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 nmetreadsnicAL F@_qjdl ng such address information
on an opti cal

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 1 March 2005 di sk. Hereinafter, a conventional nethod for r [ )
address on an optical disk will be described. Japanese Laidnégghgbgg o
< 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

( _ _ oove. 10
Japanez‘% [k_al.[gE)Open rPchi i cation 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 - '

" information J@anﬁé%dfﬂﬁ‘@p&ﬁbpéwﬁ%t@ﬁ @H' %3%%%%86‘%)%% \ggaﬁli %l{&ga a(rj(raeflzt
separ at eq from each other along the track. 15 Jgpanese i d- Qe

Publ i catniediuriNcon %Mﬁ.‘ﬁ%&vw@ﬁgog@@( SPQIS ;%&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 Is recorded as pre- bits within the address-dedi cated area on
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LS8R aPSES Rha®y Aot 20EGichRd A& FSSHrifiRP infémbstion thereon) coexist
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




. reduced. 25 Next, as for the optical disk for recording an address thereon
by nodulating 2 1 March 2005 the wobbl e frequency of the tragigrcrods te

¢l ock signal cannot be generated precisely  enough. Originally, the wobble
of the track groove is created mainly to generate a clock signal for
establ i shing synchroni zation required for read, and wite operations.

Where the wobbl e frequency is single, a clock signal can be generated
highly 5 precisely by getting a read signal, having anplitude changing with
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avoi d pseudo | ocking of the PLL. In that to case, the PLL cannot

suf fi ci eftacl signal dof epablrhing synghrepizafion; reruired dor wadand wite operstions.ng
fromthe eccentrici tt/) of a disk. Thus, sone jitter mght remain in the

r esul t antWherecthedmolblsi freglienash is Istngls, ha rcleckngignaheas bdeganetatedi highlfyi | m
formed.on the optical disk is a phase-change film for exanple, such a
recor di ngrddidely oy gettingl & readasigealr dasind ahblitthR elsarigivey dvthailsd erobihiegn t he
filmis altered repeatedly. If the wobble frequency is single, the noise

conponenigncHrEniz &I OMRD IrBultiictl by RaPOL Pass ekambRY. NEYBGera if RS Neypiiand.
However, if the wobble frequency has been nodulated, the filter should
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jitt ef nevrl'ngi'enthvg vlvclmbbcfg h’as a single frequency) to avoid pseudo locking of the PLL. In that
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




Accordingly, it will be nore and nore necessary to mnimze the increase in
jitter by avoiding the nodul ati on of the wobble frequency.1 Marédh®05
structure in which the pre-pits representing the address information 25
recorded are forned between adjacent parts of the groove, it is difficult
to form3 1 March 2005 | ong enough pre-pits in sufficiently |arge nunbers.
Accordingly, as the recording density is increased, detection errors m ght
increase its nunmber. This is.because if large pre-pits are forned between
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reading 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




rise and fall nutually differently. According to one aspect of the present
i nvention, there is provided an optical disk nmediumwhich ¢eEpeH s@% a
track groove and on which information is recorded along the track groove,
wherein the track groove includes a plurality of wunit sections that are
arranged al ong the track groove and that have side faces displaced
periodically along the track groove, and wherein the side faces of the 4 1
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wobbl e patt er@&o}&ﬂb téreﬁ'loqﬁélj Qﬁ%c?%f 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
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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as to correspond to respective signal waveforns that rise and fall nutually
differently; and a sync mark section having a wobbl e patterypMarchreg®Bape

di stingui shable fromthe wobble patterns of the positional information
section. According to another aspect of the present invention, there is
provi ded an optical disk medi um which conprises a track groove and on

whi ch positional information indicating a physical I ocat i on on the track
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~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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correspond to respective signal waveforns that rise and fall nutually
differently, and wherein the side faces of the unit secti onjasdhegdisspl aced
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
managenment information is represented by a conbination of the subdivided

i nformati on. According to another aspect of the present invention, there is
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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.

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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signal should be witten, is reached and wherein the witing is ended after
the identification mark, |ocated at the end of the at |eas{pRpr& #osck on
~which the signal should be witten, has been passed. According to another
aspect of the present invention, there is provided a nethod for witing a
signal on an optical disk nmedium which conprises a track groove on a
recordi ng surface thereof, on which information is recorded along the
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but - mut ugl s divhbRlif 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.

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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‘shapes, wherein the subdivided information allocated to each said unit
section is identified by conparing the nunber of tines theqfargizombbl e
pattern has been detected fromthe unit section with the nunber of tines
t he second wobbl e pattern has been detected fromthe unit section.
Accordi ng to anot her aspect of the present invention, there is provided an
apparatus for reading subdivided information froman optical disk nmedium
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the sig e ises; fall value acquiring neans for sanpling and hol ding an
absol ut e gradi ent value of the wobble signal when the signal falls; and
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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

de




by conparing the values held by the rise and fall value acquiring nmeans
wi th each other. According to another aspect of the presend pmardrenioson,
there is provided an apparatus for readi ng subdivided information from an
optical disk nmedium which conprises 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
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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
” 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
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times the second wobbl e pattern has been detected; and subdivi ded
information detecting neans for determ ning the subdivi dedi pmafcprasesi on by
majority by conparing counts of the first and second shape counting neans
wi th each other. According to another aspect of the present invention,
there is provided an apparatus for readi ng subdivided information from an
optical disk nmedium which conprlses a track groove and on which
|nfornat| i's recordeg al gn tracg groove t he tr
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countlng I'Tst érn responsive to the
timng ggmp the first 4f 1 March 2005
wobbl e Eieg'?a rqarﬂgg %gﬁ%ggﬂ%%ﬁg g%:%n @1‘%@2‘ counting neans for detecting
t he

In a preferred embodiment, the 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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second wobbl e pattern responsive to the timng signal and counting the
nunber of tinmes the second wobbl e pattern has been det ect efMasihxtiosi ded
information detecting neans for determ ning the subdivided informtion by
majority by conparing counts of the first and second shape counti ng neans
wi th each other; erasure detecting nmeans for outputting an erasure flag if
a difference between the counts of the first and second shape counting

fall it hi d ined : d_. ' f :
T et P B EMoa e haREor AR HOR Rer B R AL TRORS, Lot
i nf t,i t i ng. ; dth detectinp d ti
adr css AT HRE sk O FEG0Rs3Rs S ThBE i Rre et oL BRI 5 SPRe v ack
groove ?bﬁ%k ced either toward inner or outer periphery of the disk
mnth.regggQ | centerline of the track groove. In another preferred
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R e R U T e I T
| cast ongetgpt R NN B RE L A R e SRR Brentie
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enbodi , each sai Ivided rntormatron group 1 ncludes address

I nfor mtdefoRd, IWRerdSSPe ARHiNhESK itBriblicy! GRSug'Nid recorded, belong.




sections, where the subdivided information group is recorded, belong. 51
March 2005 I n another preferred enbodi nent, each said N bitqsixasH adoged
information group includes an error correction code and/or an error
detection code. In another preferred enbodi nent, the error correction code
or the error detection code has its ability to correct an error of the
address information weighted in such a nmanner that |ow order bits of the

Var oh 2005 1 rinaatnef Pienes, L BbeTmbReRen SN T ouRida iR M, o
Si gnal S@§5P5¢ﬁ$¢$%§%r®r§$frs§ﬁv b8 o A TSl ol é,é’n[rf‘ieo? a
Na 325?22;33 A EhAEEP FRpe? veﬁg'%ag#‘"% 3% et o8 B che

re (ﬁ)e?eé@ doééyquaé gBlIvr@éﬁpﬁ% dr%Epén Yok ¢ g?% SGaks | It Bﬁl%ﬂ d| V@Qte&i

i nventive I ess rea a I'TEt ho or readl ng su

[ nfor mat, ok ?rr‘g‘?mertﬂgﬂo%rdgf B GPE1e WRor eeion Hdesich ke hage gove and

.on mhlch I'on 1S recorde roove rac gr oove

i ncl ude unit sections that are arranged al ong the track
gr oove Zﬁ%ﬂﬂhﬁﬁﬁh&%ﬁe@ﬁ&e faces displaced periodically along the track
groove. The side faces of the unit sections are displaced in a single
fundanmental period. The subdivided information allocated




to each said unit section is represented by a shape given to the unit
section. The side faces of each said unit section are disp| e ®esordi ng
to a pattern to be selected fromfirst and second wobbl e patterns that
have the sanme fundanental frequency but nutually different shapes. In this
met hod, the subdivided information allocated to each said unit section is
identified by conparing a nunber of tinmes the first wobble pattern has
been detected fromthe unit section with a nunber of tines the second
wobbl e pattern has been detected fromthe unit section. 1 March 2005 In a
preferred emhodi t, if, a difference, between.the nunper of ti i he

Pl Fst vobbi o Bertans pirfeBed ernbb Rty FraheaidHRE HAGtOR s AIFOREnd ¢ he
nunber f times the second wopbl e pattern has been detected fromithe unit
Cocts on GaRIPGSTRN RRETE (5L BRRY FBLGTRRYS RHBAKE FeSGGIIvgYalarn rse
information allocated to_the upi section is erraor-cgrrected., |In another
pr ef er r d§iatiyslyaStaaply, and f%}'pr@'%f"ejs\/ gemiahomb%ﬁ@nga@@%rqﬁsnlgceme@hm@r@d by a
gradient of a |leading or trailing edge of a signal corresponding to the
wobbl e phat Bas bepR sgrdrfined gy i BIgkeR sighadwavgtorm rige rglptively geny gnden
wobbl e pattern is identified by conparing an absol ute gradi ent val ue of
~the | eadBlhéelativaly steeplie  signal to an absol ute gradient val ue of the
trailing edge thereof. 9 1 March 2005 In a preferred enbodi nent, the
optical disk nmediumincludes a precision positioning mark section ahead of
each said positional information section. In another preferred enbodi nent,
the precision positioning mark section is




s di sposed at the beginning of each said positional information unit. In
anot her preferred enbodi nent, the precision positioning mrkumgepidons has a
wobbl e pattern in a shape distinguishable fromthe wobble pattern of the
sync mark section. In another preferred enbodi nent, the precision
positioning mark section has ao a wobble pattern in a shape
di stingui shable fromthe wobble patterns of the positional information
section. In another preferred enbodi nent, each said wobble pattern in the
posi tional iARCSFHIAg Bh Ale@Mbadimantuakdheaprasest ipyeptiony PRg INVesli¥St h si ne
wave shape; and a_  second part in which a disk-inner-periphery-oriented
di spl ac &ddressareading melped is 8 Mathed tes repdiagysubdiviged infamaatiot Erghan
have/ has a shape steeper than the part having the sine wave shape. In
anot her optisaledislsdnedivouiwiigh ineludesveblsaek geaqusr and en whickyinformatien isect i on
includes the first part and/or the second part. In another preferred
enbodi neacordetealpng dhei back gsvaveoni gy tiaekkgroeweioaludes a mluralitysobnit
identification mark for use in precision positioning. In another preferred
enbodi msectionsh dhatdarg idrrargedoalongr khe draskngroove amd khahdnavehsidebteast or ned
by discontinuing a part of the track groove. In another preferred
enbodi neligplacdbperiodicallynalokgithe draghogredvat Thaé sideetzmed afftheugtit $entiohh peri od
parts of the wobble pattern in the precision positioning mark 25 secti on.
10 1 Mararé d&plecedninansinglerfupdamentat gpedoti oThersubdivided infobinbopatibeatadi n t he
precision positioning mark section has a sine wave shape.

to each said unit section is represented by a shape given fo 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, in each said positional information unit,
the precision positioning mark section, the positional infopMaeH mossection
and the sync 5 nmark section are arranged in this order. |n another
preferred enbodi nent, a recording block, which is a snallest read/wite
unit; includes a nunber L of the positional information units (where L is a
natural nunber). In another preferred enbodi nent, the recording bl ock

o anotner ~priBebp e Eliheht Tia GRRE e bR B WS SR T res
ceeti on ot S0P Ak Hof o3bMlet AL oMl abPh sfia T ekl B M
AU 10 0 SO D0 00k Ol 1l V6 e SRASURRA < e

mrror erm ne n ano er pre erre odinent, the

mrror 'Eljﬁn% eee{e?ﬁﬂ#éb Ringe ﬂi) r{c;@h[e%u%gtv:déﬂ fo%gteg:‘ etJPﬁ track

groove n an her prererre ment a Si ng e SU OI’ mat i on

unit is wobbl e for M periods (where MIS a natural nunber
equal tos%ﬁgﬁg%(g%’eg?ﬁ&ﬁﬁan 2), and one bit of the positional information

preferrod gﬁbﬁg?ﬁn@ﬁ?" TRHfErreSt BRIEIREnG = T o0 % oI8RReR o g
Second vgBRife Bl HE BB anné@*aﬁ{eg G g gl 8 4 el chivepBAUNE,

nunber). In eac |rst wobb patter avi ng rect ngul ar
parts i RpEudMHIE aﬁéﬁk i nner - peri phery-oriented and
di sk-out er-periphery-oriented displacenents 11 1 March 2005
' In another preferred embodiment, the type of the given wobble pattern is
identified by comparing an absolute gradient value of the leading edge of the

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




are both steep, is repeated for a nunmber M of periods. 1n each said second
- wobble pattern, a snooth sine wave wobble is repeated for {pgd4eesi ods.

