firstvhi ch

a position on the side face 2a or 2b of the track groove 2 is displaced in

t he di skembadimant.di rection (as indicated by the arrow a) is equal to the
amount to which a corresponding position on the centerline of the track

groove 2 (as Flligahesaly 4 kenfig@siied fof 3@ opticallidikl Rpestiuchd Bepahatis r adi al

direction. For this reason, the displacenent of a position on the side

face of ééf(}%réiﬁ%‘&}(agée&’{(ﬁg gﬁnﬁ?ﬂlSk radial io direction will be herein

sinply referred to as t i splacenent of the track groove" or the

mvent on 1 s TGt 6 isPaESE copfiuBiay it AR, SRR ik PR Ropdidfelr e

and the side, faces .2a and 2b of the track groove 2 wobble to the same
anount iQ?CPWB”Qj?%%%W'EE‘?@BOd@??rgcti on. Alternatively, the width of the track
groove 2 may change in the tracking 15 direction. O the centerline of the

track groove FAGay fustralgshiee 1B@dress| yeadingsmathod saeeordingt ke @ r dkthgr oove

may wobble. In the present invention, the wobbling structure of the track
gr ooue Zmbkodiment,

FIG. 8 illustrates a configuration for an optical disk reproducing apparatus
according to a fifth embodiment.

FIG. 9 illustrates a detailed configuration for a wobble shape détecting
means according to the fifth embodiment.

15 FIG. 10 illustrates a main portion of an optical disk medium according to a

sixth embodiment.

FIGS. 11A and 11B illustrate a method for writing a signal on a VFO
recording area 21.

FIG. 12 illustrates a main portion of an optical disk medium according to a

20 seventh embodiment.

FIG. 13 illustrates a main portion of an optical disk medium according to an
eighth embodiment.

FIGS. 14A and 14B illustrate a signal writing method according fo the eighth
embodiment. |

25 FIG. 15 illustrates a main portion of an optical disk medium according to a
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defined as a combination of multiple types of displacement pMarer2005 That
is to say, the planar shape of the track groove 2 does not consist of just
the sine 20 waveform shown in FIG 1B but at |least part of it has a shape
different fromthe sine waveform A basic configuration for such a wobbl ed
groove is disclosed in the descriptions of Japanese Patent Application
Nos. 2000- 6593, 2000-187259 and 2000-319009 that were filed by the present
applicant. As for the track groove 2 shown in FIG 113, the Y coordinate of
a position on g éf{g centerline of the groove nay be represented by a.
functi on"¥ ?5“'38 PR X 23 1 March 2005 coordinate thereof. In that case,
fo(x) may be ?I ven b%/" constant, sin (2rr x1T)", for exanple. Hereinafter,

the confi gur aFI®ni6 dfustiatssl @ naie tRariien &f Gt erficah diskénedivBleaecordingelat @ on
will be described in detail with reference to FIGS. 2(a) and 2(b). 5 FIG
2(a) ill testh embodinhentf our types of basic elenents that make up a wobbl e
pattern of the track groove 2. In FIG 2(a), snooth sine waveform portions
100 and 101, FHG.r €2 tlasgateara prairt portichOZF am bptical sliskempedium according to an

di sk-out er-peri phery-oriented displacenent and a rectangul ar portion 103

‘W th @ sgreentfictkbodinght peri phery- oriented di spl acement are shown.' By
conbi ni ng these el enents or porti ons with io each other, the four types of

wobbl e pat t er prs 10 i Bf-9igh, ?&% bf‘aﬁ'c‘{B'tcgl(Ei)sk?'ﬁé'd|uﬁlr mdmgn g ywobble

pattern 104 is a Ssine wave Wt 0 rectangu portions ttern will
be herei q@%‘errbcg g¢as a "fundanmental wavefornm. It should be noted that
the "sin " herein I|mted to a perfect sine curve, but may 15

gg?? ,dloﬁsr te LS{ Fl&?e‘?ﬂ gﬁprggfgsda |gHrq %efgvr\osq%blapenpgra%us or} gleon%rét?ncg} léd&ock
signal and reading an address signal from the optical disk medium of the tweilfth
10 embodiment.
| FIG. 20 illustrates a format for a group of subdivided information on an
optical disk medium according to a thirteenth embodiment.
FIG. 21 illustrates a format for a group of subdivided information on an
optical disk medium according to a fourteenth embodiment.
15 FIG. 22 illustrates a format for a group of subdivided information_on an
optical disk medium according to a fifteenth embodiment. |
FIG. 23 illustrates respective bifs for the group of subdivided information on
the optical disk medium of the fifteenth embodiment.
FIGS. 24(a) through 24(d) illustrate a format for an optical disk medium
20 accordingtoa snxteenth embodiment. |
FIG. 25 ||tustrates a detailed format for the optical disk medium according to
the sixteenth embodiment.
FIGS. 26A through 26D schematically illustrate a track groove of the optical
- disk medium according to the sixteenth embodiment.

25 FIG. 27 illustrates a precision positioning mark section of the optical disk
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outer periphery nore steeply than the sine wavef orm di spl acgqg P; ogsch
portions wll be herein referred to as "outer-periphery- orlen (f

di spl aced. rectangular portions”. 20 In an actual optical disk, it is
difficult to realize the displacenment of a track groove in the disk radial
direction vertically to the tracking direction. Accordingly, an edge
‘actually forned is not perfectly rectangular. Thus, in an actual optical

di sk, an edge of a rectangular portion nay be displaced relatively steeply
conpare a sine wayefor m h1on ar es not have to be perfectly 25

rect angJPﬁa' ”bécfé’éﬂ'“a eo%’x 2(b) at a sine waveform

portion, a 24 1 March 2005 | acement fromthe i nnernost periphery toward
t he out er nostFlFer 4kt 'VOP%h %@ﬁwuev%f& fitorrnatsn rfthWBFé“ﬁé‘rﬁ‘cpfd‘onﬁ% f¥er a
rectangul ar portion, a simlar displacement may be finished in a quarter
or less QﬁtiC@E@SI\?\mﬁdﬂt&‘n@@ﬁﬁ“@mg todhe sidepnth embpdiment.-ne di f f erence bet ween
these shapes is easily distinguishable. 5 It should be noted that the

wobbl e patt erfiGLOBO | Hlustratesch ecoferlirbjon Moeran papticehalisk cead/miriéa diivepl aced
rectangl es while the wobble pattern 107 is characterized by both

"1 nney - RRICORINGY 1 HBeRSTtestHi sipbs@amntect angl es” and "out er -
peri phery-oriented di splaced rectangl es”. The wobble pattern 104 -consists:

of the funda I n M fHeROEN
conponent s tﬁréesgfsg)?\e{ﬁ%epﬁ] nng ﬁalusm;tgundarrerfr‘;illltl gg'ay??éeﬂaﬁserycy thg‘}mt'.”g

the 11 2&3%@%95 @8@%3%%%%% @%@ %%%%PF%@B%%PQ‘?%@B%@% ough 107
Ihlncgrlhur(‘j reegaten ﬂ‘f}%f ﬁ’ﬁ? i[ﬂ‘i”gﬁ?ﬁr’] &ne%%éﬁﬁ aaté'r dommalsr at ed
by the steep 15 di spl acerrent s af the rect angul ar portions of the wobble
pat t er ngccording to the elghteenth embodiment.
10 FIGS. 32(a) through 32(c) illustrate an exemplary method for writing data at
writing start/end points in accordance with the eighteenth embodiment.
FIG. 33 is a flowchart illustrating the flow of exemplary positional information
reading processing according to the eighteenth embodiment.
FIG. 34 is a flowchart illustrating the flow of another exemplary positional
15 information reading processing according to the eighteenth embodiment.
FIG. 35 is a flowchart illustrating the flow of exemplary data write process
according to the eighteenth embodiment.
FIG. 36 illustrates a format for an optical disk medium according to the
- eighteenth embodiment.
20 FIGS. 37A through 37E illustrate other exemplary recording formats for
control information according to a nineteenth embodiment.
FIG. 38 illustrates an embodiment in which four positional information units,
included in one positional information eegment 403, include positional information
and control information separately.

25 FIG. 39 illustrates a configuration for an optical disk read/write drive that can
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If the coordinate systemshown in FIG 1B is adopted for eaflyspf ddagse
wobbl e patterns. 105 through 107 to represent the Y coordinate of a position
on'the track centerline by a function of the X coordi nate thereof,
~then.the function nmay be expanded into Fourier series. The expanded

Fourier series will include a termof a 20 sin function having an
oscillation period shorter than that of sin (2rr x/T), i.e., a harnonic
conponent. However, each of these wobble patterns includes a fundanental

wave conpongnt. The freqguency of t fundanent al. waveformw ||l be herein
ot or r el e conbab TR Bl by B e BY AB¥G b e patt er ns
descri bed above have a common wobbl e frequency. 25 In the present

i nvention, instead of witing address information on the track 25 1 March

2005 groove 2 by nodul ati n[g t he wobbl e frequency, the multiple types of
wobbl e patterns aPEToMSPedORCGARBYINGtQET THiRdNVENTHORbr di ng vari ous

types of information, including the address information, on the track

groove. Mre Aspshoivin dalfi3, 1 aldpiabttiack goevef2 thas been fopped wf thebbl e
patterns 104 through 107 5 to each predeterm ned section of the track

groove, feRufdificy Bafacd 1cotign dpticdl disk BiediumnSaccording 30dhé IprésenttigvéntioR.
denotes bl ock 1 nformation, "S" denotes synchronization information and a

conbi nat Ef 11 [iGShrABs A PaRBEthd FREIESRINE A aFSEPS8aBUNRFIGOABAR K O
detection code thereof) may be recorded. Next, the fundanental s of an

oot : : s . . . , b
t e wobb et (e sBrh EBREheldih M HeoR e Pland b I, R dWBCRIER, O
W th _ref.erenf;e fo d 3B. GS. . 3A an erred

o | G MRttt oW A i i it bt 4 FSicBanarigh apisarie 1667 o
p e 9B b(i,alnlw %S E)tr at}e?ns %r&gld %tni t?lgsd?\i,kp rr?oe\}e\geaesnthtehgislg risangoléat%a?cix%hg ?o?lo?vir{ sad
si gnal . pot, g , g
10 description, a direction parallel to the arrow a will be herein referred to as a "disk
radial direction” (or “radial direction” simply), while a direction parallel to the arrow b
will be herein referred to as a “tracking direction”.
In a coordinate system in which the light beam spot is supposed to be formed
at a fixed position on the disk, a part of the disk irradiated with the light beam (which
15 will be herein referred to as a "disk irradiated part”) moves in the direction opposite
to the arrow b. |
Hereinafter, the X-Y coordinate system illustrated in FIG. 1B will be
considered. In an optical disk according to the present invention, the Y coordinate of
a position on a side face 2a or 2b of the track groove changes periodically as the X
20 coordinate thereof increases. Such a periodic positional displacement on the groove
side face 2a or 2b will be herein referred to as the "wobble” or “wobbling” of the
track groové 2. A‘dispiacement in the direction pointed by the arrow a will be herein
referred to as a "“disk-outer-periphery-oriented displacement”, while a displacemént

in the direction opposite to the arrow a will be herein referred {o as a “disk-inner-

25 periphery-oriented displacement”. Also, in FIG. 1B, one wobble period is identified




15 The track groove 200 schematically illustrated in FIG 3Bpstssizned by
a read |aser beam 201 so that the spot thereof noves in the arrowed
direction. The laser beam 201 is reflected fromthe optical disk to form
reflected light 202, which is received at detectors 203 and 204 of the
reproduci ng apparatus shown in FIG 3A. The detectors 203 and 204 are
spaced apart from each other in a direction 20 corresponding to the disk
radi-al direction and each output a voltage corresponding to the intensity

of the I osition at whi.ch he det ors.2 and 204
are | v RPAr ea ThEeHOHle Weabria S Fararly Brpicna 10 SpRSNAS PRk 1A, o
the light is I ved) shftsto 0 of the de rs 203 and 204 with
respect 1# BVQF}%UO’@ZFR &telltnﬁérYﬂa?'W&? 59'%@61%85%&%'&' r‘f@&zos and 204 from
each other, then a 25 difference is created between the outputs of the
detectors 203ndhe ilksiratashexample, e widihaf ihe desk wieevee? dncpastaptishthsul |
detection"). The outputs of the detectors 203 and 204 are input to a

di f f er eritackingcdirexiion (28 5ndivsted yathewdrrowdt)i ckcaosdinglyr tredaowiunbio whimm As a

result, a signal corresponding to the wobbl e shape of the groove 200 (i.e.,

- a wobpl & pséitrbn2B6)sides fady 24 w8 @b dihibevipddN gropivgls &i8flaced iimeng disk, and
differentiated by, a 5 high-pass filter (HPF) 207. As a result, the snooth

f undanenhaty GREBRIPIES ifdiited MAVEDEBW ﬂlsuégﬁan © frecaitihil fo SRk 206

are attenuated and rnstead a pulse signal 20 i ncl udi ng pul se conponents
d.

o GRS el S S RO e

of “the SPOBUS BUD. SACISRRATL IS e astpaaoct'ai Slir%&iélﬁteﬁomﬁzr%%ap‘é'i g e

i dentifiable by the pul se signal Next, referring

i |1 ust r sisRipgament @femosiiop @1 tttﬁrsriecf@ﬁerfgﬂthﬁttraﬁr 9*’@9\/8 d’éﬁ@‘? é‘t‘sf?iﬁtff‘dt'ﬂe puI se

‘signal 208 and a cl ock signal 209 fromthe wobbl e signal 206
10 direction will be herein simply referred to as the “displacement of the track groove”

or the “wobble of the track groove”. It should be noted, however, that the present
invention is not limited to this particular situation where the centerline and the side
faces 2a and 2b of the track groove 2 wobble to the same amount in the disk radial
direction. Alternatively, the width of the track groove 2 may change in the tracking
15 direction. Or the centerline of the track groove 2 may not wobble but only the side
faces of the track groove may wobble.
in the present invention, the wobbling structure of the track groove 2 is
defined as a combination of muliiple types of displacement patterns. That is to
say, the planar shape of the track groove 2 does not consist of just the sine
20 waveform shown in FIG. 1B but at least part of it has a shape ditferent from the sine
waveform. A basic configuration for such a wobbled groove is disclosed in the
descriptions of Japanese Patent Application Nos. 2000-6593, 2000-187259 and
2000-319009 that were filed by the present applicant. | |
As for the track groove 2 shown in FIG. 1B, the Y coordinate of a position on

25 the centerline of the groove may be represented by a. function fo(x) of the X

23




shown in FIG 3B. 15 In the exenplary configuration illustrabgddsnds G .
3C, the wobble signal 206 is input to first and second band-pass filters

. BPF1 and BPF2, which generate the pulse and clock signals 208 and 209,

respectively. Supposing the wobble frequency of the track is fw (Hz), the
first band-pass filter BPFL may be a filter having such a characteristic
that the gain (i.e., 20 transmttance) thereof reaches its peak at a
frequency of 4 fwto 6 fw(e.g., 5fw). Inafilter like this, the gain

t her eof pr N t iveaPby BEstgtant! -ogin (2wadP) € foi N a
range fﬁ@ﬁ%ﬁ%ﬂ%é&&eﬁgﬁgﬁ%&%? rqpqgg%eﬁl\é‘%ﬁeﬁcy, and therg decr)e"gses
steeply (e.q., at a rate of 60 dB/dec) in a frequency band exceeding the
peak f‘?@&ﬂfgﬁcy. In this nmanner, the first band-pass filter BPFl can

appropriately generate 25 the | se si.gnal re ti t

rect angul ar | r@m@%\‘@rn epSP'P*?Q}HgHQﬂS ﬁé‘ﬂ%bi’é%%g%”‘f %&?@%BQBS@B\A@%F? from
the wobbl e signal 206. On the other hz%nd, tﬂe : éogabaa%&ass filter BPF2
has sudhventian wiriendescribgdde defailowith refgrance @Fzé n“EP ‘s highin a
predeterm ned frequency band (e.g., in a band ranging from0.5 fwto 1.5
fw and i ncl uRlicn@{ahillustodtbs dhe faseprs,of basie elaneerss Saaliapke b a WObOIG| | at
the other frequencies. The second band-pass filter BPF2 |ike this can
gener at @atfbr§ loReheBuek grapvel 2. ThalGng(a), tmeqtiesiog wamefc&spg«ndlpﬁg 09 anck

wobbl e Trequency of the track, as the clock signal 209. Hereinafter,

enbodi ngpf s pf, Plri GRIrtish SkoPediikm of stdep pdisiseoter-peripberyiarientdd | be
descri bed’i r?odg{cal . 10(‘1%\/801 MENT 1 A spiral track groove 2 such as that

- shown i B BLGmaht 'aia@hShdadife BBribRe103 with a steep disk-inner-periphery-

oriented displacement are shown.” By combining these elements or portions with

10 each other, the four types of wobble pattemns 104 through 107 shown in FIG. 2(b) are
formed.

The wobble pattern 104 is a sine wave with no rectangular portions. This
pattern will be herein referred to as a *fundamental waveform”. It should be
noted that the “sine wave” is not herein limited to a perfect sine curve, but may

15  broadly refer to any smooth wobble.

The wobble pattern 105 includes portions that are displaced toward the disk
outer periphery more steeply than the sine waveform displacement. Such portions
will be herein referred to as “outer-periphery-oriented displaced rectangular
portions”.

20 In an actual optical disk, it is difficult to realize the displacement of a track
groove in the disk radial direction vertically to the tracking direction. Accordingly,
an edge actually formed is not perfectly rectangular. Thus, in an actual optical
disk, an edge of a rectangular portion may be displaced relatively steeply
compared to a sine waveform portion and does not have to be perfectly

25 rectangular. As can also be seen from FIG. 2(b), at a sine waveform portion, a
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recording surface 1 of an optical disk according to this enppdidiesos FIG 4
illustrates the shape of the track groove 2 of this enbodinent. The is
track groove 2 is divided into a plurality of blocks, and a bl ock mark
(identification mark) 210 for use as a positioning mark is provided

bet ween two adj acent bl ocks. The block mark 210 of this enbodinent is
formed by discontinuing the track groove 2 for just a short length. The
track groove 2 includes a plurality of unit sections 22, 23, and each 20

bl ock is,nmade up .of a predeterm ned nunber, of ' ons 22 AN

ar bi t ra@sﬁm&g hﬁ'ﬁnt 2‘?%,'"@%%%? eﬁerfqlﬁ?ﬁf éog’?ﬁgh%téﬁgém%bﬁ%@m—beﬁt Br ns,

may be allocated to each [t section, In the exanple illustrated. in FIG
3 e opMalogain & MG BEPRIR PETSH oHaior A FEGINR) BIOR PSR o ¢ he

unit sections 22 and 23, respectively. Each of these wobble patterns 105

and 106 displadessent rosebeffinished bt adiliagar onlgss PEaas wopplegperiodpforgxample.) |

which will be herein referred to as "subdivided 28 1 March 2005 '

i nf or matThen theBjifferdane bétween thhee shapewib cakily distitgudshpdlde.ern al l ocated to
each unit section of the track groove, the contents of the subdivided

i nforgrati on ai bke@at ask heted trait Uhé twaisilé ipatteararl 0Beisr atatlactadzed diyrighy:-
various types of information can be read based on multi-bit. subdivided

i nf or mt&ﬂpgﬁ-&%ﬂ@é%ﬁ @POoNRtardles divhile" e ewoBbRAVEAtRSrA brIMeRN t he

wobbl e t S Is represented as a difference in gradi ent between the

| eadi ng e ak:|. 1 _0f : i s tal 1 by the
ai 11 er otpecg et B pof SuphBipailiiy ionigibalsGREeT B 0E" B BAEE BY |
unit sectiop 22, .for .exanple, is easily identifiable as one of the wobble
patter n?ei'égeﬁﬁq'ﬁrgﬁdgf?&rﬁ?qdﬁeﬁfa@g %A However, 10 when this detection is
perfornmed by differentiating the read sit(%nﬁll i.n the above- gescri bed
manner, noi sé heoMisbhientratters r Lk Congists g er@élé‘iﬂﬁ','e'?tﬁl AVETAraL AiPRRie i s

10 Accordingly, the frequency components thereof are defined by a *fundamental
frequency” that is proportional to the inverse number of the wobble period T. In
contrast, the frequency components of the other wobble patterns 105 through 107
include not only the fundamental frequency components but also high-frequency
components. Those high-frequency components are generated by the steep

15 displacements at the rectangular portions of the wobble patterns.

If the coordinate system shown in FIG. 1B is adopted for each of these
wobble patterns 105 through 107 to represent the Y coordinate of a position on the
track centerline by a function of the X coordinate thereof, then the function may be
expanded into Fourier series. The expanded Fourier series will include a term of a

20 sin function having an oscillation period shorter than that of sin {21 x/T), i.e., a
harmonic component. However, each of these wobble patterns includes a
fundamental wave component. The frequency of the fundamental waveform will
be herein referred to as a "wobble frequency”. The four types of wobble patterns
described above have a common wobble frequency.

25 In the present invention, instead of writing address information on the track




applied to a high-density optical disk mediumthat results 4 Ragn @0s5SN
rati o, then detection errors may occur. To avoid the occurrence of such
detection errors, the followng technique is adopted in this enbodi nent.
is The information to be witten by the user on the disk (which will be
herein referred to as "recording information-) is witten over several

bl ocks along the track groove on the recording |layer. The recording
information is witten on a bl ock-by- bl ock basis. Each bl ock extends from

t he bl ock 0 . . tarm I th
e L0l 2 J80 AR ok "o BYBedoy, Y% R G BB ! on

i d - ECC bl ock,, f | e, h_bl.ock .
O e narBRieTRe (3R ARG T 0T M ) GBSO vaURGn YAER B ok
-~ has a length of 62 kil obytes and each sub-bl ock has a | ength of 2
ki | obyt daforpghon,ningleding] &he sasdmees c formationdcan i enkEady dFroye Morein this

enbodi nent, the areas on the track groove where the information for 25

r espect ispecifichiin| hycilocatiog lonetsd the faurdyipes et wobblepatiernsh 204 throughdilions 22,
23 of the 29 1 March 2005 track groove. Since one-bit subdivided

i nf orgrattb @achQPredeteirhined seatieaasfdhd tackemobtvey flothiypes oif todes {é.gns" B2 and
23, a group of subdivided information of N=32 bits is allocated to each

bl ock. I+ hixgyerdpdi rpnt wiidie a@ir egsndiés t Bck! afdmidtionndr8at ddnofesby this
group of subdivided information of 32 bits: For exanple, where each unit

section sg@?% nhz:ds?iggﬁpgﬂ;gg%ﬁéﬁaarﬁyéeéongbiﬂa%?of %F&ssaﬁgqﬁ]e%afé der@iidnone

wobbl e p corresponding to 11.625 ytes, wobbl e pattern

{01 200 AR i BRI o8 e SRR, LY, (e vbol €
pe.ri ods (1. e'l\’lex% tﬁg\%ﬁné]auﬁggtglsoéf a2n0% ert1t?vcei !‘(ljl% tc>idff\6r tré‘a%irtng}l %?on%catiton,e w {c en
10 has been recorded by the wobble of the frack groove, from the optical disk will be
described with reference to FIGS. 3A and 3B.
| First, FIGS. 3A and 3B will be referred to. .
FIG. 3A illustrates a main portion of a reproducing apparatus, while FIG. 3B
ilustrates a relationship between the track groove and a read signal.

15 The track groove 200 schematically illustrated in FIG. 3B is scanned by a read
laser beam 201 so that the spot thereof moves in the arrowed direction. The laser
beam 201 is reflected from the optical disk to form reflected light 202, which is
received at detectors 203 and 204 of the reproducing apparatus shown in FIG. 3A.
The detectors 203 and 204 are spaced apart from each other in a direction

20 corresponding to the disk radial direction and each output a voltage comresponding to
the intensity of the light received. If the position at which the detectors 203 and 204
are irradiated with the reflected light 202 (i.e., the position at which the light is
received) shifts toward one of the detectors 203 and 204. with respecf to the

centerline that separates the detectors 203 and 204 from each other, then a

. 25 difference is created between the outputs of the detectors 203 and 204 (which is
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~ caused by noise during signal reading, the subdivided information is

wobbl e pattern. For that reason, even if sone detection errpygrdirpsbeen

Jdentifiable accurately enough. Mre specifically, the differentiated
waveform of the differential push-pull 15 signal (i.e., the pul se signal
208) may be sanpled and held every time the signal rises or falls. And if
t he accumul ated val ue of the nunber of rises is conpared to that of the
nunber of falls, then the noise conponents are canceled. As a result, the

subdi vi degﬁ%gaé:@mﬁwpgggeﬁ@ﬁ)g i ol?@):.g§tcffﬁﬁé s ZO?EHHrﬁz&eéké 2'(I)'he

bl ock marf or me y di scontinuing e trac

2 | ust t . h. A di ngl | f_inf ' '
S, il BB P26 Gtk B RS e 220
1T ocr S bR AReopehdBadn e gesHe S s eri MG vehek O

present at the spot, the existence of the block mark 210 causes a
di st ur bagigreal i206) lioblaingdsi Hewobbla,signah2@6 issinprblsul iangrliffergntigded (hyad abl e
25 frequency oscillator) recording area 21 is allocated to an area 21 of a .
pr edet erhigmpdsSailtdr WPEh2QN0Ad anrgstit,ithelamibath fuldanbériek compina@its thathe VFO
recording area 21 is an area where a single frequency signal VFOis
Wi tten.havehéen ichidedaih therwbistslkigigna J08 arfeegtiénieded @hd insedd g pulze
recorded information. Even when there is any disturbance or variation, the

VFO si gngdnatogisd iscditiity Bulsk! ddthpdibhits cBRaspondiy M Reardilldr pditisRs withe VFO

signal 5 has a single Tepetitive frequency- Accordingly, it is possible to

separat euie, ot NaNEEiRaNS ol Bn LIS B PGl Bick s OpRYSliard 1 Signal to

be witten'on recording area 2 esS not ‘have t ave a single
frequenc but .ay have. a tiicul ar pattern and a spectral. bandw dth
i s ow sl S Sl Sical PO (ke bR ! BittPn o IR s BriabR el
corresponding to the bl ock rk 210.
10 P displa(?ement of the groove%o. ﬁccordingly, the wobble pattern of the groove 200
is identifiable by the pulse signal 208.

Next, referring to FIG. 3C, illustrated is an exemplary circuit configuration for

generating the puise signal 208 and a clock signal 209 from the wobble signal 206

shown in FIG. 3B.

15 fn the exemplary configuration illustrated in FIG. 3C, the wobble signal 206 is
input to first and second band-pass filters BPF1 and BPF2, which generate the pulse
and clock signals 208 and 209, respectively.

Suppbsing the wobble frequency of the track is fw (Hz), the first band-pass
filter BPF1 may be a filter having such a characteristic that the gain (i.e.,

20 ftransmittance) thereof reaches its peak at a frequency of 4 fw to 6 fw (e.g., 5 iw). In
a filter like this, the gain thereof preferably increases at a rate of 20 dB/dec, for
example, in a range from low frequencies to the peak frequency, and then decreases
steeply (e.g., at a rate of 60 dB/dec) in a frequency band exceeding the peak

~ frequency. |n this manner, the first band-pass filter BPF1 can appropriately generate

25 the pulse signal 208, representing the rectangularly changing portions of the track
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10 EMBODI MENT 2 Hereinafter, an optical disk reproducing apppaahumoBavi ng
the function of reading an address on the optical disk nediumof the first
enbodiment will be described with reference to FIG 5. 15 A |l aser beam
enmitted fromthe optical head 331 of this reproducing apparatus, inpinges
onto an optical disk 1, thereby formng a |light spot on the track groove
of the optical disk 1. A drive nmechanismis controlled in such a manner
that the light spot noves on the track groove as the optical disk 1 is

?TEF ?te???e‘ﬁot'ﬂ%"fﬁ%m?ﬁ%weﬁﬁ% 35"9%??5” it ﬁLYﬁEy‘Sin'e??f [ ng an telhif:t i s gnal
' 3 1
2 Toad si gnal OpBE ke haa e s eréqqﬁ%%é’?h PRRa e bl o

operation processing. In response to the nal . supplied fron1the optlcal
head 331charaeerdigdhat thagaimihgracd #‘oPIQQS’@ agréﬁdﬁ fraiged ér@ausﬂ@xpmrzd - guin y
added signal and a wobbl e signal (i_e., push-pull signal). 25 The wobble

si gnal i bandipanging freanwdtbive P15 b Bediinclding ik avahbiin freqimency3iw at ter ch
. 2005 circuit 333 generates a clock signal fromthe. wobble signal and then
del i ver scdnker) bat iseEmail gnthk dtiserafrdduancigsg eFtey séand3zmd-fass filleo BPF jeal has
~a frequency obtained by nmultiplying the wobble frequency. It should be

noted thalks BSi YeRefdle ARHY QalkLsignie tal ? §3f3eq®n@98&ﬂrésgémﬁ @ fhem ng

signal may also be generated by using a reference cl ock signal although

the pregj &b?gfrbguggyanﬁéfraameasftgé'dbcgggggnéogna' output fromthe read

si gnal processo mark detector 334. In accordance
w e ol i kb P Tk, Y6k ShRuAve 0 bl ook
invention will be described in detail.
10
EMBODIMENT 1
A spiral track groove 2 such as that shown in FIG. 1A is aléo formed on the
recording surface 1 of an optical disk according to this embodiment.
FIG. 4 illustrates the shape of the track groove 2 of this embodiment. The
15 track groove 2 is divided into a plurality of blocks, and a block mark (identification
mark) 210 for use as a positioning mark is provided between two adjacent blocks.
The block mark 210 of this embodiment is formed by discontinuing the track groove 2
for just a short length.
The track groove 2 includes a plurality of unit sections 22, 23, and each
20 block is made up of a predetermined number of unit sections 22, 23. An arbitrary
wobble pattern, selected from a plurality of wobble patterns, may be allocated to
each unit section. In the example illustrated in FIG. 4, the wobble patterns 106 and
105 shown in FIG. 2(b) are allocated to the unit sections 22 and723, respectively.
Each of these wobble patterns 105 and 106 carries a one-bit inforrﬁation

25 element (i.e., "0" or "1"), which will be herein referred to as “subdivided
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the laser beam reflected froma part where the block mark 24 hszd% esent,
has a 1o higher intensity than the other parts. Accordingly, en the | evel
of the fully added signal exceeds a predetermi ned |evel, the read signal
processor 332 generates a block mark detection signal and sends it out to
the timng generator 335. In response to the block mark detection signal
and the clock signal, the timng generator 335 counts the nunber of clock
pul ses fromthe begi nni ng of a block. By 15 performng this counting, it

IS possible t det rm,n t. whi t he , wobbl.e si oul.d rise
or Fal ImatPR 6y oTHHYES t%ﬁ?VP%P?#%twc@ﬂﬂ?&%@Hb.@?ﬁ%ﬁgﬁﬂ&ﬁ N
at which each bI ock is sectioned. A fi t sh cognter 336 counts the ‘
number ofeqtiopedf thadragkaiperr. e CoRientsg HreeS@P@waﬁ ﬂnfgrrnaf'%a' Bd o or
greater than a predetermned value Un for each 20 unit section. Mre
speci f i ctielynit sectionsagrbaitead: Arscardiaglyuyarious typss i informatiancan beread
greater than the predeterm ned val ue UTH when t he wobbl e signal rises, the
count er RBaed o nediehit subdigided inforn@itidny one. On the ot her hand, if the
gradient is less than UTH, then the counter 336 does not change its count

Cl bug hol ds A¢ deddtbedtabiivagthiat difiéricabe im@aveiitaiveBilthe WebBlei pattidatd ned by
the output signal of the timng 25 generator 33.5. 32 1 March 2005 A

second 519%@9%%'41&%3 §%¥ﬁé‘r@H¢5€ #h %l'%lléﬂt' rﬁéﬁ&e&{ thd [l 05%53&4 B triiin

wobbl e sign l'ing is equal or smaller than a predeterm ned va ue Dt ,

for each t e d h-pul |

i gnal 1 4.8 Y8 150 skRR.28TH btfah%ﬁeb% o o bR AL AR hS”.
bbl I 5 337 t t t C2. b

the. ot hehiiiipel ¢ WoSEPalm & B °%e”t?93h33%f e banber 337

does not change its count C2 but hol ds i t. m ng at V\:hl ch the wobbl e

signal fidentdiaple as eae gbthenwabblo na#@n@ui%@n@ |1&ﬁaﬁhomn iPdG. 2A. However,

10 when this detection is performed by differentiating the read signal in the above-
described manner, noise components increase. For that reason, if this technique is
applied to a high-density optical disk medium that results in a low SN ratio, then
detection errors may occur. To avoid fhe occurrence of such detection errors, the

following technique is adopted in this embodiment.

15 The information to be written by the user on the disk (which will be herein
referred to as “recording information ™) is written over several blocks along the track
groove on the recording layer. The recording information is written on a block-by-
block basis. Each block extends from the block mark 210 along the track groove 2
and has a pfedetermined length of e.g., 64 kilobytes. A block like this is a unit of

20 information processing and may mean an ECC block, for example. Each block is
made up of a number N (which is a natural number) of sub-blocks. When each block
has a length of 62 kilobytes and each sub-block has a length of 2 kilobytes, the
number N of sub-blocks included in one block is 32.

In this embodiment, the areas on the track groove where the information for

25 respective sub-blocks should be written correspond to the unit sections 22, 23 of the
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timng generator 335. A subdivided information detector 338%@9&?%&%5 t he
count ClL of the first 10 shape counter 336 with the count of the second
- .shape counter 337 in response to the timng signal that has been generated
by the timng generator 335 to indicate the timng at which the

I nformati on should be subdivided. If C1L ?C2 is satisfied for a certain
unit section, then the detector 338 outputs "1 " as the subdivi ded
information .of the unit section. On the other hand, if Cl<C2 is satisfied
for a unﬁ%ﬂg@%bbgn, then 15 the detector 338 outputs "0" as the subdivided
i nf or mat the unit section. In other words, the detector 338 decides

the type of the wobble. signal, Qy Lority~pn a,,unit section basi An
error correctgwcgs‘@eﬁﬁ'ﬁéggél’wdgar’ﬁ'b%qqrbc i % oh EHECH O%Pagﬁﬁif“\‘ﬁ ded
information allocated to a _plurality of .upit sections included in one

bl ock, t Wit 88ptiond hianidhZig adiews of SHRivided dﬂ%omi"ﬂ'é%'?e % ﬂc‘—ag?sb*taﬁa ot
have to be separately inplemented as mutually independent circuits.

Al t er nat aKasiajed to saelybiocki rlodhis erobpdment, theyadsisesshaf te Ploclais widisatsd ty of
circuits. Also, the functions of these circuits my be executed by a

di gi tal sy thieyrauposfessaiividdtbintoroptombf 82 bits. control | ed in accordance with a
25 program pre-stored on a nenory. The sane statenent will also be true of

each of 33 1 R skardeedwhaee bath awitRacket hass RMBEIONRANS Infted (e 20043 ent
i nventi on. EMBODI MENT 3 Anot her enbodi nment of the optical disk reproducing

“appar at usmgé J,E)ltfﬁale ggﬁtygirés‘rﬁ%hei\wg:né!&?iow his ReIRHE CoReshdndify kefareare to

FIG 6. reproducing apparatus of this enbodiment is
L e erbgbh o YR ABPBRBA 601704 6Bl 1980804 "o lBh' B S8l "9 o
Accordingly, the wobble signal 206 shown in FIGS. 3B and 3C may be detected over
10 208 wobble periods (i.e., a wave number of 208) to identify the type of the given
wobble pattern. For that reason, even if some detection errors have been caused by
noise during signal reading, the subdivided information is_ identifiable accurately
enough.
More specifically, the differentiated waveform of the differential push-pull
15 signal (i.e., the puise signal 208) may be sampled and held evéry time the signal
rises or falls. And if the accumulated value of the number of rises is compared to
that of the number of falls, then the noise components are canceled. As a result, the
subdivided information components can be extracted highly accurately.
The block mark 210 shown in FIG. 4 is formed by discontinuing the track
20 groove 2 for just a short length. Accordingly, if information is overwritten on that part
of the recording layer over the block mark 210, then some problems may arise.
_Speciﬁcalty, since the quantity of light reflected greatly changes depending on
whether or not the groove is present at the spot, the existence of the block mark 210

causes a disturbance in the read signal. Thus, in this embodiment, a VFO (variable

25 frequency oscillator) recording area 21 is allocated to an area 21 of a predetermined
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apparatus further includes an erasure detector 340. The errppspQ RSt or 339
also has a different function. In the other respects, the apparatus of
this enbodinment is the io sane as the counterpart of the second enbodi nent.
Thus, the description of the conponents conmmonly used for these two

enbodi nents wll be omtted herein. The erasure detector 340 conpares the
.count Cl output fromthe first shape counter 336 with the count C2 out put
" fromthe second shape counter 337 for each wunit section. And when an

i nequal Lt ¥ 3ndisdt Ex inSarR @40s ITHROVPOrBcs@ipestatd ig ahtarpa edtererai ned
val ue 'é?ﬁq%nén(‘g%@%?%rzs 40 outputs an erasure flag of "1" indicating that
the subdiyided |nfornalihanyi detns tEdiyndidenbeihg bl FLL Byuirea fat her
hand, isl’”di?\ eqPﬁ%%Yu%{gﬁély - Ez‘f‘ﬂﬁé"cggﬁ i's l%%t satisfs?ed, t|€ha§I det ect or 340
out puts an erasure fl f"o". Af t I r.e | I Shar grror
cor r ectrepdiggghg sg%fgeaﬁ%fggﬂﬁfﬁ?%i%’e%‘ \gﬁe'ﬂﬁ%?u’r#gﬁng?f,gstth ﬁ)éarng%yorrr\:’a 4 ng an error
correction conpulsorily. In this e di t, error bits e si ng
the er abend @ Isignal WUQCKP%US%M@?J.Uggﬁ-‘l?éﬁ?gH‘é"%&FFﬁ’ésr gﬁsoeﬁﬁeoy_%g;?@gg i bl e
bits of an error correction code is doubled. It sho_El d be noted t,hat as
the eramy @ Bingls repstitivey requensyput Acgesdingly. ibis egssiple & SARATHE put
when E<Cl--C2<+E and "1- may be output 34 1 March 2005 when +E- ~<§é— C2. In
that cagguridncthmueeadyities bloaly mask! Kowevke tee sighaderteswiittethondie VB made
conpul sorily. As described above, in the optical disk reproducing apparatus
of thi Srecgfmﬁbdia?@é'tm bes Ykdi pvaeth ihateramadrighn fiesuaocy,dedt mayehgve a

identifirable™due to a sml | 5 d! fference .bet ween fthe first and second.
shape Coaurﬁ%ﬁ ¢ HAEIN AnbiS SPLAAPBAARAIHN RarfivaBREugH0 Suparatedhe frequencyect | on
p-rocessp ‘?hls manner, the error correction ability

thereof from that of a signal corresponding to the block mark 21 0.

10
EMBODIMENT 2
Hereinafter, an optical disk reproducing apparatus having the function of
reading an address on the opticai disk medium of the first embodiment will be
described with reference to FIG. 5.
15 A laser beam, emitted from the optical head 331 of this reproducing

apparatus, impinges onto an optical disk 1, thereby forming a light spot on the track
groove of the optical disk 1. A drive mechanism is controlled in such a manner that
the Ii.ght spot moves on the track groove as the optical disk 1 is rotated.
The optical head 331 then receives the laser beam that has been reflected
20 by the optical disk 1, thereby generating an electric signal. The electric signal is
output from the optical head 331 and then input to a read signal processor 332
where the electric signal is subjected to operation processing. In response to the
signal supplied from the optical head 331, the read signal processor 332 generates
and outputs a fully added signal and a wobble signal (i.e., push-.pull signal).

25 The wobble signal is input to a wobble PLL circuit 333. The wobble PLL
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is inproved and an address can be read nore reliably. EVMBOY MENF #ho30 An

I nventive nmethod for reading an address on an optical disk nediumw Il be
.described with reference to FIG 7. A wobble shape 351 is schematically
illustrated on the upper part of FIG 7. 1In the left half of the wobble
shape 351, failing displacenents are steep. In the right half thereof on
the other hand, rising displacenents are steep. 15 The wobbl e signal 352 as-
represented by a push-pull signal has had its quality deteriorated by

noi s of civeler gbg@gi 5180 Qplhirbh. B bADR g Aot AR a'ag@f&é“ci g

t he wobb{'e Si'g at “zero eve eren
bt d d. ff t b i ff t
ST gnal - 9 JanalHE oI S8oul o s g iﬁ%%alg@eqyﬁa BEDY chape.
- A nunber of Peaks reflectl ng noi se or waveformdjstortion are observed here

and t her®ultinlyiiguthe WRbPlS H9Bsachealk shrulsr ke dptachifiat beiosp dhe aielbladildet ed

for displacenent points. For the sake of sinplicity, only first and second
parts 35%clind 3%bix phasarloskedyr pitimingi signalemaytaleo theogenératacb bl usieg gnal

will be described. 25 In the first part 355 of the wobble signal, when the
val ues 3Jeferanck b8k signdkaltholgh the ptddtsiarhis infefibrer ent i at ed si gnal 354 t hat
are sanpled with respect to leading and trailing edges of the digitized

signal 803, rasPRAY hld&éd’mghal\/@utdwlﬁbrrﬁ%%u@ signal presessupB32r RAnphittd scach
ot her, the sanpl ed val ue 358 has the greater absolute value. Accordingly,

. ooty el e Naobb ook 0P Uk 1S pRoKindRe  hes
di'splac ecfmt\géti)r 334 locates the block mark 210. In the optical disk of the first embodiment,
the laser beam, reflected from a part where the block mark 210 is present, has a
10 higher intensity than the other parts. Accordingly, when the level of the fully added
signal exceeds a predetermined level, the read signal processor 332 generates a
- block mark detection signal and sends it out to the timing generator 335.
In response to the block mark detection signal and the clock signal, the timing
génerator 335 counts the number of clock puises from the beginning of a block. By
15 performing this counting, it is possible to determine fhe timing at which the wobble
signal should rise or fall, the timing at which the information is subdivided and the
timing at which each block is sectioned.
A first shape counter 336 counts the number of times the gradient of the
wobble signal rising is equal to or greater than a predetermined value Uy for each
20 unit section. More specifically, if the gradient of the push-pull signal is equal to or
greater than the predetermined value Um when the wobble signal rises, the
counter 336 increments its count C1 by one. On the other hand, if the gradient is
fess than Urn, then the counter 336 does not change its count C1 but holds it. The

timing at which the wobble signal rises is defined by the output signal of the timing

25 generator 335.
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In the same way, as for the second part 356 of the wobbl
val ues 359 and 360 of the differentPated si gnal 354 thatea$29%§%%¥%@eaﬁtﬂe
respect to leading and trailing edges of the digitized signal 803

- respectively., have their io0o absolute val ues conpared with each other t he
sanpl ed value 359 has the greater absolute value. Accordingly, it na& be
deci ded that the wobble signal including the second part 356 has a wobbl e

" pattern in which a rising displacenment is steeper than a falling

di spl -ace”e”tdx s%oﬁgﬁé(}rg% SLG P39 R ChShRMhE Mufn T timdiethicastaliiasi f tied by

accurmul atin I'stons, the type of each subdivided information

unit is i tifiable b P : _ _
teaci ngroncsel g B SR bsuel Poltins ERGEFmyAE Vatielon I dm Secress

sanpled only at the timngs correspondi t f. 952

obt ai nednibgeatiog tMQT%@Q%fgC%bglt@e §f%(ﬁﬁ'i?t?°ftatﬁ8 R"&g'@gﬁ‘%ﬁg% IS% E@Eﬁ uesI are
conpared Wi th each other. As a result, the gradients of 't e wbbl e shape at
the di sphaksrtban tnﬁ)prmd_gtqrmn%ve@@al%%wm@ngeyWPéP*ﬁa%EFfgﬁ"é%’g‘;n Hif R o

di sturbance such as noise or waveformdistortion. EVMBODI MENT 5 25 Another
opt i gal 334 Herermpnisdtsceountapd byaings Oorthe stemiganth bt gradieny imaresden. var ch
2005 optical disk according to the present invention will be described with

r ef er enggntonFltken She Thantee B37ddoesigohehange its asfunt IG2 butrboldsnibntThes
different fromthe counterpart shown in FIG 5 in that the drive of this

enbodi ”ﬁﬂgqgilé‘tfdgméﬁ he WK Qidhat 1aIReisials6 tlefined . tHEheutpabbigaak bifie

det ect or entifres a given wobble shape as a first shape wth a steep

rising t(i‘lrinﬁ]%lgecneer[]ﬁg; 395 as a second shape with a steep

A subdivided information detector 338 compares the count C1 of the first
10 shape counter 336 with the count C2 of the second shape counter 337 in response
to the timing signal that has been generated by the timing generator 335 to indicate
the timing at which the information should be subdivided. If C1=C2 is satisfied for a
certain unit section, then the detector 338 outputs ™1~ as the subdivided information
of the unit section. On the other hand, if C1<C2 is satisfied for a unit section, then
15 the detector 338 outputs "0" as the subdivided information of the unit section. 1n
ofher words, the detector 338 decides the type of the wobble signal by majority on a

unit section basis.

An error corrector 339 makes an error correction on the group of subdivided
information allocated to a plurality of unit sections included in one block, thereby

20 obtaining address information.

These circuits do not have to be separately implemented as mutually
independent circuits. Alternatively, a single circuit component may be shared by a
plurality of circuits. Also, the functions of these circuits may be executed by a
digital signal processor whose operation is controlled in accordance with a

25  program pre-stored on a memory. The same statement will also be true of each of
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falling displacenent on. a wobble period basis, thereby out g&h{p'gzo\bgbbl e
shape information to the subdivided information detector 338. In
., accordance with the wobble shape information obtained fromthe wobble

- shape detector 361, the io subdivided informati on detector 338 determ nes -
whi ch shape has been detected the .greater nunber of tines, the first
shape or the second shape. Then, the detector 338 identifies and outputs
t he subdivided information all ocated to a given subdivided infornmation

uni t The fﬁhﬁl@hpi\léﬁéuéﬁhﬁdﬂhﬁbm of¢he preserd Byveméigni ncl ude: a counter for
obtaining 1 he nunber of tinmes that a signal indicating the detection of
the first shape has been received in accordance wth the wobbl e shape
i nformation received; and another counter for obtaining the nunber of

tinmes t i indicating the detection of the second shape has been
recei v%%qgﬂ\ﬁ%@ﬁlgiance with that information. By conparing the counts of

t hese two shapes wit ach .ot I H YodiRirRf idpparis bhef tede. 20

Al ternativef ?thﬁﬁ %Baﬁw@oaﬂﬁﬁ? %@%glcg%wggsusde@r@(’) a}pﬁcrenent t he count

D O e s B cbed W (Efora0Ek 18 1B e Hifciaust by one
Count eroproding apmampRvpldhiaarkmeBLABHoRHEom e BRI S84l LOCT Ve
or negative, at the end of a given unit section. 25 hl%éiﬁﬂit Wi, | 'iwie

descri ge&eisg idRirmiation ddeordiig tertbe fourtr enbodimsit imd e SAYCIRE ch 2005
shape detector 361 operates. The wobbl e shape detector 361 includes a

band- Pa3fatahid fiftntPRENIBE 2n orsbiroluictactar 3403 Threeereorrstor SRR 165 e, the

vvobbl e gnal) and reduces unwanted noise conponent s thereof. This BPF 362
may pagsdi#fg%a{ HNERBE R thd LRAGBSHEdRs, ARBTPPardtes of thisembsidimentsisdhal and

har nonic uency conponents including
10 same as the counterpart of the second embodiment. Thus, the description of the
components commonly used for these two embodiments wili be omitted herein.
The erasure detector 340 compares the count C1 output from the first shape
counter 336 with the count C2 output from the second shape counter 337 for each
unit section. And when an inequality - E<<C1 —C2< +E is satisfied with respect to a
15 predetermined value E, the detector 340 outputs an erasure flag of "1” indicating
that the subdivided information is not definitely identifiable. On the other hand, if the
inequality - E<XC1 —C2<+E is not satisfied, the detector 340 outputs an erasure
- flag of "0".
If the eraéure flag is 1", the error correcior 339 erases the subdivided
20 information, thereby making an error correction compulsorily.
In this embodiment, error bits are erased using the erasure flags in this
manner. Thus, the number of error-correctible bits of an error correction code is
doubled.

it should be noted that as the erasure flag, "0" may be output when C1—

25  C2=-E, "X" may be output when — E<C1—C2<+E and "1" may be output -
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wobbl e gradi ent information. Supposing the wobble signal has ¥§%$nental
frequency of fw, a band-pass filter having a band ranging fronlf 5
fwis .preferably used to allow a good margin for possible variation in
1inear velocity. The output of the BPF 362 is input to a gradi ent detector
363 and a digitizer io 365. The gradient detector 363 detects the gradi ent
of the wobble signal. This "gradient" detection may be carried out by
~differentiating the wobble signal. Instead of the differentiator a

hi gh-pass, fil e HP or extracting onl ar.mui,.c onent |ncI udi ng
G 5a1 oncehe) SEEH o1t Al beEERsse TUBEBraSint BRIR R othel FEN ChErSTan Mk
detector 363 is delivered to a rise detector 366 .and an inverter 364. The
i nver t erbm@depEBIUSA e out put of the gradient det ector 363 with respect
to the zero level and then outputs the inverted value to a fall val ue
acqui rer 367.AsHdesgriped i ahoveo®s thet epticalr diskntppanduding | appprateiso of rtbiss
timngs of the wobble signal. The "rising zero-cross timng" herein neans
a tinme admbddintenthié subbivided iﬂfbnsia@ioralis crimarai@ﬁaitélyddeﬁtiﬂdbld dueltoi antsendlH"

| evel . On the other hand, the "falling zero cross timng" herein nmeans a

S tine at werelcé %twe@ﬁltﬁe Siréihahd Gea86E SsHapeTeodmts, theredits it quedtion arvel .

The rlse val ue acquirer 366 sanples and hol ds the gradi ent of the wobble

signal, de,g ed dbrify SR of cBir éﬂa‘a SZ% Rt [RERG #errdtcoirBetion abiMg

zero- cro8a T mn tected by the digitizer 365. I'n the

nvert ot Bpelavedeng R 4 ei%nﬁ"“@é % &ﬁ*g?% A8, he ol pat of the Ei"e?f or

364, at the failing zero-cross timng that has been detected by the
digitizer 366. In this case, the value sanpled by the rise value acquirer

366 is a positive
EMBODIMENT 4

10 An inventive method for reading an address on an optical disk medium will
be described with reference to FIG. 7.

A wobble shape 351 is schematically illustrated on the upper part of FIG. 7.

In the left half of the wobble shape 351, falling displacements are steep. In the right
half thereof on the other hand, rising displacements are steep.

15 The wobble signal 352 as represented by a push-pull signal has had its

- quality deteriorated by noise or waveform distortion.

A digitized signal 353 is obtained by slicing the wobble signal 352 at zero

level. A differentiated signat 354 is obtained by differentiating the wobble signal 3562.

The differentiated signal 354 contains information about the gradients of the wobble

20 shape. A number of peaks reflecting noise or waveform distortion are observed here .

and there in addition to those peaks representing the gradients detected for
displacement points.

For the sake of simplicity, only first and second parts 355 and 356 that are

~ arbitrarily selected from the wobble signal will be described.

25 In the first part 355 of the wobble signal, when the values 357 and 358 of
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-5 val ue because this value represents the gradient of a ri s pgrRdeBs The
val ue sanpled by the fall value acquirer 367 is also a positive value
because this value represents the inverted gradient of a falling edge.
That is to say, the values sanpled by the rise and fall value acquirers
366 and 367 correspond to the absolute values of the respective gradients.
. 10 A conparator 369 conpares the absolute value of the rising edge gradi ent
" as sanpled and held by the rise value acquirer 366 to the absol ute val ue of

408 of fia A SHBTRPSRARP 35e MatAIApRA G S fuct thdedcing awll toalimge qui 1 er

377 af mned tinme has passed since the falling zero-cross

| timng of the bble.. si,gn { : 1 apintablute Nealded ay i s
causedediges ol @'W'@ﬁ?tsﬁbg{ -%}?S’I gsﬁ%gh\%s{ ’ugﬁg? F%e! ‘1se val e det ect or

366 is found the greater, the conparator snohhl ]

i nf or naomﬁfedMﬁ'tBaﬁqcﬁgﬁE'WetﬂF? ﬁemﬁ%ﬁ%ﬂ‘eéﬁ?ﬁ?ﬁ%@%ﬁé cor?gjattégtg g’? 369
out puts wobbl e shape infornation indicating the second,sh —p isto
say, bpccordiagly.niy neay be idesidgdhab e W@H%g'gf'?g\nﬁg’dﬁ?ﬁjtqeaﬁ%? R ﬁzgg%- cross

timngs, at which the wobble signal gradient informati onn{;% nost .reliabl e
(i.8., hhiea 2Qolsh!é featienn iiatwhick 24 (faling hdisplgeemient 1HSteeRer nBn? S

m-ni mum respectively), to each other, the wobble shape is detectable
accur ayplyaQpeah 1n this enbodiment, the same signal is input to both the
digitizer 365 and the gradient detector 363. However, the present

invention i §, A sdrh8iviR asTof tHeSseddiit partiBE6 of tizodnbblet Signa. wbesdbet he
zero-cross timngs of t'he wobble signal even 25 nore accurately, the output

f the BPF 3 ' i A I G Al 28 29 pledVaith I f
o s B B g B it o o

of BPFs with rmutual ly differept rdiStd " pidvelatteiror t he
gr adi ef@ ‘ei‘f@f‘%cﬁ'@réré%ﬁg Sdgep tHfég@@.ﬁ%‘? I@igiﬁ%ﬁgﬁy I n thgtr case,

‘e 1?t Cart])sf)l?fe 8&3&5;5? iompared with each other, the sampled value 359 has the greater

absolute value. Accordingly, it may be decided that the wobble signal including the
second part 356 has a wobble pattern in which a rising displacement is steeper
than a falling displacement.

By making such a decision on a wobble period basis and by accumqlating

'15 the decisions, thé type of each subdivided information unit is identifiable by
majority.

In this manner, according to the address reading method of the present
invention, the differentiated signal is sampled only at the timings corresponding to
the edges of the signal obtained by digitizing the wobble signal, and the sampled

20 values are compared with each other. As a result, the gradients of the wobble
shape at the displacement points are detectable highly reliably even under some

disturbance such as noise or waveform distortion.

EMBODIMENT 5

25 Another optical disk reproducing apparatus for reading an address on an

36




of the wobble signal that has been passed through these BPF§uafrdfbogy
corrector 5 is preferably further provided separately. As described above,
in the optical disk reproducing apparatus of this enbodi nent, the

gradi ents of a wobbl e signal including subdivided information are sanpled
and held at zero-cross timngs of the wobble signal and then the val ues
held are conpared to each other. In this manner, the wobble shape is
identifiable io accurately enough and detectlon errors of subdivided

I nformat i aused.. b r ex ar reduci bl e. EMBODI MENT 6
Flo 10 grteataik aceouing in T pisesh nvENGAR vt L3 feRdtbig: Wi 19/er8aR Weod I s
apprOX|nater at the center of a VFO recordlng area 21. In the exanple -
il lustrdtied8in FIG 10, a wobble having a rectangul ar waveform has been
formed in the VFO recording area 21. However, the present invention is not
limted to thile papadieing appabaids nehtthisHersbodifmeat |, isi différent Hrondetber i bed
wth reference to FIGS. 11A and 11B howto 20 wite a signal on the VFO

- recor di npuaterpa? shown iRIFES. 5likAhaintie diBe dffikis wrhibbdimeno invhaiesra Wobbler ack
groove 2 is omtted for the sake of sinplicity. FIG 11Aillustrates a

situafi %ap@%%c@orssanarhé:@bbaémase Qetdcfor@® iRbRFes! Sgivish WobBlR S
track groove 2. recordi ng signal for one bl ock includes data (DA ) 202

?ﬂ:’sViﬁﬁag?ﬁgszsﬂaé%%tz?zv%gtr'sﬂ@@Sg'sa@ Bt i b YReE0L 11
210" ar dad sRirR o & kRbRR phERL YaSle, dhérghs S00RE w kgt T
written i%?mét%%”té rt]t?e \Qilgdlwcﬁedl |nforma[t;[o%ndefat|e2%rlél38. qn accordance with the
wobble shape information obtained from the wobble shape detector 361, the
| 10 subdivided information detector 338 determines which shape has been detected the
Qreater number of times, the first shape or the second shape. Then, the detector .
338 identifies and outputs the subdivided information allocated to a given subdivided
information unit.
The subdivided information detector 338 may include: a counter for obtaining
15 the number of times that a signal indicating the detection of the first shape has been
received in accordance with the wobble shape infoﬁnation received; and another
counter for obtaining the number of times that a signal indicating the detection of the
second shape has been received in accordance with that infqrmation. By comparing
the counts of these two shapes with each other, a decision by majority may be made.
20 Alternatively, an up/down counter may also be used to increment the count by one
when the first shape is detected and to decrement the count by one when the second
shape is detected. In that case, the subdivided information may be represented by
the sign of the count of the up/down counter, i.e., seeing whether the count of the
. up/down counter is positive or negative, at the end of a given unit section.

25 - Next, it will be described in detail with reference to FIG. 9 how the wobble
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VFO 203 is witten within the VFO area 31 and the witing engapgidtgsof the
VFO 5 203 is behind the block mark 210. That is to say, in this enbodi nent,
.information starts to be recorded before the block mark | ocated at the

- beginning of an intended recording area is reached, and then finishes
being recorded after the block mark |ocated at the end of the intended

. recording area has been passed. |f data starts to be witten at the center
“of the block mark 210, then the 1o recording filmdeteriorates

consi der abl | - ere the block mark 210 is present. The bl ock
mark 2 15(5'%5 F%[egélcstéll %‘fggﬁﬁéra\’&. i

e ment is fornmed by discontinuing the track groove 2
for just a ort length. Ac | . a )¢ f track
gr oove mher:‘thenéma%&%l?'\?gﬁkag%g{oﬁégp"r el'zéelﬁcﬁ)& Pnﬁfsre]@‘g)%glsn@{i n? owatglé%’n on
t hose stepped parts, the informatjon heed 0_be recar ordi ng
{11 m bywigh rocaR R aP YL SGat (8 1BE SR B A et oL YhPERGES) | acer
beam so that the irradiated ﬁ_art wll be gi Veﬂi,ﬁ'g hi gh tr{e{]ﬁal energy. In
this cagise spaponentsnihereefur EnigrBAF e30% MayePast fLBE%HF%‘ ANGEAEUY t hose
parts irradiated with the |aser beam These tenperature gradients produce
a st§ esoniporiches bbdiee diabplé isignal ahd hannapic frquerep somprreRts IRCIUANGSt r essed

part, then a small crack m ght be formed in 20 the recording film Once
t hat srpbdbi6TGralichSnieaaatiber nBdpposing ¢he evabkde rejgrall has a findamrital | |

expand every time the wite operation is repeatedly carried out. Then, the
il m mght, bey Riraed bandpassTter havingi & bariaahgigt fromot/ariew &nb faush film

breakage, " the"witing start and end points are placed in the areas where

0, koGRS A ST g eder oo 19

for dathl® : 2005 signal is being read, the
i gnal and ite ertpof Bf e Bk EIRGR Mal B Bl SR 2 dotel [T
10 365. ' '
The gradient detector 363 detects the gradient of the wobble signal. This
“gradient"' detectioln may be carried out by differentiating the wobble signal.
Instead of the differentiator, a high-pass filter (HPF) for extracting only harmonic
components including gradient information may also be used. The output of the
15 gradient detector 363 is delivered to a rise detector 366 and an inverter 364.
The inverter 904 inverts the output of the gradient detector 363 with respect to
~ the zero leve! and then outputs the inverted value to a fall value acquirer 367.
The digitizer 905 detects rising and falling zero-cross timings of the wobble
signal. The "rising zero-cross timing” herein means a time at which the wobble
20 signal changes from "L~ level into "H" level. On the other hand, the “falling zero-
cross timing” herein means a time at which the wobble signal changes from "H~
level into "L" level.
The rise value acquirer 366 samples and holds the gradient of the wobble
signal, i.e., the output of the gradient detector 363, at the rising zero-cross timing

25 that has been detected by the digitizer 365. In the same way, the fall value
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high fidelity, the read data signal needs to be digitized apgaednomiogd
accurately enough. If a VFO signal interval is too short, then the data
starts to be read before the PLL has been | ocked sufficiently, thus

possi bly causing errors in the data read out fromthe beginning of a

bl ock. Accordingly, the VFO preferably starts to be witten ahead of the
block mark and is preferably provided with a sufficiently long area. It
~shoul d be noted that i f data has already been witten on the previous zo
bl ock, then.a for t he rren ock ten ht., be overwritten
on”a VECREBHier BT 5l lgnng LS tne ovieker Brrdient of 1S oBbiE Hiadel dedte par
of the VFO si gnal al readg witten is erased. Al so, the preexistent VFO may
not be ieutpHhekihg invertar 364y at thei falling xgrorcrage Yming ¢haf has; been detected
preferable to get the PLL for the current block |ocked by using the VFO of
t he prevbptie digiizkr 366. The f oregoi ng description of this enbodi nent rel ates
to the VFOwiting start point. Simlar recording filmdeterioration is

al so obser vedinathiglossd, lthe datue sampledoby thedripoivalue ddewiree366tipa positiverg end
point is preferably behind the block mark 310, not before. If the witing
end poi a8 Hdcanak aflis2hsiad @pré%téltﬁé@aarelﬁt%ﬂé rfsm@neage gaphdivaiiie be

formed between the current bl ock and the follow ng block. This gap is 20 an
e §orsarhPofty, tel Bl Al athifor i ¥ QbaROiEiold dilheBMald tis SRR, TR o
bl ock. prigpirats C@??fé%‘ggyﬁtﬂ*%tfﬁh%{ Al é 69935? g L
i t1 ng B el U@l SHRE Hoe %ﬁr%%Béggét’mt%né%%b@%délm Phy end
ggbgt 1?22;?&;62%’“39?%%"1? k 310, respectively, as shown in FIG 42 1 March
10 A comparator 369 compares the absolute value of the rising edge gradient

-as sampled and held by the rise value acquirer 366 to the absolute value of the

falling edge gradient as sampled and held by the fall value acquirer 377 after a

predetermined time has passed since the falling zero-cross timing of the wobble

signal. This predetermined amount of time delay is caused by a delay circuit 368.

15 If the value of the rise value detector 366 is found the greater, the comparator 369

outputs wobble shape information indicating the first shape. Otherwise, the

comparator 369 oufputs wobble shape information indicating the second shape.

That is to say, by comparing only the gradients at the rising and falling zero-cross

timings, at which the wobble signal gradient information is most reliable (i.e., the

20 differentiated values thereof will be the maximum and minimum, respectively), to
each other, the wobble shape is detectable accurately enough.

tn this embodiment, the same signal is input to both the digitizer 365 and

-the gradient detector 363. However, the present invention is not limited to this

particular embodiment. To detect the zero-cross timings of the wobble signal even

25 more accurately, the output of the BPF 362 may be input to the digitizer 365 by
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The di stance between the block mark and the VFO writing statMamh 208 point
i's preferably about 10 or nore tines as |long as the beam spot size of the
laser light for witing. A beam spot size is obtained by dividing the
wavel ength of laser 5 light by an NA val ue. Accordingly, when an optical
head, which emts laser light having a wavel ength of 650 nm and has an NA

of 0.65, is used, the size of a beam spot fornmed on a disk is 1 i..m
(=wavel ength/ NA). In that case, the witing start or end point is
preferabl

refer enc‘é{ g@a?ﬁ@’i‘g%ﬁ@%ﬁg{jﬁgﬁ ?'Eﬁ ?IE% QJ?%W%%J‘%?V@W@ Rl tY@% may be
bar i1 culgh 539'5183 withanyualy Giiesens PherRcterislics, kit are oe0HoRAbS aradial  wnen

the wite operation is started ahead of the block mark 210, the bl ock nmark
has not drtestol@63canshthpcdigitizer36%i regpoctively. bt thet case.ttp maateh dke Phasks or e
the bl ock mark, the |ocation of the block mark should be 15 predicted or
est i nmat eof fhe wolnldevmﬁgnairthattm bediv passedhreughfthese BREshhatdlayreokeddr t he
previous bl ock has been detected, the nunber of clock pulses of the clock

si gnal n@Ypréleratshy firt@r pAvvitiednsspatdtelycount reaches a predet erm ned nunber,
the VFO may start to Be witten on the next block. 20 EMBODI MENT 7 An

~optical disk ﬂ@%é&&.ﬁé@%ﬁa\@g ihOthe TPYEAt BiskRThsstbaBEhg Wapparbis @Spls bed
with ref erence to FIG 12. In the enbodi nrent descri bed above, the bl ock

mar k 210 d | rea .
21. In con In‘?%ﬁ g%c iér?g@ % c.%b!é %ﬁé%?mentd'ﬁ)% Bwvﬁgg)'ﬁfﬁﬁgé@r{qgr%orned
cl oser tot 25 Vi Qus bIock thr ect tqg the ce f,the V
Fecor di rprpBe o S FarSicrsop i SEMEGkeble g SN hefl iyt Yanuds®
fi :
contt gurl%lcl:i %T'e cog1epa\r/gc? tonggct'tn)gthleorn% thlgtmztzxrrl]r(laerb?hge [)Ql% shape is identifiable
10 accurately enough and detection errors of subdivided information as caused by

noise, for example, are reducible.

EMBODIMENT 6
FIG. 10 iilusfrates a configuration in which a block mark 210 is placed
15 approximately at the center of a VFO recording area 21. In the example illustrated in
FiG. 10, a wobble having a rectangular waveform has been formed in the VFO
recording area 21. However, the present invention is not limited to this particular
embodiment.
Hereinafter, it will be described with reference to FIGS. 11A and 11B how to
20 write a signal on the VFO recording area 21. in FIGS. 11A and 11B, the wobble
formed on the track groove 2 is omitted for the sake of simplicity.
FIG. 11A illustrates a situation where a signal corresponding to one biock is
written on the track groove 2. A recording signal for one block includes data (DATA)
202 and VFOs 201 and 203.

25 Writing on each block begins with the VFO 201. In this embodiment, the
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EMBODI MENT 8 An optical disk nmedium according to an ei | '

be 5 described with reference to FIGS. 13, g4A and (1a|4%ht ‘rll'th%I ocC n1tar\l,<vI I2|10

of this enbodinent is made up of sub-marks 210a and 210b. According to

this configuration, the wite operation can be tinmed nore easily. That is

to say, since two nmarks have been forned, the wite operation may- be

. started after the mark 210b at the beginning of a block has been detected
and io before the mark 210a is detected. Also, the wite operation nay be

ended &fs(fgoztigﬁgﬁfe%%%iﬁ%é \VHOrba Al a6 de thiking et poirg afithe MFQrext

bl ock een etected. In this manner, the witing start point can be

set " acgubately. sngupL WobRQHb SPUN Afer iaeyFUTROR tefs Dbeslutans e af ¢ o

t he bl
_ previ ous block has 15 been detected. It should b
noted that to oid the film erd | \Aﬁm oS .
ﬁﬁgﬁaﬁ&ﬁ%‘z?&%&%ﬁ;& Q?IEU'.IQT Nr@?hn%o;ﬁ\fméddgﬁ \éggbg.z ?ggé?\llrgh/@nto slé(t'tl“ﬁge TRrks
.vve_en_ew,rl_tin rt point . ,
or " ToNE @ aegasawTIn s {PRebBLarensl oo iy 2517 G WO D1 0
_ 0 Ob shou preferably be about 20 ) ' .
bearn 51208 isitmhind-the kiselniask 24Rer Ehats 13 52% lgfthgggﬁhﬁigﬁ)%}@ﬁm 8@% g?\ the
optical disk is 1 /Lm this space is preferably set to 2 m or re
EMBODI MEMs ® BSrevordat befare theskloak cmarlilegpted ahtie bﬁm?nieﬂﬁgéﬁd‘é@dgﬁ Il be:
described with 44 1 March 2005 reference to FIG 15. In each of the '

enbodi NEgYSirie sk Badaohey cand bieerbfiniskesrelng rzorded aer clyi i nui
the trac grrg’]gve 2 for just a short |ength. gI n such aﬁ?nﬂ@b‘? Gt nu "

located at the end of the intended recording area has been passed.
If data starts to be written at the center of the block mark 210, then the
10 recording film deteriorates considerably at its part where the block mark 210 is
present. The block mark 210 of this embodiment is formed by discontinuing the
track groove 2 for just a short length. Accordingly, steps have been formed on the
track groove where the block mark 210 is present. In recording information on
those stepped parts, the information needs to be recorded on the recording film by
15 irradiating parts of the recording film with a high-energy laser beam so that the
irradiated parts will be given a high thermal energy. In this case, steep
temperature gradients are formed. before and after those parts irradiated with the
laser beam. These temperature gradients produce a stress in the recording film. If
any of the steps exists in the stressed part, then a small crack might be formed in
20 the recording film. Once that small crack has been formed in the recording film,
the crack will expand every time the write operation is repeatedly carried out.
Then, the film might be broken in the end.
In this embodiment, to prevent such film breakage, the writing start and end
points are placed in the areas where no block marks 211 are present.