I n anot her preferred enbodi nent, the sync mark section is made up of the
first wobble patterns only. 5 1 n another preferred enbodi ment, the first
and second wobbl e patterns are arranged alternately in the sync mark
section. In another preferred enbodi nent, the sync mark section is a
conbination including both a transition point fromthe first wobble
pattern into the second wobble pattern and a transition point fromthe
second wobbl e pattern into the first wobble 10 pattern. In another
preferred enbodi nent, supposing the positional information is represented

by A bits; the YRsdefBl erfBSdinnt R @Eﬁ@cﬂlgii&k eosdiaspivetlideg & rBcisidrbl e
periods; the precision positioning mark section, including the mrror mark,

has a |.onghhin %5%@@&%%\%(: & ol Ad pesiieAs! infRmatiBRleetiger i od has a

I ength IS~Corrésponding to annel bits of recording data; the nunber of
chanmel D1t B "G RiSR s BB 50 ks kg i sk W ¢y 1
Panber o dRgRsed akieRPA IR OLFRILSAY! PRPoRal BTondafo PILG. 20 1 " anot her
preferred enbodinent, Bis a nultiple Qf M I n another preferr%d
embodi ment, Ae-agothaeprefegedxanbaigentie precisign pogitioningaMaihseciondias r ed
enbodi nent, A=48, M=36, B=144, C=9, W155 and E=4. 25 In another preferred
enbodi manvobide $atteiind stEge, distirguidhvabsiramdhe 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.

10




12 1 March 2005 E=4. In another preferred enbodi nent, A=48, M=36, B=144,
C=9, W124 and E=4. The optical disk nedium nmay use a nodul hMaosh e f or
converting 8 bits into F channel bits. Supposing the precision positioning
mark section, including the mrror mark, has a length corresponding to C
wobbl e peri ods; one wobble period has a length corresponding to Wchannel
bits of recording data; the precision positioning mark section has a

l ength corresponding to P franes of the recording data; one subdivided

i nformation upl nBRRraptgBetd SALLERRIRIING Weblkef pattdta & thBepfrawifi ng
data; and one franme of the recording data has a nunber R of bytes, where C,

F, W a 2. ar - Q are rational nunbers, equations
P XRX w&%é%tyﬂﬁgﬁgg%gﬁggg both satisfied. In a preferred
enbodi nent, FE=16, M=32 _C=8 186 =1, 4 and R=93.1ln angt her .preferred
enbodi ment | AR rioth-sfereed enfhgdiient it each Syt fos s oSt B er r e
enbodi nent, F=12, M=24, C=6, W186, P=1, (=4 ar}d R=93-1n anot her preferred
enbodi neRfecisior) pgsitiqning niarl segiian,othe posjtional infgrmatienosecting A they Syre

anot her enbodi ment of the present invention, an inventive positional

i nf or sratierk sasiidn e awa indthig ardehod for reading out positional

I nformation fromthe optical disk nmediumof the present invention. The

met hod i ncl udeandther strefesedf embediawdinitng tdverdiyg blo; kvisiel tis om sifedleshas
- been formed on the optical disk nedium detecting the precision

posi t i oneRE/MWIRE initetRBbS ShiuEbér L BF thes positisren iimaination| arits (hepo $i isizonal
I nformati on using the sync mark

natural 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




13 1 March 2005 detected and/or the precision positioning nmark detected;
and reading out the positional information in accordance w Marahh2005i t
synchroni zation established in the step of establishing the bit

synchroni zation for the positional information. According to another _
enbodi mrent of the present invention an inventive data witing nethod is a
.frethod for witing data on the optical disk nediumof the present

i nvention. The nmethod includes the steps of: detecting the sync nark

section éreadotﬁ%&egag%ﬂré‘p%m%dfopa SN FHeriBls K INTBEEH ShiddRIc8RY Wibbide

“precision positioning mark based on the sync mark section detected;

0er O T AR h LB Mg VRS, YEESEBToFENALombRl ok ot e ana

starting n ioning result obtained in the
Phformati on 16 SHaBPRBEPTRe SBRANSR; th SKC B REP b Biae gk ALt um
according to the present invention includes a track groove. On the optical
di sk nedirshvolbie palaisanly-s recorded al ong the track groove. Managenent
i nformati on of the optical disk mediumis represented by wobbling of the
‘tracks gr oove.lnlanaiher pfedered eatisditheninthe firaé angnseaondi webhlearatierns gre
represented by a conbination of nutually different wobbl e wavef orns that
osci | | at@raigettadtessately ifi teosiewayarklseciiohhr ch 2005
In another preferred embodiment, the sync mark section is 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 wobbié 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

12




In anot her preferred enbodi nent, the control information is represented by
a conbi nati on of wobbl e shapes including: a snooth sine waveMaearht2008nd a
rectangul ar part in which a disk-inner-periphery-oriented displacenent
and/or a disk-outer-periphery-oriented displacenent are/is steep. In a
preferred enbodi nent, the identification mark is |ocated substantially at
the center of an area on which the signal is witten. In another preferred
enbodi ment, the identification mark is located closer to a previous bl ock
W th reé%@%t to the center of an area on which the signal is witten. In
anot her preferred enbodinent, the identificatjon nark includes a fla
portion !tohat ﬁﬂa%n%'é"ernpfetf?rﬁ% %‘S}b‘?ﬁ'g@é‘ﬁtf‘ﬁﬂl&néﬂ:@ﬁe B714dk %‘T%o@e—'"?&ra short
interval. , In another preferred enbodi ment, the identification nmark
includeézﬁﬁplurality of sub-marks. In another preferred enbodi nent, the

connecti ng. t ol SaLaSk arlitymEy use aduodiatonoodk e ibopveng & P e
rack grocPanie B ouaosing As PTBERIBUPES APRBE et SPua: PENEIT S1F nar k
' amot HBOE P OB PR Ga mavhfoRsr sl orm oPRI pied e “0°
B ong ¢ relongiaFERRnt G BBt bk kPl b PE SrbtRnddidiig "2ach
sai d. Ul bhOgkyoh e BRGNPEST SRR ROE fERbs Sfie' FiRBIGTE RIS b
subdivided information unit has a length corresponding to Q frames of the recording
data; 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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peri odi c wobble. A wobble having a frequency different fromthat of the
other parts 1is allocated to each said sub-bl ock identifica%' Fbﬂﬁﬁd@- I n
anot her preferred enbodi nent, each said sub-block identification mark is

| ocated at the beginning of its associated sub-block. In another preferred
enbodi ment, the identification mark for one of the sub- blocks included in
each said block unit having the predeterm ned | ength represents subdivided
i nformation indicating an address of the block unit. In another preferred
enbodi medttectedeangdion| the oprecifion maskiogingoeankadetgcteraprd deadiagperdihy) t o
the information indicating the address of each said block unit. According
to an erRRsifianRahinfgmation I 2econdanae, with ith, bit synchrpsization estaplishedvp the ng
method is a nethod for witing a sjignal on an optical  disk nedi umincl uding
a track $ieB&fesighlishing iy Bit synehreniation frrtbeostionahfpmation di sk nedi um
information is recorded along the track,_groove on the basis of a bl ock unit
havi ng a pre%éioé‘g'ﬁﬂﬁ‘é@npg?ﬂte@b%@eﬁﬁof ﬁ%PBE‘PP’%ﬂ“%ﬁR,'"Werﬁ'éﬁ’%&’la?%g t he
~begi nni ng _of eac said bl oc nit, has been formed on_ the track groove.

W Pt g e GiktBed B eetPRd 101 dHinG: e PO hRupRICAl Glish Guediamy AL the

begi nning of af |east e bl gck unit on which the  signal should be

wr 1t t en, PreSeRicvgaKoN. ThES Jptosy Melidssailty siaps: OF rdetedl the SYPE oAy k.

| ocated at .the end of the at |east one bl ock unit on which the signal

shoul o tih et heen fadhed, 383ba Shlieab s aoHbS ARt BORREIN of ¢ ne
present invention not her inventive signal iting nethod is g nethod for
wri ti ng ROSHENNG Miak BRseTion e SHGmaesrtdian Jrtpeeen g CHoRPRgIPOs RS on
recordi ng.supface thereof... On the optical, disk, nedium.information s

r ecor dedSiiG s PiReio, BRo o IRg anak dsiecifds pbd plarting 16 Write the datt based

on a positioning result obtained in the positioning step.
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1 March 2005 of a block unit having a predeterm ned | ength. . .An
identification mark, indicating the beginning of each sai dilpisperkeaps t and
including a plurality of sub-nmarks, has been forned on the track groove.
Witing is started after the first one of the sub-marks, included in the
identification mark | ocated at the beginning of at |east one block unit 5
on which the signal should be witten, has been detected. The wwiting IS

- ended after rg@}regngmggdﬁﬁ@ngs%% 3,, m(g,ﬁ{ @‘ﬁﬂ'ﬁ: '{écénrbee&gwl hcatlon

mark | ocat ed at he "en Ieas one chH (R si gnal
shoul d hgepydd €n, has been detected. In a preferred embodi ment, a signal
having a particular pattern is overwitten on each said identi fi cation

pattern i s a GRS LoBRE Y Eﬁ"%ﬁ?&@%ﬁ%ﬁ%ﬁ%’&@%ﬁ PRRRsd D

view of tafekgtobeal ofitk dmﬂbvmsﬂ%eaﬂwquoﬁnhﬂg? i’ Fecdttiod oh Hond¥Rhhap. I G

1Bis a plan viewillustrating a planar shape A fTack e on

optical dglbbe. ”méhldggﬁfenf h@foﬁhﬁﬁ@rﬁ‘tof'tﬂéeéﬁt!c%g didl %e@l?ﬁ’% id I’ prasEmbgSpp! an

Vi ews shovm ng wobb pattern el enents, whil ustrates plan

vi ews sRgyiblagidtihe irseR §refverobbl e patterns for med by 20 conbi ni ng those
elements. FIG 3Aillustrates a basic configuration for an apparatus that

can identi fylnt@q:réwmdotenﬂ;cﬁnment Vmébb&ﬂﬂﬂt%ﬁirﬁué?%nais"‘@éﬁ}b@e angy faving
anplitude changing wth the wobble of a track groove. FIG 3B illustrates

wavef or o sgatRirs of haiuaty anmbht Suvdbitié QUaVePbrmidI hat 86&IatdDat 11 Qakfe the

wobbl e signal and a pul se signal.
frequency.
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18 1 March 2005 FIG 3Cillustrates a circuit configuration for: extracting
the pul se signal and a clock signal fromthe wobbl e signal {4 pzk&s 20b5
illustrates a main portion of an optical disk nediumaccording to a first

“enbodinent. 5 FIG 5 illustrates a configuration for an optical disk

reproduci ng apparatus according to a second enbodinent. FIG 6 illustrates

‘a configuration for an optical disk reproduci ng apparatus according to a
third enbodi nent. .FI G i |
“afourth 1o Brfifiherehteterresenbqdimag

LA SRS, FOBRAP RGP R .