25 The VFO is a dummy signal for preparing for data reading. While the VFO
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part where the track groove is discontinued, no groove exisfg, &%?Fdi ngl y,
that part is flat and is called a "mrror mark". A mrror mar[< reflects
read light at a high 5 reflectance and is easily detectable. In this

enbodi ment, however, the block mark is not forned as a mrror mark but a
bl ock mark 218 in a different shape is adopted. Hereinafter, this block
~mark 218 will be described in detail. In this enbodi nent, the wobbl e phase
-of the track groove is inverted inside the VFOrecording area 21 and this .

part with the inverte hasg is used. as, the blogk ,10 k, 2 a hown in
E'G 15, Saata e i, B8 Sfeq RubBOwR aIm R Fifbok OBl Affherter
advant ageously  epsures hig Qsitionin ccuracy, and js_easi det ect abl e.
However , Of theygad 8ignat apd B"E? g LEd%v!OC!‘ﬁ ﬁogé&@tﬂ gﬁgléﬁ'ﬁl&? T a with
considerably. In contrast, if the track groove is formed in such a manner
t hat t hehigbblisiedity;rihe ereiggf data sigsabneeds darke digitiaeyl jagdt eleckad aeaisalely t he
wobbl e phase after the bl ock mark 218, the passage of the bl ock mark 218

- may be semagh. af adviyOtsigral lintendab s teoredqiotththenotbk| datalsterts todia srad befold ock

mark 218 has been passed. This passage is sensible even if the wobble

phases chiaggeL Ipaag heeh - l6cked SEfitibndk thigs kodsiBly eeeing awdrslie thodateeade to
noi se, for exanple. 20 EVMBCDI MENT 10 Anot her enbodi nent of the inventive

optical &itSkom thbl t%)tfc‘qiﬂﬁﬁg rdibe Biokkt h AcEGURgRNRe NPFO! Geickibly| faftdits be

enbodi ment, two b mar ks 218a and 218b dre provided i nSide each VFO

ecor 0 \ghE Rt PERSH e RE g BE BT, B R e e T
di fferené:rga.bet ween this enbodi nent and the enbodi nent '
It should be noted that i.f data has already been written on the previous
10 block, t_heh a VFO for the current block to be written might be overwritten on a VFO
for the previous block as shown in FIG. 11B. In that case, part of the VFO signal
already written is erased. Also, the preexistent VFO may not be in phase with the
overwritten VFO. Accbrdingiy, it is not preferable to get the PLL for the current block
locked by using the VFO of the previous block. |
15 The foregoing description of this embodiment relates to the VFO writing start
point. Similar recording film deterioration is also observed around the data writing
end point. However, the writing end point is preferably behind the block mark 310,
not before. If the writing end point was located ahead of the block mark 310, then a
gap might be formed between the current block and the following block. This gap is
20 an area that is not irradiated with the high-power light and in which ho marks are
formed. Just like the steps, such a gap might contribute to the film deterioration.
Accordingly, the VFO at the end of the previodsly written block preferably overlaps
with the VFO at the beginning of the current block to be written. This VFO overlap is
achieved by setting the VFO writing start point ahead of the block mark 210 and the

25 VFO writing end point behind the block mark 310, respeciively, as shown in FIG.
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illustrated in FIG 15 is whether the nunber of tines the Wt se is
I nverted between a pair of blocks is an odd nunber or an even nunber. As
shown in FIG 15, where the wobble phase is inverted just once (i.e., an
odd nunber of tines) within 5 each VFO recording area 21, the wobbl e phase
will be kept inverted to that of the previous block since the phase has
been inverted and until the next block mark is passed. As a result, if a
clock-signal is extracted as it is fromthe wobble of the track groove by
a PLL syxnchroni zation techni que, then the output of the phase conparator
of the PLL will have its polarity inverted and the PLL will slip

di sadvant a WvRehhBs blRRFMAMK arfd tHeeVRObblitingostasieriend puist t ed an
odd nunbergﬁt?g?!s'}r(raensdégéetih%et he exanple illustrated in FIG 15, the polarity

f the PL d - ol
80n{ rggtgf%gegggwgqﬁfgn?@ @ﬂ@ré%@é 5&%@{%5; PleOsdariaipet Rpe sege pessed. | n

| ment, e phase that has been once
inverted (at the block mark 218a) i.s.i . [ hoEKkefar K
218b) . lighifer writing+ Ifégﬁﬁ’ﬁb?@tﬁl’?fs% %)3%'8%263{ ﬁ&'@g@%%agé?ﬁﬂgﬁ St(?]? t heepr evi ous
bl ock. Accordingly, there is no need to invert th | ari 4 PLL. In
each Vightrimcen di?lhg’ah-@aAgﬁ?rdﬂ’P%V’i‘Wﬂ%? FR Oﬂgﬂf\bgﬂdt ﬁgi%ﬁl %{8# }r?gréflgshb%Ba and
218b needs to be | onger than expected defect hojse. wever, . If tHs
i nt er vRAving @ Wavalengthhi850mem ees fmssan Nifnef @P5 lgised) the $ige Bf%tg’fl? ity of
occurrence of the 20 slip increases. In view of these considerat iieggs, t he

ord

- i nter vahoibphiegon Sk isck wmeFkwagdlengtviiA21 8n thatt ¢ase, Hiecwrlags i ng
area 21 1s preferably about three to about ten tines as |Iong as the wobble

freque I ai Srchshiabed rh baimdraedistanb éonothe blockinark. fiewsveriga, 218b
i nsi deBFéggmgQ écordiﬂg area 21 is not limted to two but nay be anot her

even nyy %@é&?%éaﬁis%?e%%a@teﬁw I%uﬁiigg?gﬁ@thé Bebmostadze by serentzydberent .

Howevel', March 2 ,
10 correctible depending on the properties (e.g., thermal conductivity, in particular) of

the recording film.
it should be noted, however, that when the write operation is started ahead
of .the block mark 210, the block mark has not been detected yet. Accordingly, to
start writing exactly before the block mark, the location of the block mark should be
15 predicted or estimated in some way or other. For example, after the blogk mark of
the previous block has been detected, the number of clock pulses of the clock

signal may be counted. And when the count reaches a predetermined number, the

VFO may start fo be writien on the next block.

20 EMBODIMENT 7

An optical disk medium according to a seventh embodiment will be
described with reference to FIG. 12. In the embodiment described above, the block
mark 210 is placed approximately at the center of the VFO recording area 21. In
contrast, according to this embodiment, a block mark 211 is formed closer to the

25 previous block with respect to the center of the VFO recording area 21 as shown in
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- bl ock marks 218a, 218b should not be formed within a |imtegdylenddysin view
of the density of integration. In the fourth and fifth enbodi nents

. described above, the block marks are forned by inverting the wobbl e phase.
- However, so long as the phase change is detectable, the phases before and

after the block mark do not have to be shifted from each other by 90

. degrees precise. The shift in wobble phase at the block nmark is preferably
“from 45 degrees to 135 degrees, for exanple. EVMBODI MENT 11 10 . Next, a-

sixth e ' t t I i R ' epehinpg. W th reference
to FI G%qimﬂssughﬁo%ﬁﬁg%@ﬁ&g tEﬁaf f er‘éﬁnéty?ér“g}r%b?ﬁ% t1Eioregoi ?gé enbodi nents in
the configuration of the. block mark 219. Specifically, the block mark 219
of this enbodinment is defined by a wobble having a frequency different
fromthe wobbl e 15 frequency of the groove |ocated inside the block. In the
i 11 ust rEMBEORIMEMTES the wobbl e frequency of the block mark 219 is higher
than that inside the block. Accordingly, if part of a read si nI |., which
has a | ocal | Andioptieal edisknamssliems asgRrding, to pg & é!?a%fé'!?oavn?’aeﬁ‘f'?fﬁ’%d by
processing the read signal using a band pass filter, for exanple, then the
bl ock nasdcribbd witmrdferdnoedo €481 §B 14A80diidBel y. 20 In the optical disk
medi um of this enbodi nent, the block mark 219 i's also forned inside the
VFO r ecor di nghaihsckdharke2td FRisletribodimentsie made upof subtrharksr2tla amére t he
bl ock mark 219 is present The wobbl e frequency of the block mark 219 is

P one! Sy sohobdufh, onRcnenl e e Spusienserr o meistee 2 0,
frequency Rf ThiRiPlOs, TRIcK thbinbiks! R SbOSPIdrcdN e dfitdoYbrtian2AAP
be started after the mark 210b at the beginning of a block has been detected and
10  before the mark 210a is detected. Also, the write operation may be ended after
the second mark 210a located at the beginning of the next block has been
detected.

In this manner, the writing start point can be set accurately enough without

counting the number of clock pulses after the block mark of the previous block has
15 been detected.

It should be noted that to avoid the film deterioration, the space between
these marks 210a and 210b should be sufficiently wide. Specifically, to set the
distance between the writing start point and the mark 210a or 210b about 10 or
more times as long as the beam spot size, the space between the marks 210a and

20 210b should preferably be about 20 or more times as long as the beam spot size.

For example, where the size of a beam spot formed on an opfical disk is 1 ©m,

this space is preferably set to 20 wm or more.

EMBODIMENT 9

25 An optical disk according to a ninth embodiment will be described with




~inside the block, then it is hard to detect the block mark 249 QGyskhe
other hand, if the wobble frequency of the block mark 219 1s {oo much
.higher than that inside the block, then the forner wobble frequency wll
-get closer to the signal frequency of the information to be witten on the
recording film As a result, these signals will .5 interfere with other
.di sadvant ageously. It should be noted that in the space between a pair of
‘bl ocks, a wobble having the sanme frequency as the wobble frequency inside

the bl ocks is e V. £00 X t.th . I rk 219. In
~ the bl odl Efe{%ﬂ EFE)OCEQ‘SQJ’C&" ?ﬁc@%ﬁﬁgbﬁ?@@ms@ﬁ‘a@g?@%“e%§§Y€ tﬁ%@%’?&ﬂ?r rom

t he wobhl e shape inside the blogks. |n 1ot example iJJustrated in FIG.
17t he BH0edoRBes Py isandtyRovasiack Bridw 2T ahBnoR fera. Bses BenT 12
-Next, a seventh enbodi nent of the present invention will be described with
15 r ef erpancwherg the drackgrogve isHliscantipden!. AOHAroovR existip eAceridinglys that part
anplitude, frequency or phase changed locally is used as the bl ock mark,
but a griedlaé antsiel dalled b imrigor marks.i n& mimey efark meBectserend lighédit s highe bl ock
mark. Al so, the beginning of each sub-block 221 or 222 includes a wobble

228 of 2Zgflecténde and RCeeddily dutedigisld. fr hituembydimant, Biowavee, the tdoskhmark Br ea
havi ng a wobbl e frequency different fromthe fundanental wobble frequency

at the RogirddiDadh B ik BUOSBIdR hiiks2 TRMNE differbhEshape Basdopied ween
t he sub-blocks i1s detectable correctly. In the foregoing enbodinents, a

sub- bl o "h@aﬁ?'c%igﬂg’%,nqﬁ?’ﬁr%%ﬂgi"tg%@egfjmi“%fﬁpbb' es fromthe block

mar k. On her odrnment, a sub-block can be | ocated by
rzgsggg? ;[ i/gg SEIE?IngeIn it '@%ngéggbvlvgbcbhe %553 o? %186 tr%glg ar&rv%viisqﬁ\gerle%r ingigs
the VFO recording area 21 and this part with the inverted phase is used as the block
10 mark 218 as shown in FIG. 15.

As described above, the block mark 210 as a mirror mark advantageously
ensures high positioning accuracy and is easily detectable. However, if the SN
ratio is low, then detection errors increase considerably. In contrast, if the track
groove is formed in such a manner that the wobble phase before the block mark

15 218 is the inverse of the wobble phase after the block mark 218, the passage of
the block mark 218 may be sensed at any time by observing the wobble phase
after the block mark 218 has been passed. This passage is sensible even if the
wobble phase change point (i.e., the block mark 218) could not be located due to
noise, for example.

20
EMBODIMENT 10

Another embodiment of the inventive optical disk will be described with
reference to FIG. 16. In this embodiment, two block marks 218a and 218b are

provided inside each VFO recording area 21. Each of these block marks 218a and

25 218b is formed by inverting the wobble phase of the track groove.
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bl .ocks. It should be noted that a block mark simlar to th t art of
any of the foregoing enbodiments may be forned at an appr§%§@§?é2g25|tlon
.inside the VFO area 21. Also, in this enbodinent, the sub-block

identification mark 228, 229 s having a locally different wobbl e frequency
Is formed at the beginning of each sub- bl ock 221, 222. Alternatively, the
- sub- bl ock mark 228, 229 may be placed at the end of each sub-block. Also
“the identification marks 228, 229 do not have to be provided for all ’

sub- bl ocks byt may, be el ded h0le it OpBMIRSTEnar i Uinbadiih ed

~ sub- bl ocks. sane reasons as ose descrrbed above, the

wobble _fre ency b- bl ck mar ks

times adlugiraigd B Igmﬁg'sp‘?"g t@f”% &/ NYMEey 8?§%83%ﬁ%es§°££é éa@ %V% ﬁgrtit gf 3£ ﬁe
ot her parts. The sub-bl ock marks 22 229 are re era

i ndi cat batyeaenea paiegf Blacky '&%?%FUFBSFF KFeSh PETH %@ Br- d%g'&?‘ﬁ'ér"

informati on. For exanple, 15 the address of a block or any, ot her

associ awherd thecwobbip phaseeisdnveitedoiistioner; (ie. pail ogdi numkar of fines)gvithifer ks
included in the former block. O any other type of information nay be

r ecorsdedably W) hgedriliag sarbalii1odhe mabble phisenwilhie &apk inwsrted ta thaglafdkei s
recorded by using a plurality of sub-block marks, the address is al so

recordegréwodshﬂo&r@%mce&hbrwaée HdehdrpivertBumd it theldortBlooknaamids i s
much no 20 reliable. In recording multi-bit information as a conbi nation

. of thes éé%’ bAOGK - RE, cioE SighdPistx@GkicaBd® issiha lthe WavBlenafithe ittagk
ent rt1ab Sﬁ

'?ihrfse[)ﬁr Oggd Id be o o correspongl ng j{o t wo H(;r% nore val u32|. I For
g:c f Lﬁ;gg OI’?’DJSM é’"%‘?roﬂ%t'%@ Bﬁ@gtt n‘}ﬁ m?{ uainy 3 fter erﬁit&t ypeg
of the PLL erI have |?s polarity inverted and the PLL will siip disadvantageously. For
10 that reason, if the wobble phase is inverted an odd number of times as in the
example illustrated in FIG. 15, the polarity of the PLL needs to be inverted after the
block mark has been passed.

In contrast, according to this embodiment, the phase that has been once

inverted (at the block mark 218a) is inverted again (at the block mark 218b). Thus,

15 the wobble phase becomes the same as that of the previous block. Accordingly,

there is no need to invert the polarity of the PLL.

In each VFO recording area 21, the interval between the block marks 218a
and 218b needs to be longer than expected defect noise. However, if this interval
is longer than the response time of the PLL, the probability of occurrence of the

20 sli_p increases. In view of these considerations, the interval between the block
marks 218a and 218b within each VFO recording area 21 is preferably about three
to about ten times as long as the wobble frequency.

it should be noted that the number of the block marks 2183, 218b inside
each VFO recording area 21 is not limited to two but may be another even number

25 to achieve effects similar to those of this embodiment. However, more than four
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1 March 2005 Next,. a circuit configuration for generating ﬁwﬁ‘.&%c?gl gnal

and readi ng address information froman optical disk mediumaccording to
this enmbodinment will be described with reference to FIG 19. First, a

~phot odet ect or 901 that has been divided in a direction vertical to the 5
tracking direction (i.e., in the disk radial direction) and a differenti al

anplifier 371 are used to generate an electric signal including signal
conponents corresponding to the wobble of the groove. Next, a | ow pass

filter (LPF) 374 r ag nly, the unda eri rrponents f a
wobbl e SeMariR th 2 epetirull fhe ST ghiai Pted iR Vieneo! the

f undanent al per| od conponents is supplied to a clock generator 373. 1o The
clock gélealy 6f idedraiey. be inpl emented as a PLL circuit, for exanple, and
mul tiplies the fundanental period signal received by a predeterm ned
nunber, .t hdndhg fgetieaadififth ambodikenisgiedcribed ahowej the bladk wearke aregnal
synchroni zati on processing. On the other hand, a high-pass filter (HPF)
375 sel doimatblby ineaties thderobbl pladsemnHowesspeielng dstheustesel chdrfye kead
wobbl e signal. The output of the high- pass filter 375 includes: high

fr equen st PN phAsek! RSBRNHhd Giffep thd DickOmBHOAE ndiBidse 1B83% §Hﬁke&29
shown in FIG 18; and steep edge conponents of a sawtooth signal

gener at el byagn ?ﬂ’% th H&b@%&gr@%é%‘b “RILSKirt R Wobi ﬁi%rg at hlploekt s the

wobbl e corrponen erm ned frequenc corresponding to

t he sub-bl rks.?2 229, ec h mar ks, the detector
- 377 gengi' gé%pfi {a%lygggltgﬂg?gre?ﬁé%?%#gré 3?1 f%ﬁ'?’ﬁm fromthe sub- bl ock
mar k detector 377 is sent to an address decoder 378. As descri bed above, a

steep edge of a sawtooth wobble has its polarity 25 inverted dependi ng on

whether it represents "I " or "0" of address information. In
. EMBODIMENT 11

10 Next, a sixth embodiment of the present invention will be described with
reference to FIG. 17.

This embodiment is different from the foregoing embodiments in the
configuration of the block mark 219. Specifically, the block mark 219 of this
embodiment is defined by a wobble having a frequency different from the wobble

15 frequéncy of the groove focated inside the block. In the illustrated example, the
wobble frequency of the block mark 219 is higher than that inside the block.
Accordingly, if part of a read signal, which has a locally different wobble frequency,
is separated or identified by processing the read signal using a band pass filter, for
example, then the block mark 219 can be located highly accurately.

20 In the optical disk medium of this embodiment, the block mark 219 is also
formed inside the VFO recording area 21, and VFO data is also written on the area
where the block mark 219 is present.

The wobble frequency of the block mark 219 is preferably set 1.2 to 3.0
times as high as, more preferably 1.5 to 2.0 times as high as, the wobble frequency

25 inside the block. If the wobble frequency of the block mark 219 is too close to that
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50 1 March 2005 accordance with the output of the high-passfjl&figos?s, an
address information detector 376 detects this polarity inversion and sends
out a bit streamto the address decoder 378. On receiving this bit stream
t he address decoder 378 decodes the address information in response to the
timng signal that has been output fromthe .5 sub-block mark detector

377. In this enbodinent, an identification mark, on which a VFO signal Gan
‘be overwitten; is formed for each block and an. address is represented by

the woblhSe e bRk RO s 180 To BRI tno BRORMLARS 1S of B Uth ety i of

I nf or nat’l r'e on a asi s and I'S” sul tabl
~applicahle tog high-density io, recordi . 1.5 provided. SO y s ting or
ahel g ihe viehblke FBRUS anina didckiBad 21 is Bafhich By Harpabihskiedhe: ni's
identification mark, the deterioration Qf the recording filmis reducible.
ENMBODI Mvidlgreky shark th@f&fmeﬁ mebb figrauenes wilk pet elegek 19 thensignalisequancydiis k
according to this enbodi nent, address information 301 is recorded as the
hi gh- or dee iferrbation tsf be vyitiamon fthe ueckrdinge im. nAsr atiesuiln thgsessighalsswill Parity
bits 302 used as an error correction code are recorded as the internedi ate

10 big s intbriehewlB-dthdr disdaiantadedusiyt or mati on group. And addi ti onal
I nformation 303 is 20 recorded as the least significant bit. If this

optical di sk |haRoilldbd pefdlttid ihanerspacet bstivedd a Fuir BE bideks) deWoldisiet he
additional information 303 for the first recording layer and "I ff may be

_ d e : : o . : | r
Hovover Meing B8 PR HGRIo) A% i Bhb0R Flherel sk MEr e SRR, ot o
h | i pf tg Al Lvely, .t i nf '
- epr esoto B SRORE reR oo eRbHE kR o035 ek BBk ShER) B8 v i ng
wobble shape is preferably different from the wobble shape inside the blocks. In

10 the example illustrated in FIG. 17, the block-to-block groove wobbles in a sine wave

curve.

LEMBODIMENT 12

Next, a seventh embodiment of the present invention will be described with

15 reference to FIG. 18.

In this embodiment, no shape that has its amplitude, frequency or phase
changed locally is used as the block mark, but a groove itself wobbling in a sine
waveform curve is used as the block mark. Also, the beginning of each sub-block

- 221 or 222 includes a wobble 228 or 229 with a locally changed frequency.

20 By placing such an area having a wobble frequency different from the
fundamental wobbie frequency at the beginning of each sub-block in this manner,
the boundary between the sub-blocks is detectable correctly. In the foregoing
embodiments, a sub-block is located by counting the number of wobbles from the
block mark. On the other hand, in this embodiment, a sub-block can be located by'

25- counting the number of sub-block marks 228, 2229 provided for the respective sub-
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51 1 March 2005 nultiple pieces of additional information ofpa,$&dogs of

bl ocks. Then, information even nore conplicated than the |ayer
dnformation, e.g., copyright information or nanufacturer information, is
can be stored. A sinple parity bit as an exclusive logical sumof the 21
-bit address information or the 31 -bit error correction code may al so be 5
used. In that case, the ability of error detection or error correction is

i mprovable. Also, every additional information nay be "1 . Furthernore, if
only a bLgFF mark that follows a unit section with subd|V|ded i nformation
of "I " Cf¥entified as the block mark, then the bl ock mark detection
accuracy is | 1-bit err correction

code is a BCHISHY rov%jb\?ul"@*?q &'g!t sf(ﬁ\?\n‘%olgr:q{ Wl%ggégegggnﬁparggf ABY I L 2 or

nore error bits. Supposing the 31-bit address information is represented
by b0, bfpregoing mm(ﬁmnt%@aym$&rrm%d ai a3 appeopriade Pesiian dapitsy thr VFEY,

p9 as shown in FIG 20, an information polynomal 1(x) is given by

Equat i onafel) 2andAlsapan ith'g% pobpdonér] tiRg xsubitdock waentifigattopumarkni22®)229P(x) is
generated by Equation (3). In that case, the generator polynomal G x) is

gi vensbyhddngeuatalyndiffélent Wobsld Fet@bhcykio dumngs abtHeXesgiddihg BEaehdab- i n
which arbitrary 2 bits included in a 31-bit codeword nay be

glr )r(er ( Egﬁlabtelﬁ?%q 32(25(1 Utdrstivbly, 188 sublPidoicnidtk 298, 206913y ieMpldded aPthe =
end of each sub-block. Also, the identification marks 228, 229 do not have {o be
- proQided for all sub-blocks but may be provided for only odd-numbered or even-
numbered sub-blocks.

10 Because of the same reasons as those described above, the wobble
frequency of the sub-block marks 228, 229 is preferably 1.2 to 3.0 times as high
as, more preferably 1.5 to 2.0 times as high as, that of the other parts. |

The sub-block marks 228, 229 are preferably used for indicating the
beginning thereof but may represent any other type of information. For example,

15 the address of a block or any other associated block may be recorded by using a
plurality of sub-block marks included in the former block. Or any other type of
information may be recorded by using the sub-block ﬁarks. When the address of a
block is recorded by using a plurality of sub-block marks, the address is also
recorded by the wobbles inside the block. Thus, the address obtained is much more

20 reliable.

In recording multi-bit information as a combination of these sub-block marks,
the sub-block marks should have mutually different and identifiable shapes
corresponding to two or more values. For this purpose, the wobbles of those sub-

block marks may be given mutually different frequencies or may be subjected to

25 mutually different types of phase modulation..
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52 1 March.2005 P(x) = x10 | (x) nod ((x) (Equation 4) 1 March 2005

G X) =x10+x9+x$+x6+x5+x3+1 On the optical disk of this enbodi nent, the
address information, parity bits 5 and additional information are arranged
in this order. However, the present invention is not limted thereto. So

| ong as the arrangenent is fixed in advance, no matter where the group of
subdi vi ded information, including the 21-bit address information, 10
parity bits and 1-bit additional information, is placed, these bits nmay be

processed by rr ' _ . 1 hei Lainal _pasiti t i cal
di sk of 10 t e icprgnwggt%wbl for RobRIB8, aPORCE A8Ral ?n‘%gpﬁﬁ i on.
Alternatively,.even,. n_each bl pck, has .subdi vi ded ,inf.ormati pn o bits,
52" bi ¢, adieds ESrTtieh Y AR cpealisk dPEifibaciay 1b RS oottt wif an
appropriate error correction code. As described above, in the optical disk
medi um d¥e fifsarhadouith rRistenceie F?énﬂ%r mation block is subdivided into a
number. N (=32) of sub-blocks. And by pre- i5 formng a wobble in such a
shape as repridsinaiphgtasietectpr 8@t that hasttien digigdedrin or diradtion vedicabiacthesect i on
correspondi ng to each sub-bl ock, an address can be formed w thout any
over headraoking tinectiondi.ey irdthegdisk yagialadiction patdwe eliffeardniat eniplifipe3Zta@ t he
~groove. Furthernore, the wobbles fornmed in this enbodi nent have a constant

wobbl e fus@uenpnerite ANtSMIBHsighs! iRtiading signdl @bhipeterdaRirespending tame have
20 different shapes anong respective pieces of subdivided | nformation.

oot h Wb U, 18586442 B Sk oy ot aispligy i
o R B PR A SRR o) 9T ad CGRAE e s = 00
| having only the fundamental period components is supplied to a clock generator 373.
10 The clock generator 373 may be implemented as a PLL circuit, for example, and
| rhultip[ies the fundamental period signal received by a predetermined number,
thereby generating a clock signal for use in read/write signal synchronization
processing. 7
On the other hand, a high-pass filter (HPF) 375 selectively passes the
15 harmonic components included in the read wobble signal. The output of the high-
pass filter 375 includes: high frequency components corresponding to the sub-block
.marks 228 and 229 shown in FIG. 18; and steep edge components of a saw-tooth
signal generated by a saw-tooth wobble.
A sub-block mark detector 377 detects the wobble components having a
20 predetermined frequency and corresponding to the sub-block marks 228 and 229.
On detecting these marks, the detector 377 generates a timing signal. The timing
signal output from the sub-block mark detector 377 is sent to an address decoder
378.

As described above, a steep edge of a saw-tooth wobble has its polarity

25 inverted depending on whether it represents "1” or 0" of address information. [n
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1 March 2005 PLL. Then, a clock signal with a reduced jittej\calh A5

obt ai ned. Furthernore, by classifying the subdivided informtion group
into the address information part and the parity part and by using this
subdi vi ded i nformation group as an error correction code, address
information is readable highly reliably. EMBODI MENT 14 FIG 21 illustrates
a bit allocation for a subdivided information group on an optical disk
medi um according to a fourteenth enbodinent. It should be noted that

al t hough _t he subdi vi ded informgtjon, group of, th ptical ,disk of this .
abod eReCHAETiRn Wi Bl PRG3R, i 8754 AR BiiPes IRty  he
thirteenth enbodinent, the optical disk of this enhodi nent has the sane
subdi vi deéeferter 3 Ruletests Bt Balgatranyersion anghysadis it aduit Yprar dp the address t he
thirteenth enbodi nent. Address information is normally arranged

sequent i dedoder AYSorQN rrpeing fthis Hit sterimethe addrede decederdBRg dsicodes ithe known,
then the address of the block succeeding 15 the fornmer block is

pr edi ct ahdidresdHinferneationvhaesponser othedireing rsigral jthatphdsa ppem outgul froex vl e,
continuity cannot be kept anynore. Neverthel ess, the address discontinuity

caused byub-bRcRHRREetidrAFFK junp or the like is often observed only in
| ow-order bits. Also, the high-order bits are estimable fromthe radial

pasition of t e BibBRIméRAGn HERUMREAERRark bHSwhicht Me) Qi cBhIrs Of

address information may be regarded as e nore variable and the nore
I mportant. | | e e L derali L [ IS
erbodi men{erw g 8 Bimed R pARIBAE Bk R Biard i 18pREIEE) b RS ubbler,
~address information 311 of 14 bits and | oy order address informgti on 312
o 7 o 17 theronyS h A e ua An ptibe AR ety B AE iiREmefyh st
address information 311 to nmake an error correction 25 code (or error
det ect i o cadblpckbybiogy thasistiandhavhigh els shdRly| applisalls oaMighrdgnsity 54

10 recording, is provided. Also, by starting or ending the write operation at a position

-sufficiently distant from this identification mark, the deterioration of the recording

film is reducible.

EMBODIMENT 13
15 . Next, FIG. 20 will be referred to.
| On an optical disk according to this embodiment, address information 301 is
recorded as the high-order 21 bits of a group of subdivided information of 32 bits.
Parity bits 302 used as an error correction code are recorded as the intermediate
10 bits of the 32-bit subdivided information éroup. And additional information 303 is
20 recorded as the least significant bit. If this optical disk has two recording layers,
then *0~ may be recorded as the additional information 303 for the first recording
layer and ™1" may be recorded as the additional information 303 for the second
recording layer. However, the contents of the additional information 303 are not
limited to such layer information.  Alternatively, the amount of information

25 represented by the additional information 303 may be increased by combining
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1 March 2005 314 are added to the | ow order address informjjg h3‘50¥)5t° make
another error correction code of 15 bits. And 2-bit addltlonal I nformation
315 is further added, thereby form ng a subdivided information group of 32
bits. It should be noted that the additional information 315 is al nost the
same as the additional information 303 5 of the thirteenth enbodinent. In
this enbodinent, the 15-bit error correction code, nade up of the | ow

or der address information 312 and the | oworder parity bits 314, is a BCH

code, ﬁlé @e@%& ltt:f %&tﬁ%haﬁﬁém‘f 9)?1 51‘0:{ s{r%r r(ﬁ(fﬁdcﬂggflé i Rafidd %Ye 't S

© Supposi ng order a ress Of nat I's represe

b0, b1l, t he,ei g | ow rde arity . resented
by po, pTore. comﬁl t%(ﬂ hﬁPoElFfﬁ Q’Xﬁr p'B f'(?"g ©.9- (x$°HV§'9§f¢8ﬁ> ua'f i on
(5) and a it ynomni al ven by Equation (6),  P(x)
gener at e’@aB E‘rﬁ%lp‘f‘%ﬂﬁ fion, i ﬁg[‘ﬁ?&tm?fgge A sinipleeaftty Bit @ %b@mllléﬁwfhlog@@k) is
gi ven by Equat I on _&) This is well known as a (15, 7) BCH code, in which
~arbi t rarsum of gher 21 ﬁ(ﬁddtﬁé‘@ inferation pr thechibiherrar wye@@nemd@rmey)alsedleed 15
(Equation 5) 6 I(x)=;bi.x (Equation 6) -x 20 (Equation 7) P(x)=x81(x) nod
G(x) 5 ( Hopeak i &m that c‘é’ée,lth’ﬁabiﬁtyZ@K)énor detection or error correction is improvable.
Also, every additional information may be “1". Furthermore, if only a block mark
that follows a unit section with subdivided information of *1~ is identified as the block
mark, then the block mark detection accuracy is improvable.
In this embodiment, the 31-bit error correction code is a BCH code, which is
10 well known as a code for correcting 2 or more error bits. Supposing the 31-bit
address information is represented by b0, b1, ..., b20 and the 10 parity bits are
represented by pG, p1, ..., p9 as shown in FIG. 20, an information polynomial I(x) is
given by Equation (1) and a parity polynomial P(x) is given by Equation (2), P(x) is
generated by Equation (3). In that case, the generator polynomial G(x) is given by
15 Equation (4). This is well known as a {31, 21) BCH code, in which arbitrary 2 bits

included in a 31-bit codeword may be error-corrected.

(Equation 1)

20
I(x)= Zbi -x
(Equation 2)
9 -
P(x) = Z pi X

20

(Equation 3)
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~ oA

Q(x) =x8 +x' +x6 +x4 +1 Also, supposing the 14-bit high-ordefRHHRSS
information 311 is represented by b8, b9, ..., b20, the high-order parity

.bit 313 (which is herein represented by pl0) is an even parity bit given
“by pl0-=b8+b9+ .. _ b20 (where 5 "+" is an exclusive-OR operator). In this

case, arbitrary one error bit included in a codewrd may be detected. In
this manner, by using a parity bit with a small redundancy for the

hi gh-order address information and parity bits with a |arge redundancy for
the | ow order address information, respectively, the loworder bits of the

address inf ];Ia_t Lo " heavily wei ghted" error correction
ability so™ t% s{)@g: })Sr the()'?pt i cal disk of this enbodinent, two error

correction codes are obtained by adding one parity bit to the high-order
.14 bits_of the address information and eight parity bits to the | ow order
7 bits SFaENLdr ess I nformation, respectively. However, the nunbers of
the high- and | oworder bits divided are not 15 limted thereto. For

exanpl e, one parity bi bg added §o0_high-order 16 bits and 10 parity
bits may b@ﬁ’ﬁhﬁa“%d‘%ié’n"‘?&gﬁf?‘of’dﬁr 5 htts (where the loworder bits are
part of a (15, 5) BCH code). Also, no parity bits nmay be added to

hi gh-order 9 bits and 11 parity bits may be added to the |oworder 12 bits
(where the | on thiedgsticabiisk aff thispambodiment( #8 addess@Houoakin, pROLMbIts

descri bed above, the optical disk nediumof this enbodi ment also achieves

the af f galisa@ditiéia” ARirhRdbndhsk am@h'g@m @f thideortisi.r t Bewdvernthedipresent | n
addition, in this enbodi nent, the address information is divided into high-

cor ect AP o et o e e T o hmt | o
even nDrmeat{e?l\;vﬁ‘grleythe group of subdivided information, including the 21-bit address
information, 10 parity bits and 1-bit additional information, is placed, these bits may
be processed by rearranging them to their original positions. On the optical disk of
10 this embodiment, each block has 32-bit subdivided information. Alternatively, even
when each block has subdivided information of 26 bits, 52 bits, 64 bits, etc., similar
effects are achievable by selecting an appropriate error correction code.
As described above, in the optical disk medium of this embodiment, one
information block is subdivided into a number N (=32) of sub-blocks. And by pre-
15 forming a wobble in such a shape as representing each piece of subdivided
information for each section corresponding to each sub-block, an address can be
formed without any overhead or without providing any pre-pits between adjacent
parts of the groove. Furthermore, the wobbles formed in this embodiment have a
constant wobble frequency even though the rising or falling edges thereof may have
20 different shapes among respective pieces of subdivided information. Accordingly, in
extracting a write clock signal from the wobble signal, after noise components have

" peen removed therefrom using a band-pass fitter that has a bandwidth broad enough

to pass its frequency, the signal may be simply multiplied and synchronized using a
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However, the optical disk media of the thirteenth and fourttbgrgh 2005

enbodi nents each use a BCH code, which is a conplicated error correction
code. "Thus, these nedia have a problemin that a circuit required for
teadi ng addresses therefromshould have a | arge size. EMBODI MENT 15 FI G
22 illustrates a bit allocation for a subdivided information group on an
optical disk nmediumaccording to a fifteenth enbodinent. It should be noted
that 1o although the subdivided information group of the optical disk

medi um this enbodi nent has..a format . different fromth f the tical
di sk rreg%lc"m Jfefing ‘9‘?%9 PORRND B sgyPRLIHer EaL b8p?'?t8'£9dd?’£§!£%ﬁ88f’[ﬁn this
enbodi nent has the sanme , subdivi ded i nformation arrangenent or, shapes as

t he opt i@%ﬁS'fMi"SQﬁ%FU‘PqHE‘dPai"?f%%?ﬂ% QTBHBHHS%%FS‘*%%%W@H RaigndYe t he
subdi vi ded_i nformation gr oug_ on the optical 15 disk nediumof this

enbodi neparity Pareaed by Wengt !§i$uweé£§1f0m&ilqﬂagf%iﬁ 82 Bnagidor earreetionty bits
322, i.e., 32 bits in total. Hereinafter, a nore detailed arrangenent wl |
be descrddiedaddress nddreradionds reamiablathighly . refidbdy.21 bits b0 t hrough b20 of the
address information 321 are arranged in 7 rows and 3 columms so that the
threesrows include b20 through bl4, bl3 through 20 b7 and b6 through bO,
respectively. Each row made up of 7 bits is provided with one additional
parity EGpODINRENer §4bits in total, while each colum nade up of 3 bits is
al so provided with one additional parity bit to nmake 4 bits in total. In

Lt qnner 58, 28GR o6 aR0eiBToP R Sibdiilisa Sbidic GHbubdn R

formed. "1" or 07is sé each of e tiona . . _
LI 0ush 40tk N el i o' SoBRi St L AR AAOE B LY
|2:8(r)t5 hg?@%ﬁgﬁ %Celvslig}id?vgidédhi%fgr?nraititc% gllj'(l)tgp? 01l ﬁleag;fti?:a?gisﬁ Y)?Phisp grrnibs)é/irr?eoncl! as
15 a format different from that of the optical disk of the thirteenth embodiment, the
.optical disk of this embodiment has the same subdivided information arrangement or
shapes as the optical disk of the thirteenth embodiment.
Address information is normally arranged sequentially. Accordingly, if the
address of the preceding block is known, then the address of the block succeeding
15. the former block is predictable. However, when an erroneous track jump happens,
| for example, continuity cannot be kept anymore. Nevertheless, the address
discontinuity caused by the erroneous track jump or the like is often observed only in
low-order bits. Aisb, the high-order bits are estimable from the radial position of the
optical head, for example. Thus, the low-order bits of address information may be 7
20 regarded as the more variable and the more important.
In view of these considerations, on the optical disk of this embodiment, the
21-bit address information is divided into high-order address information 311 of 14
bits and low-order address information 312 of 7 bits. One high-order parity bit 313

is added to the high-order address information 311 to make an error correction

25 code (or error detection code) of 15 bits. Furthermore, eight low-order parity bits
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"0" is selected for p0 so that p7 through pO0 nakes an even plieiadh200bde.