e L N T e R R RS T A
200" O ek hebl1, i, RRCA TRGF b BL e o7 i SBoel ahghf 4 o0, o
12 111 el BsPulbF PR EneRia e Woladerdlft vl §1efp reat um according to a 20
sevent 0 et oAb oS B Bl PR
si gnal %Et(:ieﬂﬂar'mtah%jreg%%%mcﬂ%é gigtnlé?is%rgljf'ém
In another preferred embodiment, the identification mark is located 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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enbodi ment. 25 FIG 15 illustrates a main portion of an optical disk medium
accordl ng to a 19 1 March 2005 ninth enbodinent. FIG 16 il ' Lahgs a mai n
portion of an optical disk nediumaccording to a tenth enﬁlo I e %) FIG 17
illustrates a main portion of an optical disk nediumaccording to an 5

el eventh enbodiment. FIG 18 illustrates a main portion of an optical disk
medi um according to a twelfth embodinent. FIG 19 illustrates a
configuration for an apparatus for generating a clock signal and reading
“an address signahotheonptdferrept eloditneit, neaciunsait! thhkeck Wit thaving the

enbodi ment. FIG 20 illustrates a format for a group of subdivided

i nf or mapredetermiaed lepgthdatiudes k pleriiyrofabobloriythal ase eriangedAleng the

enbodi ment. FIG 21 illustrates a format for a group, of subdiyvided

i nf or maigreaveor sub-binokiidentifitation matk ispeyidadwitenieach saidpu MRC?K
enbodinment. 15 FIG 22 illustrates a format for roup

e
. | b of i
;: ImZE or ggtl Fln d)l'{n ar:otherpmref@rredi sermbesiment d@@o?@?'ﬁg&?g"% i gf@m‘ﬂl"é%%ﬁi nent .
- illustrates respective bits f he. Y ' '
on ” the pggpgwl)?plgkwé?ﬁjﬁ!fréﬁfr@'@?rfeg%aéhﬁﬂ%%ﬁmﬁréﬁ%‘?&%é@%%% reton
rough Illustrate a t. ean. IL.cal disk [ [
to a o ¢ BlRAIeG b SR hERK Sl ROk METERIFENEE s Getailed format for the

‘i . : .
optical disk Irq%%%@rapcrg%rr%dn&n[)&iment, each said sub-block identification mark is

located at the beginning of its associated sub-block.

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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- the sixteenth enbodinent. FIGS. 26A through 26D schenmati calq{ yaidnl2096rate a
~track groove of the optical disk nmediumaccording to the sixteenth
enbodiment. 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 disk nediumaccording to the sixteenth enbodi nent.
FIG 29 illustrates a configuration for an optical disk read/ wite drive 5
according to a seyenteenth enbodinent. FlGS. .30A.through 30E.i]|Justrate
posi 11 orfdia PRk U TEka USUM R donh- Ao e BRA TS EIRE I e ks
according to an eighteenth enbodi nent. F|GS. FglA,t hr ough 3?:]1%‘]i | lystrate
exenpl arbeginning of egchiseld blockdand and kehgingya vy o ﬂ-ﬁ%‘@é ha Mrent .

10 ‘FI GS. 32(a) through 32(c) illustrate an exenplary nmethod for witing
dat a at fomneéd iongthstteaak/ gnedveoWWiitisgiis startask aercibevlirshone of dhestlbwnarks,
enbodinment. FIG 33 is a flowhart illustrating the flow of exenplary

posi t i onatludied o hetidentificatio inmerk poeated at the Eegionidg of at eashene ibigrkaeit h
enbodinent. FIG 34 is a flowhart illustrating the flow of another

exenpi argh RAhith®8hal diouibehiftdnORas ©aeh detddted: €Theé aiting eoendaaiter t he
ei ghteenth enbodinent. FIG 35 is a flowhart illustrating the flow of

exenpl ar ! i hfie [dentifiGatRhdhhRanidle BPAE sRNsf FI G
36 ill ust ?g%ggngokgﬁn%wﬁ%?&éﬁ%ﬁgp dlids%k medi um according to the -
el ght ee%g aﬂé%cs)td cl)r%e B'ltobk unit on which the signal should be written, has been detected.
in a preferred embodiment, a signal having a particular pattern is overwritten
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




20 FIGS. 37A through 37E illustrate other exenplary recordi fighatéH s5f5s f or
control information according to a nineteenth enbodinent. FIG 38
illustrates an enbodi nent in which four positional information units,

i ncluded in one positional information segnent 403, include 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 wobble of a groove BEST MODE

FOR CARRY!I NG NVENTI ON gr oove 2
has been o et ol THETSES AL gtathangna AR don xiracine She Pl? sidrel HHecH um
.according to the present jnvention. FIG 1B illustrates a part of t he

track gréeskesignaldrom thg webblesignal. | n FIG 1B, a disk center (not shown)
exists below the track groove 2 and a disk radial direction is indicated
by the arrow RIG. fhilustrates\angioi perioraotian eptical diskrmediuohaecardiad/tova first | i ght
beam spot, being fornmed on the disk, noves as the disk is rotated. In the
fol | ow ngmbodidesitri ption, a direction parallel to the arrow a will be
herein referred to as a "disk radial direction" (or "radial direction"

simply), whilm@ sliethicana F&;@hifioﬁgiur%'trorélCfofr k@ apticalvdisk Mip Mdd@ﬁgﬂ@{)ﬁé@td@f erred

Lo as a "tracking direction". In a coordi Patedsystemln whi A de |kl ght

of “The’ Giopn %bﬁ?%?éf’d*d’e”ﬁm‘j R ght. beam (ahi ch- 15 wi 11 be heretn o
f d

to t Léear ﬁ ow'i S 1§ Musifated %ﬁ‘h@ﬁ“@ﬁ dgh Al ikt Sk Bpfid Rl AERARRRY

1B will- on P‘g? bn an (%pt ical disk according to the present

Fvent | giteorfi B & BURpHEPETRN

FIG. 7 illustrates an address reading method according to a fourth
10 embodiment.
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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a position on a side face 2a or 2b of the track groove changemrge2008di cal |y
as the X 20 coordi nate 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 arrowa will be herein referred to as a

"di sk-inner gri ery-oriented displacenment”. Also, in FIG 113, one
wobbl e pBFWbﬁ”PQ tified 22 1 March 2005 by "T". The wobble frequency is
inversely proportional to one wobble period T and is proportional to the
li near vel oci ti5-016 filstralegna "b@ﬁrﬁ%%’l op@nt priical digk medivReacsardivgrtatd
exanple, the width of the track groove 2 is constant in the tracking

di r ect i otentlmembedinesntted by the arrow b). Accordingly, the anobunt to which

a position on the side face 2a or 2b of the track groove 2 is displaced in
~the disk radFgs. 17 tlestrates o amin pditioat sfdarbyplided diukr mediainm ascerding totant he
anount to which a corresponding position on the centerline of the track
~groove 2gledsnthnGhisaimeny the dashed line) is displaced in the disk radial
direction. For this reason, the displacenent of a position on the side

face of the tﬁ?kwwagﬁ ek oy bin Poblor! 8Ll o8l Thédilinhldortifighs £ 1

si mply referre to as the enment o e track groove
"wobbl e ﬁ" » '3'&)06 roove". It should be noted, however, that the present
i nventio 9 ed to this parti cul ar situation Wnere the centerline

and t he si'de f aces . d 2b of, the tr roove, 2 bbletothesne
Sount i bt neFIRoTS iGiales & capihiion qre?’%éf’?%’@ﬂﬁf FraEnGraing 8roiofe track

groove 2 may change in the tracking 15 direction. the centerline of the

track greigve@ andresadied apodddress stanghifien e sptieal q’%@!ﬁ%‘#mtq}feth@r@(ﬂwgr oove

may wobbl e.
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
'.dSkmewwnaammmghameskmthenmommem.

25 FIG. 27 illustrates a precision positioning mark section of the optical disk
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In the present invention, the wobbling structure of the tr 21s
defined as a conbination of nultiple types of displacenent aﬂg{a%?%b\gs 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
appli cant.dAs for t.hett ack rog¥e %toﬁlhomt in FIG 113, the Y coordinate of
a posi t iBRAYM aseording to de dxiEeNh SIS ove may be represented by a.
function fa(xr_) of tﬂgg X 23 ]&Qﬁrch 2005 coordi nate thereof. In that case,
fo(x) may be fjGre?8sy threugh Hlugirate foppate: fpy the sypc ma tion @l enaf t er,
the configurations of wobble patterns adopted in the present invention
wi | | be apdisaldiple mediving @capnding torthe sideentbennikodimest. 2(a) and 2(b). 5 FIG
2(a) illustrates the four types of basic elenents that nake up a wobbl e
pattern of tHdG r28killgstoadtese 2. comfigtir@ior? (fay , ars napdickl disie read/efite ndriver t i ons
100 and 101, a rectangular portion 102 with a steep :
di sk-putRicorfifid R EY¥vaiteaithesmbedigiRinicenent and a rectangul ar portion 103
with a steep disk-inner-periphery- oriented displacenent are showmn.' By -
conbi ni ng thesgsel gilRhRURh BOE! NIQSPatyl pdkiichaPFERLIGHEIPs HelfediP WirithygPes of
wobbl e patterns 104 through 107 shown in FIG 2(b) are fornmed. The wobble

pattern ' . S1 ] n | - Ihi;s pattern will
be her gisié)'figb(zp 5‘325 @id Pg@rY(gr %ﬂ%cﬁ&%@ﬁ@ E)\/\%\*/%ghtre?ﬁ?'m %ﬁgéﬁ'ou%“' be noted that
the "sine vayfsg SaiR! iSuh" T hihhe BBRDARF rotbRfing Ui Bihal™

according to the eighteenth embodiment.

10 FIGS. 32(a) through 32(c) illustrate an exemplary method for writing data ai
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 éegment 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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15 broadly refer to any snooth wobble. The wobbl e pattern 10mJidpcigages
portions that are displaced toward the disk outer periphery nore steeply
than the sine waveform di spl acenent. Such portions wll be herein referred
~to as "outer-periphery-oriented displaced. rectangular portions". 20 In an
actual optical disk, it is difficult to realize the displacenent of a track
groove in the disk radial direction vertically to the tracking direction.
Accordingly, an edge actually fornmed is not perfectly rectangul ar. Thus,

in an actual,optical. .di s an_ed of .,a rectangul ar portion may be

di spl aceaeﬂdeﬁh&‘i"\?@@'“é?’&%ioy reE%rr?%ﬁrbé/dthFdN‘gbC@? r‘i’ga\%%\(%r m portion and does
not have to be perfectly 25 rectangular. As can also be seen fromFI G
2(b), at a sine waveformportion, a 24 1 March 2005 di spl acenent fromthe
I nner nost peri pheréﬁtsomard t he outernost periphery is conpleted in a half

wobbl e period. As TaMQRE HORIGARBYINGIAU T HEANVENTI®Ns pl acement may be

finished in a quarter or |ess of one wobble period, for exanple. Then, the
di f f erence beAseshowrhds & iShddesa i spirmbdidck diceve n?thashbbee. fofnéd @hthd d be
noted that the wobble pattern 106 is characterized by inner-

peri pher pecorditd safack Ipbbas dptieslt disig Inesdiwhi Accordiag viethk epreséntanvention. | s
characterized by both "inner-periphery-oriented displaced rectangl es" and

“outer- petiRL¥rARERNb&Y of iiRPIraged ke RIASrger S8R ORE. RB! hetidk 104
consi sts of the fundamental waveform alone. to Accordingly, the frequency

comm e b it g, A58 TR ol HOURE i f RY"B el B,
the freqnenehd Sy BRSHEY & Th%rBW' B poiRR SirB&iohSh whith 2 feRufvAs iRy
beam spot, being formed on the disk, moves as the disk is rotated. In the following
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




include not only the fundanmental frequency conponents but a} g@rch 2005

hi gh-frequency conponents. Those hi gh-frequency conponents are generated
by the steep 15 displacenents at the rectangul ar portions of the wobble
patterns. |If the coordinate systemshown 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 nay be expanded into Fourier series. The

expanded_ Foyy i seri.es. W ll include term of 20 sin . functi.on.havj ng an
osci || attVon! periGAVeiis fEnueRal S iniersdy Plonbriondt tq ppp wabbleperod T ahd P o
conponent. However ach of these bhl e patterns includes a fundanental
wave codﬁﬁm'onﬂhg) digan¥sioghy efile ot beasn et anlher will Dbe herein
referred to as a "wobble frequency". The four tXpes of wobbl e patterns
descri bed abdudhediustratesoemmpirobis width &4 dlee dyack ZBoove 2Hie cppeleahin the

i nvention, instead of witing address information on the track 25 1 March
2005 gr dmockingy divectiod batindigated e>ywibielbdreow kg g Asstoydinglye thmubimiopht td which of
wobbl e patterns are conmbined with each other, thereby recording various

- typess ofa podifier Bhttherside Redelth o9 2bhef thadFfsksgrioale TRt digplaced ir fite Hiskck
gr oove. re specifically, by allocating one of the four types of wobble

| ; ' ' ik eK
patt er n%?éﬁfl direétmmtbfsl%.&té@ tﬁg% @Fé@fé%f%ﬂl’e&@%ﬁgﬂ{g g@ogﬁt &ﬁ@vﬁtéh’?‘%l

groove, tour types of codes (e. ere "

denot es bl ackod i PLREHA 13 oIRIRhE Bf 1Y B3BK PR b 98c 1iifiER Y ofleand

combi nat1on nes represents a unber or an error
S AN ST NS R
the WOblt):llisepIz?c]:cerrtugr(lat ct:ofr g Cplém irC)?lognefhg gi%ren ftagg -c?fpt“act?elackdél%lévy ir|1 lthg %isk radial |
.10 direction will be herein simply referred to as the "disbtacement 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 dii;ferent 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
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described with reference to FIGS. 3A and 3B. First, FIGS. 3Apand, apswill be
referred to. FIG 3Aillustrates a main portion of a reproducing apparatus,

. WwWhile FIG 3B illustrates 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 |aser beam 201 so that the spot thereof noves in the
arrowed direction. The | aser beam 201 is reflected fromthe optical disk
to formreflected Iight 202, which is received at detectors 203 and 204 of
the repr | r shayg,d byl RgorkigaRct sih2R03TEMdor204 ar e
spaced‘ﬁgﬁﬁﬁéﬁgggggﬁcﬁ{g%ﬁer fﬁﬂgngﬁyg%éﬁgﬂ]é% g%rrespond?ng toﬁ?he di sk
radi al direﬁtion and each output a voltage corresponding to the intensity
of the $@JM'®received. If the position at which the detectors 203 and 204

are irradiated with the reflected |ight 2 (LB id 1.0 i ch
the |ight idieresalieretie spR Q‘Ea’i“a"v%f’gw&l?i’ %P%hﬁﬁ‘sd%‘{’%??gﬁ@ %3&5%“%4 wi t h
respect to the centerline that separ z%t es tr}egﬁi%eﬁaﬁ)rsd?g and 204 from
each otiheentionhwitl be desariberdp detall with Fgleeaneg 19 ef\& {8 'i?)puts of the
detectors 203 and 204 (which is 26 1 March 2005 "differenti al u%?)- ul I
det egt i on") .FIEh@(ajillpstratesthe Faurdepescobbasio elenaenis dont make Lipn%g‘fo E?p a
differential circuit 205, where a subtraction is carried out on them As a
resul t, ptesh Ghdte BAEK gRaaved2.ng MIG. 2fw), amlobthesisk apayelirm hertigns dd amb (i . e.,
a wobbl'e signal 206) is obtained. The wobble signal 206 is input to, and

di f f er eyyf atpd angiar MdiorPase2f ithera (BRep 2disk-odter-peripherytarientas smoot h
fundanent dl conmponents that have been included in the wobbl e signal 206

~are att ‘S%%{% e ?@n%nhngt r%lﬂ’éh‘l ?Srtioﬁi ggng%QSa di8ép Uusislomnerpesplearyponent s

corresp rectangular” portions wt steeps gradients, is obtained.
As can cl))r?en ee rc]iisfprlaocrgn%:én%arnghoRNm?' %?/l %mﬁi}ﬁin%f 286 blements 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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pul se in the pul se signal 208 depends on the direction of ijfsASsARsat ed
steep in displacenent of the groove 200. Accordingly, the wobble pattern of
the groove 200 is identifiable by the pulse signal 208. Next, referring to
FIG 3C, illustrated is an exenplary circuit configuration for generating
t he pul se signal 208 and a cl ock signal 209 fromthe wobble signal 206
shown in FIG 3B. 15 In the exenplary configuration illustrated in FIG

3C, the wobble signal 206 is input to first and second band-pass filters

BPF1 and, BPF2, ich nerate th ul se nd kK si.an 09,
respect i%‘@?e"ﬁﬂpﬁgﬁfﬁ?‘? HB”%%&%W@?%%&’V%# qﬁﬁe&f@%{ﬁé&i §8$9vﬁ%}ﬁlz% t he
first band-pass . filter BPF1 nmay be a f{ilter havjn uch characteristic
that t n@omuetogi ine 3 elowabRIR Heribinc S tHEr JROIILRESPoTaN S THNAT,

frequency of 4 fwto 6 fw ge.g., 5fw. In afilter like this, the gain

t her eof dispidcanadrntynanbe daisbed it aguadeeonleseof ape webbler periode farmyeaPle.n a
range froml ow frequencies to the peak frequency, and then decreases

st eepl y Thengthe differencabetvedencibes@stapss iseaaily distnguishabland exceedi ng t he
peak frequency. In this manner, the first band-pass filter BPF1l can

appropri at el yt greanad dee ndfed thext Rbé Seolstilg paitteAVd 061 ispelesectbiirgd biyeinner-
rectangul arly changing portions of the track 27 1 March 2005 wobbl e, from

t he wob egipﬁ%aﬁ{—‘?ierﬁlg@- AR Ofedndieéndwhilge tiseC oBbRangateans 107 tigr BPF2

has suct ring characteristic that the gain thereof is highin a

redet ermned f . i : | N 5 0 1.5
P and’ el s TEWEBEH, Ber paitheraonfod ABHlbad Soctinobaldhd> Sl 0, &
the other frequencies.,. The second band-pass filter BPF2 Iike this can
gener at &e&PéP%—Oﬂ%{%&Q!S@%@ rﬁ&&‘lr\gzesa'ffequency corresponding to the

The wobble pattern 104 consists of the fundamental waveform alone.
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




wobbl e frequency of the track, as the clock signal 209. Herepgahi®bhs

enbodi nents of the optical disk nediumof the present invention will be
.described in detail. 10 EMBODI MENT 1 A spiral track groove 2 such as that
shown in FIG 1A is also fornmed on the recording surface 1 of an optical

di sk according to this enbodinent. FIG 4 illustrates the shape of the
track groove 2 of this enbodinent. The 1is track groove 2 is divided into a
plurality of blocks, and a block mark (identification nark) 210 for use as

210 of (PR bt M TR A58 ERYBCRebiE Al FRCRIEIE Wes cFoRoBbBTY TR

j hort l'ength. Th k 2 i pcl yd lural ity of
Locti onepademe i aambltad "G st oteemedierahy”drculptcdatios: et ithwer o

. unit sections 22, 23. An arbitrary wobble pattern, selected froma

pl ur al i tigfosmatigbblirclyding e tive | address e INPIMRLONE dOR o thes JEFCKLITPOR MR | n
the exanple illustrated in FIG 4, the wobble patterns 106 and 105 shown
in FI G spepifically i allescatieg one afthiee fourttypes of wngblzzaaéteanszwl thyopgbtliliel y.
Each of these wobble patterns 105 and 106 carries a one-bit information 25
el ement tbieagh, pré@étepmineld $gctionhofcthe widck greoves feumtypes ef cedes de.as "B”,

"subdi vided 28 1 March 2005 information”. By identifying the type of the

wobbl e peattermpraldprated twh&dachBmidenctest bBk ofnféhmatiohackS ar deustest he
contents of the subdivided i nfformation allocated to the unit section can

be 1 ead o AGhRINABHYintffHiOH Sarkd/ BESorRBink P o BN af@ b8 Fepiéberfishd On
address number or an error detection code thereof) may be recorded.
Next, the fundamentals of an inventive method for reading information, which
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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. 5 As described above, the difference in waveform between t 5

_ patterns is represented as a difference in gradient between the |eading
.edges or the trailing edges of the read signals as obtained by the
differential push-pull detection. Accordingly, the wobble pattern of the
unit section 22, for exanple, is easily identifiable as one of the wobble
patterns 105 and 106 shown in FIG 2A. However, 1o when this detection is
performed by differentiating the read signal in the above- descri bed

manner, ' : : ' : e. r I £ ot b i S
appl i cd 1aGenPaPARAAC IR ThSoup 0 Hiedom F shS TN AE
ratio, the detect | erra occur. To avoi d the,occurrence Qf such
det ect 1 dRPH oo Sty B pRekpgRs Hisybl B B lcotu B PR B0 E o Baident
is The information to be witten b e yser on the dis ich w be
hor o n TSR SENALCAESPPBABE I ap MBI SARSH o o Ul Goch Wobbl: o
bl ocks along the track groove on the recording |ayer. The recording '
i nf or matSignali206\is pbleinegn bheMebklegignal 3ok issiaputto, adrdiierepliatedttyhds from -
the bl ock mark 210 along the track groove 2 and has a predeterm ned | ength
of e.gy.  higdphkss diigt G4PF)A207.0As hirksult,Hhe snsoath duidaméntaDcomponends itbat
processi ng and may nean an ECC bl ock, for exanple. Each block is nade up

of a nurire bBediMnchitiedsinatheaivbisisle JwHEIE06 afe aténlterlehd Mbieadeagligdel ock
has a |l ength of 62 kil obytes and each sub-bl ock has a length of 2

ki | obyt eggndl #8, Meikfihg DuRb SRpdHatk SorBehdHifRth i&r&?ﬁmdﬂié}cﬁo&i§nsf?(2)vrithl 25t hi s

enbodi nmen the areas on the track groove where the i nfoormation

et bl R S i1 O AR B R GRPERS 48 el frslbens 22

infor rmtpiu?s% 'i'nonthg rpu'isle "siginal r2%§OEIgpegnd%noﬁ at%g &];ecttigﬁ of its associated steep

1d displacement of the groove 200. Accordingly, 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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unit sections 22 and 23, a group of subdivided information pfiaNrIZhoBits is
all ocated to each block. In this enbodinent, the address of the block is
indicated 5 by this group of subdivided information of 32 bits. For
exanpl e, where each unit section has a length of 2,418 bytes (-2,048 bytes
plus parity) and one wobble period has a |l ength corresponding to 11.625
bytes, a wobble pattern for 208 periods is included in each unit section.
Accordi ngly, the wobble signal 206 shown in FIGS. 3B and 3C may be detected

‘over 10 20 | rids.:(i. a wave nunber of 208) to identify the
type of W I%%%Bbﬁéﬁﬁigpﬁt For that reason, even if sone detection
errors have been, caysed, b 0oi se durjng, sign r N t he suhdi vi ded

i nformation i nin‘B%rﬁl%ﬁ?ri QB¥% ﬁé’cﬁﬁ I baﬁ%ng%ﬁilter@?’glzs@%%isppréﬁ B MM e
differentiated waveformof the differential push-pull 15 signal (i,e., the
pul se sidwacteisic thalthe @aiuihsradd ishightie ppredetermineddregrenay bangd (6.9 Bes or
falls. And if the accunul ated value of the nunber of rises is conpared to

t hat of a handuatging dfoni 819 By ta Aénfw ldedrintlvdingdhe ovabils frageeryniverbthe As a

~result, the subdivided information conmponents can be extracted highly

accur at edanterY bat il spekl ateths o4l fedipiamcies. AHe seeondl Hamdrpaskshijtted BRFNlikenui ng
"the track 20 groove 2 for just a short length. Accordingly, if information

| S over Vihist 59 RRefdidta RiHd waQk digRall ¢&0f: iag‘récﬂ)%hy%(ﬂfesﬁbﬁdihb%kth@ﬁrk
210, then sone problens may arise. Specitically, since the quantity of

l'i ght r%%@D?%grggg%ﬁdﬁhgﬂgag’%tgggﬁ&i%a‘ggogv\het her or not the groove is

present a . . the existence of t . ock mark 210 causes a
oLt o Dace R BboT S AR P IBRFRA " bt 0L,
predet erimenn%%n?’v(v)ill Jbel\éigs%nbgg ?nSdetaiL
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 paiterns 105 and 106 carries a one-bit information