That is to say, plO through pO are respectively given by the foll ow ng
Equations (9) through (19): 5 (Equation 9) pl0

=b20+b19+bt s+b17+b16+b15+b14 (Equati on 10) p9 = bl3 + bl2 + bll + bl0 + b9
+ bs +b 7 (Equation 11) P8 ='6 +b5 +b4+b3+b2+b1+b0 10 (Equation 12) P-7
=p20 + b13 + b (Equation 13) P6 =b19 +bl2 +b5 15 (Equation 14) p5
=b18+b11+b4 (Equation 15) 58 1 March 2005 p4 =bl. 7+b10+b3 (Equation 16) p3

:b1§ +b931+ 4 b:;12re (a%%t {oomérawﬁgde?b&t?drggg -il%oﬁrﬁgﬁfﬁﬁt 3493 th8hake another ermor
. correction code of 15 bits. And 2-bit additional information 315 is further added,‘
thereby forming a subdivided information group of 32 bits. It should be noted that
the additional information 315 is almost the same as the additional information 303
5 dmﬂmmwmwmmem
In this embodiment, the 15-bit error correction code, made up of the low-
order address information 312 and the low-order parity bits 314, is a BCH code,
which- is well known as a code for correcting 2 or more error bits. Supposing the 7-
bit low-order address information 312 is represented by b0, b1, ..., b6 and the éight
10 low-order parity bits 314 are represented by p0, p1, ..., p7, an information polynomial
I(x) is given by Equation (5) and a parity polynomial P(x} is given by Equation (6),
P(x) is generated by Equation (7). In that case, the generator polynomial G(x) is
given by Equation (8). This is well known as a (15, 7) BCH code, in which arbitrary 2
bits included in a 15-bit codeword may be erro.r-corrected. |

15. (Equation 5)

I{x) = ib,. -x*
- (Equation 6)

,
P(x) = P -x!

(Equation 7)
P(x)=x*-I(x) mod G(x)

20
(Equation 8)
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pl = bl4 (Equation 19) b7 + b0 A --P7 +p6 +P5 +p4 +p3 +p2 +PMatéh ZAx5 s wel |
known in the art, an "even parity code" is a code whose parity bits have
‘been sel ected so that the nunber of ones included in the codeword is an
even nunber, and allows for 1-bit error detection. Al so, the error nay be
detected just by obtaining an exclusive |logical sumof all information
‘bits, thus sinplifying the circuit configuration considerably- Suppose bl8
- has been inverted erroneously, 15 for exanple. In that case, the error can
be | ocated by the parity bit pl0 of the rowto which this error bit bl8

bel ongs and @i bexbarity # + x¥Mrdf the colum to which this error bit 18
bel ongs. Thus, Dby inverting bl8 again after it has been |ocated, the error

can be corrected. As described above, on the optical disk of this-
enbodi ment, the address 59 1 March 2005 information is arranged

two-di nensiong/ly and a.sinple ri.ty .cpde.is used in.each . of se two
di recti ons, t‘ﬁgpebﬁuﬁ’m'&gﬁ?ﬁ; 5%@'5”?'88"%8?’? eé@‘?’@ﬁsa ef%f"f'?ﬁoé\/e#;] h&tigh a
circuit for reading addresses therefraomhas a snall_ size. 5 ENBODI MENT 16
Anot her ‘ePFRTENRHEYoPBt B8, opt b2 the MNabreidemPatiyobili P (whichds hergiht
invention will be described with reference to FIGS. 24(a) through 24(d).
FI G 24(mprésanted byt ) tis@nr exsoy ganly bitigiveoebyip10s8hkd dpt.i 20 (whsie
medium on which a spiral track groove 402 has been fornmed at a
pr edes er mtveld 4 exdiugivd-OR operatdbat in thés vasd, taebitratyeoreoerroobit inehdledhiaraef r om
using a recording block 403 as the mninumunit.

codeword may be detected. In this manner, by using a parity bit with a small

redundancy for the high-order address information and parity bits with a large

redundancy for the low-order address information, respectively, the low-order bits of

the address information can have "more heavily weighted” error correction ability so

10 to speak.

For the optical disk of this embodiment, two error correction codes are
obtained by adding one parity bit fo the high-order 14 bits of the address
information and eight parity bits to the low-order 7 bits of the address information,
respectively. However, the numbers of the high- and low-order bits divided are not

15 limited thereto. For example, one parity bit may be added to high-order 16 bits
énd 10 parity bits may be added to the low-order 5 bits (where the low-order bits
are part of a (15, 5) BCH code). Also, no parity bits may be added to high-order 9
bits and 11 parity bits may be added to the low-order 12 bits (where the low-order
bits are part of a (23, 12) BCH code).

20 As described above, the optical disk medium of this embodiment also
achieves the effects of the optical disk medium of the thirteenth embodiment. In

addition, in this embodiment, the address information is divided into high- and low-

order bits and the low-order bits are provided with higher error correction ability,
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Each recordi ng bl ock 403 is associated with positional infofggiéionos - €.,
address information) for use to locate the recording block. In this
-enbodi nent, each recording bl ock 403 includes four positional information
units 404 as shown in 15 FIG 24(b). On each of these positional
I nformation units 404, information about its physical |ocation on the
optical disk nmediumand its detection indices have been recorded in
~advance. In this enbodi nent, each of these pieces of information is
represer}hg&:@xeédaﬁgm BakieR8 itbmiRRI SvetRBRS réifablyie track groove, for
exanpl e. 20 The wobbl ed groove 1s tfornmed during the manufacturing process
of the optical,.di di hq. .ROSI.LL:0Nn I.pfor | t e
recorded as g_l%‘gtr%%%ha |on8[(§)qca?-w8)lggl zh%&é'?’t Zérfnstﬁlgs tﬁ%%l-aﬁ@W| ab@ﬁegﬁﬁ hi s
i nf ormatj.on of one

manner, according to this i ment .. .the positi.onal

ecor d IR el 1R e HERE SR o of SRtPISABE PR SRR GPEe-at | ons
Is 25 recorded in nultiple areas of the hl ock 403. Accordjngl i f at

| east ondU§; thepesmedia havma qioblgasinihat acipritgegvired ff repdingraddreesescan be

detected, the recording block 403 can be |ocated advantageously. In this

enbodi méherefreat bhewd ihave @alargen$idemat i on unit 404 incl udes precision
positioning mark section 405, positional information section 406 and sync
mark 5 section 407 as shown in FIG 24(c). On the precision positioning
mar k section 405, a precision positioning mark (i.e., identification mark),

whi ch | EFMBethIMENTN1sNdex to absolute positioning during a data wite
operation, has been forned. The precision positioning mark preferably has
a structure gy@ bar; ; r G I f

. a8 bardrdddh lﬂgsﬁ’?ﬁtﬁﬁ KofB é‘u}ﬂ’ﬁ\ﬁat QL ﬁlg‘lértg)g%iuﬁgori :&ﬁm of

enbodi ments described above. Inwriting aont
the opt 'o?)ﬂtlzaldéiigllé miediltd gcé’o?&% cH)négﬁfteenth embodiment. it should be noted that

.10 although the subdivided information group of the optical disk medium of this
embodiment has a format different from that of the optical disk medium of the
thirteenth embodiment, the optical disk medium of this embodiment has the same
subdivided information arrangement or shapes as the optical disk of the thirteenth

| embodiment. As shown in FIG. 22, the subdivided information group on the optical
15 - disk medium of this embaodiment is made up of 21-bit address information 321 and

11 parity bits 322, i.e., 32 bits in total.

Hereinafter, a more detailed arrangement will be described with reference
to FIG. 23. The 21 bits b0 through b20 of the address information 321 are arranged
in 7 rows and 3 columns so that the three rows include b20 through b14, b13 through

20 b7 and b6 through b0, respectively. Each row made up of 7 bits is provided with one
additional parity bit to make 8 bits in total, while éach column made up of 3 bits is
also provided with one additional parity bit to make 4 bits in total. In this manner, an
error correction code of 32 bits (=(7+1)X(3+1)) is formed. “1" or "0” is selected
for each of the additional parity bits pO through p10 so that each of the four 8-bits

25 rows including the parity bits is an even parity code and that each of the seven 4-bit
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apparatus, the precision positioning mark plays an inportani pMafire200%0

i nprove the absolute positioning precision, the mark preferably has a
.shape to be detected as a signal having a relatively high frequency. On
the positional information section 406 and the sync mark section 407, 15
positional information and various other types of information have been
-witten by changing the wobble shape of the track groove 402. The change
‘in wobbl e shape of the track groove may be represented by the change in

b LE “%?l@ﬁ%#ﬁ@i@é“%&%ﬂ% R oh %E’%%’f%@%é%d%i Eagg%@fﬁﬁéh“s%hf nat 4
i foct CRE B roed oo Bt BRaReyoh Y imalion & iRl oy Voo o

of the track groove, is easily separable fro signal correspondipng to
the dat Saynai0 KaoUgh a9 kg taseRciehs oien b fentallaw aEﬂt'?“Qﬂs éhrougBor di ng
film Mre specifically, the frequency of the wobble signal preferably
bel ongs (19:a frequency band that is sufficiently lower than a frequency at
which the 25 data is witten on the recording film Al so, as described
aboveg, YBguatiom Jyeasures to 61 1 March 2005 identify the wobble patterns
hi ghly accurately are preferably taken. The sync mark section 407 is
provi ded to estab]ish bitﬂégnchroni5é$iCN1 re_ easily when the positiona
i nformation pfocmbfdj-}obl.} fh'bf'.,o gl Hf rsn-tlblgn section 406 is read
out. The sync mark section 407 preferdbly has a groove shape that is 5 not
found anywhere in the positional information section 406. Then, the sync
mar k S@gtugg @Rﬁ can be accurately detected at a higher probability, and.
er r oneotsIUYEeCi on of bit synchroni zati on can be prevented. In a series
~of two positional information units 404, the precision positioning mnark
section 405 jnclyded, izn t I r. itignal zi nformation unit 404 is

Py =B B, o, H By £5 Y B Y,

pl aced | ust
(Equation 11)
Ps=bs+bs+b, +b; +b, +b +b,
10 -

(Equation 12}

D, =byy +by; +b;

{Equation 13)

D¢ =byy +by, +bs

15 (Equation 14)
ps=byg +b, +b,

(Equation 15)
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to behind the sync mark section 407 included in the forner pagrdh Zo03l
information unit 404 as shown in FIG 24(c). According to this
.arrangenent, the precision positioning mark in the succeeding precision
‘positioning mark section 405 can be detected highly accurately in
~accordance with the detection result of the sync mark section 407, 15 which
4s easily detectable even by itself. Mre specifically, after a
‘predeterm ned anount of tinme has passed since the sync mark section 407
was detected, a predigted detection wi ndow for the precision positioning
mark is opengl, =t 1§H&'10nh er, only the precision positioning mark
| ocated inside the predicted detection w ndow can be detected. Then, the
precision positioning mark will not be detected 20 erroneously. To achieve
these effects, the precision positioning mark section 405 is preferably
pl aced just behind the sync mark section 407. For this reason, in each
posi ti or{&quatigrod®at i on unit 404, the precision positioning mark section
405, positional information section 406 and sync nmark section 407 are
preferably 25 arranged in this order (i.e., fromthe beginning toward the
end of the uEtﬂ%% fd 63 b March 2005 shown in FIG 24(c). FIG 24(d)
i |lustrates @ ¥or P dat4 to be witten on an optical disk nmedium
havi ng such a track groove structure. To control the recording data in
aSSOCiaEEHQaﬂ&Hi the positional information that has been recorded on the
disk, the data 1s read or 5 witten using the recording bl ock 403 as a
mnimumunit. Two contiguous recordi ng bl ocks 403 are connected together by
a linking section 408. _The ite operation is started or ended in the
| i nki ng sectipg 0B 'Fhégl-b%%i on of each linking section 408

o t

substantial |y rre%ponds to at of its
5
- (Equation 18)
.P1 =by, +b; +b,
(Equation 19}
Po=D;+Ds+DPs+Dy+ D3+ P, + Py
10 As is well known in the art, an “even kparity code” is a code whose parity

bits have been selected so that the number of ones included in the codeword is an
even number, and aliows for 1-bit error detection. Also, the error may be detected
just by obtaining an exclusive logical sum of all information bits, thus simplifying
the circuit configuration considerably. Suppose b18 has been inverted erroneously,

15 for example. In that case, the error can be located by the parity bit p10 of the row to
which this error bit b18 belongs and by the parity bit p4 of the column to which this
error bit 18 belongs. Thus, by inverting b18 again after it has been located, the error
can be corrected.

As described above, on the optical disk of this embodiment, the address
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associ ated precision positioning mark section 405. A pattergyap#{]%g)ng no
user 1o data is preferably witten on the |inking section 408. en, even
JAf the signal witten on the linking section 408 is affected due to an
interference with the precision positioning mark, the read data will not
be affected. In the linking section 408 |ocated at a witing start or end
point, the data witten thereon is discontinued. Accordingly, to read out
data stably enough, a 15 VFQ, i.e., a signal having a single frequency, is

preferabl y w i | i nki . i 4 .ex l.e. reinafter,
Phi s emp U iatohiP afpaeq subMipBfsioR R, b o Simic Frrf KR F we i atel® i o
25. The regordin urf.ace 401 of the.optical disk mediym of this enbodi ment
20 has bEEMESEAMIATROANS, (hATELE MKERRIES el BroBsoreqtan 200KY PUPR £1oHER B oove
402 has been forned thereon at a track pitch of 0.32 i m A dielectric
filmis Fipuitier reaging addregsestherefiomihiassa seall$ize. nm on the recording
surface and is irradiated wwth a |aser beam having a wavel ength of 405 nm
t hrough an objective lens with an NA of 0.85 during a read or wite
operation. The track groove 402 wobbles toward the 25 inner and outer

peri phger EM4B@DIMENGT1®d of approximately 11.47 gm m The wobble of 63 1
March 2005 the track groove can be detected as a push-pull signal. By

nul tiplying tAhsther Ehdbodithenl 6 thé dlytibéledi@kQﬁlédiﬁ gRatortifiy tSthe Prdsenper form

a wite, operation at a substantially constant |linear density (or at a

channel mhniiﬁggﬁlrb@fiegcrﬁﬁyw' dfarchcs 14 Fieb) 23@ (t)’rhrgﬁgﬁ%?fg{)at ed. 5 The

track groove I's nade up of a'series of posi mat i on segments
403, The e RSt AAd P R e i SV A AR TP TRRAMR ©,
written which a spiral track groove 402 has been formed at a predstermined track pitch.
10 Data is written thereon, or read therefrom, using a recording block 403 as the
minimum unit.

Each recording block 403 is associated with positional information (i.e.,
address information) for use to locate the recording block. In this embodiment,
each recording block 403 includes four positional information units 404 as shown in

- 15 FIG. 24(b).

On each of these positional information units 404, information about its
physical location on the optical disk medium and its detection indices have been
recorded in advance. In this embodiment, each of these pieces of information is
represented by a combination éf wobble shapes of the frack groove, for example.

20 The wobbled groove is formed during the manufacturing process of the optical disk
. medium. The positional information that was once recorded as a combination of
wobble patterns is non-rewritable.

In this manner, according fo this embodiment, the positional informétion of

one recording block 403 as the minimum unit for data read and write operations is

25 recorded in multiple areas of the block 403. Accordingly, if at least one of these
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on that area corresponding to one positional information segpppt, A3 1S
herein defined as the "recording block". o The error correction,
.interleaving, alternation and other types of processing are al so executed
‘using the recording block as the mninumunit. In this enbodinment, one
recordi ng bl ock includes 64 kil obytes of user data. The recording data is
provided with an additional error correction code and is nodulated in such
‘a manner as to be witten on the optical disk nmedium 15 appropriately. As

the error, correctign code, a.Reed-Sol gnpn Product Coge for use in DVD,
for exaiPes REpoHBORIJRERAIGHEap de ARTevipidhg Thegaen btk His et be an

ei ght -t o-si xteen nodul ati on techni que, for exanple. A SYNC (synchroni zation
code) fdecaledasvasigoagUYY+ synchroni zation for a read signal and a VFO
(variable frequency oscillator) for locking a PLL are further added to the
recor di ng datla.thisnerdbodimenteebdipositionaltintormation dinfigdMhireludas precismmnel bi t
| ength of 1,243,968 bits. Each positional infornmation segnment 403 is made
up of f qusitioplrig hemil sectioh o108t pavitional tiforidtionesetticlf 406i afd egnsirfagk of
preci sion positioning mark section 405, positional information mark

sect1.on RGoRAGTHNNIRY ik FIESLUR). OR The ArookisPodifiorih@matk dectdiady, aci i on

positioning mark section 405 of this 25 enbodinent I's nade of a series of

ei ght sirgjrggcig\@}{gpmmkﬁ s éeciﬁhﬁc{ge%g’g%{lﬁén.%ggvﬁ,hi&4sslu§§d 58 AP FtexlosO, b; n

such a preécisidn positionin mrror m
e of Dtk brEbNa SufB Fabit SHFARRE s Hen RlRk T hel ReGREECT abi
e obthbing e 5 Shri s S b et & ot e o™
.index for determining the absolute position for positional information
det ect i é&apy chthesemberiments deseeibad abpve-e
10 In writing data on the recording film of the optical disk using a recording
| apparatus, the precision positioning mark plays an important role. To improve the
absolute positioning precision, the mark preferably has a shape to be detected as a
signal having a relatively high frequency.
On the positional information section 406 and the sync mark section 407,
15 positional information and various other types of information have been written by
changing the lwobble shape of the track groove 402. The change in wobble shape
of the track groove may be represented by the change in amplitude, frequency
and/or phase of the groove ‘s displacement in the disk radial direction. The wobble
shapes to be adopted are determined so that a signal corresponding to the
20 positional information, which does not affect the recording data so easily and may be
represented by the wobble of the track groove, is easily separable from a signal
corresponding to the data that has been written as a variation in quality of the
recording film. More specifically, the frequency of the wohbble signal preferably

belongs to a frequency band that is sufficiently lower than a frequency at which the

25 data is written on the recording film. Also, as described above, various measures to
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position of data being witten. In this enbodi nent, the nir{@%nm%k%SGOI has
a length of 2 bytes (i.e., 32 channel bits). The | ength of e mrror mark
.601 is preferably defined in such a 1o manner as to mnimze unwanted
effects on adjacent parts of the track groove or on an interlayer part as
for a dual-layer disk, and may be set to 10 bytes (=10 A m or |ess.
However, the mrror mark 601 should al so be | ong enough to be detectable
sufficiently accurately, e.g., | byte (=1 ar) or nore. The location of the
mrror ngrk.601 is, oreferably no earlier than.th cond 15 wave of the
Wobbl e vREPITH e ShRedetieRR Holl acaatey Al RRaby3fKaES and no I ater than
the fourth wave of the wobble to ensure high positignal accuracy for the .
wi ndow to be G¥h8YM 'é’@”b?e%ié%‘b‘i(ﬂ Ifgprevided i esiabligh S8 synshrongzationmens s
enbodi ment, the data wite operation is started and ended inside the

preci si orasipsvhendhempsitiona! @E&ﬂﬂa&iﬂﬂ ez rdgd on the pesitieagl, infoneatier seetiam
positioning mark 20 section 405 is associated with the |inking section 408
used as 408 ismeat etube dhetsyoctrhaddaeaibnt40y prederabiyrigisdageoovEhsimape that is

preci sion positioning mark is effectively applicable to positioning the

recorgli Nt dédid ahﬁwﬁéﬁ@rin thé pobitionél ihrPBEsR bEETdN 406t TheRthansynendat at
that part where the mrror mark 601 exists, then the recording signal

m ght be.af; i r ke GO . '
ot Sens SRLCEAGE i B BcUidEly, dABCHRY Ut W Mighb pEbpifT> 2TRAbned® - 6

from bac[q?e?e&i%%ﬂbg%ymfhrroﬁﬁe%ﬁ E@'IE Bﬁ%%%d a VFOis witten on the

precisio pPOSi ng nark sec
In a series of two positional information units 404, the precision positioning

mark section 405 included in the latter positional information unit 404 is placed just
10 behind the sync mark section 407 included in the former positionai information unit
404 as shown in FIG. 24{(c).

According to this arrangement, the precision positioning mark in the
succeeding precision positioning mark section 405 can be detected highly
accurately in accordance with the detection result of the sync mark section 407,

is which is easily detectable even by itself. More specifically, after a predetermined
amount of time has passed since the sync mark section 407 was detected, a
predicted detection window for the precision positioning mark is opened. In this
hanner,' only the precision positioning mark located inside the predicted detection
window can be detected. Then, the precision positioning mark will not be detected
20 erroneously.

- To achieve these effects, the precision positioning mark section 405 is
preferably placed just behind the sync mark section 407. For this reason, in each
positional information unit 404, the precision positioning mark section 405,
positional information section 406 and sync mark section 407 are preferably

25 arranged in this order (i.e., from the beginning toward the end of the unit 404) as
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Next, the location of the mirror mark 601 and the witing s [

preferably satisfy the follow ng relationships: (A) The aﬁiilﬁg S aPPOLg}zt'

. should be behind the mirror mark in the .precision positioning mark

- section; (B) The witing end point should also be behind the mrror mark in

the precision positioning mark section; (C) The length between the

: begi nni ng of the precision positioning mark section and the witing start
poi nt shoul d be shorter than the |l ength between the begi nning of the

preci si gn o%i Iboa’ “mark section and the witing end point; (D) As for
an opU%Eﬂ“PrHllsﬁk r'reg&g'mto be subjected to repetitive wite opeﬁa%ions, t he

wWiti ' .
2 L AR W e e
o' et ity AR AR I BB Y
e poswih tresposiianal InarSvAPNEBEEEbRaTIaGP RIS RIS 0P £RE Tared By tar
.fmgt ﬁ:’qul d pe determ r]e_d. Her ei naft_er_,_ each of these conditions (A) _
hr osighwiifi3n uéihy theerederding bledki403dstaminimpAeuRibndi tion (A) is laid down in
view of the ab§o! ute positional accuracy of the witing start point. By
setting the ybtdoMigabas resurdiy BBtk dOBraret tannectadotogether Beallinkreh 2005
601 _| n the precision positioning mark section 405 as shown in FIG 31A, the
section 408. The write operation is started or ended in the linking secfion 408. The
location of each linking section 408 substantially cotresponds to that of its
associated precision positioning mark section 405. A'pattern including no user
10 data is preferably written on the linking section 408. Then, even if the signal
written on the linking section 408 is affected due to an inferference with the
precision positioning mark, the read data will not be affected.
In the linking section 408 located at a writing start or end point, the data
written thereon is discontinued. Accordingly, to read out data stably enough, a
15 VFO, i.e., a signal having a single frequency, is preferably written on the linking
section 408, for example.
Hereinafter, this embodiment will be described in further detail with
reference to FIG. 25.
The recording surface 401 of the optical disk medium of this embodiment
20 has been coated with a phase change material, and a spiral track groove 402 has
been formed thereon at a track pitch of 0.32 um. A dielectric fim is further
deposited to a thickness of 0.1 mm on the recording surface and is irradiated with a
laser beam having a wavelength of 405 nm through an objective lens with an NA of

0.85 during a read or write operation. The track groove 402 wobbles toward the

25 inner and outer peripheries at a period of approximately 11.47 ©m. The wobble of
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recording apparatus can start its wite operation on detecti g dosirror
mar k. Accordingly, the intended purpose of the mrror mark, 1.e.,

i ndicating the beginning of a block, can be nade full use of, thus
inmproving the absolute positional accuracy of 5 the witing start point.
The condition (B) is laid dowm in view of the absolute positional accuracy
of the witing end point. By setting the witing end point 902 behind the
mrror mark 601 in the precision positioning nmark section 405 as shown in

FIG 31 B, the recordin ratus can fipish jts wite operation. pn
det ecti nifia Fek 008 caf e s aerapysh Pyl sibah By MBS fi st BEcur acy
of the witing end point is inprovable fromthe sanme  point of view as that
of the cdB@i aiwite dockonignalfofrse; iRglosperfarpai wWite. aprsatiehat & sbstatiafequi res
that where the witing end and start points are |ocated in the sane
preci si opoqaiant linear dgnsity {or s& et ¢hampet glé landth of 686114t i on(FHdA74188) can
performed so that the witing end point 902 of the previous recordi ng bl ock

over | apshdgenkidied.he witing start point 901 of the next recording block as
shown in FIG 31 C. By setting the witing start and end points in this

- mannek, no gaphéitrfek grsvvecapgded ) upWof la Berideidf PEditRRIN ihfdemation | ng
start and end points. If the wite operation is carried out in such a -

R T e T LN
] As. L t,, i gitizat] ing. h
oS BRAR T e APk 0 0 B B0 .
o o B Rt PSSl R B

elimnated and the data can be read out nuch nmore stably. 25 The condition
(D) is |eefinagbamtheo™ecerding blogk™mi rror mark detection frombeing 67 1 March

2005
10 The error correction, interleaving, alternation and other types of processing

are also executed using the recording block as the minimum unit. In this
embodiment, one recording block includes 64 kilobytes of user data.
The recording data is provided with an additional error correction code and
is modulated in such a manner as to be written on the optical disk medium
15 appropriately. As the error correction code, a Reed-Solomon Product Code for use
in a DVD, for example, may be adopted. The recording data may be modulated by
an eight-to-sixteen modulation techniqu-e, for example. A SYNC (synchronization
code) for establishing bit synchronization for a read signal and a VFO (Qariable
frequency oscillator) for locking a PLL are further added to the. recording data. In
- 20 this embodiment, the recording data has a channel bit length of 1,243,968 bits.
Each positional information segment 403 is made up of four positional
information units 404, each of which consists of precision positioning mark section
405, positional information mark section 406 and sync mark section 407.
As shown in FIG. 26A, the precision positioning mark section 405 of this

25 embodiment is made of a series of eight sine wave wobbles 501 of the track groove.
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affected by so-called "witing start/end point deterioratiOﬂMa“$nggwiting
start/end point deterioration is a well-known phenonenon that 1s often
.observed when the recording filmof an optical disk mediumis nade of a
so-cal |l ed "phase change material"”, for exanple. Specifically, this term
means that repetitive wite operations 5 on a recording film degrades or
~.damages parts of the recording filmaround the witing start and end
‘points due to the application of a thernal stress thereon. If a

r epr oducj appanatus r.eads out data from.those degrad .dana arts
of "o ABBRR T hrhvebiRBA Reiopf Pk SR Smitfeh F5R0R0) i BREERI T ect e
light is observed. K Accordingly, if mrror, mark is |ocated inside, or

cl ose t odiSEPRNGINGAhGH 9{%‘9 ra W&ﬁf?f@féﬁdﬂ%ﬂfﬁ Hdhaseqen P‘ﬁaM?Q? M has
occurred, then the mrror mark detection mght be affected adversely. This
i s becauwebble assshpwn i fiG. 26 11 mirrgrapagk %@ﬂn i Wetedabje drasedoroa fullpt al |y
reflected light, indicating the presence of a mrror mark, fromthe

vari at i oadded sigiha olpteimed by thef reflectidn ¢f a efdddeserdeanyfrondthe disk.t he st art/ end
point deterioration. To elimnate these unwanted effects, the mrror mark
601 may be plpeePrecisias pbsitising Inaikshap belused &NarimiexO08 deteahinky tie be
affected by the start point deterioration around the witing start point

901 as ' iti , | tdieh&labESlitaar k
%tg?gghgg fgli-p%%gttégiea‘i GnfoRfafidh WBtekiort bFas3h frdextdieh aI S8lltel

601 may distant froman area 904 that wou

affecte .th Lt deterioration around the witing end point 902.
S gy ob s,

The con nore Strict definition of the condition (A) and

qui 20 that the | t.h,bet th ' k Lt tart
hoint shout o IBdMiseRBerFRshs o PHEGF srark G hek o Ripoes R 2,8ied (b o ar o
for the drive., Ex r:r[‘p

Exanmpl es of he drive's processing tine delays include: a
pr ocessifpnneheitge e l?'&ﬂﬁbﬂ} tRe Q"”ﬁ‘éé‘?’%’gf@" FePEderady f’ﬁﬁ"‘?@lm SHeh@ k: a

processing time delay it takes to correct synchronization after having
det etd ednahaenas t@miniatike uawanied effectston adiesenbpaits phitee MBck grog)ener at i ng
a wite |laser power at a required level. By setting the witing start. 68
on an interlayer part as for a dual-layer disk, and may be set to 10 bytes (=10 & m)
or less. However, the mirror mark 601 should also be.long enough to be detectable
sufﬁcienfly accurately, e.g., 1 byte (=1 w1 m) or more.
The location of the mirror mark 601 is preferably no earlier than the second
15 - wave of the wobble within the precision positioning mark section 405 and no later
than the fourth wave of the wobble to ensure high positional accuracy for the
window to be generated by detecting the sync mark section 407.
In this embodiment, the data write operation is started and ended inside the -
precision positioning mark section 405. That is fo say, the precision positioning mark
20 section 405 is associated with the linking section 408 used as a link between two
blocks of the recording data. Then, the precision positioning mark is effectively
‘applicable to positioning the recording data.
However, if the write operation is started and ended at that part where the

mirror mark 601 exists, then the recording signal might be affected by the mirror

25 mark 601. In this embodiment, to prevent a substantive part of the recording data
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1 March 2005 point with these processing tinme delays into acg@pptagoshe

i ntended purpose of the mrror mark as described for the condition (A,
Jd.e., inprovenent in absolute positional accuracy of the witing start
point, is acconplished effectively. Furthernore, each of the positional
information mark section 406 and the 5 sync mark section 407 is a
collection of subdivided information units 408, each being a series of 32
wobbl e waves of the sanme shape. The positional information mark section

406 i ncl udes, a serjes of 48 subdivided dnfor {on unjts, i each of which
one-bi ¢ Toinobang itecid by theCiices mafk 6, &t TEich ' stle pocBeiredishin vi e
information, by a wobble having steep inner- or outer-periphery-oriented

di spl acePRSHANIEMARORACIONA0% FI GS. 26B and 26C, thereby making 48-bit
positional information and its error detection code. In this case, to
detect the pddexti $iallogaiiparefathieomirreromark ®0doand ithe awritingf startéandopointsar k
section, the beginning of the positional information mark section should be
| ocat ed. preferablp aatigfv thepkdiowinyarelationshipsrar k 601 in the preci sion positioning
mark 15 section 405 is used. However, the mirror mark 601 by itself might

be detected (a)rormEISting stirbPpoifeshbmgest Hahind1@hepinirfeH nidirk innedi um of
the present invention, the precision positioning nmark section 405 of the

succeedi ng posi ti opakisicnBsidRtrd HObdciid4 1s placed just behind the sync
mar k section 407.$z\cclg'rcri]ir5nglly, hg Ioc%ti on of the mrror mark 601

existing int preci Si: I §1.0ni secCh - nar r owed
accurately b}}gzet é&%l %lﬂﬁﬂge%?yé@ﬂggﬁggﬂ%ﬁ% r%'eis){ejllq)'[q d%Bﬁégﬁ{O??ﬁ?ReWan@E 601
required for speci f%i.n t he absol ut Eﬁgg%i tion is detectable highly
accurately. The REUSHRHROSHOMNGINANDHFMONmde up of a series of four
subdi vided i nformation units 408, each of which is represented by a wobble
havi ng st eep (Ghnerthealeagdubatwgssy thenbegingingerf ibg Rresisio epsiierRing Mmak o
wobbl e showi ng a sine 25 waveformfor both the inner- and
out eté per i phery- osestior@ndi thp| wittingestast peintGshowd e shorter than the length
between the beginning of the precision positioning mark section and
the writing end point;
(D)  As for an optical disk medium to be subjected to repetitive write
operations, the writing start and end points should be separated from
15 the mirror mark to the extent that the mirror mark is not affected by
any deterioration of the recording film due to the repetitive write
operations; and
(E) In view of a processing time delay that it takes for a recording
apparatus to actually start its write operation after having detected
20 _ the mirror mark, the positional relationship between the mirror mark
and the writing start point should be determined.
Hereinafter, each of these conditions (A) through (E} will be described in
detail.

The condition (A) is laid down in view of the absolute positional accuracy of

25 the writing start point. By setting the writing start point 901 behind the mirror mark
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69 1 March 2005 through 28E illustrate exenplary wobbl e shapggr®fodohe sync
mar k section 407. The sync mark section 407 is a conbi nation of wobbl es
504 having steep inner- and outer-periphery-oriented displacenents as
shown in FIG 26D (which will be herein referred to as "bi-rectangul ar
wobbl es”) and wobbles 501 in a sine waveformas 5 shown in FIG 26A (which
Wl be herein referred to as "sine wave wobbles"”). In FIGS. 28A through
28E, the bi-rectangul ar wobbl es 504 are identified by "S" while the sine

wave wobbles 501 are.identified by "B". Ln F 28A, the f 1pdi vi ded
o o et R e <PEFisidl} Postinfiag e syt 08, a8, ghodthdn G- SHRI 16 S04
That is to say, since the wobbles of the sanme shape to realize high

cont i nuirleﬁ?(?rdﬂ'%b appatatys Jans s@ry Hs widtegapiatian| @n WF%WQa@@uF‘U!F@ﬂ ynarkn Fl GS.
28B and 28C, the bi-rectangular and sine wave wobbl es 504 and 501 are

al t er natAerostingly sifedntended puriraseraiithe mimer mapadies. indigatingdbe beginningief t here
are many wobbl e shape change points, thus ensuring high absol ute

posi t i ormblogkccamby made fullluSs. of 28iDsdmpraaitg the abssttenmsitenahedburacy of ne
wave wobbl e, sine wave wobbl e 15 and bi-rectangul ar wobble are arranged in

t hi s or dRe whithgstarf psin.t he opposite pattern). Each of these arrangenents
has one change point at which the bi-rectangular wobble 504 is replaced by

the sine WaverH@O@&\cﬁticﬁPgB)aﬁ%ﬂ%mﬁP%wpefﬂb é\&%&?&ftﬁ:ﬁ%@dﬁ%&ﬁgﬁ{@ | ‘he

wobbl e 501 is replaced by the bi-rectangular wo _
el an; gyl R BUEE, ByRRRd AR TG S RIS G B BB PR ol e
oD R PR RS e o B8 TR S % B
positional information units. However, the present invention is_not
1i mi t ed aPRaalyS capdivish &s wilke) gaeialing onpdetegting, tha giirreomark.i Aceerdinglbn
segnent may be made up of a nunber

10 the absolute positional accuracy of the writing end point is improvable from the same

point of view as that of the conditibn {(A) on fhe writing start point.

The condition (C) requires that where the writing end and start points are
located in the same precision positioning mark section, the write operation should be
performed so that the writing end poinf 902 of the previous recording block overlaps

15  with the writing start point 901 of the next recording block as shown in FIG. 31C. By
sefting the writing start and end points in this manner, no gap (i.e., unrecorded area)
will be left between the writing start and end points. If the write operation is carried
out in such a manner as to leave an unrecorded area, then no signal will be output
from that unrecorded area while the recorded information is being read by a

20 reproducing apparatus. As a result, the digitization and clocking of the read signal

temporarily lose its stability disadvantageously. In contrast, if the write operation is
performed so that the writing start and end points always overlap with each other,
then the no read signal period is eliminated and the data can be read out much more

stably.