25 element (i.e., "0" or "1"), which will be herein referred to as “subdivided
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Iength including the block nmark 210. The VFO recording area; gl. hs%o%g area
where a single frequency signal VFOis witten. VFOis a signa

Jocking a PLL required for reading the recorded information. Even when
there is any disturbance or variation, the VFO signal would cause a jitter
just locally but no errors. Also, the VFO signal 5 has a single repetitive
frequency- Accordingly, it is possible to separate the disturbance caused
by the block mark. However, the signal to be witten on the VFO recording
area 21 does not h tq.have. a ,sin fre nc but .ma ve a .
particul'&?rﬁﬂf"@rn ‘ae'gt‘fg'ﬂggtpfeéyp%g’rqg (ﬂ:’ﬁ%r‘%&?fr'&ﬁgﬁﬁﬁ ngse&‘fgr%'ta the -
frequency thereof fromthat of a signal ,corres ding to the Iock mar k
210. 10 E8oDINENF trckarepyiartbe contgtspf theapu Ig'aeﬁié'%%aﬁf&rhgl

havi ng the function of readin n address on the optical di sk medi um of

t he firstheaumiicefiolientcanibe rasg. lgmdmgbrdvamws typrsd iifernaation @an Iz regl A

| aser beam emtted fromthe optical head 331 of this reproducing

appar at usasddgn ngitsbib stilsdivided priformadtiont sk 1, thereby formng a |ight spot on
the track groove of the optical disk 1. A drive mechanismis controlled in

such a nmannerag HascrideeataveNtheSdiférefBy @swalefof® Bdt@ekn di®@oBblaDpaiteensopt i cal
disk 1 is rotated. The optlcal head 331 then receives the |aser beamthat

has beengrg ;le%%ﬁfeﬁ asZQ ditferbh&e #P #a%?ént Betlfedn tHdRagiMYy SR & thBQrdlthg

electric signal. The electric si s output fromthe optical head 331

and t her | qegug[)et & s iR 8&3 gafg 32 gt ASHEbGF teldeyshonal s

subj ecte 0Cessi n ponse Si gna supp l'ed from
t he optl 1, re essor enerat and out puts
a full y ié? %@ﬁa ?e‘é“"“ %ﬁﬁgmanzﬂ ¥l PASH5 The
wobbl e si gnal |s i nput to a vvobbl e PLL circuit 333. V\gRb||$ PLL
identifiable as one of the wobble patterns 105 and 106 shown i xn FiG owever,

10 when this detection is perfoi'med 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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31 1 March 2005 circuit 333 generates a cl ock signal fron1thﬁanmqggée
signal and then delivers the clock signal to a timng generator . The
~clock signal has a frequency obtained by nultiplying the wobble frequency.
It should be noted that before the wobble PLL .section 333 is

phase-1 ocked, a timng signal nmay al so be generated by using a 5 reference
cl ock signal although the precision is inferior. The fully added signal,
out put fromthe read signal processor 332, is input to a block nmark
detectorﬂgéggmboeaccordance with the fully added signal, the bl ock mark

det ect or I"'ocates the block mark 210. In the optical disk of the first

enbodi nent , he laser. beam.reflected froma past. where the block mark 210
i s present, h§§1°§ %’@'ﬁﬁtéHg{R\dﬁﬁéﬁg "f'?;'qnnaﬁ He ﬂ{ﬁerlecgr son ﬁ@ﬁ@rogiﬂhegl Y,
when the | evel of the fully added signal exceeds a predeterniped |evel,
the readuRif $egHops ek Uk 2932 gEotth & sxubdivi & ariorrRAton < T 8 Ryl and
sends it out to the timng generator 335. In response to the bl ock nmark
det ect i oallasiatgthto aach blagkc| lodRissirgbedimentcthe) addigss gither bloek isBEicadrfht s t he
nunber of clock pul ses fromthe beginning of a block. By 15 performng

- this soupy thiggroup ofssybatbdddal infdrmatiet ef B2 biist he tinming at which the wobbl e
signal should rise or fall, the timng at which the information is

subdi vi ded angpt %m&lbmr@bam uaft seatidn Rheckichgtts 6£2j4a8dslted\(H2,648 shape
counter 336 counts the nunber of times the gradient of the wobble signal

‘rising i @tsg%?griggeﬂcf%@rwém p%tr%geﬁgé A B cAbYSording tor ey 20

unit section ically, If gradi ent” of the push-pull signal is

eau2L o 25 B BB R SR eyl ey D SRR 5 or
e SRa Sty the wobBle simal 206 sndws th FItSs 8 BhG 33y B etbRba BUBNIS 115
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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timng at which the wobble signal rises is defined by the opjpRWh &jggnal of
the timng 25 generator 33.5. 32 1 March 2005 A second shape counter 337
counts the nunber of tines the gradient of the wobble signal falling is
equal to or smaller than a predeterm ned value Di, for each wunit section.
More specifically, if the gradient of the push- puII signal is equal to or
. smaller than the predeternined val ue DTH when the wobble signal falls, the
“counter 5 337 increnents its count C2 by one. On the other hand, if the

gr adi e-?énﬁg &{ﬁ%@ﬁh? Bi&%ﬁ oRFki21bhemd WIEOGBERURIg £33 Xdeanmwea attenge i t s

count timng at which the wobble signal falls is also

defl ned. o iiauShtPibnd N s ehinbeVE BldKig8anel Bbiahg AL dstredion ded

8 conpares the count™ Cl of the first 10 shape
counter 336 with the of -t he r 7, sponse
to the r?ﬁﬁ*ﬂﬁd“@l’@ﬁ%’@ﬁﬁ%"ﬁ% g‘gﬁgﬁgﬁ%g%g%? hcg&%i fﬁrﬁ% r?gstge%dé%g?gr 335 to

indicate the timng at Wmchthel n_ shoul d If Cl
?2C2 i s that\VFDisignal wiould cause %lJ'HeDNS ga ivgﬁno EHER- tﬁ%"d@’?{%g’?m @g@ out puts
"1 " as the subdivided information of the unit secb on t her
hands iHfasCh<€igies repelitivei Fequancya uigoordiegly; dn s PRES kﬂs e h%epé‘é"i’ 8c 338
outputs "0" as the subdivided information of the unit section. ot her
wor ds, diftartsificeciased 89 titeblodie snarke Hoyswenfthe ignadbticewditghan “Eﬁ/ ﬁ% ority
on a unit section basis. An error corrector 339 makes an error correction

on the g 58,%93 rS4Bdi wbee thot i idver tRhaoe alsimtatieduency putumayi bgvafa uni t
I NC g

sections d in one block, thereby 20 obtaining address information.

These cl L e4iibepatterd ShdP¥sectal BSnARBAY HrRlW ehoiIeIRRipadatethefeqabhey

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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i ndependent circuits. Alternatively, a single circuit conmpopgatchmygsbe
shared by a plurality of circuits. A'so, 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 nenory. The sane
statenent will also be true of each of 33 1 March 2005 the foll ow ng
~wvarious enbodi nents of the present invention. EVMBODI MENT 3 Anot her

‘embodi nent of the optical disk reproducing apparatus of the 5 present

i nvent i O(E]rcwitl é&'? ﬁgﬂ&r@?&s} R i o Isiﬁ,géﬁrgﬁ’nepl eWBQll)IE][sgépneaﬁ ialﬁ:ﬁleﬂpﬁélﬁél's ﬂ%ék

reproduci ng appa us o 'S efpodi nent 1S omt he ‘apparat us

for readi,ng .address.infornmation cqordi to t fourth enbodi nent, i n t hat
the 1 oprSadeaEe 6 b Bo denpiOnads  Th sl Saralfar & HecleFEr SBEMRADY The
~error corrector 339 also has a different function. In the other respects,
t he appahiltighing thenwebblgpfirauansy- | & shaeld be okad that beloredhareeiietPlds t he
‘second enbodi nent. Thus, the description of the conponents comonly used
for theszedion 3bédphase-locked,| adiming sigeal mayedlse benhgereratad bydesirgteor 340
conpares the count Cl output fromthe first shape counter 336 with the
counts Cxefarbped clbclosighhlealtheagh the pogeisiaroigrinferio337 for each wunit section.
And when an inequality - E<Cl -C2<+E is satisfied with respect to a 15

predet er m nedrh@iuuﬁ aBded Bigndebapiue frortthequh sighabiroesssni332f Isdap@ftoal”
indicating that the subdivided information is not definitely identifiable.

On the %l@%nﬁ?&?ﬁetécﬁoﬁé’ﬁ. It %%gé’:?l:ahﬁé’ \A%lthEthqu!M g{l’(ﬁe;ﬁngpﬁaD%e ?’ﬁjdk%éﬁ‘d ’ 1t h ?

det ect or out put's an erasur ag o asure tlag is

D o ot 854 Yol BB P iRl GPETH P AmbbFH
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 this enbodiment, error bits are erased using the erasure ' [
manner. Thus, the nunber of error-correctible gits of an er?orﬂ%§¥P§ctrga
code is doubled. It should be noted that as the erasure flag, "0" nay be

- out put when Cl- 25 Cgs-E, "X may be out put when E<Cl--C2<+E and "1- may be
putPuE 34 1 March 2005 when +E-~<Cl-C2. In that case, if the erasure flag
«1s "X", the error correction nmay be made conpul sorily. As described above,

“in the optical disk reproducing apparatus of this enbodinent, if

subdi vi ded L;g%%é@f\é %!ﬁ%)% SoiMtbr 987 IBLAR! the IriffBdridfaiphas thecgradieat sfitld S

di fference I'rst and second shape counts, then bits in question

. are erased durin 0 error r ' i

cor gf%@&lialqon{;ﬁﬁwgﬁ 8 $2 97 ShisEr HeBF pRocet et ARRBE o ORIETLYY,

El \ ; n inventiv hod for r i '
st Mo soatay T e kol G s Sy Ayl 2l
is schematically illustrated on the upper part of FILG 7.  Ln the left half
of the smbldrdhahtreprasieterined Mglugil%m%%‘?rﬁ}ﬁwo blg signal falls, h“% FRUTHE ht

hal f thereof on the other hand, rising di sgl acenents are steep. 15 The
wobbk e 33 hrerdbatsdts camtdd2 byamenyOa thaghihgunand i grgientore®e” qual ity
deteriorated by noise or waveformdistortion. A digitized signal 353 is

obt ai negaRYDS| ithéMahd keumepd3T doemabt 8hange itseronint IGR dut haldsi it.f dfent i
. T ’ h . . i ’ t t
signal 354 is obtained by differentiating the wobble signal 352. TheIa -

di 1 ereptiat s AicANAL vARHbIS Yl Tl R AIsoRidfinad diyotite ditpuysigdabof theof t he

wobbl e
timing generator 335.

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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20 shape. A nunber of peaks reflectin [ i
eal | e g noi se or waveformd '

szg{gﬁfshg;? ?ng }heredln addition to those peaks repres;ﬁ@@ﬁgugpgare
. _ ecte or I spl acenent points. For the sake of sinpli
'?ngmghgfé gpgngﬁcapﬂlpgrtz 355_gng 356 that are arbitrarily sgPeLf;éy%rom

_ e described. 25 In the first part 355 of
gzgzgl,sggenhthe val ues 357 and 358 of 35 1 March 2002 t he differggfi:?ggle

g that are sanpled with respect to leading and trailing edges of

E: ngrp girtg'%tféﬁﬁnggffﬁag?%g?’@ﬁémﬁtfegmmwetnﬁ@m absol ut e val ues
: her, e sanpl ed val ue 358 has the great b
val ue. Accordingly, it my be decided tha 1 i
al , t the wobbl e signal '
first part 355 5 has a wobble pattern in which a falling gi spl :agglml;ﬁ!t nigst e

st eeper Lsing displacenent. In the sa
- nme
part SEW{%%M e signal, when the values S\ngéngSSISgr 1E hehsecond
differentiated signal 354 that are | : of the
Crai i ng eabether “anbodirart Ob4E AP gfe: MepiodieRRCEppatat” Hatg, P10
absol ute val ues conpared with each ot her the pectively . have their io
o eat cpresant anandopamlcbe My o) teferph 58 YTB: Mo 1 PR e b 6
signal including the second part 356 has a wpbb ' i
(151 nrafroalrepapRratus oty TR & Fiorenhon Gprapefi IF RIS, 0y sucn
i sion on a wobbl e period basis and by accunul atjn ' i si
f Eet L%’B&dl%%seiﬂﬁiﬂm&ﬂmiadcdmhg 16 dhesfolish embediment &éﬂb?‘?ifﬁé?%'@trggu?qﬁ%ﬂ : 33’
, S manner, acc-ordl ng to the address readi ng nethod of_the ghesent '
apparatus further includes an erasure detector 340. The error corrector 339 aiso has
a different function. In the other respects, the apparatus of this embodiment is the
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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invention, the differentiated signal is sanpled only at the {iLighps
corresponding to the edges of the signal obtained by digitizing the wobbl e
signal, and the sanpled 20 values are conpared with each other. As a
tesult, the gradients of the wobble shape at the displacenent points are
detectabl e highly reliably even under some disturbance such as noise or
waveform di stortion. EMBODI MENT 5 25 Another optical disk reproducing

. ‘apparatus for reading an address on an 36 1 March 2005 optical disk

5 “The rEMAber Al SapalrPaLoRe. TN SEraiRaE ~ro. o PRV HOR e

counterpart shown in FIG 5 in that the drive of .this enbodi nent includes a
wobbl e SPesmage cOBIRLSBYY-361. The wobbl e shape detector 361 identifies a

gi ven wobbl e shape as a first shape with a steep rising displacement or as
a second shaphs viaseribed tahsye, fiml thengptical ptliskeraproduging apistsateispef itbis basi s,
t hereby outputting wobble shape information to the subdivided infornmation
-det ect orermB8dinentaif cubdirited infdnimatibe is \wolb kiefiniblgpdentiffablerduedo akhalhed
fromthe wobbl e shape detector 361, the io subdivided information detector

338 det efifidrafse MtwBes RS girfiaand @2BoAG tfipRdchlifts, thehesisein gu@é:i@h &e tines,
the first shape or the second shape: Then, the det ect or identifies and

out put s Lhee Rt bl Sftof BBRGARY RBoAld AARRIphEd: EieV@err%éPf@bﬂérﬂjﬁgmty

i nformation unit “The su IVI OI‘IT&'[IOI’I et ect 338 may Include: a
82?225{ 5h TRy o oy 2%{12@4‘%%& b BB ZciL?SZLC'e”?J th the
wobbl e shape information received; and anot her

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 b.y 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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counter for obtaining the number of tines that a signal indj J

detection of the second shape has been received ingagcolgg%@g&aﬁ%ﬁgPﬁat

information. By conparing the counts of these two shapes with each other

a decision by majority nmay be made. 20 Alternatively, an up/down count er ’

may al so be used to increnent the count by one when the first shape is

: detected and to decrenent the count by one when the second shape is
detected. In that case, the subdivided informati on nay be represented by

the si %\% ﬁ{ﬁfg‘égﬁﬁfﬁgﬁngf 35@%&%@%?[@6“&% respett to $emlimy antetrdiling t he

. count counter 1s positive or negative, at the d
given-unit section, 25 Nexit t I ri k¥ bi 0  CAlueS
Po 1 crdaenon e dlaBerd senal e B R e O perat s, The.
wobbl e shape detector 361 includes a bands fld L& 8 whi ch
recei veempﬁé?cbwsth-%ﬁﬁhl‘)t@?@ﬁ%? S?E“Pie. PV Hg%ﬁﬁﬁ?‘g’e S %nglhl)‘r an%)I r eﬁggjg's
unwant ed noise conponents thereof. This BPF 362 SSalde fu ment al
f r equeAcyoslinglypibmeat ke secided %bm%wgbg}?aﬁ'gaﬁﬁ'"ﬁwﬁhe F'ﬁse l']aengg'gl
conmponents i ncl udi ng vvo_bbl e gradient information. Supposjng the . wobble
si gRal nhhgsa avébhieapatieralin Which e felingf displacameih s & ‘ih@graﬂéﬁj?% a band
ranging from112 fwto 5 fwis .preferably used to allow a good ma?gi n for

possi blgpysdngdnton in Iinear velocity. The out is i
| ) ( ity. put of the BPF 362
to a gr agl ent detector 363 and a digitizer io 365. The gradient dlefelc?ggt

363 detects,t Q%O%%rﬁgiyﬂ(}{, 2ot e y&fpidepart 38@lof ththivebblegsigarlewhenddg ect i on

may be carrie fferentiating the wobble signal. Instead of the

Corpon A 380 ol SO S S o wiepimpima o
to leading and trailing edges of the digitized signal 803, respectively, have their
10 absolute values compared 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 accumulating

'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
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15 gradi ent detector 363 is delivered to a rise detector 36f@ Z’gg
Inverter 364. The inverter 904 inverts the output of the gradl ent detector
363 with respect to the zero level and then outputs the inverted value to
a fall value acquirer 367. The digitizer 905 detects rising and falling

zero-cross timngs of the wobble signal. The "rising zero-cross timng"

herein neans a tine at which the wobble 20 signal changes from"|." |evel
into "H' level. On the other hand, the "falling zero cross tim'ng her ei n

means a tine at, which.th bbl e s .chan from" into "L_"
Tever . - anucal Sk Anging fn, Mecpresnt HRnna af Benissiibedonith SeRemcR® « hs
wobbl e S|gnal i.e., the output of the gradient detector 363, at the -
ri sing ZdffeBeross timng 25 that has been detected by the digitizer 365.
In the same way, the fall value 38 1 March 2005 acquirer 367 sanpl es and
hol ds the i nvidie geppdagingntapparathe abibise esibpdiment . is. diffarent dwmputheof t he
i nverter 364, at the failing zero-cross timng that has been detected by

~the di gidoun&arpaiGhown inlfi6. Sandhat the drivkud thisrgshiestient heludesea wabble
acquirer 366 1s a positive 5 value because this value represents the

gr adi £ntshape detdcidrBbiednR: wdbble \shbpe deﬁe%tmlsm iQ¥ntifed 4 givbn WabBR Spal T er
367 is also a positive value because this value represents the |nverted

gradi ent, ¥ r" ifst bRhpd Qﬁtheadg%ggmﬂ@ g.gp;geerﬁ@m of f¢ avﬁcﬁﬁé sﬁ%@% “%ti’l LR

and faII ue acquirers correspond to the a e vaI es of

B L
AT T S MET A L AR R R A, 20 hel d
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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predeterm ned tinme has passed since the falling zero-cross {\giddboek t he
wobbl e signal. This predeterm ned anount of tinme delay is caused by a

. delay circuit 368. 15 If the value of the rise value detector 366 is found
- the greater, the conparator 369 outputs wobbl e shape information
indicating the first shape. Otherwi se, the conparator 369 out puts wobble

. Shape information indicating the second shape. That is to say, by
“conparing only the gradients at the rising and falling zero-cross timngs,

at which th i gnal..gradient information is nost reliable (i.e., the
50 it FUPRRGCIRE S bad et

ereof will be the maxi mrum and m ni num
tively), t h oth j t el
enough | nt e sl hePe el s LIRIGE 8P Bahd pASE IR NePrCgHe S &Y

365 and the gradient detector 363. wever. the pre IV ' | S not

| i mi t edvhigh fefeives e PUs 'Bﬁ‘ﬁ Q'Hﬂﬁlj&'ﬁerji € WR bb‘*e?'@@?ﬁt%‘z’e’%@!"ég%ﬁﬁi’éﬂﬁdm ngs of
t he wobbl e signal even 25 nore accurately, the qutput, of the BPF 362 may be
i nput  trmiseh eodipghentsethessy. b%@QBRFI\%ﬁQCH‘aZO@@?%ﬁW ndamenfalequengy; or
(LPF). Al'so, the BPF 362 may be replaced with two types of BPFs with

mut ugl | gontidrieatseof theh avabble sigial asdt irrmanice frefluonele EOMBPNEME igeiRgingnt
detector 363 and the digitizer 365, respectively. In that case, to match

t he phagssbie Qfratifeat inlobhation.gnalppdsig fties vistiie prigsaldhah roligidanieitel BPFs, a
delay corrector 5 is preferably further provided separately. As described

~above, 4 e e badhdlpabsiteinaling AbRadaaHginef frofi 2 fetwéifweist, the
gr adi er}ttégq'}()epggqgmfg\gl e Si gjr?gl I ncl udi ng subdi vi dgd I nformation are sanpled

and hel 8o aR BaBE Sohl AL08S nelghey HOBIBIE varaish inidedrieiodige val ues

hel'd arl¥ t0 eac s manner, the wobble shape is

i dentifiabl eg'geoeg‘f}glgéf‘{;@ ¥pER0D AN 18 St GabienR aBldcRossdd and Adiyiised

I nformati on
10 365.
The gradient detector 363 detects the gradient of the wobble signal. This

“gradient"' detection 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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noi se, for exanple, are reducible. EMBODI MENT 6 FIG 10 il | {ypfarcit BRS5Q
configuration in which a block mark 210 is placed |s approxinmately at the
center of a VFO recording area 21. In the exanple illustrated in FIG 10,
a wobbl e having a rectangul ar waveform has been fornmed in the VFO
recording area 21. However, the present invention is not limted to this
particular enbodinent. Hereinafter, it will be described with reference to
FIGS. 11A and 11B howto 20 wite a signal on the VFO recording area 21.

In FIGS. 11A a 1B, the wabble forned on fhe track ove s Qmitted
for t he SENESRET: sahwies apd Mol theiavesd, Sfadietdof 1€ ¥olb Sk fe 8 51 gnal
corresponding to one block is witten on the track groove 2. A recording
si gnal fewtpuhef heotiwertac Badeat the: illingsaoxp-cross timing (thasoheghdetasted 25
Witing on each block begins with the VFO 201. In this enbodi nent, the 40 1
Mar ch 20Bptherdigtieer 866written within the VFO area 21 and the witing start
point of the VFO 202 is ahead of the block mark 210. After the VFO 202 has

been written,ntihis cd¥Ah@2ldeosarapledibyotte fise walukt suyuired 3684 at pesitited 203
is witten finally. The VFO 203 is witten within the VFO area 31 and the

wWitiBg @dlde REcAUsE! thish9alMEQepredthts IhdedraBrdnt . Dliefly B8§& 2fke vEN 1S toO

say, in this enbodinment, information starts to be recorded before the
om0 IR SRS SRS
e, 201 Gt 1%l AERHBAA G630 B30 STFR BRERET b Lolab abisd © 1
by the rise and fall value acquirers 366 and 367 correspond to the absolute values of
the respective gradients.

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 fime delay is Vcaused 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 inventioh 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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1o recording filmdeteriorates considerably at its part whet Blatdne20d8b0ck
mark 210 is present. The block mark 210 of this enbodiment is formed by
discontinuing the track groove 2 for just a short |length. Accordingly,

st eps have been forned 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 filmby 15 irradiating parts of the
recording filmw th a high-energy Iaser beam so that the irradiated parts

will be |ve h t n

ar aci ont §2428 2 gPap S EPERGARY e Pﬁ‘#“%é%ﬁﬁ%% Fodited WERFOROEE

| aser bea ese te ien e astre nther din
film |fo"§ﬁ’ Sowith ranBebpaiaredl Shomtiasies itcul Favided: e asnient o aok
m ght be formed in 20 the recording film Once that small crack has been
for med i deteptor 38doznd e digitizer 3@5@8@99@&&6\%{ | In iBRpente. 40 enaich ithe phasesv i t e
operation is repeatedly carried out. Then, the film mght be broken in the

end. | n o¢fhhe woblodisgrl thatohgs be@mpassmdmthrbUQh hesek BHE S, aldelay coiregiost ar t
and end points are placed in the areas where no bl ock marks 211 are

pr esent . isPrefbrabhyftithies provitisdnaepargtelyl for preparing for data reading. Wile
the VFO 41 1 March 2005 signal is being read, the slice |evel of the data

i s feedback- CRQt(ﬁé%Jchﬁéd %bd\@e ﬁemeeropn@éi Hik® ?&ﬁ@dl%lﬁgabp@é}dtdsh%fﬂlhis i's

| ocked to extract a clock signal. To read data wth igh fidelity, the

read dat@rpﬁb&?ﬁéntnﬁ% aHRnRe bg@éd{tﬁg%gﬁ%’g|@él§ﬂ§#§gu8&9fdéétﬁbﬁnatﬁgpgefOr'f -a

VFO si gna erva toos or e tarts to be r e
the PLL has sufficientl t S posSsi bl n the
data reatf™m B ‘{)ﬁ?lbhag @éﬁ'lcﬁ?ﬁ%gmﬁg c‘{?"g‘i ﬁ'b%q??z\%{/‘-jﬂ%{'ﬁéwﬁ@é
f I h f th I
' Bﬁ gvf{jg&%{p t%tqg g:%&ﬁam:cg ?@ﬁ%t‘y%ﬁ@ﬁgqn ?ﬁig rrcz)anrtlereth% V?IgthHShap% IS |dentﬁlggreer ably
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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area. It should be noted that if data has already been wri

previous zo block, then a VFO for the current bl>/ock to bet?/vrltrét}{a‘zndogeght be
overwitten on a VFO for the previous block as shown in FIG 11 B. In that

case, part of the VFOsignal already witten is erased. Al so thé

preexi stent VFO may not be in phase with the overwitten VFO. Accor di ngly

. |L is not preferable to get the PLL for the current block |ocked by usi ng,
tme) XFO of the previous block. 15 The foregoing description of this

g to !g&@zw'ae-mewmﬁ INEY MO drba@ 1sard the poiting st8t poindroftee M ng i | m
eterioration rs also observed around the data witing end point. However

the wr b@k?@lgﬁge%gﬁgf %al h%c?rrﬁé&r abby Re&i R VRO bbpdastheén Jiitien, ibe before.