25 The condition (D) is laid down to prevent the mirror mark detection from being

67




25 L (which is a natural nunber) of positional information UMeteh2099 1
March 2005 Suppose the anount of information included in each positional

. information section 406 is A bits, each sync mark section 407 has a length
corresponding to B wobbl e periods, each precision positioning mark section
405 has a length corresponding to C 5 wobble periods, each subdivi ded

o nformation unit has a length corresponding to Mwobble periods, one

wobbl e period is Wtinmes as |ong as one channel bit of the recordi ng data,

0 the nagp%gods%pl GRANRE! - Blifisy RAIRPHoE dRRbraRiPT ITRE Witk stabdhand the

nunmber I'nf or ron units included in each positi onal

nat ur PO ERIBOERInG & Wit g8 gnagon ?“%ta By Pt on

(20): is (Equat 20)  D=(AXMFB+Q).
W th arroevGG fisb i e ORI P& AT BTG %aeoqﬁa%s "rliase, f”e% Sédi”ce

techni que of generating a nodul ation code for a  recqrdin ne
wobbl e mateiiall’, as exampleg Sreeiiealys Hum tariy megnedeatieRgiisle wﬂ'ieso %’6 "E“S
We186). Al so, each precision positioning mark section 405 has a | eng th
correspsmai repording ivobtidgrages ioo dmagbsepatts sxﬁttbe\reqrydmgnﬂm @ﬁ@urwhﬂlﬁn t 408
has a |ength corresponding to 32 wobble periods (i.e., C=8 and M=32).

Howev eryifiRf stalt’ & Bhd ipdires dueno itise applidationtafch thermil strasethlefean elftsodi nent .

For ‘exanpl e, when a

reproducing apparatus reads out data from those degraded or damaged parts of a
" recording film, then a variation in the quantity of totally reflected light is observed.
Accordingly, if a mirror mark is located inside, or close to, the area where the writing
10 start/end point deterioration has occurred, then the mirror mark detection might be
affected adversely. This is because it is difficult {o tell a variation in the quantity of
totally reflected light, indicating the presence of a mirror mark, from the variation in
the quantity of totally reflected light due to the start/end point deterioration. To
eliminate these unwanted effects, the mirror mark 601 may be placed so as to be
15 distant from an area 903 that would be affected by the start point deterioration
around the writing start point 901 as shown in FIG. 31D. Also, as shown in FIG. 31E,
the mirror mark 601 may be placed so as to be distant from an area 904 that would

be affected by the end point deterioration around the writing end point 902.
The condition (E) is a more strict definition of the condition (A) and requires
70 that the length between the mirror mark and the writing start point should be
determined in view of a processing time delay necessary for the drive. Examples of
the drive’s processing time delays include: a processing time delay caused by a
means for detecting the mirror mark; a processing time delay it takes to correct

synchronization after having detected the mirror mark; and a time it takes to prepare

25 for generating a write laser power at a required level. By setting the writing start
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modul ati on code for converting 8 bits into 15 bits is used, 1 Maeched9sl e
period may 25 have a length corresponding to 155 channel bits. Al so, each
.precision positioning 71 1 March 2005 mark section 405 may have a |l ength
corresponding to 9 wobbl e periods and each subdivided information unit 408
may have a |l ength corresponding to 36 wobble periods. Were a nodul ation
.code for converting 2 bits into 3 bits (i.e., converting 8 5 bits into 12
‘bits) is used as in the well-known (1, 7) nodul ation techni que, one wobble

period may .,haye | engt.h_corr.espandi n 0_186 nnel hits, each eci si on
Posi t1 orfiiny VT feseCPRbRsS4 i SRV %nts et 66 Mepdnd g Sos P Bt oi ¢
periods and each subdivided_ informatigon unjt 408 may have a | ength

cor r espdRBCRgMAEK B8 dgspited fy thiycongftioa, @bi'\ﬁ‘e:l JVIPGYEMA bine aBERINISd . each
preci sion positioning mark 10 section 405 and each subdivi ded information
uni t 40%ostipnabacossayrf the wiiting stampeial, isacoomplishesbeffectivelyi ods and 36

wobbl e periods, respectively That is to say, where a nodul ati on code for
converting 8 rirthemhatey gacbhainthel positibsali isfammation onarkvedatiioa 406 iand the
supposed to have a |l ength corresponding to Wchannel- 15 bits; each

pr ecissi @ynpesdrkisediidtod0Riska 86iRiction of 8Bhdisided ewetichUrite U8 chen Bbihg
correspondi ng to C wobbl e periods; and each subdivided i nformati on unit 408

L5 PPOSBGE OB e i o BSEpAg b ma G Aficifen RN, (1
Equat i_o'%acﬁc?r%hﬂérlﬁic[&ggg a sgellzﬁgaéfiﬁ'sa&aivided information units, in each of which
onhe-bit information of 1" or 0" is represented as a piece of subdivided information
by a wobble having steep inner- or outer-periphery-oriented displacements as shown
10. in FIGS. 26B and 26C, thereby makihg 48-bit positional information and its error
detection code.

In this case, to detect the positional information from the positionai information
mark section, the beginning of the positional information mark section should be
located. For that purpose, the mirror mark 601 in the precision positioning mark

15 section 405 is used. However, the mirror mark 601 by itself might be detected
erroneously or might be missed. On the optical disk medium of the present
invention, the precision positioning mark section 405 of the succeeding positional
information unit 404 is placed just behind the sync mark section 407. Accordingly,
the location of the mirror mark 601 existing in the precision positioning mark section

20 405 can be narrowed accurately by detecting the sync mark. As a result, the mirror
mark 601 required for specifying the absolute position is detectable highly accurately.

The sync mark section 407 is made up of a series of four subdivided
information units 408, each of which is represented by a wobble having steep inner-

and outer-periphery-oriented displacements or by a wobble showing a sine

25  waveform for both the inner- and outer-periphery-oriented displacements. FIGS. 28A
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PXRXF=CXW (Equation 22) QXRXF=MXW 72 1 March 2005 then eac Jopt
positioning mark section 405, each positional information sgytgf%(r?@igg d
each sync mark section 407 nay have respective | engths corresponding to
t he wobbl e wave nunbers defined in this enbodi ment. In Equations (21) and
(22), P and Q are rational nunbers and Ris a natural s nunber. P neans

. t hat each precision positioning nmark section has a length corresponding to

P frames of the recording data. In this enbodinent, P=1. Q neans that each

“subdi vi ﬁg&@{%{g fnﬁgﬁrﬁgs%mmgggy@%@bm@ REbPes 6f hesfPBdhag deotiGh UOAekhe of t he

recor di enbodiment, Q=4. R is the nunber of bytes of one

frame of the recordin . b ' R :
E E?ts goiﬁf?gwr@f?f?‘gﬁ’ghiﬂ%fl% l%ceb‘ﬂﬂnlsa h?ﬂ%rl veg tﬁ%ﬁ?ﬁquat igo%fsee gﬁl)qégnégﬁ( 28; ?dl n
( uration, .a in roove. (d di WAPEIY | i 0

and ni -r@@?r‘ﬁﬂfmy?ﬂ%?t\éﬁégsmﬂ%{ﬁﬁ? §-a§u§ﬁ6c1)vg'{ !‘n':’oagpy't:%éctgtI(\R@:{as1 kW'?re i'&ér,nr%]::rg;\ngtel o
easily associated with the recordi ng data. As result. a re i
appar attefergatt toa as r diveraeaar Mophles 8@"8(9@’0%9%391 ca1@ 8]”?kwﬁ¥%|8hﬂ1 éaggcor di ng
to this errbogll ment may 15 have a sinplified configuration. Also, P and Q
may be shdviroiraFIGUEGA(whinht wilk be hepeie rpfestes 9bhs "FRceYare .WQH??EE%’{A- tical
~di sk medium of this enbodiment, the mirror mark 601 is provided as a

preci si PIER LA iHreudro28E] thef biFreemopulan aobblesyb(r arsi ideokifigsoRY "SonvRlE  mar k
section 405 to detect the positional infor mati on nore accurately.
Al ternra]»{hlevs%é’wag@wbﬁb?e?s@mearbh@eﬂliﬁwm;ye'@'effects of the mirror marks 601 on

gﬁ{ sct(:ahe Fp;?retis of the track or on interlayer parts of a dual -l ayer di sk,
| i BICBgROHS KA AbdiRddd HfsihilBn units are all represented by the
bi-rectangular wobbles 504. That is to say, since the:wobbles of the same shape
10 realize high continuity, the sync mark section is detectable highly accurately. In
FIGS. 28B and 28C, the bi-rectangular and sine wave wobbles 504 and 501 are
_alternated on a subdivided information unit basis. In these patterns, there are many
wobble shape change points, thus ensuring high absolute positional accuracy. n
FIGS. 28D and 28E, bi-rectangular wobble, sine wave wobble, sine wave wobble
15 and bi-rectangular wobble are arranged in this order (or to form the oppoéite patiern).
Each of these arrangements has one change point at which the bi-rectangular
. wobble 504 is replaced by the sine wave wobble 501 and one change point at which
the sine wave wobble 501 is replaced by the bi-rectangular wobble 504.
Accordingly, the arrangements with such a positional relationship ensure increased

20 reliability against erroneous detection of the absolute position.

On the optical disk medium of this embodiment, pach positional information
segment, corresponding to one recording block unit, is made up of four positional
.information units. However, the present invention is not limited to this specific

embodiment, but each positional information segment may be made up of a humber

25 L (which is a natural number) of positional information units.
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405 in the positional information unit 404 located at the b‘?maﬁkﬂliiUbSOf each
positional information segnent may have the mrror mark 601. e precision
.positioning mark is not limted to the mrror mark used in this 25

enbodi nent, but nmay be any other mark so long as the mark contributes to
obtaining 73 | March 2005 a detection signal with high positioning accuracy
and is easily distinguishable froma signal for obtaining positional
information. For exanple, a wobble, having a period sufficiently shorter
than that of a wobble that has been fornmed to represent positional
information, Bappdse fheowmibest @ ifomnatiors inefudedsint eéach positiodd . infdhaatiordn
isolated pit 5 may be forned as an alternative precision positioning mark
bet ween g3glitpmens ipd bigs, of the wobbled groove (i.e., on a "land"). In this
enbodi nent, the subdivided information "I" is represented by a wobble

I
pat ter n havi ot 87 thaRCLSHEH P Hak ERAR' EfodbSAURG BB Shbld el vi ded

information " IS represented patt Vi g stee

of & combi pat Pt Btk pEABEIBRR BRI DS i BIHD GRraBBbed & T
Accor di n‘%{agwt he information bits "1 " and "0" are distinguishable by a

maxi neim P@REHAYS st ance and the pieces of information "B' and "S' are
al so di stingui shabl e by a maxi mum Euclidean. distance. Thus, to achieve
simlar effectach sHediyifled rintermatiomiun has a Igpgthr gorresppnging1 o Mewabblent ed by
bi -rectangul ar and sine wave wobbl es, respectively, and "13" and "S" of

t he syncperiods, may be represented by a wobble pattern having steep outer-
peri phery-oriented displacenents and a wobbl e pattern having steep inner-

peri phery- or i @ edbblespbist W simaseapastig H€lone hamel ibit dfithe resdraiigrent ,
the sync marks and positional information are 20 recorded using all of the
four typgsaof wobble patterns (i.e., sine wave wobble :

10 the number of channel bits included in each recording block is D and
the number of positional information units included in each positional
information segment is E.
In this case, A, B, C, D, E, M and W are all natural numbers and are
determined so as to satisfy the following Equation (20):
| 15 {Equation 20)
| D=(AXM+B+C) X WXE
In this embodiment, in accordance with an eight-to-sixteen modulation
technique, which is well known as a techniqué of generating a modulation code for a
recording signal, one wobble period has a length corresponding to 186 channel bits
20 (i.e., W=186). Also, each precision positioning mark section 405 has a iength
corresponding to 8 wobble periods and each subdivided information unit 408 has a
length corresponding to 32 wobble periods (i.e., C=8 and M=32). However, the
present invention is not .Iimited to this specific embodiment. For example, when a
modulation code for converting 8 bits into 15 bits is used, one wobble period may

25 have a length corresponding to 155 channel bits. Also, each precision positioning
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pattern, bi-rectangular wobble pattern, wobble pattern withygL&8P005

i nner - periphery- oriented displacenents and wobble pattern wth steep
.outer-periphery-oriented displacenents). However, the present invention is
not limted thereto. For exanple, only two out of these four (e.g., wobble
pattern with steep inner-periphery-oriented 25 di spl acenments and wobble
pattern wth steep outer-periphery-oriented 74 1 March 2005 di spl acenents)
may be used or three wobble patterns nmay al so be used. Wen just two types
of wobbl e patterns are used, the sync marks and the positional information
are pref@aabbyctibns40f gnayshald & léngimooaebpoihding 0@ wobblel patiodsind 8&dh
purpose, the positional information may be nodul ated in accordance with a
predet ergigaRAd&d WraRhabdrPtinit UoB AR HAVSIYE 1Mt QoRespaifing!eb | B2 d/dbpid he
nodul ation rule, may be placed as the sync marks. Furthernore, in this
enbodineg%ﬁodghe track groove is wobbled at a single period, and the

posi tional 1 nformation and sync marks are recorded by changing the shapes

of the wobbli ' | c€. . by makj t.h i, spl.acenents .i o snoot h
or steep). Ho%@gér g%ﬁ(g&gﬁrg$ %9‘&%‘?&C?W%&Hl%?%d“@’c@&f’géye-of“o?h%“"%ﬁeci si on
posi tioni.ng, mar achi eved h | aci the sync mark ahead of the

precidi gﬂpsp'(%(? t1il§0ﬁ$§)g‘3n'é?qg 283 '%cﬂ?e I"I"?”J%&Y‘"E)Wt K eQddaticn tephwiiue, gae er ns
of the track groove. Alternatively, the configuration of this embodi nent

i s al so w@hhle eared may have afngicoaesponsing tee g@pbammtbﬂai eaghaerecisiores and
ot her types of information thereon 15 by changi ng the wobbl e period, phase
or anpl ipostiongig mak sectvk 4i5omag have by lengthaogirespdndingniods vobbledpgriddsof t he
groove, for exanple. As described above, if the precision positioning mark
sect i on,anplosadh snledivided fieformaticm uﬁmmema?mvéyél@eﬁgm leofrespdifiing 36 94

arranged in this order in each positional information unit, then the
preci si GioHAs ipktedd. NQItERTAtiveR; Bne WBBLI® pbelBAXéach precision positioning mark
10 section 405 and each subdivided information unit 408 may cormrespond to 124
channel bits, 9 wobble periods and 36 Wobble periods, respectively.
That is to say, where a modulation code for converting 8 bits into F channel

bits is used,

one wobble period is supposed to have a length corresponding to W channel

15 bits;
each precision positioning mark section 405 is supposed to have a length
corresponding to C wobble periods; and
each subdivided information unit 408 is supposed to have a length
corresponding to M wobble periods.
20 in this case, if the optical disk medium is formed so as to satisfy the foliowing
Equations (21) and (22):
(Equation 21)
PXRXF=CXW
(Equation 22)

25 QXRXF=MXW
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- 20 included in the precision positioning nmark section of ongppasisgegnal
information unit is |ocated just behind the sync mark section of the
.previ ous positional information unit. Accordingly, based on the detection
rTesult of the preceding sync mark section, the precision positioning mark
"(e.g_, mrror mark) placed at the beginning of the succeeding positional
information unit can be detected nore accurately. Next, exenplary recording
data formats according to this enbodinment will be 75 1 March 2005 descri bed
with reference to FIGS. 31A through 31C. FIG 31A shows a data format for
a recor diheg dachgirecision positibhing reakrdection 405, E4dh p&iltidhat Infovmatiod aleatidror mat
- for a  recording block under a continuous wite operation; and FIG 31 C

shows a 4@ and le@ERBYNE Biark sEEHSH 40T endY 9dle Rspactive! IEhditls @dFeB 'rﬁﬂing%fb I'n
FI GS. 31A through 31C, each of the data fields Data field 1, tatield 2,

Data 11 eﬂh@v?btﬂil’tgwg%%th@r@'?éﬂﬁb%qH%iE;éﬁ%d’HirﬁEﬂﬂg’ 344 bytes, in which 208

consecutive franme regions (not shown), each having a length of 93 bytes,

are arranged. . 93- byt reqj an, .S . of -byt e SYNC code
pl aced at thelnbe | r?r?ﬁ%ég?n%ﬁ @g?t%ﬁn@ﬁf JFW@?@?t’cﬁrﬁgnﬁﬁk S&@E‘H%hi ngly,
t he maxi rrun%armtsigt of rﬁgordi ”ﬁ 10 data is..91 X208=18, 968 lp/t es. However,

t he aroutHmRE" uderMaans, ek Garl PrristeRp Pasitiowing gmark segtiry Hasyapengi pari ¢y
bits for use in error_correction or detection, redundant data (e.g., |Ds
for i derfarfeppRpdingdor B dmmaehgf dae deqpiding dala)  lnihis enfpdimentadied:  Bach of
the VFO fields VFOL, VFQ2 and VFQ3 is a field for use to lock a PLL needed
t o oper aneanhthat epelo dukdiviged ppfamaation uritiibsa length camespansling fotQdramwas any of
15 these fields. On each VFOfield, to establish bit synchronization nore
easi |y lkyf theektordingheat®L lin ahis @mbbaiiment €i=4raRKs tindusibae of btes giraieer abl y

recorded repeatedly at a fixed channel bit length, for exanple. Each PA
fiel d PArdnie of tifFocdibdiAg GRENEHT tHR elrbotifRerRN =063t esHIRY be Wotéthit a
10 relationship P:Q=C:M is derived from Equations (21) and (22).

In this configuration, a wobbling groove (including the positional information
and mirror marks) that has been pre-cut on an opticai disk medium can be easily
associated with the recording data. As a resulf, a recording apparatus and a
reproducing apparatus for an optical disk medium according to this embodiment may

15 havé a simplified configuration. Also, P and Q may be rational numbers but are
more preferably integers.

On the optical disk medium of this embodiment, the mirror mark 601 is
provided as a precision positioning mark for each and every precision positioning
mark section 405 to detect the positional information more accurately. Alternatively,

20 to reduce the unwanted effects of the mirror marks 601 on adjacent parts of the track
or on interlayer parts of a dual-layer disk, only the precision positioning mark section
405 in the positional information unit 404 located at the beginning of each positional
information segment may have the mirror mark 601.

The precision positio_n'ing mark is not limited to the mirror mark used in this

25  embodiment, but may be any other mark so long as the mark contributes to obtaining
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field. For exanple, where a well-known run-length-limted (RMajchc2ods is
used as a 20 nodul ation code for the data fields, the PA field contributes
-not only to satisfying the run-length limtation even at the connection to
the end of the previous data field but also to decoding the end of the
previous -data field properly during a read operation. Each PS field PS
«contributes to detecting the beginning of the succeeding data field nore
“‘accurately and establishing the byte synchroni zation nore firmy. A 25
pattern that is not easily detected erroneously as any other field (i.e.,
~dat a fi ehdetegtion Bgynal with diigle positidnieg dcourapAand es d;isilyejigjnguéshablecﬁmngattern
not existing in any other field, or a pattern having too steep

aut o- cor sighaitfoo obtairdng positioaali information.c IFof leahmple, anwobblee hading ladp&ign i f
" the bits thereof are shifted may be recorded as the PS field PS. Each of

the recoggfigienty Sirer SBVhat Bf & WeBbledhat had BEEH forHedasré d&g@@ﬁt@b%siﬂbnaﬁ the

p05|t|onal I nformati on segnent 403 shown in FIG 25 he respective

data figlfisanbe, ,hgggfed VRIBAAR %gxéas.aﬁ?%g“ah@gt%m {c\iyaf Bgﬁ%&é%g%tf ol

|nformat|on unit’s hat is |

1, Daja fiel nd Data ld 4 is, e ordedso have a
Fength JBRY &8 %ﬁa?ﬁa%t%‘ BB Prech Pemgufiid et H08Fe e RtrtRi: i on
sectionéqﬁ g ync nar sectlop i.n. associ ated one of the 10 four

positio & Wobpiedk9raave Hien Ludaladal- make up one posi tional information
segnment 403. Al so, the conbined |length of PA, VFO2 and PS is 93 bytes, and
these fiel ds Inathis ewdinants dhe ssubslividack informaatinrh "dGuis repsesented diy ehe
preci sion positioning mark section 405. Furthernore, as shown in FIG 31A,
VFOB, i .wohblepattein hawnd/Bteebi inherspariphieny-srieritéd Idtimlacmheartts,tthe sebdivafedt he
recording block at the witing start point, has a length of 41 bytes.

Al so, adnfoh@ation MOl i€ repid3entéd By avvobble m&aﬁaimgahterebemh@@pmpmynf the

recordi ng bl ock under the continuous wite operation, has a |l ength of 45
bytegy Tdented displacements and the sync mark section is made of a combination of bi-
rectangular wobbles S and sine wave wobbles B. Accordingly, the information bits
"1 and "0~" are distinguishable by a maximum Euclidean distance and the pieces
of information "B” and *S~” are also distinguishable by a maximum Euclidean
distance. Thus, to achieve similar effects, the information bits "1~ and "0™ may be
15 represented by bi-rectangular and sine wave wobbles, respectively, and "B” and
"S” of the sync mark may be represented by a wobble pattern having steep outer-
periphery-oriented displacements and a wobble pattern having steep inner-

periphery-oriented displacements, respectively. |

Also, in this embodiment, the sync marks and positional information are
20 recorded using all of the four types of wobble patterns (i.e., sine wave wobble
pattern, bi-rectangular wobble pattern, wobble pattern with steep inner-periphery-
oriented displacements and wobble pattern with steep outer-periphery-oriented
displacements). However, the present inventfon is not limited thereto. For example,

only two out of these four (e.g., wobble pattern with steep inner-periphery-oriented

25 disp‘lacements and wobble pattern with steep outer-periphery-oriented
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conbi ned I ength of these VFO fields is 86 bytes, which is efiyalchiamoshat of
VFQ2. In the sanme way, as shown in FIG 31B, VFO3, which is |l ocated at the
.end of the 20 recording block under the continuous wite operation, has a
length of 41 bytes. Also, as shown in FIG 31 C, VFOL, which is |ocated at
t he beginning of the recording block at the witing end point, has a

‘I ength of 45 bytes. The conbined | ength of these VFO fields is 86 bytes,
which is also equal to that of VFQ2. Accordingly, at either connection

bet ween two recording bl ocks under the continuous wite operatjon,_ the 25
total | edigpiRcemepis) mMayche usgonr Hinee pobple %ﬁ%ﬂ@@%ﬁl%bemeehwaeww to
the length 77 1 March 2005 of the precision positioning mark section 405.

I n this menypes oflwobblegratiemnsmrietused, the siscooaksiand the phsitineal jofeimatioral

i nformati on that has been pre-cut on an optical disk nedium and the data
wri tt en areaprefdrablybdisiiranighaticbfromeéacte nther tmoreheagilgsi Eerothat purgoseméid on. 5
The length of 93 bytes of the precision positioning mark section 405 is

equal  tghditithal GRBIMag6n aRAER B8 MmBAulkicTEn rfEoRMhck NAith "BK Sredtifndlat a
field. Accordingly, the precision positioning mark section under the

cont i?“g’f‘\écrirt‘é%{i%l‘g rﬁ%ﬁ%@é i':]]ﬂa o p@cte{né‘, n&aﬂéﬁd@ﬁeﬁfgﬁémo\azu@:tﬂﬁdrﬁé Mk

recorde . ~one frame region. hus, even in a cognbeect I on
ot ani | PEES A nstBRocl G “Ther eby si upl i Tying the read operation of
wri i ng- dat a AR gl Pmibegimenty 161 FCk Oippee SHaRPIed pha FdIss
sine wave wobble and a mirror mark that have been pre-cut for a precision
positi oreaipdrane thecpesitional inforaatiom apd sying| matksaaredracarded by ghagging, known
(1, 7) nodul ation code is supposed to be used as a nodul ati on code, one
byte is thapgivapes 0d the weblingndispiasenents (ee.wdiyb making itbel displaapmentsd t o

10 smooth or steep). However, the improvement in detection accuracy of the
precision positioning mark as achieved by placing the sync mark ahead of the
precision positioning mark is not limited by the types of wobble patterns of the track
groove. Alternatively, the configuration of this embodiment is also applicable to an
optical disk of the type recording addresses and other types of information thereon

- 15 by changing the wobble period, phase or amplitude of the track groove or by
changing the width or depth of the groove, for exampie.

As described above, if the precision positioning mark section, positional
information section and sync mark section- are arranged in this order in each
positional information unit, then the precision positioning mark {e.g., mirror mark)

20 included in the precision positioning mark section of one positional information unit is
located just behind the sync mark section of the previous positional information unit.
Accordingly, based on the detection result of the preceding sync mark section, the
pfecision positioning mark (e.g., mirror mark) placed at the beginning of the

succeeding positional information unit can be detected more accurately.

25 Next, exemplary recording data formats according to this embodiment will be
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have a | ength of 124 channel bits and the precision positi ofpecHBE0S
section is supposed to have a length corresponding to 9 wobbl e peri ods.

-Al so, the precision positioning mark section is supposed to start at a
peak of the sine wave wobble and 20 the mrror mark is supposed to start at
the 22nd byte as counted fromthe start point of the precision positioning
‘mark section and have a width of 2 bytes. In this case, the | ength between
~the start point of the precision positioning mark section and the center
of the mirror mark 601 (at the 23rd byte) is (23X 12)-: 124=2.23, which is
appr oxi neeggripesquith referencesoid G 81hethraugh. 316e.c bl HA shows azita fromat i n

FIG 32(a), the center of the mrror mark 601 substantially matches a
falling #8 d rédrdihg 206k akrowdtiras starg ppiot; FIGof31Bhshdvs mddst@avierokt fdrea si ne
wave wobble. FIG 32(b) illustrates a recording block at a witing start

poi nt. | fedoh:iiﬁ%@kﬁ_fmhl@der afdoptingodd Qrité IperatioRL ahasFIbe e ¢ enewdes dae4
(45+k) bytes, PS field and data field Data field | are recorded

cont i nuofbﬁ!n}étfdﬁﬁéerééorhiﬂgsbléékém%iﬁﬁ%%ﬁ& B 0 and 7. For 5 exanple, if the

integer k is newy set "at randomeveéry tine the recording apparatus wites

data, _.th th ' ' o | Iy teri

CdaaSuin noh BT Ruang S, o8 o PR bR AR PR 27 ST
‘i1l ust i ti int of t [ bl 0t hi | e,
the- dat AR A Bal iR e SlenalE et 59247 et i BiicraDd atbestioRD 11 el d

o VFA3 is finally recorded for &SaO;k') bytes, where k' is also an integer

bet ween ¥REAJEFONTHRRL Shaywn); eash Manigar @ ieratl ok P3 dbytess areateangedet Bactor at ed

even at the witing end point. This k' value may be set equal to the k
val ue at93-hwtevdirané regien isrmageuptofl aQ-byteus iNClopddipidcedatithe hegiesingeandbe used
for the witing start and end points. Were a nodul ati on code for
conver t i 9yb@tebmodulatedoreEodivan data. bAtsordingld i ehximurh drheuntesfaeborairigreen
the end of the mrror mark and the witing start point (i.e., the
10 data is 91X208=18,928 bytes. However, the amount of user data actually writable
is 16 kilobytes, to which parity bits for use in error correction or detection, redundant
data (e.g., IDs for identifying the recording data positions) and so on are added.
Each of the VFO fields VFO1, VFO2 and VFO3 is a field for use to lock a PLL
needed to operate the reproducing apparatus, and no user data is written on any of
15 these fields. On each VFO field, to establish bit synchronization more easily by
locking the PLL at a high speed, marks and spaces are preferably recorded
repeatedly at a fixed channel bit iength, for example. o -
Each PA field PA functions as a connection to the end of the previous data
field. For example, where a well-known run-length-limited (RLL) code is used as a
20 modulation code for the data fields, the PA field contributes not only to satisfying the
run-length limitation even at the connection to the end of the previous data field but
~ also to decoding the end of the previous data field properly during a read operation.
Each PS field PS contributes to detecting the beginning of the succeeding

data field more accurately and eétabtishing the byte synchronization more firmly. A

25  pattern that is not easily detected erroneously as any other field (i.e., data field, VFO
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start point of VFOL) is preferably (20+/F) bytes, where j {fasdh 20okeger
fromO to (F- 1). For exanple, if the integer | is newly set at random
“every time the recording apparatus wites data, then the deterioration of
the recording filmat the witing start point is suppressible even when
the sane data is repeatedly witten at the same 20 position. In this
‘enbodi ment, if the repetitive witing is perfornmed, the start/end point

~ deterioration of the recording fiImis supposed to occur in an area of G

byt es af ting start poipt an n .an . tes bhefore the
prAbegal T R LR S R I R ﬁewﬂﬁercﬁeq%f & R o
is determ ned so.as 251to ?atlsf t he cpndltlggs (A),, Ié))iband (E).

ot her woh@MNg fa0 SieeP pHCLEelqtignChissacirgsiicAg matgh that o5 6oy olher el qves t"
above-descri bed range, then the |l ength between the end of the mrror mark
and t he theihitsiaereptare shiftast may ibe rseorded ingithe P& fidldPS.but | ess than 21
bytes. Thus, the length can be no shorter than 20 bytes. A length |ike

this is suffilEéacﬂnbﬂtye réamding\béockisrshomenvin 61GEh81Atiraugh &€ ¢dmesponds fog st art
“point deterioration may occur or 5 the processing tinme delay it takes for

t he recomdi prgitdpBRInfdriitibA saghienlt [403sdivin int BIG. \B5. t An@NRE AédpRtivé Hata havi ng
detected the mrror mark. On the other hand, the |ength between the end of

the m rradBfdk eaBridd$o aWtthe%s%E%té{PMlh thé %&ﬂoﬁﬂ%ﬁ%aﬁ&h nh.té)hoszOB) s

29 bytes. \Were the wite operation has been perforrre I deal 'y at a

i 100 BRI |08, AERUE ARVagh RRhatiTEu S18MA M 5, BRI Sla bR o o2

where the Wi eterioration ray occur s era y be

Surti o G Bder H?%&ot Sengia] %}lgﬁgtﬁmpﬁa@m e %%mrf)?{{q‘fio% fﬁe% e

satisfied. Ohviously this arran enent al so satisfies the condit Iﬁ
Al so, t HBeIP@ﬁQPHE"H'éfWB@F‘PQ ﬁ@t@@@%ﬁhﬁgswﬁ nadk seelien 1y 33506tded PRHP Eﬁ‘emar Kk

10 four positional information units 404 that make up one positional information segment
403. Also, the combined Iéngth of PA, VFO2 and PS is 93 bytes, and these fields
are recorded so as to have a length equal to that of the precision positioning mark
section 405.

Furthermore, as shown in FIG. 31A, VFO3, i.e., one of the VFO fields that is

15 located at the end of the recording block at the writing start point, has a length of 41
bytes. Also, as shown in FIG. 31B, VFO1, which is located at the beginning of the
recording block under the continuous write operation, has a length of 45 bytes. The

| combined length of these VFO fields is 86 bytes, which is equal to that of VFO2. In
the same way, as shown in FIG. 31B, VFO3, which is located at the end of the

20 recording block under the continuous write operation, has a length of 41 bytes. Also,
as shown in FIG. 31C, VFO1, which is located at the beginning of the recording block
at the writing end point, has a length of 45 bytes. The combined length of these VFO
fields is 86 bytes, which is also equal to that of VFO2. Accordingly, at either
connection between two recording blocks under the continuous write operation, the

. 25 ftotal length of PA, VFO3, VFO1 and PS is also 93 bytes, which is equal to the length
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15 section and the witing start point is (44+1F) bytes, whiMach @3 ength
bet ween the beginning of the precision positioning nmark section and the
witing end point is (53+ j/F) bytes. The difference between these | engths
is 9 bytes. That is to say, the condition (C) is satisfied. Were the
wite operation has been perforned ideally at a witing positional
‘accuracy of zero, the witing start and end points have an overlap of 20 9
bytes. In that case, even if the shifts of the witing points reach 9 bytes

in total £ non-r ecotr. .ded are \% &g left. If the data witing
start/end tﬁglpﬁc?tgsglpgog PP "ﬁ{ ?e &2 the resul tant posi ti onal

rel ati onships, satisfy all qof the conditjons (A) through (E) descrlbed
above. Accor i ﬁ@j?y',"af'ﬂ%r #Br 50_ Nk Wiitterh og; ?F%ﬁ%@t'%d’ﬂ é e drosiliongl ng
start/end points" is 25 acconplished effectively. 80 1 March 2005 It

shoul d biefaigedian tthalt hashbesiFErecul an araaptical diskamediunmeand: feodatsi wriften
apparatus to digitize the read data and to | ock the PLL. However, an area
havi ng acarl alagbk lafat¢di by &fetpricedo ittee paditicrdl infors@dtion. f or t hese purposes. 5
EMBODI MENT 18 An optical disk read/wite drive for reading an address on an

optical di sk Themingth 6£83 beic’dbftthe r@@si@n:gggmbhmgrmadd S&bn 406l is Qual
described with reference to FIG |G 29, an optical head for

det ect i ng fe JérifRlor Qé&?@lf%ﬁ:ﬁlﬁe% ighs IRt fnal® us BhKNRiS figf. %caﬂim@gl gdi sk

medi um | by condensing a | aser beamonto the disk I 1o so that the ht

spot fo rt %g\gmﬁ gg)fﬁ%ﬁlJrgoH&ngBtmfrpﬁnaérafﬁg c%n?ﬂﬁg%lgfwrh? %P%%IOﬁaI ? di S k 1

S |dent i"gnat proceSS|n gener a an
fully add | bl e si naI erfor oper ation pr.ocessing
on the- derbunpis PAGVERS ahgr PR S sgeitan. Mabesanileilat Rie iate peiato.  The
wobbl e signal is, supposed to appear as _a positive signal as for the inner
per i pher }husn8veR ima sepaestiae ketyran twe adjacent data fields, frame synchronization

10 can be established as in a data field, thereby simplifying the read operation of the
reproducing apparatus.

FIG. 32 illustrates an exemplary method for writing data at writing start and
end points. FIG. 32(a) illustrates a sine wave wobble and a mirror mark that have
been pre-cut for a precision positioning mark section. In the example #lustrated in

15 FIG. 32, a known {1, 7) modulation code is supposed to be used as a modulation
code, one byte is supposed to be 12 channel bits, one wobble period is supposed to
have a length of 124 channe!l bits and the precision positioning mafk section is
supposed to have a length corresponding to 9 wobble periods. Also, the precision
positioning mark section is supposed to start at a peak of the sine wave wobble and

20 the mirror mark is supposed to start 'at the 22rd pyte as counted from the start point of
the precision positioning mark section and have a width of 2 bytes.