If the was | ocat ed ahead of the bl ock Kk

gap m ght_be forned t ween the C s T ios bhock Thi

\g/;\;tp i S%Z%)T%r?ogr{?é Ot"ﬁgﬁc’%'sngt"ﬂl%rnréaﬁdq Q{%}dmﬁogﬁoﬁggs ﬁ?g\f\r&gyv\gﬁmpggm@gﬁd .TE' >
|ch.no mar ks are formed J\lgéélike{hes[ RSritiniUg r{hgt\y

cont ri M@ 208 istwgitian withis; e ¥F & R 3 ﬂ@gobgi ngt|n§, ﬁg)O%%fa't thFeOend of

the previ o-usly witten bl ock preferabl over.lat S i th th }4 .t he

begisnni2g isfoehirel ther bleel mark @l O: of it ‘%\%@ SE%nin $ﬁi %m\'\bg%nbg;ﬁ” EOSTFGE'OB achi eved

by setting the VFOwiting start point ahead of the bl ock _nmark 210 and the

25 VFOgphitd ioe medraa befobe thablockenask desated pkthe1keoinpig &f AnyRiapde ‘
in FIG 42 1 March 2005 11A. The di stance between ihe blgock rrareg’ a%?i ?‘ngn

VFO wr ik, ei.ﬁje aFda Rrre@BRed ARt thersfipishée babigyresbrsad afiethenblpek Mafks as

long as t am spot size of the laser i I ti

\ . . Sl Z¢ ght for witing. A beam spot
si ze i g ohtai-nal Gy gi tedhisndbhgctraricagaihasfbéarspassed. i ght b

val ue. %\%%%I‘&I ﬁ%y, en an opti cal heg(?ld, whi ch emmt‘s Iasgr Iiéh?n W

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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havi ng a wavel ength of 650 nm and has an NA of 0.65, is usef {Jﬁ%’%} Eze of a
beam spot fornmed on a disk is 1 i..m (=wavel ength/ NA). Ma case, the
witing start or end point is preferably 10 Amor nore distant fromthe

bl ock mark. However, that reference distance obtained by nultiplying the
beam spot size by ten may be 1o correctible depending on the properties
~(e.g., thermal conductivity, in particular) of the recording film It
-'shoul d be noted, however, that when the wite operation is started ahead

of the bIoc K 210,, the h n,de

~ Accor di ngyP§@ 'rTg)e"lg(%ﬁﬂtd \t”f' %é'?ga H&‘? %’3? ie‘? 108%'§8h%(f§¥ﬁ}eh%eqtgcat i on
of the bl ock mar k, sh ted or esti mat ed sone y ar. ot her.
For exan®Be raad signa %n‘glt Ell-l?rﬁﬂé":gf*g to gxtr té\/?@ﬁ%s@l"@ nT do‘gﬁ with ect ed,
t he nunber of clock pulses of the clock signal be counted. And when

t he counhighefiisibs thepieadet@lonsigaal neadeto hedigiy mgi doelfad aecusatelt i tt en
on the next block. 20 EMBODI MENT 7 An optical disk nmediumaccording to a

- sevent h el nieat Vi Isigizt intdeet isi tbedshaitt thenctherdaia starts 1 & rebl. béfaret he
enbodi ment descri bed above, the block mark 210 is placed approxi mately at
the cent@e RIEL hhs b¥ER lo6ieRr slifficientie ahdsl posdibly aiisingsérrorgda ahélidagh tead hi s
enbodi nent, a block mark 211 is forned closer to the 25 previous block with

respect 4 iR hENS&linihg 'dies Wik eARESIHRGINANAR VHOBreRaNY difhtdTo beher oh

§005 FIG 12. such a configuration, the VFO may be |onger at the
eﬁ%LSPhQ%ﬁmﬂ’?ﬁ%ﬁ%eﬁgﬁ%ﬁﬁ@éﬂ%% PloTEFREN AR R omain Rt
area.

It should be noted that if data has already been written on the previous
10 block, then 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. Accordingly, 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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The bl ock mark 210 of this enbodi ment is nade up of

210b. According to this configuration, the wwitg ope?g?igﬁrtgﬁ&%giFgggd
nore easily. That is to say, since two marks have been forned, the wite
operation may be started after the mark 210b at the beginning’of a bl ock
has been detected and io before the mark 210a is detected. Also, the wite
operation may be ended after the second mark 210a | ocated at the begi nnin
of the next block has been detected. In this manner, the witing start )
poi nt £an be set accurately enough wi thout counting the nunber of clock
pul ses after the block mark of the previous bl ock has 15 been detected. It

shoul d be @é{@is&%}ﬂ% géligé\éﬂitﬁe biRkhadR 481 81d YFatiting stas csesckpdiat ween

t hese marks a b should be sufficiently wide. Specifically, to set

the disiapce belycend Be b lif 5t dbhg BRI e Bushider spekori@aaser 2100

isoprgjera
about ®BOPIE ong as the beam spot size, the space between

th k .
e e 20 20 2108 U0l st o B Doty e 2

formed on an optical di _ ; ere the size of "a beam spot
A L
o ot izt ke il 81 5 b el
grooveqgs dhasins aus o mmmreaongiNALcn g, eSS o
or end point is preferably 10 u'm or n;grgoc;istr;?lfc l;rc:rrr(la];rl\eegltcuszk rn_?:rﬂ. ll-llgvr\]r(tavgrt, a high
that reference distance obtained by multiplying the beam spot size by ten may be
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 block 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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-5 reflectance and is easily detectable. In this enbodinent,4 @ﬁﬁﬁbﬁ t he
bl ock mark is -not formed as a mrror mark but a bl ock mark In a

., different shape is adopted. Hereinafter, this block mark 218 will be

- described in detail. In this enbodi nent, the wobble phase of the track
groove is inverted inside 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

* descri bed above, the.block mark 210 as a mirror nmark advant ageously

ensur eseipl o PRSuch ARdABg@ERYE ARY VA nid 88BNt &t3he Sogitntng, Hovever, i the

SN rat on errors’increase considerably. In contrast,
If the track groove is forned in such a manner that the wobbl e phase
before the block mark 15 218 is the inverse of the wobble phase after the
bl ock mark 218, the passage of the block nmark 218 nay be sensed at any

ti me byEMBQRRIMEYTi®he wobbl e phase after the block nark 218 has been

passed. This passage is sensjble even if the wobble ase chan oi nt
(i.e., the bAocleptiealkdiskgmesinmd ageerdig |t6caﬂe8'93'ﬁb %%Boﬁ@p ,“ﬁ'ﬁr&exanm e.
20 EMBCODI MENT 10 Anot her enbodi nent of the inventive optical disk will be
descgi begskoniic witlefefermmce to G1G8G 3,181A and 1ABs enbodi nent, two bl ock marks
218a and 218b are provided inside each VFO recording area 21. Each of

t hese bl ock 1REKtockliBarkeath oPhis2ésibodimént isenadyy up of subimarkshzi Qeoamd e phase
of the track groove. 45 1 March 2005 The main difference between this '

g]['bfﬁingg?@%g”mo%%p@p a@é@ﬁfghiﬁ%@rﬁ?gg RRé Qgkiti Nofdr@tio Soars behtitiedr mohe nunber
easily. That is to say, since two marks have been formed, the write operation may |
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




~ between a pair of blocks is an odd number or an even nunber gﬂggn
FIG 15, where the wobble phase is inverted just once (i. an nunber
.of times) within 5 each VFO recording area 21, the wobble 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
‘'synchroni zati on techni que, then the output of the phase conparator of the

PLL will_ bave its Ii L Vv d._and,.t he P ' [

di sadvarf 8’8%%#%/'?&?20%' 5}’ ?%c 8“&% (ﬁb O(Hrh '?‘ﬁde\l%ﬁ%%i Eﬁ‘é@é@&"?"h\/ﬂ?‘!‘ed an
odd nunber. of_ ti as in,the i1l ustrate Fl G the polarit
of 't he PO daiadq By Ssqonybiing Ak ararve BiTekSharshorngtiom suShBa. 1 n
-contrast, accordi n% to this errbodl ment, the phase that has been once

i nver t eddarwhengehpitigek areeve isidisgontisued g greave gxists. (Accardingly, dat perr k
218b). Thus, 15 the wobbl e phase becones the sane as that of the previous

bl ock. Asdiat a@indgh yGalled e raitrer markzedA toironwigark refiectpaleadi light @t a highPLL. | n
each VFO recording area 21, the interval between the block marks 218a and

218b negdfiedtandicand Roessily Rivtectaipleclneiflisdahbedimeat, Sowdvevetherblodl matk is
interval 1s longer than the response tinme of the PLL, the probability of

OCCUT I ere f@indd8s %%Hdrﬁnéfk%%%ok'rﬂaﬁk‘ 218 B a ldMRSBnE SMGpIRy addpaans, the
i nterval between the block marks 218a and 218b w thin each VFO recording

et b R
o ks SR B SHEE l ba  Ren
However thg?/%% ;erclzgpdlrfagog:[eallgi %nmig part wit?'u 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 .ock marks 218a, 218b should not be formed within a limt In vi

of the density of integration. In the fourth and fifth enggg%ﬁg%$?5 v
. descri bed 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 fromeach other by 90
.degrees precise. The shift in wobble phase at the block mark is preferably
"from 45 degrees to 135 degrees, for exanple. EMBODI MENT 11 10 . Next, a

si xt h enbodi gent _of. t enf .l L L d f '
o He e TRPSiiip oARBNTERT Begh e i bRt 8RG Re e o

0 7. TP Ch
of 1 hi S WAl RO 15 BvaiBer By AMBROPLIRES s Peile phdfe I BFPrdlLr, =

fromthe wobble 15 frequency of the groove |ocated ingide the C
11 Ust r hewbeanpr of DIORES MaBIGNTBELGS Ui THEDST-obk SRR A B hi gher
than that inside the block. Accordingly, if part of a read signal, which
has a | ahatd thalivbbbleephassolstinvertadigebrbge (i.6.sa8 ogdrninakerf tifﬁ%%twiﬁhi'éd by
processing the read signal using a band pass filter, for exanple, then the
bl ock nahkh VED ecsbriiagl areat2yd the glubbleaphaseatvill he kept invetted to hatcfithei sk
medi um of this enbodi nent, the block mark 219 is also forned inside the