In this case, the length between the start point of the precision posiﬁoning
mark section and the center of the mirror mark 601 (at the 23 byte) is (23X 12)~
124=2.23, which is approximately equal fo 2.25 wobble periods. Accordingly, as

25 shown in FIG. 32(a), the center of the mirror mark 601 substantially matches a falling
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15 for the outer periphery. A subdivided information detecti Marge2l5on
outputs " 1 " on detecting a wobble signal in which only the rising

-di spl acenents are steep and outputs "0" on detecting a wobble signal in
which only the falling displacenents are steep. In this case, once a focus
control section and a tracking control section 20 (neither of which is

- shown in FIG 29) have established such a control that the Iight spot
follows up the track groove, the optical disk read/wite drive of this
enbodi nent  needs to, Peéﬁgt the positional information to locate its

absol ut e28Lre$RY Bant Akthethi Wag‘%eﬁkt'@ﬁ'%wammb@!%- it will be described
how the read/wite drive operates to detect the positional information. 25
FIG 33 is a Figw2®kilustratese regarding dlaskmt aryritingsstartaeint. imihds exarmpia,
reading 81 1 March 2005 processing perfornmed by the optical disk read/wite
drive ofaftdriasVEGbigald Mi(D1 hBs been racordgad domEbk- k)sbydedt, S Gdidaindadsiyieldrar k
section (Step 1). Once the sync mark has been detected, positional

i nf or matData fiehdr sarb resoraet roontigeslishl, AtRere k is HpPAREREr botwdtVe ah8eN For
established to predict an interval, during which the succeeding precision 5

POSi t 4 OGBS K tHe infegerX fsrrférwlgj%ék%tf ;%haahﬂe\gégp%ﬁe tt@&%ﬂr%%ﬁga%aﬁ{sﬁct i on

result of the sync mark (Step the pr sion, posit

. . o . : | h
bosi ¢ 1 or\Ttes Hales et Bt —idordil] ilis 185 ISP bElcRdr Gl Batled BSho pafacye
Il vi sion,. between subdivided i nformation

b t abl i d t dict the d

uﬁ??se?iﬂgn&%‘?efepcﬂc‘%\'}%fyﬁﬁtﬁ'aﬁﬁ@%‘%‘? PPIHAN- i nformation) to based on the
det ecti | t (4 i sion. iti k (St 4). On the oth
nand. i1 o g (oh IRniacoR: WHtinrand Poityele fha) recardingr biscks e Bisech of ed

interval has passed, then the division between subdivided information
uni ts (iexemplaithe dlaja §plehDatsr fieldd isdellawerhby a RAOTeldt arrhjheinsa MRS fiekded
based on the detection result of the sync
10 VFOS3 is finally recorded for (50—k") bytes, where k* is also an integer between 0
and 7. Then, the recording film is also less likely deteriorated even at the writing end
point. This k* value may be set equal to the k value at the writing start point. Or
mutually different values may be used for the writing start and end points.
Where a modulation code for converting 8 bits into F channel bits is adopted,
15 the length between the end of the mirror mark and the writing start point (i.e., the
start point of VFO1) is preferably (20-+j/F) bytes, where j is an integer from 0 fo (F-
1). For example, if the integer j is newly set at random every time the recording
apparatus writes data, then the deterioration of the recording film at the writing start
point is suppressible even when the same data is repeatedly written at the same
20 position.
In this embodiment, if the repetitive writing is performed, the start/end point
deterioration of the recording film is supposed to occur in an area of G bytes after the
writing start point and in an area of G bytes before the writing end point.

The length as measured from the end of the mirror mark is determined so as

25 to satisfy the conditions (A), (D) and (E). In other words, if the integer j is defined
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mark while the positional information is still coarsely syn¢hp¢H Zs Then,
the 15 positional information is read out fromthe positional information
.section according to the divisions predicted (Step 5). As can be seen, if
the precision positioning mark (mrror mark) has been detected, the

di vision of the subdivided information is predictable accurately enough.
As a result, the nunber of detection errors of the positional information
20 can be reduced. In addition, even if no preci sion positioning marks
(mrror mar ks% have been detected, the division of the subdivided

i-nf or mat WiHIn the gbpye-dpseribiedt rappe. thess the lamatth Setyeaeasc theoand efuihe mirarhe
sync mark. In the processing flowillustrated in FIG 33, if no sync marks
are det eatagd and et epitig stare pdiat el iben2@ foytdse op mese Hudneswotian DNibygesrark is
not started until the sync 25 mark is detected. Alternatively, this

processi Mgus,| e lenythbeanTbdirid sitbriah thag I2BbAds 1 AVRinglh FROhisBdRAfficRhyO Use
the sync mark that has been detected froma block preceding the current

bl ock- Fldg &ifeniif view bpuRhaeh vildre 4 aiing Is\fjaefﬁgah?aé&eﬁ&%h&h A ?ééa{g%g”m | on

readi ng processing including this alterna rocessing step

f d
et nér Bf® BREESE nd Sl RuaKor the FoBBialg FB@%’J‘?%M%‘? (PSS, .

t | | St If th YES, th
?ﬁeugﬁoc‘é@'&b‘%&ﬁﬁ%gﬁ?r Vﬂlﬂg‘i&%@%@h% egre'ﬁ)aﬂ? det egt ?EgsqwteLeI ;r eci si onen
positioning mark (mrro Is to say, even if no sync marks have
been det ect edopr%‘ﬁ othge hém:r@ﬁt’ewtﬁcﬂ{etwﬁﬁe theind; efnthe miresRatl and dorir sel y

synchroni zed state may be is interpol ated based on the detection results of

t he precwdlingend poit kise., thecnddiainfl of VED3) is2%ndes. bWhere theveiite operatiomant ed

situation where no positional information can be read out fromthe current
bl ock belasibeempedpmedniddalipat abextinglpositibreal agetracy tof zero, the length of G
10 bytes of the area where the writing end point deterioration may occur should
preferably be smaller than 29. Then, the condition (D) that the mirror mark should be
sufficiently separated from the writing end point deterioration area is satisfied.

Obviously this arrangement also satisfies the condition (B).

Also, the length between the beginning of the precision positioning mark

15 section and the writing start point is (44+j/F) bytes, while the length between the

beginning of the precision positioning mark section and the writing end point is (53 +

i/} bytes. The difference between these lengths is 9 bytes. That is to say, the

- condition (C) is satisfied. Where the write operation has been performed ideally at a

wri-ting positional accuracy of zero, the writing start and end points have an overlap of

20 9 bytes. In that case, even if the shifts of the writing points reach 9 bytes in total, no
non-recorded areas will be left.

If the data writing start/end points are set in this manner, the resuitant

positional relationships satisfy all of the conditions {A) through (E) described above.

Accordingly, the “improvement in positional accuracy of writing start/end points” is

25 accomplished effectively.
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|

shoul d be noted that the paraneter N indicates the nunber of \blQfHsoson
whi ch the coarsely synchronized state should be interpolated. Thus, the

., greater the paraneter 15 N, the |l onger the coarsely synchronized state

shoul d be interpolated. However, if N is excessively large, then the
positional information m ght be out of synchronization due to the effects

.of a nunber of variable factors. For that reason, N should be set to an
“optimum value in view of the perfornmance of the drive and the properties of

and/ or the ert shoddt betnated rthaluthe WH{2 igld Tapsieask ! rEUCt9di t i on
for establishing the positional information coarsely or precisely

synchr orippathatas & digitzerthexearptiata and tr losk $han b eweves: ait RERR haYidendat he
positional information of several consecutive blocks (e.g., parity error

det ect i Qa)gtRof (45 + 6 bpsiis aoally Ushise fetthese padposss.(i . e., addresses) are

di sconti nuous 25 anong a series of blocks, then the coarsely or precisely
synchroni zed state may be 83 1 March 2005 once canceled to try to establish
a synchroni zed state again. This processing flow w Il be described through

t he aoperat| drive shown in FIG 29. On detecting a wobbl e signal
I n cmﬁ%]%'\?}gqgnd falling displacenents are 5 both steep, a sync

ecor Sitnﬁg \ié\nn 3Pl '%‘?ﬁé‘aﬂﬁ‘“ﬁf%”bﬁgéfn@ fepdfo Eaafgﬁﬁ%gé?&ngh%&%&% the
_ POp tne iyt hefi cen“detec
gencr af geduacEuINaHo.a AeAntewih sinPpamalt Vil he BRI HRT Forbhey

after a prescribed anount of tine has passed sjince a poi n&@i n_tinme at

whi ch t e FiGr 28r Infelfk 28hanu paticah hepd doir detopling & sEnalbaspdRILNe RNESS, eaches
a predeterm ned level or nore during the interval of the detection w ndow
t hat hasrhReknagsnd matantichiydisthmetiurstl by oohglensing a laser beam onto the disk 1

the optical disk nmedium 20 Also, the fpositi nal inforrrg.%i on read. out
‘H%@ %

10 so that the light spot formed thereon can follow up the track groove of the optical disk
1 is identified by 801. A read signal processing section for generating a fully added
signal and a wobble signal by performing operation processing on the detection
signal of the optical head 801 is identified by 802. The wobble signal is supposed to
appear as a positive signal as for the inner periphery and as a negative signal as

15 for the odter periphery. A subdivided information detecting section outputs *1" on
detecting a wobble signal in which only the rising displacements are steep and
outputs “0" on detecting a wobble signal in which only the falling displacements
are steep.

In this case, once a focus control section and a tracking control section

20 (neither of which is shown in FIG. 29) have established such a control that the light
spot follows up the track groove, the optical disk read/write drive of this embodiment
needs to detect the positional information to locate its absolute position on the track
groove. Hereinafter, it will be described how the readfwrite drive operates to detect

the positional information.

25 FIG. 33 is a flowchart illustrating exemplary positional information reading
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detecting section 809, a mrror mark detecting section 805 p mrror
~mark position signal.- On the optical disk mediumof the flrst ed%xglnent,
. the mrror mark exists in the precision positioning mark section just
behind the sync mark. 15 Accordingly, the detection w ndow can be narrowed
and the erroneous detection can be prevented. If the mrror mark detecting
-section 805 has detected the mrror mark during the detection w ndow that
" has Peen Penegated by the first mﬁndOM/detecting section 809, then a
positional information synchronizin tion 807 nera e di Vi
i nf or maprasesengiperierned Ry dop petcaydiskdea ﬁ?{tﬁl"?%f N9 SqmESE ngt’?to%dueg 20
accordance with the timng. On the other hand, if the detect| section
805 has syt surkds detestad ot a symckoaduseatignt($iap iTht neg the avNe has
synchroni zi ng section 807 generates the subdivided i nformation division
tining been digtentéd, npoditicnab asfotratian coalfselynaynahnomzed ¢tatenistswpposed A9 of the
detection window. In that case, the detection accuracy and error 25 rate

are i nf gai@beERBBRILAShPIS PRt tdndihtepval gy wWhizhnthersucceediikg Ipascidiern

detected 84 i March 2005 However, it is still possible to |ocate the
F’PS' tionihQ P, rhiffoR ARk ISR WpbBar, bR8ed Wpline! distectidi RsURidfon
di VI Ea%fllm ngrﬁ% ( ﬁas geen ge)?terat e%By the positional i nforsmat I on

h
det er i M t‘r%fﬁ%ﬁ%b‘?q@f)@d PRI, PR o Bogigiha kit RErRFE dBEC, | ng
addr
posi oG i :mﬁéct"t%dha&stw%ti R eBbc i Eé‘t?t'ton%" TR Pl
_ positio t
Cor 1 oot SyRIEONGh SIS 15,SURBOSRG e A SRDIRGFS 39”:%@ e

wi ndow of the next positional information unit on the same track  io
gr oove, betweesr suhuivided itdorsatiopnuniten(ilse bitudivisian efuihier pesitional lnformatzon)

10 based on the detection result of the precision positioning mark (Step 4). On the other
hand, if no precision positioning mark is detected even after the predicted interval
has passed, then the division between subdivided information units (i.e., bit division
of the positional information) is- predicted based on the detection result of the sync
mark while the positional information is still coarsely synchronized. Then, the

15 positional information is read out from the positional information section according to
the divisions predicted (Step 5).

As can be seen, if the precision positioning mark (mirror mark) has been
-detected, the division of the subdivided information is predictable accurately
enough. As a result, the number of detection erors of the positional information

20 can be reduced. In addition, even if no precision positioning marks (mirror marks)
have been detected, the division of the subdivided information is still predictable
based on the detection result of the sync mark. |

in the processing flow illustrated in FIG. 33, if no sync marks are detected in
Step 1, the detection of the precision positioning mark is not started until‘the sync

25 mark is detected. Alternatively, this processing flow may be modified in such a
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In recording information, a systemcontrol section 810 iSSugfscHWddse
instruction to a wite section 806. The wite section 806 specifies a
.,Wwiting start point and a witing end point in accordance with the

absol ute position that has been determned fromthe position at which the
mrror mark has been detected. Then, the 15 wite section 806 nmakes the
.optical head 801 emit an intense |aser beamto record the information.
"FIG 35 is a flowhart illustrating exenplary data vvriti ng processing
performed by the optical disk read/wite drive o g enbodi rarent In FIG
35, St epsarner ﬁnrsdggﬁedharsame reark At has berd dolgrtedr B%{F'tas Igek prreediig

positional information reading processing as already described wth

ref er encarent blecieS. FIE3 3hds sufloweharp dlustiating: gxemelasy rositiesal infreiadies |
through 6, the positional information (i.e., address) is read out and the
posi t i ofeddingvbiadessing imsading thisblternafios prickessing atigr ess) read out shoul d be
recorded is Indicated. That is to say, based on the address read out, it

s deter mi negp e, N84, Brnd@ynt hAamkeXhaté alen detcoted af GBtep B5then tthis bl ock
to be witten (Step 7). If it has been determ ned that the address of the

r et u r5n < rdf%%:ré(?rpe% Osthe? GEKof §n% UnE NRbriChad "lb%eh arﬂ&@étedtﬁ’@ﬂ A MRnfBCRSSi ng

to restart t positional information reading processing
(Steps | through %J' a ryviegegehhat the
Sl oss (whichis el TimbPaS ibp%e%g*@ﬁgc%% (Gh ?ngthé FiREA S U
determ ni ng whether, or not,_a precise r.onj. stat
est abl i $he@rogessing JHNPgOthR; Besstﬁ'?a%ét?pg Hﬂt(?c '?% B?GC?%%r?E’Pg@?gﬁ
positioning mark detected, that the preC| sely %rﬁ:hrom ze te has
al r eady nimrkrimirseramarioh&bat isttn Ay aeYehil Y g He 'E%ﬁrh Y8 ati on
I s determ ned based on the precision positioning mark detect ed and t hen
the wri tiee @peeat blocki she gositiedaloinforiitiop GjarselyrMdgronized state akePer ni ned
that the precisely synchroni zed state has not yet been

10 interpolated based on the detection results of the preceding N blocks. Accordingly, it
is possible to avoid the unwanted situation where no positional information can be
read out from the current block because no sync mark has been detected yet. It
should be noted that the parameter N indicates the number of blocks on which the
coarsely synchronized state should be interpolated. Thus, the greater the parameter

15 N, the longer the coarsely synchronized state should be interpolated. However, if N
is excessively large, then the positional information might be out of synchronization

 due tb the effects of a number of variable factors. For that reason, N should be set to
an optimum value in view of the performance of the drive and the properties of the
optical disk medium.

20 Also, the positional information read out and/or the error detection result
thereof may also be used as a condition for establishing the positional information
coarsely or precisely synchronized state. For example, if errors have been detected
from the positional information of several consecutive blocks {e.g., parity error

detection) or if the positional information values (i.e., addresses) are discontinuous

25 among a series of blocks, then the coarsely or precisely synchronized state may be
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I 0 established, then the processing returns to the previ ousqpgrén &dos he
track to perform. re-positioning processing (Step 10). Also, if the mrror

. mark and positional information of the previous positional information

segnent have al ready been detected, the witing start and end points of

- the current segnent may be set by interpolating the mrror mark of the
-previous 15 segnment even when no mrror mark is detected at the beginning
‘of the current segnent. It should be noted that the positional infornation
read.out or the error detection result thereof may be used as a condition
for det eneerfiangelrfde fryto ealablish 8 SYREPNERASERB 928 state has been
establ i shed before starting the wite 20 process. For exanple, if errors
have been det®us guoesnsinge llowywillybe rdasctibed tiwesighi baapperation wétthendrie t he
current bl ock or previous several blocks (e.g., parity error detection) or
i f the pewninddG. 20f ormation (i.e., addresses) values are discontinuous
anong a series of blocks, then the wite operation does not have to be

started but tdedeRchRg atwsbbl@gighaPipasisicirthe Bsing andifliiin@dispkicements aree
precision 25 positioning mark has al ready been detected. 86 1 March 2005

AS_desCridifdiBoYSynB Rk Hchbing dotfio? 804 SutpUtS BB IMAR cre%&ti(@ﬁ%ém

apparatus o S ment, tRe precision positioning mark (i.e., mrror

rark sedti6ROERLp MR hRnRE 2 0 SV e ko Boct BheeDEY i o e
ot oct | Ot HRISGHT TREOH A 57 b SEPE GG SRt PD3r SREFRISb8sed on
(m 1 or dreatpn Whop: eftomin naYS1 3 RSHHGTHERA o, Wlth ek GARSBDed
detected much nore accurately and the positional information can be read
out far amount of time has passed since a point in time at which the mirror mark should
10 appear. When the fully added signal reaches a predetermined level or more during
the interval of the detection window that has been generated by the first window
detecting section 809, a mirror mark detecting section 805 outputs a mirror mark
position signal. On the optical disk medium of the first embodiment, the mirror mark
exists in the precision positioning mark section just behind the sync mark.
15 Accordingly, the detection window can be narrowed and the erroneous detection can
be prevenied. |
If the mirror mark detecting section 805 has detected the mirror mark during
the detection window that has been generated by the first window detecting section
809, then a positional information synchronizing section 807 generates a subdivided
20 information division timing for detecting the positionat information in accordance with
the timing. On the other hand, if the detecting section 805 has detected no mirror
marks during that interval, then the synchronizing section 807 generates the
subdivided information division timing for detecting the positional information based

on the timing of the detection window. In that case, the detection accuracy and-error

25 rate are inferior compared to the situation where the mirror mark has been detected.
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apparatus of this enbodinent, the |ocation of the precision positioning
rror mark) to be detected in starting to wite data can al so be
t he detection result of the sync mark.
the data witing start and end points can also be set nuch
-nor e precisely. 15 EMBODI MENT 19 Hereinafter, an enbodi nent of recording

.mark (m

'narrovved hi ghly accurately based on
As a result,

"control
exanpl e,

On a knodawexes. iiARstll pessible torlpeatedhe %'t?"ﬁ

enbossed, uneven pre-pits in a control information area within Iead I n

iably. 10 In the same way, according to the opticalq glisplf spgor di ng

information , which is wusually recorded on a | ead-in area,

f or

as a conbi nation of wvariou roove S es.wll be descrihed. 20
L g with

08 !B

area. Thibe subdividad infaraefien idbisiey fiming (hathesdeen gengigied h?d?(ﬁﬂtona'

i nf or mat
I nf or mat

ion, disk manufacturing information, copyright protection
infommatidn ssynchroniding jskytiorgad fasitivaal infofroation idetecting | sedten 808

i nfprmat!on required for determning the power of the laser 25 radiation to
- be i rradigbeAinestife bhisdividbd Gebrdatitn telé urh~dorr T Oy themdbyaduleotingtaidd@ssl Mar ch

2005 operations and for conpensating for the power.
des information about the manufacturer of the optical

| nf or matLeimati

di sk e
protecti

and/ or decod

as,pits
above,
t he user

10

15

20

- 25

! u
I um ﬁ manuf acturing lot thereof and so on. The copyri ght

The di sk manuf act uring

on | Inlh%@%és%n 98 Itl"(@I Coﬁiérk iy Hrtﬁﬁm&%dﬁ% &ﬂféﬁof]q{a\@nl%éfpt I on

ese es o ornmatl on

ar ea (i.e., data
detected may be regarded as correct. Accordingly, by further narrowing the mirror

mark detection window of the next positional information unit on the same track
groove, the ermoneous detection can be further suppressed.

in recording information, a system control section 810 issues a write
instruction to a write section 806. The write section 806 specifies a writing start point
and a writing end point in accordance with the absolute position that has been

determined from the position at which the mirror mark has been detected. Then, the

write section 806 makes the optical head 801 emit an intense laser beam to record

the information.

FIG. 35 is a flowchart illustrating exemplary data writing processing performed
by the optical disk read/write drive of this embodiment.

In FIG. 35, Steps 1 through 6 are the same as the counterparts of the
positional information reading processing as already described with reference to
FIGS. 33 and 34. By berforming these processing steps 1 through 6, the positional
information (i.e., address) is read out and the position at which the positional
information (address) read out should be recorded is indicated. That is to say, based
on the address read out, it is determined whether or not the next block is the target,

or the bleck to be written (Step 7). If it has been determined that the address of the
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area) and by conbi ning various groove (or wobbl e wave) shapegavditdpogach
other. This enbodinent is characterized by recording the control
information as a 1o conbi nati on of wobble patterns of the wobbling groove
‘on the lead-in and/or |ead-out area(s) during the manufacturing process of
the optical disk nedium Hereinafter, this enbodinment will be described

W th reference to the acconpanying drawings. First, referring to FIG 36,
illustrated is a configuration for an optical disk- 15 medium according to
this enbodi ment. The recording surface 401 of the optical disk nedium
shown i nnéxtdlodkas hatthebehihedarges then theaprepessing rrings tanaitep itdp restad the

spiral track groove 1502 has been fornmed thereon at a track pitch of 0.32
Am A dpeditiarital irdormdtioni readiogtirecessimpSteps 1 ttoroagh H6) c Kive $ee othed handyif on t he
recording surface and is irradiated with a | aser beam having a wavel ength

of 405 niHaBrieeadasermidéd dvataheiadelrésynis the tthrged alldrest, theBbtheuiropgssimpd and
wite operations. In the lead-in area that is |located closer to the I nner

peri pheré{d&ég{é@s tdStdps® bf dSRfrintiPRhbfher Br hé@&bréﬂ:iéé@’%rfeﬁ%ii&f staReRagdi ng at

| east contr Information thereon has been forned. I's track groove 1502
P R Bsiibidhet” e L iCASRRRRNT AN on 8P bEmENSeURRN BhRRdE 07
per i phormat dreRefe AR pres g3 vanGed 25 hah ey desBlegrbibvedssoz | s
P05 t 1 oriGPn 2 WOIGDI SR 563 Halk WHieu RPIalide 1S PRET IR b8 (b1a pisfsion
informati on units. Each positional information unit includes a plurality of
~subdi vi deesitioning orarkitdetactedi and 4oen ithatwitecoperatioydel carded auidSiep e, In
t hese respects, the track grooves 1502 and 402 have simlar
conf i gurldbwever, if it is determined that the precisely synchronized state has not yet been
10 estéb'lished, then the processing returns to the previous part of the track to perform
re-positioning processing (Step 10).
Also, if the mirror mark and positional information of the previous positional
information segment have already been detected, the writing start and énd points
of the current segment may be set by interpolating the mirror mark of the previous
15 -segment even when no mirror mark is detected at the beginning of the current
segment. | |
It should be noted that the positional information read out or the error
detection result thereof may be used as a condition for determining whether the
precisely synchronized state has been established before starting the write
20 process. For example, if errors have been detected consecutively from the
| positional information of the current block or previous several blocks (e.g., parity
error detection) or if the positional information (i.e., addresses) values are
discontinuous among a series of blocks, then the write operation does not have to be

- started but the re-positioning process may be carried out even if the precision

25  positioning mark has already been detected.
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On each of the subdivided information units 408 on the trackwgfdppgo%lSOZ

one-bit inforrnation constituting positional information (i.e., positional
cinformation elenent 1503) and control information elenents 1505
‘constituting the control o information of the optical disk nmedium have

been recorded. In this enbodi nent, the positional information elenment 1503
is represented by the wobble shape of the first half of the subdivided
i nformati on unit 408, while the control information el enents 1505 are

~represented the gl e, shapes of tg) ecoa(]gji hal ffof .he subdi vi. ded
i nformation apove hacearding Pug resR dinformatien  mprodygin
positional i nf or mat | on el enent 1503 _.representing one-bit positi onal
i nf or mat aRpAraius-af this gnbodimanksthesRCiBORAPQERILPNING Markdish| ifenMagk) fer
periods. More specifically, "0- is represented by a wobble having
r ect anguspecifying ethepabsqliter positiore exists ist ehiwhihe synowmark séctionj that is
represented by a wobble having rectangul ar outer-periphery-oriented

di spl acepiaoéd .at! thet bhd e #vplpesvi@is positieaal mfewation nit.e Aetordiigly, bybbl es
of the same shape have been formed over 16 wobbl e periods, thereby

;épr €5 engdtBetirg e &FAc Phdrk éramgadheldaafté&tth@m@I&m\éreéé% pesatidnfiy i vely.

for the control "i nfornation on the other hand, by combining these two

types of \éﬂ{)@hﬁ %gmeﬁgg&d%ans n@n@b%md FAREARke ’Hér?]éétfﬁ\ iR e%rgran i's

25 repres perlo S. exa

|Ilustrate i n 89 h 2 cantro t| I t of
S "0" is r%%’é’g'm g‘@%%ﬁ%ﬁ% Cﬁr8§§i°8 posifgn! "@?k?@% rﬁgri(?cg ile a
control i nfor n-el enent S repre ted b bbl r.i ods of
That s d9ea] Mudt s ABt el A PR B e DPTerd REdent ed by
a bi-phase code whi ch uses two wobble 5 periods as a unit, on a four
wobbl e peereeliallyis. In the exanple illustrated in FIG

10 In the same way, according to the opfical disk recording apparatus of this
embodiment, the location of the precision positioning mark (mirror mark) to be
detected in starting to write data can also be narrowed highly accurately based on
the detection result of the sync mark. As a result, the data writing start and end

points can aiso be set much more precisely.

15
EMBODIMENT 19
Hereinafter, an embodiment of recording “control information”, which is
usually recorded on a lead-in area, for example, as a combination of various
groove éhapes will be described.
20 On a known DVD-RAM, confrol information is recorded as physically

embossed, uneven pre-pits in a control information area within a lead-in area. The
control information typically refers to physical format info.rmation, disk manufacturing
information, copyright protection information and so on. The physical format
information inciudes information required for determining the power of the laser

25 radiation to be irradiated onto the optical disk medium during read and write
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36, four-bit control infornmation elenments are recorded in e@ﬂg &%Svi ded
i nformation unit 408. However, the bi-phase code unit is no [T 1ed to
.two wobbl e periods, but nmay be determ ned appropriately in view of the
anmount of control information needed and the degree of reliable detection.
I f the anmount of information needed is relatively xo small, then the
anformation may be read out even nore reliably by adopting a bi- phase code
‘that uses 8 wobble periods as a unit. Al so, the positional information

el ement and the control information elenents that are included in each
subdi vi dpgrationsaneeior sampensating festhenpower. o The diskiranufaeibrieg iiemeationused i n
this exanple. Instead, those wobbl e nunbers may be appropriately

det er m nedudepdnibrmgtiom alidit r thep ewnuwactoeri abithé t gptivai glisls roéditihe the

posi tional and control information. If this bi-phase coding nethod is

adopt ed, mamgadurihg lotohemdiRineso oRPIEResdpyRight Protécticadndrmbtion itclpdazper  of
wobbl es representing "1" in the second half of each subdivided information

uni t 40 egrsn%@hoﬁ PRCES %r ehdHSidFPhh@Br BREcHMAREN TIRERMYLE _oﬁ%ﬁtl’rgi ngly, .

if a method of determ ning the one-bit 20 positional 1 nformation el enent by

ma| Or.-t-énfgﬁﬂgﬁéﬁﬁ%@ ﬁé(erpﬁéggfife%rég @{éwg each of the wobbles over 16 peri ods
"0" Tor | .

to b _ S used to read out the positional information elenent,
the deci sion of, the positianal. information el.emen [ t he dec%' si on by
fg ng?o , the

t,. e. ..
mej ority) is 'Adte RFREEdF P, Of e F&fBﬁ?’BHF%e’BP“t‘F@"EB‘ﬁ‘? pgpve
I nformation. 25 The Eosi_t lonal jnforpation of each positional |nformation
unit (i pesitiopaldpiermationis recordead by wiobbling the gropye in the yses el lighaflata
information el enents 1503 obtained froma plurality of subdivided
i nf or matarea) amd by conhiningtvasious greave {anfwebhie iwavepishepes witbkeach otbgl as
multi-bit control information elenents 1505. In recording control
i nf or matTihisn dpbddimekhdenclesrhotesized) betiecdrding theecontrol information as a
10 combination of wobble patterns of the wobbling groove on the lead-in and/or lead-out
area(s) during the manufacturing process of the optical disk medium.
Hereinafter, this embodiment will be described with reference to the
accompanying drawings.
First, referring to FIG. 36, illustrated is a configuration for an optical disk’
15 medium according to this embodiment. The recording surface 401 of the optical disk
medium shown in FIG. 36 has been coated with a phase change material, and a
spiral track groove 1502 has been formed thereon at a track pitch of 0.32 um. A
dielectric film is further deposited to a thickness of 0.1 mm on the recording sufface
and is irradiated with a laser beam having a wavelength of 405 nm through an
20 objective lens with an NA of 0.85 during read and write operations.
In the lead-in area that is located closer to the inner periphery than the user
data area is, a track groove 1502 for recording at least control information thereon
has been formed. This track groove 1502 is continuous with the track groove 402

located in the user area as shown in FIG. 25. Like the track groove 402, the track

25 groove 1502 located in the lead-in area also wobbles toward the inner and outer
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S depth of the groove is shallower than 1/6 of the wavel engflApdodshe read
~laser radiation, then the anplitude of the read signal, as represented by

- .the presence or absence of the enbossnment, tends to decrease. On the other

hand, to increase the anplitude of the read signal representing user

I nformation, the groove depth should be as shallow as about A 112.
Accordingly, if the groove depth is set at A so 112 to respect the accuracy
of the user information read out, then it is very difficult to read the
control infornmation that has been recorded as enbossed shapes In contrast,
accor di neerirberies &t apssad pbapproxineatetyntt-d( 4Mformation is recorded as a
conbi nati on of groove wobbl e shapes. Thus, even if the groove is shall ow,
the control ihhetaek geoveatbQieisrroade wip of 3 sefies pepositional giforregiierbinits y. 15
Next, a configuration for an optical disk read/wite drive will be

descri beatr a\gpliralityedfepasitomal mféintaticBOsedinéntse eadte irtuding shultiplei positiofal 29,
‘the optical disk read/wite drive shown in FIG 39 further includes: a

control ihfor@ation ubits € FerBiosHisharinfdrthaaies ntinddded 8'plurdatyestt dubdividey r ol
i nformati on el enments fromthe output of the read signal processing 20

section ifRfmaRd hits ftle Blat i AFERGEANIRY B bRSBSCH BiRsBiRshalisIffeCt i NG |

cont rol ormation fromthe cont mat’i on el enents obtal ned. The

CoTey, R UIBYC L To6) SRE b2 Rl E i SETEMEAET. | qeil o or e g

circuit ‘havi _ Sane con uration as subdi vi ded information
i spl acenent OnBenoting b Blhralon i A B tbr deioradted6Dhg
section 81.2 qutputs "1 ". On the 91 1 March 2005 ot her hand, on detecting
a wobbl ©ng-bihdnfampalign Genstiluiing apasitinadiieraation ke, fositiopak éformuationcont r ol
i nformati on el enent detecting section 812 outputs "0". The control
i nf or natalemenet1808) rapds soniroln irdaemaltion eiamentse! 20 fdopstittingnthes cohteol
10 information of the optical disk medium have been recorded.
In this embodiment, the positional information element 1503 is r.epresented'
by the wobble shape of the first half of the subdivided information unit 408, while
the control information elements 1505 are represented by the wobble shapes of
the second half of the subdivided information unit 408.

15 In the example illustrated in FIG. 36, the positional information element 1503
representing one-bit positional information of *1” or 0" has been recorded as a
wobble having 16 periods. More specifically, 0~ is represented by a wobble having

" rectangular inner-periphery-oriented displacements, while "1" is represented by a
wobble having rectangular outer-periphery-oriented displacements. In this example, |

20 toread a signal more reliably, wobbles of the same shape have been formed over 16
wobble periods, thereby representing the one-bit positionai information element 1503
collectively.

As for the control information on the other hand, by combining these two

types of wobbles with each other, one-bit control information element is

25 represented as "0" or "1” for 4 wobble periods. In the example illustrated in
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positional information detecting section 807. In accordanceq atdh 4008
subdivided 5 information division timng that has been generated by the
.positional information synchronizing section 808, the control information
detecting section 814 determ nes the subdivided information to be -1" or
- "0", thereby detecting the control information. Then, the control
adnformation is sent out to the systemcontrol section 810. 10 As descri bed
above, according to this enbodi nent, not only a clock signal but also '
address information and control information can be generated or read out

f rom t heFitb 8, @ sintebinfamation ejementol M eisaeptdsentecbbyidewollde pesbdsibfl be
‘written on the area where such control information is witten. No user
data is nf-tt"@1-eom "-thd "| ehile iarcamtrol dshraition aleaacol oft e Brepeglentidsthy
Accordingly, the control information is is preferably witten within the

| ead-i n prwditie peHbdS Iofan 1 “As ~ 0> 1(1e->80 OO VERRNisVBI §4Y, 'EachSEfie-8RtRnkrs
witten, no user data is superposed on the read signal. Accordingly,

positio MayiTalalys ) A, BLERbg hho '-;Bﬂai No&dfd C t he
read si %Q"*‘%?‘g'ﬁn y reﬁtl ﬁ)f‘f}ﬁ %or tha}{] rlseI sor?,8 Coné-‘gﬁ?ﬁ;ﬁn orf‘n@?i\n{)@?’%y be
recorded_on e ~user_ ar a_sn .. N r of 2 bl.es. waves)
corrpa%j eop‘?r!?d% %és %3@# §$éaa. uﬁ.ﬁ\{@tblg Ré@ bgéﬁbg@?ﬁ%ﬁf(amp%emﬁmﬂé ﬁGWobbl es
(or wave needed for.representing each one-bit positional, .informtion
et - A0l ot o TS ORI RE AR OSTdod e EATh SUPIed BB O o ded
for representi nlg_I one-bit subdivided information "1" or "0" in the user
area. HOWmAR8. Tiewever, dhenki-Phase code upibis et linaiterl tetwawopblenpriigds, bat Al so,
in the non-user area, the nagnitude of wobble (i.e., the anplitude of 92 1
‘Mar ch 2008y beldetermiimed appropaatiell indieve of thergmaiint tofi eopiralanferratiathneddedhe
control information should be witten may be greater than (e.g., twi ce as
| ar ge asand the deaess dfudialsie detdattion. iliithe amount of information needed is relatively
10 small, then the information may be read out even more reliably by adopting a bi-
phase code that uses 8 wobble periods as a unit. Also, the positional information
element and the control information elements that are included in each subdivided
information unit do not have to have the wobble numbers used in this example.
Instead, those wobble numbers may be appropriately determined depending on
15 respective reliability weights of the positional and control information.

If this bi-phase coding method is adopted, the number of wobbles
representing “0" is equal to the number of wobbles representing 1" in the
second half of each subdivided information unit 408 on which the contro!
information has been recorded. Accordingly, if a method of determining the one-bit

20 positional information element by majority (specifically by determining each of the
wobbles over 16 periods to be "0" or *1") is used to read out the positional
information element, the decision of the positional information element (i.e., the
decision by majority) is not affected at all by the contents of the control

information.

25 The positional information of each positional information unit (i.e., block) is
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the user area. Stated otherwise, if the wobble signal can beMashd098fely
.even if data has already been witten thereon, then the control
.i-nformation and other 5 types of information to be added nay be recorded
‘on the track groove 1502. Next, other exenplary control information
recording formats will be described wth reference to FIGS. 37A through
-37E. In the exanple illustrated in FIG 37A, one-bit control information
‘elenment is aIIocated to each single wobble period The wobbl e shape for
each single wobbl e Eerlod represents "1" hus, conpared to the

|
exanpl e read @st mattilit PﬁSi ol igformation eéﬁmﬁﬁﬁ 1)‘?03 ﬁlf’f@ﬂ?&'t from 3 ppraliyeef

fourfold. In the exanple illustrated in FIG 37B, one-bit control
i nf or matsubdividedniafarmiaion alnits, avhilectheechntrol éafﬂmtinglaf the slisle ipeeadds | n
this respect, the exanple showmn in FIG 37B is the sane as the exanple
shown i mtiBit bidrol hifovevation elamicks 1585.1s exanpl e shown in FIG 37A, the
wobbl e shape for each single wobble period represents "B" or "S".

According tojfego bétrof foifeationo b¥l tABOKABWH @nbSssRRS Mathod, if the
d| sti ngw shabl e from'the subdivided i nformation to be represented as "1 "

) d[ Bt BE tt?é(aﬁﬂytv@f %Lék’?ﬁ%&%ﬂ e bﬁthegm’vg%ggeh df)hﬁ‘i‘h&?@&d ier

represen 'ng one ertrods 1s a corrpared

éQﬁbfléﬁ”gﬁ Rtioh B LR ARy tﬁ?ils 4 %Lﬁ%ah%*’é‘éﬁ%d L s
FI G, 37C |
The OxerABeenes phine aimbgsementdendy s degpsasen. Phr bR PPORAd cRnoieade oo

"01 " and "10" are recorded by using four types of wobble shapes "S"
"1 v 2sheyamplitude 96 the)cead signaheeprepenling user fréqmﬁtmbmeegmsedwh
repeatedly recorded twice 93 1 March 2005 for two wobbl e periods.

should be as shallow as about A/12. Accordingly, if the groove depth is set at A

10 /12 to respect the accuracy of the user information read out, then it is very difficult
to read the control information that has been recordgd as embossed shapes.
in contrast, according to this embodiment, the control information is
recorded as a combination of groove wobbie shapes. Thus, even if the groove is
shallow, the control information can be read with sufficiently high reliability.
15 Next, a configuration for an optical disk read/write drive will be described
with reference to FIG. 39.
| Unlike the drive shown in FIG. 29, the optical disk read/write drive shown in
FIG. 39 further includes: a control information element detecting section 812 for
detecting control information elements from the output of the read signal processing
20 section 802; and a control information detecting section 814 for detecting control
information from the control information elements obtained.
The control information element detecting section 812 is implemented as a
circuit having thé same configuration as the subdivided information detecting
section 803. On detecting a wobble signal in which only rising displacements are

25  steep, the control information element detecting section 812 outputs “1". On the
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Next, FIG 38 will be referred to. In the exanple illustrat¢tareh 2005 38,

- one positional information segnment 403 includes four positional
.information units. In one of these four positional information units that
is located at the beginning of the 5 segnent 403, the "positional '

i nformation" of this positional information segnent 403 is recorded in the
-positional information section thereof. In the other three positional
information units, the -control information" of the segnent 403 is recorded
in the ositional informtion ctjon thereof. Each of .these positional

i of o GtBA D20 HACITBS RERIS FIGB3t IroHhicH oRrdaliBR dHRIRCIITONG et ner
the information recorded in the to positional information section thereof

r epr eseriiteep;hide" pyyral jiniesmatian sementb detegting Hectios Fhit3 epipulg 50Tt T8 . As
descri bed above, if the precision positioning mark section is placed just
behi nd tdostrol ricformation edatecing sesticerf s el Puesisanun alonfigbationt asntheni t s,
then the division of the positional information can be detected accurately
enough - Ipositivhabinféreatibh detectimpskciint 807ed Irnagtordanbe witte ¢hes isgbdiRipit | oni ng
mark detected. Also, in this case, the location of the precision

PoOSi t5 OnkfdEmETSTK dhvisitte tHAhE ThBH hESHdMM Fahdranlby aR6 PaaithY PYorktiog t he
sync mark detected. As a result, the witing start and end points can be

Set T AR En S R d PSRl AEBEATLLARR (B Bech s 1o
R N A e e
T oSt “Eh O A el PGt et B i Bl S5l *°

I nformati on recorded. Thus, the sync mark and the precision positioning 25
mark ar 818asi|ly di stinguishable fromeach other. As a result, by using the

detection 94 | March 2005 _
10 As described above, according to this embodiment, not only a clock signal

but also address information and control information can be generated or read out
from the wobble shapes of the groove. Preferably, no user data should be written
| on the area where such control information is written. No user data is written on
the lead-in or lead-out area of the optical disk. Accordingly, the control information

15 is preferably written within the lead-in or lead-out area.

As for the groove on which no user data is written, no user data is
superposed on the read signal. Accordingly, positional information or control
information can be extracted from the read signal highly reliably. For that reason,
one-bit information may be recorded on the non-user area at a smaller number of

.20 - wobbles (or waves) compared to the user area. Thus, in this embodiment, the
number of wobbles (or waves) needed for representing each one-bit positional
information element 503 is 18, which is half as small as the number of wobbles
needed for representing one-bit subdivided information *1” or "0” in the user
area. However, the information still can be read reliably enough.

25 Also, in the non-user area, the magnitude of wobble (i.e., the amplitude of
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results of the sync and precision positioning marks in conbi ivereto200Es

di sclosed for the inventive nethod and apparatus for readi ng positional
.information and the inventive nethod and apparatus for witing data, the
positional information can be read out and the data can be witten highly
- accurately. | NDUSTRI AL APPLI CABILITY On an optical disk mediumaccording to
the present invention, positional information and other types of
informati on are recorded during the manufacturing process thereof by
conmbining a plurality of wobble patterns of the track 9rooveu to Thus,
there i WVoRbladethe i@dial sireglion 9f the afaeva®ry whichdbe cantigl iInfesmglien sheulsl
information for a particular area of the track groove. In addition,

accor di rip wottemenaypbe gegater ihasr(eigniwitdas argel as) dke magniisdaobwobpld ime t rack
groove is displaced at a single frequency. Thus, a stabilized cl ock signal
can be dhsidsgr geser Btathd dtheavitbeif the svolibié igerdl ican s evadieafelneopi iifcal

. di sk mediumon which 15 information is can be stored at a high density. 95

1 March 9 hdsl Ardbdy beeAwhtbh GRbreding KhaE dhBNEoWtd NnfRfalibA Bndd dikdiCK
groove and on which ' information is recorded along the track groove, wherein

the tsagg,qr %ﬁﬁrﬂnﬂﬁ&#ﬁ?ﬁe%ﬁ%ﬁhﬂé{;} by réd rH?cjj bnstﬁg?trisa%@g%& g2 arranged

along the track groove and t e sl de faces periodically

A N s R R
combi natBeRreRGHI PRV AROLE T sel oct ed from murtipte )
In the exampie illustrated in FIG. 37A, one-bit control information element is
allocated to each single wobble period. The wobble shape for each single wobble
10 period represents 1" or "0". Thus, compared to the example illustrated in FIG. 37,
the amount of information increases fourfold.
In the example illustrated in FIG. 37B, one-bit control information element is
also allocated to each single wobble period. In this respect, the example shown in
FIG. 37B is the same as the example shown in FIG. 37A. However, unlike the

15 example shown in FIG. 37A, the wobble shape for each single wobble period

represents "B” or “S". According to this example, the control information is easily
distinguishabie from the subdivided information to be represented as “1" or *0~.

fn the example iIIustrated'in FIG. 37C, a bi-phase code for representing one
bit for 2 wobble periods is adopted. Thus, compared to the example illustrated in

20 FIG. 37, the amount of information can be doubled.

In the exampile illustrated in FIG. 37D, *1” and "0" of the example shown in
FIG. 37C are replaced with "B” and "S", respectively.

In the example illustrated in FIG. 37E, two-bit information items *117, "00~",

"01" and "10" are recorded by using four types of wobble shapes "S”, "B" "1~

25 and "0". To increase the reliability, each wobble shape is repeatedly recorded twice
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types of wobble patterns that are defined so as to correspohMarah 208$pecti ve
signal waveforns that rise and fall nutually differently. 2. The optical

di sk medi um of claim 1, wherein the subdivided information allocated to
each said unit section is represented by either a first displacenment shape
or a second displacenent shape, the first displacenent shape being defined
SO0 as to correspond to a signal waveformthat rises relatively steeply and
falls relatively gently, the second di spl acenent shape being defined so as

to correspong g a.sdégnal waveformthat rises relatively gently and falls
rel at i TRERYO PSNICC8- The optical disk nediumof claim1 or 2, wherein

the side faces of the track_grooye are di e | F hsk 1 nner
peri phery oNesi, ﬂGo@rﬁeW’h bﬁeﬁf%ﬁ%cfgowﬁt? ﬁh? gg%i@fe ﬂ%&g&%m ri i rt?g’ g?ét he
track groove. 4. The optical disk nediymof gne of clai. 10 erein

t he i npositianal anforrmationeeegraent 403 RCKOES EQLW-O&f &S’EEHBEPW??'&E&@‘H&S é‘?H"“é\Tock
having a predeternmned |ength, and 96 1 March 2005 V\hgjreln.eat:(ﬁ ﬁai d bl ock
conpri gpshesen fotvepoditiarfal unformatiagy ubits thakis lacatest ah MR PeIBIRE AT ack
groove. 5. The optical disk nmediumof claim4, wherein a portion 8.I3 t he

si dg f@&&g‘ent 43 ahe i"positiernal dnfosmatior "eafthist pasitisinat informnation seememi4V3 has a
constant~di spl acenent period within at | east one of the bl ocks. 6. The

optical di iHE-BLieRS ibrakfbriTBedtidntthéreofih i therptbescthivee positienalvi ded
i nfor %ﬁ%&%@@gltﬁo at!ed to each said unit section, and wherein a group of

et oS TwBrOpR, AP R RRiraRoR: Wrihe seanRapidads ranotded i thai
positional information section thereof. Each of these positional information units
includes identification information indicating whether the information recorded in the

10 positional information section thereof represents the “positional information” or the
*control information”.

As desc.ribed above, if the precision positioning mark section is placed just
behind the sync mark section in a series of positional information units, then the
divisidn of the positional information can be detected accurately enough by using the

15 sync mark detected and/or the precision positioning mark detected. Also, in this

- case, the location of the precision positioning mark to be detected can be narrowed
accurately by using the sync mark detected. As a resulf, the writing start and end
points can be set much more accurately and the positional information can be read
far more reliably.

20 Also, in the optical disk medium of the present invention, the positional
information and sync mark are recorded by changing the wobble pattern of the
groove. On the other hand, the precision positioning mark is formed (e.g., as a
mirror mark) so as to have a different groove shape from that representing the

positional information recorded. Thué, the sync mark and the precision positioning

s mark are easily distinguishable from each other. As a result, by using the detection
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7. The optical disk mediumof claim6, wherein each said N bMargu2dbvi ded
i nformation group includes address information of its associated block to
which the unit sections, where the subdivided information group is
recorded, belong. 8. The optical disk nediumof claim?7, wherein each said
N-bit subdivided information group includes an error correction code
and/or an error detection code. 9. The optical disk nedium of claimS8,
wherein the error correction code or the error detection code has its
ability to correct an error of the address information weighted in such a
manner t ReaUlts lthe g¥nc @ndsprecisionepasitioning: marlec in eombinatioe Beliscosesbite have
arelatively large weight. 10. An apparatus for readi ng subdivi ded

i nf or mat ithen ifiventiveé: reetyodi entl  appsdratus dfon meadinge positional ninforamatibn camd e 1 t 0
9, the apparatus conprising: 97 1 March 2005 an optical head, which

i rradi at @wvehtvee apthadbndi gipaf@ds Y6r Writify ldag) tthe PbsiteRaP ddraftdR @Inesdric
signal responsive to part of the light that has been reflected fromthe

optical gikolRAd4A daRPchribE WkteR WP StdiatBRANS for generating a wobbl e
signal, which has anplitude chaﬁgi ng Wléth ttﬁgawobbl e pattern, fromthe

el ectric signal; and subdivided information detecting neans for
determ ning the subdivided information in accordance with the wobble

signal. 11. A nethod for regagi iVl i tion fromthe optical
disk nediumas recited in ﬂﬂ@ﬁg‘ﬂgg#}vﬁww' t he met hod conprising the

steps of: irradiating the optical disk mediumw th |ight and generating an
electric sighBlan epsealsdisk mediwm aceerding to ithg present myentiss pesdionatt ed
fromthe optical disk: medium _
information and other types of information are recorded during the manufacturing
process thereof by combining a plurality of wobble patterns of the track groove.
10 Thus, there is no need to provide any overhead for recording the positional
information for a particular area of the track groove. In addition, according to the
present invention, the wobble as represented by the track groove is displaced at a
single frequency. Thus, a stabilized clock signal can be easily generated.

Thus the present invention provides an optical disk medium on which

15 information is can be stored at a high density.
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generating a wobbl e signal, which has anplitude changi ng W drie2aasbl e
pattern, fromthe electric signal; and determ ning the subdivi ded
information in accordance with the wobble signal. 12. A nmethod for reading
t he address information of each said block from the optical disk nmedium as
recited in one of claims 7 to 9, the nethod conprising the steps of:
irradiating the optical disk nmediumw th |ight and generating an electric
signal responsive to part of the light that has been reflected fromthe
optical disk medium generating a IMSsi gnal , which has anplitude
changing with the wobbl e pattern, fromthe electric si gnal ; and 98 1 March
2005 determ nitng sudHiopt 'eéhdiﬁkfﬁwﬁﬁ{mmhlcwﬁ%pm%ew| H@ﬁ'ﬁéﬂo@‘fﬁ‘ E8EN0Bf t he
~unit  secti.ons .included in in accordance with the wobbl e signa
and det éfvm?mfrﬁaﬂ?w@rh@draeer o6 oariia BAHEDOYC o« he Subcl vi ded
I nformati on. tical disk nediu conprjses a trac roove and
on which i nf(W ﬂnoﬁ‘? drack.grapvg K St ﬁepp'lr%!&{ @J HB\t/egeC\Rﬁ@?ethg t%@ track
groove incl ude of unit s i ons tha g t he
r ok or aooE AleRuthe Aok aee anel il bars e satds distlaery batiogh@iyhe
track grq reln the side faces of the unit sections are dlsplaced
S e

ina sind PQI o9 od, and wherein subdi VI ded i nformation
sent e i nat i on of

allocated to unit .sectiqn,is e b
Sobol o bt t or At RE ki s 8 riies ot SPcORE" &t scaced i ' diigle
fundamental period, and
wherein subdivided information allocated to each said unit section is
represented by a combination of wobble patterns to be selected from muiltiple

types of wobble patterns that are defined so as to correspond to respective signal

waveforms that rise and fall mutually differently.

2. The optical disk medium of claim 1, wherein the subdivided information
allocated to each said unit section is represented by either a first displacement
“shape or a second displacement shape, the first displacement shape being defined
s0 as to correspond to a signal waveform that rises relatively steeply and falls
relatively gently, the second displacement shape being defined so as to
correspond to a signal waveform that rises relatively gently and falls relatively

steeply.

3. The optical disk medium of claim 1 or 2, wherein the side faces of the
track groove are displaced either toward disk inner periphery or disk outer

periphery with respect to a centerline of the track groove.

4. The optical disk medium of one of claims 1 to 3, wherein the information
is recorded on a block-by-block basis, each said block having a predetermined

length, and
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types of wobble patterns that are defined so as to correspopgid& sGFpPective
signal waveforns that rise and fall nutually differently, and wherein the
information is recorded on a bl ock-by-bl ock basis, each said bl ock having
a predeterm ned |ength, and wherein each said block conprises a
predet erm ned nunber of unit sections that are arranged al ong the track
groove, and wherein an identification mark, indicating the beginning of
each said block, is provided on the track groove. 14. The optical disk

medi um of cl aiwhergin aaeh seifl blosk amapngesed numibeyr Neefi wnit sectians: thattaseeach
said unit section is represented by either a first displacenent shape or a
second diaffAngedraleng tealsack gIeVei rst di spl acenent  shape bei ng defined so
as to correspond to a signal waveformthat rises relatively steeply and
‘falls relatively gently, the second displacenent shape being defined 99 1
Mar ch 2005 50 Pad cORlsE) BISKIRRALI 8 SR, WRSTEMR POFIRR OF Bcside dRGRS. vel y
gently anq_faLIs relatively steeply. 15. The optical disk nedjium of claim
13 or 14 WRiFlieshareddd ahileaphg OthGt Hait seelRns. diasR soastantifisplacesiendi t her

toward di sk, i,nner. peri pher r di sk outer periphery with respect to a
center| i merigf W’ﬁ@"@f!ﬁ@@t 8?%8\83!9 klgCcksrhe optical di sk medi um of one of

clains 13 to 15, wherein the identification mark includes a plurality of
b- ks. 17.. T tical,.disk di f f cl.ali 13, t0.15 [
The "Tdent 11 Bat B SRR 1Sk BerlimnT Ol LAY didt Her WHOITNT DY of |
f the. . that_.h tual |y . diff. t bbl h . 18.
e or, clPy B RSB oA B e Pheses

| denti 1 cat | o, el D8Rodh bF S3BEUELathioheia68h EhRLHAAY Pbind 1058

on the N unit sections that are included in each said block.

7. The optical disk medium of claim 6, wherein each said N-bit subdivided
information group includes address information of its associated block to whi_ch

the unit sections, where the subdivided information group is recorded, belong.

8. The optical disk medium of claim 7, wherein each said N-bit subdivided
information group includes an error correction code and/or an error detection

code.

9. The optical disk medium of claim 8, wherein the error correction code or
the error detection code has ité ability to correct an error of the address
information weighted in such a manner that low-order bits of the error correction or

detection code have a relatively large weight.

10. An apparatus for reading subdivided information from the optical disk

medium as recited in one of claims 1 fo 9, the apparatus comprising:
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track groove. 19. The optical disk nmediumof one of clainms 13 to 15,
wherei n each said block having the predeternm ned | ength indIMaies2@05
plurality of sub-blocks that are arranged al ong the groove, and wherein a
sub-bl ock identification mark is provided within each said sub block. 100 1
March 2005 20. The optical disk nmediumof claim19, wherein a wobbl e having
a frequency different fromthat of the other parts is allocated to each
said sub-block identification mark, 21. The optical di sk nedium of claim
20, wherein edPhoRiGad haml bviek iradiates itbatamdicahdisk mediuse vty light ang
beginnin%pof its azﬁgclated sub- bl ock. 22. The optical disk nmediumof claim
19, wher SERCEARS PR&RGIG sSlaPRbrPsPRNRIVE Phef bie tight thabbas bers refedteried i n
each sai? bl?%k havin the predetermned | ength represents subdivided
i nformat '8 Rtiga nggﬁﬂwaﬁress of the block. 23. The optical disk medium

of one of clainms, 13 to 22, wherein each said block S i.ts positional
i nf or mati on ré?ﬁ%§!§ﬂag(?r%§ﬁs<§'rlﬂ BpatsetoE HensRRlng A WPBIS]ﬁeS'QQ@IdéV AxBaS of t he

opt 1 cal AMAUde AR BRAFLEE Pt AN, E) UeSRE SIS Srhe. appar at us
i sing: it cal . d,.. whi i.rradi at t h tical .di sk nedi ith
[ Tont and” gonepaudEa, GREN BolayRa Medos ek JoTOINGR (R oUBIEgn

that has.heen reflected, from.the optical disk nmedium read signal
processi HEOHRRGADN Wﬁccgéqw&t%”‘fvg%@?é'%ﬁ nal, which has anplitude

changing with the wobble pattern, fromthe electric signal; and
11. A method for reading subdivided information from the optical disk

medium as recited in one of claims 1 to 10, the method comprising the steps of:

irradiating the optical disk medium with light and generating an electric
signal responsive to part of the light that has been reflected from the optical disk
mediurn;

generating a wobble signal, which has amplitude changing with the wobble
pattern, from the electric signal; and

determining the subdivided information in accordance with the wobble

signal.

12. A method for reading the address information of each said block from
the optical disk medium as recited in one of claims 7 to 9, the method comprising
the steps of:
| irradiating the optical disk medium with light and generating an electric
signal responsive to part of the light that has been reflected from the optical disk
medium;

generating a wobble signal, which has amplitude changing with the wobble

pattern, from the electric signal; and
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subdi vided i nformati on detecting nmeans for determning the §Hgg%§%ﬁgd
I nformation in accordance with the wobble signal. 101 1 Marc 5 A
nmet hod for reading subdivided information fromthe optical disk mediumas
recited in one of clains 13 to 23, the nethod conprising the steps of:
irradiating the optical disk mediumw th Iight and generating an electric
signal responsive to part of the light that has been reflected fromthe
optical disk nedium generating a wobble signal, which has anplitude
‘changi ng wi t h delEmikipg|sibdpaded frformation, twiick s @llpcateditgreach ahthe unit
determ ni ng _the subdivided information in accordance with the wobble

si gnal . 26Ctionsdieibded oin (thagplasks HB agerrdaBcefwithclhes awalpbls ignal r 8l t he
optical disk nediumas recited in one of clainms 13 or 23, the nethod
conpri si AgERENIAG tesaddsess inferpatian brpaden Hia suhdivided infa@aatipi-wi th 1 ght
and generating an electric signal responsive to part of the light that has
been reflecte

whi ch has. ampi1Bt AGcoRtEEh SRk PRR LM WhIe GBS [k 0rcN B AN e 1 ¢
of “the uiiPmEE FUReSRed s e FesiEoBEic. | n accor dance w th & he vobhl 6
27" An opt i caGTER. (RBGIBROCEOORpRPSce HuteBe ! i secton dRetwAlen
FSSi t On%'rrainafe rarirgﬁé the irggi( Cg%(iJ\Peg afid F{EXP hg\?ele sl eC atciegndigp a}:gc? pteFigﬁljéaW oove
- along the track groove, and
wherein the side faces of the unit sections are displaced in a single
fundamental period, and
wherein subdivided information allocated to each said unit section is
represented by a combination of wobble patterns to be selected from multiple
types of wobble patterns that are defined so as o correspond to respective signal
waveforms that rise and fall mutually differently, and wherein the information is
recorded on a block-by-block basis, each said block having a predetermined
length, and
wherein each said block comprises a predetermined number of unit sections

that are arranged along the track groove, and wherein an identification mark,

indicating the beginning of each said block, is provided on the track groove.

14. The optical disk medium of claim 13, wherein the subdivided

~ information allocated to each said unit section is represented by either a first
displacement shape or a second displacement shape, the first displacement
shape being defined so as to correspond to a signal waveform that rises relatively

steeply and falls relatively gently, the second displacement sha'pe being defined
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‘represented by a wobble shape of the track groove, 102 1 My 48 nwher ei n
the optical disk nediumincludes a plurality of positional information
units that are arranged on the track groove, and wherein each said
positional information unit includes: a positional information section that
represents the positional information by a conbination of wobble patterns
to be selected fromnultiple types of wobble patterns that are defined so
as to correspond to respective signal waveforns that rise and fall
nut ual | y S@i 33 0 €ereppoRf doaa Sjenal niavefesnttheh risgsiratptivelogenty padifalis in a
shape di stinguishable fromthe wobble patterns of the positional
i nf or mat reatidl sleaply.28. The optical disk nedium of claim 27, wherein the
wobbl e patterns of each said positional information section are each
defined by either a first displacenent shape or a second di spl acenent
shape, the first_displacenent shape being defined so as t orrespond to a
si gnal Wavefor1§1 Tﬂ%t"pp?%'ég&f mesiqm&?yla'@t o YA eretn tI%§ Sr"g? af¥ngent | y,
t he second di spl acenent _shape, bei ng defi ne so as to correspond to a
si gnal wé%&og ROVRa® S i%%‘ﬂa & @d‘}'ﬁgltﬂ}’wé%t‘ﬂ?k dnget eﬂelr'QﬁeWeloét ISk QUISE eepl y.
- 29. The o%t.i cal djﬁik rredi)hr%of cl.ai mthB V\/ngr ein the wobbl e patterns of
each sai #SHBRSYYiLIesOse £epRrne9ithR tack diePYsied by side faces of the

track groove that are displaced in a single fundanental period. 30. The
optical disk nediumof one of clains 27 to 29, conprising a precision

ggz;itlog.nl 283m‘:llék %Ctolpﬂgalamasﬂdm%]:jiuenqco %%Iedo %?e{irtnlso‘rllgltol %,OrwrWetr}e%nthe

identification mark includes a plurality of sub-marks.

17. The optical disk medium of one of claims 13 to 15, wherein the
identification mark is formed by connecting together a plurality of areas of the

track groove that have mutually different wobble phases.

18. The optical disk medium of one of claims 13 to 15, wherein the
identification mark has a frequency different from that of a periodic wobble of the

track groove.

19. The optical disk medium of one of claims 13 to 15, wherein each said
block having the predetermined length includes a plurality of sub-blocks that are
_arranged along the groove, and

wherein a sub-block identification mark is provided within each said sub-

block.
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1 March 2005 31. The optical disk nmedium of claim 30, wheretmdréezgoseci sion
positioning mark section is disposed at the begi nning of each said
positional information unit. 32. The optical disk medi um of claim 30,
wherein the precision positioning mark section has a wobble pattern in a
shape di stingui shable fromthe wobble pattern of the sync mark section

33. The optical disk nediumof claim30, wherein the precision positioning

mark section has a_wobble pattern in a shape distinguishable fromthe

wobbl e pattefs ofl heneptissd idisko madiums of saimolP, swherehh a wgbblpmbavpei @ al

di sk medium of one of clains 27 to 29, wherein the wobble patterns of the
posi t i on&lequeney Aifteremt frarmitnatefithe aiaer paits nellpcatrd teachsaidisyhallogk
wobbl e patterns that are defined so as to correspond to the respective

si gnal M%ﬁ@ﬁ%?ﬁ%’ﬂﬁ%% rise and fall nmutually differently but also a wobble
that is defined so as to correspond to a signal waveformthat rises and.
falls symmetrically. 35. The optical disk nmediumof claim34, wherein the

wobbl e patter the positional informatign sectjon include bbl e
v ng o srooBl- e ORlicAl Gish APEalugh Of G0 lieTain Ranh AR - Pk m 35,
wherei n each..sai.d wobbl attern of the posjtional ,information section
compri sedendigaien mazk s nggier et he Reaiming oidts asrociated sUbRRFK 04 1 har ch
2005 a second part in which a disk-inner-periphery-oriented displacenent
and/or a disk-outer-periphery-oriented displacenent have/ has a shape

steeper than e art. haying the si.ne .waye shape. 37. Tk tical disk
medi um of cl a%?n 5@8 C\Rhg‘%eq/‘ﬁk ﬁ}?@?%%lcia'%fie"mer%fn Wédem%a%gn mark fgr
one of the sub-blocks included in each said block having the predetermined length

represents subdivided information indicating an address of the block.

23. The optical disk medium of one of claims 13 to 22, wherein each said
block has its positional information represented by a displacement patiern of the

side faces of the track groove.

24. An apparatus for reading subdivided information from the optical disk
-medium as recited in one of claims 13 to 23, the apparatus comprising:

an optical head, which irradiates the optical disk medium with light and
generates an electric signal responsive to part of the light that has been reflected
from the optical disk medium;

read signal processing means for generating a wobble signal, which has
amplitude changing with the wobble pattern, from the electric signal; and

subdivided information detecting means for determining the subdivided

information in accordance with the wobble signal.
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sync mark section conprises the first part and/or the secondpait sg08- The
optical disk nmedium of claim 30, wherein the precision positioning mark
section conprises an identification nmark for use in precision positioning.
39 The optical disk nediumof claim38, wherein the identification mark is
a mrror mark obtained by discontinuing a part of the track groove. 40. The
optical disk nmediumof claim38, wherein the identification mark is forned
by connecting together a plurality of areas of the track groove that have
nut ual Iy di ff &ert Melhede iineaasing subdividedy infoamagtien Srometireuaptisal cdigk m 38,
wherein the identification mark, K has a frequency different fromthat of the
wobbl e pdPediERasrecitad ihgae Of siains 13ipddhe Biethed comrrising thestensfi cal

di sk nedi um of cLah£%38, wherein the jdentjfication mark is disposed at

the second t hi&REALIRG Ihe 1PRIER] Gipkp ATadiump: With diohé e opaerading an qleric
LR LI T (e 0 i e B

posi ti onir%n%j.nar_k section has a sine wave shape. 44. The optical disk nmedium
of cl ai M¥P"Pherein in each said positional information unit, the

preci sion positioning mark section,, t osi tjonal informai S i on and
the sync markgg’g?:ﬁt'ﬁa %ngg?r Wr"r?nt Ssa'BPhHﬁgef’ C@@ngfﬁﬂewgl!ﬁgﬂﬁa}@%ﬁ%k

medi um of__qgn ains 27 to 29 erein a recording block, which is a
smal | est praggﬁ}’&fqrﬁh’%ﬁlief;&'qwqid%@&ﬂ number L of the positional

i nf i its (where L js. | _nunber). 46, Th L disk
moct um of ol ataefcfe suEHoRa. BiBma Y TliaccoRiantgondd 15 waE uni ¢

t hat CO“%Fdntth es an error correction code.

26. A method for reading the address of each said block from the optical
disk medium as recited in one of claims 13 or 23, the method comprising the steps
of:

irradiating the optical disk medium with light and generating an electric
signal responsive to part of the light that has been reflected from the optical disk
medium;

generating a wobble signal, which has amplitude changing with the wobble
pattern, from the electric signal; and

determining subdivided information, which is allocated to each of the unit
sections included in the block, in accordance with the wobble signal and

determining the address based on the subdivided information.
27. An optical disk medium which comprises a track groove and on which

positional information indicating a physical location on the track groove is

represented by a wobble shape of the track groove,

102




47. The optical disk nediumof claim45, wherein witing ongyne. s5@ di ng
block is either started or ended behind a start point of the precision
positioning mark section by a predeterm ned |ength. 48. The optical disk
medi um of claim45, wherein witing on the recording block is either
started or ended behind the identification mark by a predeterm ned |ength.
49. The optical disk nmediumof claim38, wherein the identification mark
ured along the track groove. 106 1

h I th of 1 jimto 10 jim, i ¢
NGrch 2005 50 WNEkEMoghs o aPigss iste BRI BIACSS @ oPEally ob PBtaNAr o n a
single subdi V{'.ded jn{ror mati on uni t iﬁ repFe’sent ed by a wobble for M
periods (WREPEIRR Haits %éf%?g?“ﬂﬁﬁirﬁert %&'@5. HP 3gdeat er than 2), and
Subd vi ded | niIERBERY PoSonatBrRRen AREHSHRRT um of one of ol ai ms
27 to 29, wherein.the,sync mark sectjon incl uo{e_st a woﬁbl g .t1hat {'.s efi ned
so as to corr &pEHEPHE) Ifoengiial se %Ih@F FERIRSENS; tBg PogHignaldptogmation by
trically,.52. T ' di di f f clai 27 .t

wherel n Engorbpiaton. e wvie Faes”lo BB aslRuEn RO Miud s 4t VLBl

bbl t f which i whi ch._,i t : d
wnerei n” pregiek Ao PRI ot 6 sitheuPnd 4 RS S P Bl O e

te in whi S _ i Dherv-oriented and

G sk out S RO Bl BN ATBEIBR SCements are both steep, is repeated

2 smaot h'si ne v (iR o helEL Fflob e Rriihcs RGBS witEtishah { o1

from the wobble patterns of the positional information section.

28. The optical disk medium of claim 27, wherein the wobble patterns of
each said positional information section are each defined by either a first
displacement shape or a second displacement shape, the first displacement
shape being defined so as to correspond to a signal waveform that rises relatively
steeply and falls relatively gently, the second displacement shape being defined

s0 as to correspond to a signal waveform that rises relatively gently and falls

relatively steeply.

29. The optical disk medium of claim 27, wherein the wobble patterns of
each said positional information section are defined by side faces of the track

groove that are displaced in a single fundamental period.

30. The optical disk medium of one of claims 27 to 29, comprising a
precision positioning mark section ahead of each said positional information

section.
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53. A nethod for reading out positional information fromthemaphizoas di sk
medi um according to claim30, the nethod conprising the steps of: detecting
the sync mark section on the optical disk nmedium detecting the precision
posi tioning mark section; establishing a bit synchronization for the
positional information using the sync mark section detected and/or the
preci sion positioning mark section detected; and 107 1 March 2005 readi ng
out the positional information in accordance with the bit synchronization
est abl i shed i 81t hbe spdigabdisk spedivimsef ¢lgim B8, wihereip ibe msecisiani pasitioning t he
positional information. 54. A method for witing data on the optical disk
nmedi um aftsK gealien & dsResRd adhe brginpinthebeadhprit posgionakingraaiopiunit.
detecting the sync mark section on the optical disk 5 nedium detecting the
preci sion positioning mark section based on the sync mark section
detected; perfornjng positioning using the precision positioning mark
section det eégeliine apycak @!‘ﬁl‘i"r'@j’g"t"@ %fgw BReWigrein 3he dredsion joninghi ng
result obtajned.in the ositioning step, 55. An optical disk dri for
Feadi ng BTK RSHER diag 2 HARRIBLRAtiGHT i GrebaRS %ﬂ%@%aﬁfesf{ome quhiokBlsr di ng
to clain13§, tqﬁ drive co r%@%?g: means for detecting the sync mark
section BATEMLIIPEis¥AF MArKiserlil-um neans for generating a first detection
wi ndow with a predetermined tine wdth after a predeterm ned tinme has
passed since a timng at which the sync

33. The optical disk medium of claim 30, wherein the precision positioning
mark section has a wobble pattern in a shape distinguishable from the wobble

patterns of the positional information section.

34. The optical disk medium of one of claims 27 to 29, wherein the wobble
patterns of the positional information section include not only the multiple types of
wobble pattems that are defined so as to comespond to the respective signal
waveforms that rise and fall mutually differently but also a wobble that is defined so |

-as to correspond to a signal waveform that rises and falls symmetrically.

35. The optical disk medium of claim 34, wherein the wobble patterns of
the positional information section include a wobble having a smooth sine wave

shape.
36. The optical disk medium of claim 35, wherein each said wobble

pattern of the positional information section comprises:

a first part having a smooth sine wave shape; and
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mar k section was detected by the sync mark section detecti ngg{é‘a&p%j%rreans
for detecting the identification mark on the optical disk nmediumby using
the first detection wi ndow, neans for establishing a bit synchronization
for the positional information, which is recorded on the optical disk
medium by reference to the timng at which the sync mark section has been
detected and/or a timng at which the identification mark has been
detected; and 108 1 March 2005 nmeaps for readi ng out the positional

informati on a@® $¥GNE; Rt B whish @diskdnpgrrrerieryrogantes: dispfarameptand/or
establ i she y the neans far establjishin he bit synchronizatjon for the
position&l &?R‘Péﬁt%?rﬂﬁ.e%éﬂe%?doﬁw &f’”k‘iﬁ%g aM?’F‘@@ g 8%39&? isteangr 43R R t he
optical disk nediym .according to claim38, the drive conprising: neans for

det ect i n§AHNAVRIGINERIPR Wa¥ESNERCoN the optical disk medium neans for

generating a first detection window with a predetermned tinme wdth after
a predetermned tine has passed since a timng at which the sync mark

section was detected t he syng mark sectjion detectin ans; neans for
ot ecting. ¢ he 3 adhEioptat g UM SEIET she Wosrera e aRBR RIS g t he
first detection w ndow and data jtin ans for setting a data witing
Start pothic B HaRfiR e Blises kRehoat BpdEH e SRR A oh  he
identification mark has been detected. 57. An optical disk medi um which
conprises a track groove and on which positional information indicating a

Phe-t rack or ofve TamaaR bR EtedlbRCd ol Jor RnBiR e ibedoll tufoaf o

positi Onﬂlark section comprises an identification mark for use in precision positioning.

39. The optical disk medium of claim 38, wherein the identification mark is a

mirror mark obtained by discontinuing a part of the track groove.

40. The optical disk medium of claim 38, wherein the identification mark is
formed by connecting together a plurality of areas of the track groove that have

mutually different wobble phases.

41. The optical disk medium of claim 38, wherein the identification mark
has a frequency different from that of the wobble patterns of the positional

information section.
42. The optical disk medium of claim 38, wherein the identification mark is

disposed at the second through fourth period parts of the wobble pattern of the

precision positioning mark section.
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information units that are arranged on the track groove, antMsngr 205 each
said positional information unit includes: a positional information section
that represents the positional information by a conbination of wobble
patterns to be selected fromnultiple types of wobble patterns that are
defined so as to correspond to respective signal waveforns that rise and
fall nutually differently; 109 1 March 2005 a sync mark section having a
wobbl e pattern in a shape distinguishable fromthe wobble patterns of the
posi tional i nfisr Hheiapticakdisk shedigmootLiainm: 80 swbarghd ihe wekblegpaigr ofdbe i on
provi ded ahead of the positional information section, and wherein the
preci si oRTRYEPPiRSsItIvgingMRrs sestiogrhasa siigeyaymsharet i fi cation mark for use
in precision positioning, and wherein at |east the positional information
section includes a plurality of sub-blocks that are arranged al ong the
groove, and ereing,a suypb-plock identification rk is provided within each
said sub bl ock* 58%@?@%@6%'@ Imegdiym ?Wﬁfwgg%ﬁ'ws?gc‘mﬁ@kde@%“ﬂ%'wobb| e
patterns . of each s igx posi t | onal ,{,nf,ormati on sectjon are ee}qh def{_ned by
ei t her alwfpr@@tlorape& ERFERSIALBPRItINING RAKRFIANs Beeesitional dpopation e

first displacenen shape being.defined so as.,to cqrrespond to a signal

wavef or msgﬁgcgn ?P@i@e ?\éﬂ‘gﬂa&e? ‘oé‘c%r@pﬁr{]a'};gﬁdia’f‘éf“ﬁsora‘érl' atively gently, the
second di spl acenent shape being defined so as to correspond to a signal
waveformthat rises relatively gently and falls relatively steeply. 59.

The optical digkried i Clisk hdim or oMesRhbinid's7 188! §nBit & 22oing
block, which is a smallest read/write unit, includes a number L of the positional

information units (where L is a natural number).

46. The optical disk medium of claim 45, wherein the recording block

corresponds to a data unit that constitutes an error correction code.

47. The optical disk medium of claim 45, wherein writing on the recording
block is either started or ended behind a start point of the precision positioning

irnark section by a predetermined length.

48. The optical disk medium of claim 45, wherein writing on the recording
block is either started or ended behind the identification mark by a predetermined

length.

49. The optical disk medium of claim 38, wherein the identification mark

has a length of 1 ym to 10 um as measured along the track groove.
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each said positional information section are defined by si d?h/fa?&?’%) f the
track groove that are displaced in a single fundanental period. . The
optical disk medium of one of clains 57 to 59, wherein a wobble pattern
having a frequency different fromthat of the other parts is allocated to
each said sub-block identification mark. 110 1 March 2005 61. The opti cal
di sk medi um of claim60, wherein each said sub-block identification mark
its associated sub-block. 62. The opti cal

is located at _the q_?#innic\%g_}%g S ) (

di sk nmedi um o0 ailPsAPlICHKEiSK REINE PlRRk Of FIRAPS &{ iRef% Whnreinoasingie t he
sub- bl ocks. in¢c| uded i n _each said positional information unit represents
subdi vi dé&bPWfJ&dn'aqurmt'PHdmfa@irﬁap%%ﬁnfﬁ&id%@swg?blﬁ Her %E?'ﬂ‘?%@ﬂ’heﬁﬁf i%rat i on
unit. 63.  The optical disk nediumof clajm®60, wherein the wobble of the
track grad?ﬂrlHraggé'"ﬁ’e'gFSH@}(@O‘?W%@%{%&‘%%’@nphe i nformation indicating the
address of each said pasjtional infor ion ynit, 64. The optical dijsk
medi um of ol alHeESN QRE/EH (of NG ROTHSRAIHATALEN fsnAlpSAIET I8 BrF s

repr esent es b}é{eﬁ 'V\Pbbl? for.Mperiods (where Mis a natural nunber equal
to or gr S4PdVdediprosnatiohinitheein one bit the positional information is

all ocated to each said subdivided information unit. 65. The optical disk
medi um of claim 57, wherein the sync mark section includes a wobble that

ymmot 11 cal Ty O toare s R b ofsHe RN 87 TosdS. Wpel IR Jnc”
namber o aiRisRiPR FAUTGR B WBBLR, ek (€ Heife 1.5 T6 B ¥3B8ng 8% L 11

waveform that rises and falls symmetrically.

52. The optical disk medium of one of claims 27 to 29, wherein the sync
mark section is a combination of first and/or second wobble patterns, the number
of which is N (which is a natural number), and

wherein in each said first wobble pattern, a wobble, having rectangular
parts in which disk-inner-periphery-oriented and disk-outer-periphery-oriented

displacements are both steep, is repeated for a number M of periods and,

wherein in each said second wobble pattern, a smooth sine wave wabble is

repeated for the M periods.

53. A method for reading out positional information from the optical disk
medium according to claim 30, the method comprising the steps of:

detecting the sync mark section on the optical disk medium;

detecting the precision positioning mark section;

establishing a bit synchronization for the positional information using the
sync mark section detected and/or the precision positioning mark section

detected; and
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i1l 1 March 2005 wherein in each said first wobble pattern,
havi ng rectangular parts in which disk-inner-periphery- orlaﬁpﬁggﬂkﬁ

di sk-out er-peri phery-oriented displacenents are both steep, is repeated
for a nunber M of periods and, wherein in each said second wobbl e pattern,
a snooth sine wave wobble is repeated for the M periods. 67. The optical

di sk nmedi um of claim57, wherein supposing the positional information is
represented by A bits e syng, mark sectlon has a Ien h corre ond| ng to
B wobbl e per.a%@,dmsh@%rﬂ@ %eﬁsth;@é.m BAVAEP el ALOrdEIee Wi ulihgPH he

I dentification par th corr S I.n bl e perjo one
wobbl péwﬂ‘azfongeﬂan |eé?ﬂthﬁﬁ% St HEeRgDletiRG v BRIREh DI ZAtgAdPE

data; the nu q hanpel bits of a recordl ng bl ock, which is a smallest
read/ wri Bﬂ?’fon"f‘ éngrmgﬁgn,[ he number of the positional information units
allocated to each said recording block is E, where A, B, C E, Mand Ware
all natural nunbers, an equation D=(A X I\/HrB+C) X WX E is satisfied 68.

Th i cal di.sk d f I 69. Th
optionl' ﬁf‘sk hédﬁﬁ%@mﬁ A4 Tl n KDY i e i apBordiniin Calhs o
nmodul at i B &l’ﬂ conver.t i 8 bits into F channel bits, and wherein
supposi n'g ds?%'ﬂp%%gg ﬁﬁeﬁa Srar k section, incl udi ng the

dentificati Oﬂe{&'hhg tH8Syhe km%?@%@ct?o?{ér?ﬁw"e‘)&‘gﬁ&aﬁ’ disk & WERRE periods; 112

detecting the precision positioning mark section based on the sync mark
section detected;

performing positioning using the precision positioning mark section
detected; and

starting to write the data based on a positioning result obtained in the

- positioning step.

55. An optical disk drive for reading out positional information from the
optical disk medium according to claim 38, the drive comprising:

means for detecting the sync mark section on the optical disk medium;

means for generating a first detection window with a predetermined time
width after a predetermined time has passed since a timing at which the sync
mark section was detected by the sync mark section detecting means;

means for detecting the identification mark on the optical disk medium by
using the first detection window;

means for establishing a bit synchronization for the positional information,
which is recorded on the optical disk medium, by reference to the timing at which
the sync mark section has been detected and/or a timing at which the

identification mark has been detected; and
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1 March 2005 one wobbl e period has a | ength correspondi ng tﬁg@@“ el bits
of recording data; the precision positioning mark section gth
corresponding to P frames of the recording data; one subdivided
information unit has a length corresponding to Q frames of the recording
data; and one franme of the recording data has a nunber R of bytes, where C,
F, Wand R are natural nunbers and P and Q are rational nunbers, .
equations p X RXIF = C X Wand QX R X F = MX Ware both satisfied. 70.
A et hod f b MReaISHgr 52ATIRG SUF ThonapSIial iRRTmaHon AbmHrmB0 cwiveh g Bk
-medi um according to claimb5b7, t et hod conprising the steps of: detecting
the sync S¥RFIRo8 'PBnh%rHQr?é‘ ﬁﬁ{]q%é'é eq)i R the dngans ek extablighing dhe Biti si on
posi tioni ng mar lléﬁﬁec iotﬁ' establ]s ing.a bit synchronization for the
posi t i on&YEHPIERHPN &or tisiRvgtiona! | U0 k section detected and/or the
preci sion positioning mark section detected; and reading out the
positional information in accordance with the bit synchronization

cot abl1 shec | Bt Uy SBab s A0 LR WAt o Be o 8 lm 1,
dot ect i naconaiie. Sl B herf s QRTINS  cal o sk medium 1131 March
2005 means for detecting the sync mark section on the optical disk medium;

means for generating a first detection window with a predetermined time
width after a predetermined time has passed since a timing at which the sync
mark section was detected by the sync mark section detecting means;

means for detecting the identification mark on the optical disk medium by
using the first detection window; and

data writing means for setting a data writing start point or end point by

reference to a timing at which the identification mark has been detected.

57. An optical disk medium which comprises a track groove and on which
positional information indicating a physical location on the track groove is
represented by a wobble shape of the track groove,

wherein the optical disk medium includes a plurality of positional
_information units that are arranged on the track groove, and

wherein each said positional information unit includes:

a positional information section that represents the positional information by
a combination of wobble patterns to be selected from multiple types of wobble
patterns that are defined so as to correspond to respective signal waveforms that

rise and fall mutually differently;
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detecting the precision positioning mark section based on tRhe538od8Rr K
section detected; perform ng positioning using the precision positioning
mark section detected; and starting to wite the data based on a
positioning result obtained in the positioning step. 72. An optical disk
drive for reading out positional information fromthe optical disk nmedium
according to claim57, the drive conprising: neans for detecting the sync
- mark section on the optical, disk nmediu nmeans for generating a first

det ect i on w ndoWh TS S&CBBQtI@rVFﬁ%@deE)W@ PafteInHNA S6ePg Yldiptishablaed
time has _pasged sjnce tim at which the sync nmark section was detected
by the syf?f" ‘P\’Oé@&H r@ﬁe?ﬂ i AR5 tana) informat ?‘?ﬂt'oﬁé@@‘iti ng the

identification mark .on the. optical disk nmedium by si ng e first

et octi on v nBoRCHHARSPITIOHLS SRS 1HESOR BRVAGaRPBR ohdiorPdsgionehe
positionalf I nformation, which is recorded on the optical disk nedium by

referencd’ PES“?WH‘ ?‘?%Oﬁ'gaﬁg which the sync mark section has been detected

o S B S e
' : ' i has been. bl i shed by th f bl i shi
?hékbgfyﬂﬁ}giﬁiﬂ%%'@é’é}ﬁsﬁﬁ*ﬁoese GG onal | nf or mat 1 on. ?é,eiﬁaoplfc;:”g
131 the ari varEi Reedd e RobiRBnab ihalt i TBRL MRS R Bt Bon on”
the optigal s tﬂgtdérlérgrréln]g%dlalyﬁé ?lli]e épo%%e, and

wherein a sub-block identification mark is provided within each said sub-

block.

58. The optical disk medium of claim 57, wherein the wobble patterns of
each said positional information section are each defined by either a first
displacement shape or a second displacement shape, the first displacement
shape being defined so as to correspond to a signal waveform that rises relatively
steeply and falls relatively gently, the second displacement shape being defined

- so as to correspond to a signal waveform that rises relatively gently and falls

relatively steeply.

59. The optical disk medium of claim 57, wherein the wobble patterns of
each said positional information section are defined by side faces of the frack

groove that are displaced in a single fundamental period.
60. The optical disk medium of one of claims 57 to 59, wherein a wobble

- pattern having a frequency different from that of the other parts is allocated to

each said sub-block identification mark.
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means for generating a first detection wi ndow with a predet ¢nydaesods me
width after a predeterm ned tine has passed since a timng at which the
sync mark section was detected by the sync mark section detecting neans;
means for detecting the identification mark on the optical disk medi um by
.using the first detection w ndow, and data witing neans for setting a
data witing start point or end point by reference to a timng at which
the identification mark has been detected. 74. An optical disk nedi um which
conprises a track groove and on which information is recorded al ong the

track groove, ein the track groove inclydes a pluraljty.of it
sections that Gﬁfjheappﬁ?ée%fs |"8R ’%@?ﬁ'%ﬁk%gr wﬁg%&af’ a%la"ﬁa'i}\g’gt%lp% f aces
di spl aced, per.i odi cal |l y. al ong t rack.groove, the side faces being

def | neq. WroRiert Bard s Braten ot e beBENIHL S aso RSt P e 11 %6 and
fall rmutually differently, and wherein the side faces of the unit sections
are displaced in a cormon period, and subdivided information allocated to

Ca AT U B ek ok SRR S 7, FHOBE R T v on
oot BRI RE BB o g PRk bl il URGp R L
L A S

that rises relatively steeply and falls relatively gently, the second
di spl acenent shape being defined so as to correspond to a signal waveform

that rises repat kgl aptda hisk ABGiubRb B! &, | Wiskbirs iRERb¥bleldPtk HEEEN 2005

groove has a shape corresponding to the information indicating the address of

each said positional information unit.

64. The optical disk medium of claim 57, wherein a single subdivided
information unit is represented by a wobble for M periods (where M is a natural
number equal to or greater than 2), and

wherein one bit the positional information is -allocated to each said

subdivided information unit.

65. The optical disk medium of claim 57, wherein the sync mark section
includes a wobble that is defined so as to correspond to a signal waveform that

rises and falls symmetrically.
66. The optical disk medium of claim 57, wherein the sync mark section is a

combination of first and/or second wobble patterns, the number of which is N

(which is a natural number), and
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76. The optical disk nediumof claim74 or 75, wherein the ﬂ?@f erent
information is recorded on a non-user area. 77. An optical "um

whi ch conprises a track groove and on which information is recorded al ong
the track groove, wherein managenent information of the optical disk medi um
is represented by a wobble of the track groove. 78. The optical disk
medi um of claim 77, wherein the managenent information is represented by a
conbi nation of nutually different wobble waveforns that oscillate at the
same frequencwher@n imheacpsaishfirsdi wabbie dpatterof acwabble7 havitige restangilar
managenent information is represented by a conbi nati on of wobbl e shapes

i ncl udi ngarta Enwhigh  diskdénnenreriphery-odeanted aadt diskaduter-pariphen-axleinéed a

di sk-inner-periphery-oriented displacenent and/or a _

~di sk-out disp $ e bpihsteap de spperiedder a augties M obegriodsoantin opti cal

di sk nedi um whi ch conprises a track groove on a recording surface thereof
and on whi ch WhEssimit eaah §§|¢@,€@ﬂéé@%%bl@rﬁ>@ﬁﬁﬁb a sraerthgsine waverivebble is

bl ock- by- bl ock basis, each said bl ock having a predeterm ned | ength,
wher ei n” E#paatecfarithe M period@r k, i ndi cating the beginning of each said
block, is provided on the track groove, and wherein a signal having a
particular pattern is overwitten on the identification mark. 116 1 March
2005 81. The tical disk mediumof claimg80, wherein the identifjcation
Tark is | ocat 84 SteaplRe: Pk W%F[Rmfa‘ @A e, whemin SUBROYRIVIRE APsHtvaak gnal
is witten. 82, The optical, di sk _nmedi um of claim 80, wherein the

i dentifi ‘Pﬁ"@ﬁ{'%‘ﬁl{epésemﬁgﬁkg bifSoser to a previous block with respect to

the center of _an area qn whic
' : the sync mar sectljonq\as a length corresponding to B wobble periods;

the precision positioning mark section, including the identification mark, has
a length corresponding to C wobble periods;

one wobble pericd has a length corresponding to W channel bits of
recording data;

| the number of channel bits of a recording block, which is a smallest

read/write unit, is D; and

the number of the positional information units allocated to each said
recording block is E,

where A, B, C, E, M and W are all natural numbers,

an equation D=(A X M+B+C) X W X E is satisfied.

68. The optical disk medium of claim 67, wherein B is a multiple of M.

69. The optical disk medium of claim 57, wherein the optical disk medium
uses a modulation code for converting 8 bits into F channel bits, and

wherein supposing the precision positioning mark section, including the

identification mark, has a length corresponding to C wobble periods;
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the signal is witten. 83. The optical disk nmediumof clai reliRfsel n the
identification mark includes a flat portion obtained by dinl@%n?l nwsﬁg t he
track groove for a short interval. 84. A nethod for witing a signal on an
optical disk nmedium which conprises a track groove on a recordi ng surface
t hereof, on which information is recorded along the track groove on a

bl ock- by-bl ock basis, each said block having a predeterm ned |ength, and
where an identification mark, indicating the beginning of each said bI ock,

is provided o@Nehwobpleclpegpdobas aHepgim CRIEEPPIing tor Y el il ©

identification mark | ocated at the beginning of at |east one bl ock on
whi ch t hé&eeqrging d atAoul d be witten, is reached and wherein the witing is
ended after the identjfication mark | ocated at the end of the at | east
one bl ock on \Rﬁ‘ﬁd}ﬁe@ﬁ'@”sp@ﬂmm@%dﬁﬁd( geclipn hagna Iepathperrresnanding e A

met hod fqr wrlt a signal on an optical disk nmedium which conprises a
track grg' tggrr@‘é‘?ﬁjg]gff&a%rface t hereof, on which information is

recor ded alon the tra ro on g bl ock basj| s, ch sald bl ock
et o e et achated BigtretioRat Pes PP e Qefram

i ndi cati the in 17 1 March 2005 of each said bl ock and |nclud|ng
a pl ural ‘gﬂa({%ﬁé’dlls pI’OVI ded on the track groove, wherein witing

tart d ft t h t b- | ded th
dent | {1 cat | o At Gih berofing pete)ad A Ao R ofWeshst one bl ock on whi ch
th | tt h b det ect ed, t
ended af t oPTEFS okt WratBiR (1R BRERARUEDER anioB An, &' Sre' Riotfel {1 N9
numbers,

equationsp XRXF=CXWand Q XR XF =M XW are both satisfied.

70. A method for reading out positional information from the optical disk
medium according to claim 57, the method comprising the steps of:

detecting the sync mark section on the optical disk medium;

detecting the precision positioning mark section;

establishing a bit synchronization for the positional information using the
sync mark section detected andfor the precision positioning mark section
detected; and

reading out the positional information in accordance with the bit
synchronization established in the step of establishing the bit synchronization for

the positional information.
71. A method for writing data on the optical disk medium according o claim

57, the method comprising the steps of:

detecting the sync mark section on the optical disk medium;
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the identification mark | ocated at the end of the at |east P%r&lﬂfdﬁ on
which the signal should be witten, has been detected. 86. e signal
writing method of claim84 or 85, wherein a signal having a particul ar
pattern is overwitten on each said identification mark. 87. The signal
writing nmethod of claim86, wherein the signal having the particular
pattern is a VFO signal. 88. A nethod for readi ng subdivided information
‘fromah opticgl. disk rmedium which conprises a track groove and on which

i nformation i aeFe@EBQ dbg pracigiog pegitioning ingroseetion; based gprthgrgemaRe| udi ng
a plurality,. of utnit sections that are arranged along the track groove and
t hat havéeétf%d?ﬁetgg'di spl aced periodically along the track groove, the

side faces of the unit se(iIions bei ng,di spl aced in a,si.ngl e fundanent al
oeriod the sBBHPITEE] POSHIONTE | NG it ATeaSian BRialng Mk $8e4ambn

bei ng rgggﬁgz%ed]t e% by a shape given to the unit section, 118 1 March 2005
t he side '§%ach said unit section bei ng displaced to a pattern to be

selected fromfirst and.segon bl e,patterns. .that have the. sanme
Fundanent al PGt A8 Wi T At Bgse itk PR SiptBb e pBIReEn the
subdi vi dﬁ? .'.gilﬁr r’gﬁti on allocated to each said unit section is identified
by conpa ?I'B 'RE SNthrber of times the first wobble pattern has been

detected fromthe unit section with the nunber of tines the second wobbl e
pattern has been detected fromthe unit section. 89. The nethod of claim

oG, aner o0 ool bR BAVSER AR beGhord MRfaHAB G ool €

optical disk medium according to claim 57, the drive comprising:

means for detecting the sync mark section on the optical disk medium;

means for generating a first detection window with a predetermined time
width after a predetermined time has passed since a timing at which the sync
mark section was detected by the sync mark section detecting means;

means for detecting the identification mark on the optical disk medium by
using the first detection window;

means for establishing a bit synchronization for the positional information,
which is recorded on the optical disk medium, by reference to the timing at which
the sync mark section has been detected andfor a timing at which the
identification mark has been detected; and

means for reading out the positional information at a timing at which the bit
synchronization has been established by the means for establishing the bit

synchronization for the positional information.
73. An optical disk drive for writing data on the optical disk medium

according to claim 131, the drive comprising:

means for detecting the sync mark section on the optical disk medium;
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the nunber of tines the second wobbl e pattern has been detegb%gj;ﬂg%1the
unit section falls within a predeterm ned range, then the subdi ed
information allocated to the unit section is error-corrected. 90. The

met hod of claim88 or 89, wherein the type of a given wobble pattern is
identified by the gradient of a |leading or trailing edge of a signal
corresponding to the wobble pattern. 91. The nethod of claim89, wherein
the type of the given wobble pattern is identified by conparing an

absol ut e gr adimedns,farensraling a| firstidatectiag evipowhwith & gredetemineddimgsol ut e
gradi ent value of the trailing edge thereof. 92. An apparatus for reading
subdi vi déﬂdﬁhna%?rnatprsﬁeﬁrwﬁﬁhm has pagsett singgiutiminghat whidhie s¥Rc a
track groovi and on mﬂL&h i nformation is recorded along the track groove,

1119 1 MafR@kEG6E0R M@sideterted ydbe syRe matksgcop Agtedfing yieANSuni t secti ons

that are arranged | opng the track groogve and that have side faces

di spl aced per i"g%ﬁr@aﬁﬁ]eg?%@ t:hﬁe'def' Oﬂr"B%g‘e(,)“tth% ogitigal ‘i“ﬁ'éé’%e‘ﬁ‘f'mtl?ﬁé uni t

sections bej ;ﬂ j%{{)ﬁced in a single fundamental period, the subdivided
Fd¥ SEUOTLY

i nf or mat 5H9 oW @dunit section being represented by a
shape given t nit secti,on

h . Lh ' f h id It ti
e hg i spl acBatmetPg: mears G satlg. A daa ol Gl Slark #oitam erd Sty "
d I tter t hat. .h t . f | f but
SO R ol T AR e MR A FEC b eBlEnSY DUt
head, which irradiates the optical disk nediumwth Iight and generates an
el ectric signal responsive to part of the light that has been reflected

74. An optical disk medium which comprises a track groove and on which
information is recorded along the track groove,

wherein the track groove includes a plurality of unit secﬁons that are
arranged along the track groove and that have side faces displaced periodically
along the track groove, the side faces being defined so as to correspond to
respective signal waveforms that rise and fall mutually differently, and

wherein the side faces of the unit sections are displaced in a common
period, and subdivided information allocated to each said unit section is
represented by a shape given to the unit section, and

wherein management information is represented by a combination of the

subdivided information.

75. The optical disk medium of claim 74, wherein the side faces of each
said unit section are defined by either a first displacement shape or a second
displacement shape, the first displacement shape being defined so as to
correspond to a signal waveform that rises relatively steeply and falls relatively

~gently, the second displacement shape being defined so as to correspond to a

signal waveform that rises relatively gently and falls relatively steeply.
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fromthe optical disk nmedium read signal processing nmeans f@f;8e86isting a
wobbl e signal, which has anplitude changing with the wobble pattern, from
the electric signal; rise value acquiring neans for sanpling and hol di ng an
absol ute gradient value of the wobble signal when the signal rises; fal
val ue acquiring nmeans for sanpling and hol di ng an absol ute gradi ent val ue
~of the wobble signal when the signal falls; and subdivided information
detecting neans for determ ning the subdivided information by majority by
~conparing the values held by the rise and fall value acquiring nmeans with
each other. 93. An apparatus for reading subdivided information from an
optical di sk 7Redinenprigal diskcmegiun of daipn 4d1orgfdovkersir then management
information is recorded, along the track groove, 120 1 March 2005 the track
groove i MfeCAatRN i ecardad eRadongsar 82+ i ons that are arranged al ong the
track groove and that have side faces displaced periodically along the
track groove, the side faces of the unit sections being displaced in a
si ngl e fundanent al eriod, the subdivided infornation allocated to each
said unit sectf 0%‘%@&1‘@' diskymediim é\g"mf’a"@lﬁ'éﬁ% A gdh IreVverRN ANWRIER i on,
t he sidel%%ces_of_each id unit section being displaced according to a

pattern tJOFBALQN s 'f‘gitrﬁﬁﬁ%g'é‘@ygnd wobbl e patterns that have the

e e e PR R B

medi um Wibtyha \lzviOEBIte c‘%’}ﬁe track groove.

78. The optical disk medium of claim 77, wherein the management
information is represented by a combination of mutually different wobble

waveforms that oscillate at the same frequency.

79. The optical disk medium of claim 78, wherein the management
information is represented by a combination of wobble shapes including: a smooth
sine wave part; and a rectangular part in which a disk-inner-periphery-oriented

displacement and/or a disk-outer-periphery-oriented displacement arefis steep.

80. An optical disk medium which comprises a track groove on a recording
surface thereof and on which information is recorded along the track groove on a
block-by-block basis, each said block having a predetermined length,

wherein an identification mark, indicating the beginning of each said block, is
provided on the track groove, and

wherein a signal having a particular pattern is overwritten on the

identification mark.
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generates an electric signal responsive to part of the Iighi %hg_%%&f.?s been
reflected fromthe optical disk nedium read signal processi é ans for

generating a wobble signal, which has anplitude changing with the wobbl e
pattern, fromthe electric signal; timng generating neans for generating a
timng signal that defines a timng at which the wobble signal rises, a
timng at which the wobble signal falls and a timng at which the

subdi vided inforpation is sectioned; first shape counting neans for

det ecti ng t he 8 T8¢ qRiissl diskapedinm pkelatm S0y wherginithe identifisgtian gratk iand
counting the nunber of tines the first wobble pattern has been detected;
second siRged substaniiallyalise copter of aprarag ornwhis o aigRabIS Wita:- t er n
responsive to the timng signal and counting the nunber of tinmes the second
wobbl e pattern has been detected; and 121 1 March 2005 subdi vi ded

i nformation detecting nmeans, for determnni t he subdivided jnfornation by
majority by cgkpiﬁ'ﬁng’"&%ﬁ‘n'?g rﬁ?d'yﬁboéﬁ%@ﬂ ggnﬂ’h?é%ﬁﬁﬁeéq’\%mg'c@mmq{ IS reans
with each other, 94, An apparatus f r eadi ubdi vi ded informatiqn from
an opt | cHOARLROSAEL AmreNRLE PRdBNSBSoeEtts 4Bk SPiRsvE atarenouAtish

i nfor matiton is Liecor ed along the track groove, the track groove including
a pl ural MSSIGPALFWELCt i ons that are arranged al ong the track groove and

t hat have side faces displaced periodically along the track groove, the
side faces of the unit sections being displaced in a single fundanental

B:ir Ingd, the S'égfjLrnbdc?&idapb?srkn%téd?unmaclafl (Qgi?nt 986 twcne?g’l(r:]hthséafd%nHﬁc':attio%er%ta\'rI? :
includes a flat portion obtained by discontinuing the track groove for a short

interval.

84. A method for writing a signal on an optical disk medium, which
comprises a track groove on a recording surface thereof, on which information is
recorded along the track groove on a block-by-block basis, each said block having
a predetermined length, and where an identification mark, indicating the beginning
of each said block, is provided on the track groove,

wherein writing is started before the identification mark, located at the
beginning of at least one block on which the signal should be written, is reached
and
| wherein the writing is ended after the identification mark, located at the end

of the at least one block on which the signal should be written, has been passed.

85. A method for writing a signal on an optical disk medium, which
comprises a track groove on a recording surface thereof, on which information is
recorded along the track groove on a block-by-block basis, each said block having

a predetermined length, and where an identification mark, indicating the beginning
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represented by a shape given to the unit section, the side {ﬁ@g&éq%each
said unit section being displaced according to a pattern to be selected
fromfirst and second wobbl e patterns that have the sane fundanental
frequency but mutually different shapes, wherein the apparatus conprises:
an optical head, which irradiates the optical disk nmediumwth |ight and
generates an electric signal responsive to part of the light that has been
reflected, fromthe optical disk medium read signal processing neans for
generatiﬁéeécm%r E‘%ﬁ@ﬁ‘&l'ﬂcmlf‘a@rﬁ’ awar%ﬁ tBaTksh ihBTavies e theEagbbbl e
pattern, fromthe electric signal; timng generating neans for generating a
timng si9PA€ that defines a timng at which the wobble signal rises, a

R s S P SRS B o 03 i Bl R s g
i gnal - af GG ferh rBted B e hEThaiRg b East s Rophenareh 128 been
det ect ed;_. se ond_lahapel_j our]j{i m@r}s f qr dgt ecting the second wobbl e
pﬁttern Sdfgé?ﬁﬁrﬁ%l:' e :l ‘?gﬁ » 4R _counting ttd1e_ n]tcmber of tinmes
deteoting. meaRdergrae iiont 2gdeR et b bshens e M pETAR 0TpE T 1y by
commer ! g Ml ook Bl 8 S SRR VRDS 5B RS B ARG e

differ eh%ﬁnﬁpgﬁ&ﬁ&%et\bﬁtéﬁ%ssoegn &é}gct]:ai rst and second shape counti ng neans

falls wt

86. The signal writing method of claim 84 or 85, wherein a signal having a

particular pattern is overwritten on each said identification mark.

87. The signal writing method of claim 86, wherein the signal having the

“particular pattern is a VFO signal.

88. A method for reading subdivided information from an optical disk

medium, which comprises a track groove and on which information is recorded
along the track groove,

the track groove including a plurality of unit sections that are arranged
along the track groove and that have side faces displaced periodically along the
track groove,

the side faces of the unit sections being displaced in a single fundamental
period, the subdivided information allocated to each said unit section being

ré_presented by a shape given to the unit section,
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predeterm ned range; and error correcting nmeans for conductig&ﬁ&iédﬁ$
correction in accordance with outputs of the subdivided i nf

detecting nmeans and the erasure detecting neans and generating address
information. 123 1 March 2005 ABSTRACT On an optical disk nmedi um according
to the present invention, address information is recorded al ong a wobbling
track groove 2. The track groove 2 is made up of a plurality of unit
sections 22, s side faces that

3. ch of these unit sectjons 22, 23 h
e 22 T sithoSt 1o SR shil Lt SRlian Befrch eplagad 1n;a Pt R mant
oscillates, a si ngl riod i,n t.rackjn irection. However, the
O ool oo gBlettedirBnt i s ondufob h Patene Judt Thave Bie SEPduRdamPRiakat i on
(subdi vi ged I_nf oBr’rPti?rQ" cﬁ!fl ocated to each of the unit sections 22, 23.
124 requency but mutually different shapes,

wherein the subdivided information allocated to each said unit section is

identified by comparing the number of times the first wobble pattern has been

detected from the unit section with the number of times the second wobble pattern

has been detected from the unit section.

89. The method of claim 88, wherein if a difference between the number of
times the first wobble pattern has been detected from each said unit section and
the number of times the second wobble pattern has been detected from the unit
section falls within a predetermined range, then the subdivided information

allocated to the unit section is error-corrected.

90. The method of claim 88 or 89, wherein the type of a given wobble
pattern is identified by the gradient of a leading or trailing edge of a signal

corresponding to the wobble pattern.

91. The method of claim 89, wherein the type of the given wobble pattern is
‘identified by comparing an absolute gradient value of the leading edge of the

signal with an absolute gradient value of the trailing edge thereof.
92. An apparatus for reading subdivided information from an optical disk

medium, which comprises a track groove and on which information is recorded

along the track groove,
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the track groove including a plurality of unit sections that are arranged
along the track groove and that have side faces displaced periodically along the
track groove,
the side faces of the unit sections being displaced in a single fundamental
“period, the subdivided information allocated to each said unit section being
represented by a shape given to the unit section, the side faces of each said unit
section being displaced according to a pattern to be selected from first and
second wobble patterns that have the same fundamental frequency but mutually
different shapes,
wherein the apparatus comprises:
an optical head, which irradiates the optical disk medium with light and
generates an electric signal responsive fo part of the light that has been reflected
from the optical disk medium;
read signal processing means for generating a wobble signal, which has
amplitude changing with the wobble pattern, from the electric signal;
rise value acquiring means for sampling and holding an absolute gradient
value of the wobble signal when the signal rises;
fall value acquiring means for sampling and holding an absolute gradient
value of the wobble signal when the signal falls; and
| subdivided information detecting means for determining the subdivided
information by majority by comparing the values held by the rise and fall value

acquiring means with each other.
93. An apparatus for reading subdivided information from an optical disk

medium, which comprises a track groove and on which information is recorded

along the track groove,
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the track groove including a plurality of unit sections that are arranged
along the track groove and that have side faces displaced periodically along the
track groove,

the side faces of the unit sections being displaced in a single fundamental
period, the subdivided information allocated to each said unit section being
represented by a shape given to the unit section,

the side faces of each said unit section being displaced according to a
pattern to be selected from first and second wobble patterns that have the same
fundamental frequency but mutually different shapes,

wherein the apparatus comprises:

an optical head, which irradiates the optical disk medium with light and
generates an electric sighal responsive to part of the light that has been reflected
from the optical disk medium;

read signal processing means for generating a wobble signal, which has
amplitude changing with the wobble pattern, from the electric signal;

timing generating means for generating a timing signal that defines a timing
at which the wobble signal rises, a timing at which the wobble signal falls and a
timing at which the subdivided information is sectioned:;

first shape counting means for detecting the first wobble pattern responsive
to the timing signal and counting the number of times the first wobble pattern has
been detected;

second shape counting means for detecting the second wobble pattern
responsive to the timing signal and counting the number of times the second

wobble pattern has been detected; and
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subdivided information detecting means for determining the subdivided
information by majority by comparing counts of the first and second shape counting

means with each other.

94. An apparatus for reading subdivided information from an optical disk
medium, which comprises a track groove and on which information is recorded
along the track groove,

the track groove including a plurality of unit sections that are arranged
along the track groove and that have side faces displaced periodically along the
frack groove,

the side faces of the unit sections being displaced in a single fundamental
period, the subdivided information allocated to each said unit section being
represented by a shape given to the unit section,

the side faces of each said unit section being displaced according to a
pattern to be selected from first and second wobble patterns that have the same
fundamental frequency but mutually different shapes,

wherein the apparatus comprises:

an optical head, which irradiates the optical disk medium with light and
generates an electric signal responsive to part of the light that has been reftected
from the optical disk medium;

read signal processing means for generating a wobble signal, which has
amplitude changing with the wobble pattern, from the electric signal;

timing generating means for generating a timing signal that defines a timing
at which the wobble signal rises, a timing at which the wobble signal falls and a

timing at which the subdivided information is sectioned;
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first shape counting means for detecting the first wobble pattern responsive
to the timing signal and counting the number of times the first wobble pattern has
been detected,;
second shape counting means for detecting the second wobble pattern
responsive to the timing signal and counting the number of times the second
wobble pattern has been detected;
subdivided information detecting means for determining the subdivided
information by majority by comparing counts of the first and second shape
counting means with each cother;
erasure detecting means for outputting an erasure flag if a difference
between the counts of the first and second shape counting means falls within a
predetermined range; and error correcting means for conducting error correction
in accordance with outputs of the subdivided information detecting means and the

erasure detecting means and generating address information.
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