VFO eﬁg@i&& B8R stibe ABHNYEE Hikf Bedrs invlerted virick Gretit the nekieblacie anarktier e t he
bl ock rk 219 is present The wobbl e frequency of the block mark 219 is

| f E%g;gg'%ie;ﬁz%és:?%te%@f’ﬁ%gﬁ°§‘f?‘§§aﬁ§%’%§§?%‘£%‘2”?E’Z“* e o e Wobbi ¢
g}/oove by a PEL%%C%EEaE&r? téc?qu%%, -ﬁJe?lStﬁe to?ltﬁlﬁ' 3 th‘yphase comparator
of the PLL will have its polarity inverted and the PLL will siip disadvantageously. For
10 that reason, if the wobble phase is invertgd 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 inside the block, then it is hard to detect the M&&%ogga
219. On the other hand, if the wobbl e frequency of the bl ock mar 19 is
foo much higher than that inside the block, then the former wobble
frequency will get closer to the signal fr_equency of the information to be
witten on the recording film As a result, these signals wll .5
interfere wth other disadvantageously. It should be noted that in the
space between a pair of blocks, a wobble having the sane fr'equency as the

wobbl e freque Lnside the blocks i r ef er abl for med exce t area of
the bl odiokmpnte; 2183, Fishahadl kot e forbiad Elie it Tgub eV Bhapihes
preferably different fromthe wobbl e shape |nS|de the bl ocks. In 1o the
exanpl e densily of Btegratign.F| G 17, the bl ock-to-bl ock groove wobbles in a sine
wave curve. EMBODI MENT 12 Next, a seventh enbodi nent of the present

i nvention wi llh the faesdi enddiftwerbodiraentsf desenbed taboreGthet Block marissare

enbodi nent, no shape that has its anplitude, frequency or phase changed

| ocal | y foisned &g ingertihg thd ackblephkasduHowayenarelongsd thevptdel dtarige i8 si ne
waveform curve is used as the block mark. Al so, the beginning of each

sub- by O%te%eomezﬁﬁaééé%éf&@aﬁd Wb e %?cﬁ:k%aﬂ@@oVHdt hael 8938 Liighanged

frequency. 20 By placing such an area having a vvob | e frequency different

fromth y n kbl ock
in thi ﬁ%%@?mﬂiﬁ%gﬁﬁ%ﬁe@ﬁ%‘% o S GTRLAGETs BEHR Pl

correctl t b- bl I's |l ocated by

- counti n&YEE Hés Rﬁg@b?yﬁ %%?%@rgggg?nq?ﬁﬁd%g%%ﬁ q‘iﬁ;‘ﬁ& t he ot her hand, in
this enbodi ment, a sub-block can be | ocated by 25 counting the nunber of

sub- bl ock marks 228, 2229 provided for the respective sub

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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48 1 March 2005 bl ocks. It should be noted that a bl ock narkN%hghkﬁ% to the
counterpart of any of the foregoing enbodinents may be forned at an
.appropriate position inside the VFO area 21. Also, in this enbodi ment, the
sub- bl ock identification mark 228, 229 s having a locally different wobble
frequency is formed at the beginning of each sub- block 221, 222.

Al ternatively, the sub-block mark 228, 229 may be placed at the end of
‘each sub-bl ock. Also, the identification marks 228, 229 do not have to be

provi ded1igh s bioBRnBh A habdf 1o WD TP bR W8P0, CBNinS Yhdh IR, 77 ©F

even- n ocks. 10 cause o same réasons  as
describ ab t he wobhl requenc f the syb:bloc ks. 228,..229 is
br of or any WPPETS o4t ohibe podk AT 415 s P dn b hBhEE MARAT IS5 B5; | res
as high as, that of the other parts. The sub-bl ock narks 228, 229 are
pr ef er athigeky deen ths farmer wahble) fregaenge Wilhgrhglosaiatie sigpahlisayeisvedent any
ot her type of information. For exanple, 15 the address of a block or any
ot her adBednfarreatian tscke veitiapeon dbe reeerding film.ndisaa pesiitathese signsisbwilll ock
mar ks included in the fornmer block. O any other type of information may
be r ecoristediehy withiotigertdieaduahtdgjeoaklyar ks. When the address of a block is
recorded by using a plurality of sub-block marks, the address is al so

recorded by thghiy@BBERotarB R ihhBeipiie bdiusen hainefbkeksoltwbibse s
much nmore 20 reliable. In recording nmulti-bit information as a conbination

of thes - %Fa‘fn 7 i ' . ¥ _
di ffereﬁ'ta%’}z';%citlﬂ P ent???é%?%c s%:tp%gp Og%lrgﬁg%%gfrllg It o{%vgegﬁs ir%loﬁr%%\ggl xes. For
this PUE Sy e&ggptv\fﬁgbérgg &‘f thtehlﬁﬁsk ?‘HQ’R 219. in the block-to-block space, the

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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bl ock marks may be given nutually different frequencies or ﬁn%nﬁﬁgd@gbjected
to 25 nmutually different types of phase nodulation. 49 1 March 2005 Next,

.a circuit configuration for generating a clock signal and reading addr ess
information froman optical disk nmediumaccording to this enbodi ment will
be described with reference to FIG 19. First, a photodetector 901 that has
been divided in a direction vertical to the 5 tracking direction (i.e., in
the disk radial direction) and a differential anplifier 371 are used to
generate Fn electrlc signal including signal conponents corresponding to
the wobBPE% the groove Next, a lowpass filter (LPF) 374 extracts only

t he fundarren aI 0 s of e sjgnal romthls r

signal . The s B%E%VP% a‘ﬂém’%rép tbgr"PHB et'fB"T‘FbGﬁéHY

supplied to a clock generator 373 1o The cl ock generator 373 may be

i npl enenfasageisgerppedigientsumay Boformeshsl ) apREPPriAiE PPpitipe dngide theJN&&Jmnt al
period signal received by a predeterm ned nunber, .thereby generating a

cl ock sigreal 2flor Alsoe in rthiseahbadinoents itb;e]aslubst;lodhlid:&litiﬁaaﬁimn marka228;s228). On
the other hand, a high-pass filter (HPF) 375 selectively passes the 15

har moBi che@ny eNiesalyy differaint abbble frbquémads iothe® astr@tedginting obehphisubf t he
hi gh- pass filter 375 includes: high frequency conponents corresponding to

the sub- piaglooqmanks p’é%nmvaﬁe%%momnﬁrﬁzzw229%%%%@&9& the

conponents of a sawtooth si'gnal generated by a sawtooth wobbl e.

SRR O LA e 872,
%ﬁg ti Enhplr(é%;[de \}orgailt 4 > blocks %ﬁt rﬁa@ebgergrg\(f;hgcri fgr onﬂrengcrk%he%erec} 'ormer\]/ nsI gnal .
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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signal output fromthe sub-bl ock mark detector 377 is sent {&aﬂggﬁﬁgress
decoder 378. As described above, a steep edge of a sawtooth wo e has

its polarity 25 inverted depending on whether it represents "I " or "0" of
address information. In 50 1 March 2005 accordance with the output of the
hi gh-pass filter 375, an address information detector 376 detects this

polarity inversion and sends out a bit streamto the address decoder 378.
On receiving this bit stream the address decoder 378 decodes the address

i nformation i esponRse:t i 1 i .t hat p m t he
.5 sub-bl ock IrQrtxze’\l);(tk %%ggo%rgggrétionw It?(%l ?eg%élgbngn?{aégnggﬁﬂngﬁéi 'I(.:étaatdlH mar k,
on whi ch VEQ si gnal n_be ve Ltten. 1s fornmed for each,.bl ock.and an.
address s TN Ty ARoRsBbTEk OFaip L SercBa to ATS ghaatiment i
optical disk nmedium on which informpation is stored on a bl ock-by-bl ock
basi s are dﬁ‘ﬁ‘@'!qusw%'hrefr}ﬁ'@r&?eéﬁ;ﬁr']@c& le to high-density io recording, is
provided. Also, by starting or ending the wite operation at a position

suf fici ent |y [irsit aphotadsieater 8071 thatthasi heen dividedrik a direstioatvertioat b then of
the recording filmis reducible. EMBODI MENT 13 15 Next, FIG 20 will be

r ef ers edrackingdirestioa(i.ec &l thet dikk saxtialrdirection)oand a siifterboithl mentlifiecdd ass
information 301 is recorded as the high-order 21 bits of a group of

subdi vi degdi tﬂgﬁn@lﬁt&e ah édctde sighhsincluliagi sighd? cbfmpdfénisfredpodding td the
correction code are recorded as the internediate 10 bits of the 32-bit

SOkl R0 BTG | oot ey, LBk [laruoBi Bt anfoygecor ded
layers, fundamental pericd components of a wobble signal from this read signal. The signal
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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then "0" may be recorded as the additional information 303 f %h% i I st
I'n

recording layer and "I ff nmay be recorded as the additiona ormation
303 for the second recording |ayer. However, the contents of the
addi tional information 303 are not I|limted to such | ayer information.

Al ternatively, the anount of information 25 represented by the additional
information 303 may be increased by conbining 51 1 March 2005 nmultiple
pi eces of additional inforrration of a series of blocks. Then, information

even nore c I|c thap th |nfor ti PV

1 ot R ORRC iy et BRRR o B Blamones! Bk, 375 S s S AP Rtan par i 1y
bit as an exclusive |ogi cal sum of the 21 b t address information or the
31 -bit @plesior 3P dstacty it Balaritd)vesion Bl Sﬁ'1§’§é1¥t ahit stream da e addigssbi ity
of error detection or error correction is inprovable. Al so, every

addi t i ondécadef ai7¥atQroreqeiing éhis it strearn hthenaddress desatigr a78Idssrdemthe t hat
follows a unit section with subdivided information of "I " is identified as
t he bl océddress linfotmhationt ihnaebpardde tathie titingctigrel thatchasabgen outpgifonakie. | n
this enbodi nent, the 31-bit error correction code is a BCH code, which is

10 well &nnvcRmatk defetdr@77correcting 2 or nore error bits. Supposing the

31-bit address information is represented by bO, bl, ..., b20 and the 10
parity bits aped 89!%%3@7?&%‘1 Hdemeldéjﬂon mavk BA RAicA QPWO RidrlaPcad e an
i nformation polynoma I's ‘given by Equation (1) and a parity

| 4 ym: n Qyerph 'ﬁéle}ﬁ f@ﬁﬁ%é@é@é@&%@?%% aqdr %%“' IsTepHERFIEH B L wobl | O
(i uouh e greeve, P i’ ah dilicHlisk iy pacthidlh nterdater s irdd,g

on a block-by-block basis and which is suitably applicable to high-density
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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| (x) = ~bj.xi (Equation 2) 9 P(x)=;_ pix (Equation 3) 52 4y MalCiHpa005
P(x) = x10 | (x) nmod (x) (Equation 4) G x)=x10+X9+x$+x6+x5+x3+1 t he
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 long as the arrangenent is fixed in
advance, no matter where the group of subdivided information, including
the 21-bit address information, 10 parity bits and 1-bit additi onal

i nformat LoRp. 1S £ 1S . r r, ' hemto
thetr or iditels FisBoPBFAaOIRR uphrh P o B ARRE T EREARAL AT coch
bl ock has 32-bi t Isuged' vi ded i nf %r nat.i %n. A\l t er nat i vely¥., v.eF va\,gen each
bl ock ha®OLRVPEEFT 8PS olfYEY BRI &0-1; ¢PYTIBR pinfamatipr  or
simlar effects are achi evabl e by selecting an appropriate error .
correct i BANY Télre%@%d'@@@?fl‘ﬁ%&aﬁl?@\ﬁé?mﬂn Ptﬂ@%@pw%&t&ssan eeclusive legicghi s
enbodi ment, one information block is subdivided into a nunber N (=32) of
~ sub- bl ockm ohfhe Bl-bjf eddress intormiatien ar thebki-bit eros cereciiosise ragy alsprbesent i ng
each piece of subdivided informati on for each section corresponding to each
sub- b ochsedan Iratidit essecthe bhilityf ofr ereor détebiinr omeyropeerrbetish & inprolable.
provi ding any pre-pits between adj acent
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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parts of the groove. Furthernore, the wobbles formed in thisygposiogent
have a constant wobbl e frequency even though the rising or falling edges

. thereof may have 20 different shapes anong respective pieces of subdivided
“information. Accordingly, in extracting a wite clock signal fromthe

wobbl e signal, after noise conponents have been renoved therefromusing a
band-pass filter that has a bandw dth broad enough to pass its frequency,
the signal may be sinply nultiplied and synchroni zed using a 53 1 March
2005 PLL. Then, a clock signal with a reduced jitter can be obtained.

Fur t her nor Y. el | Ty the bdi vi ded i nformation group into the
address i n?:(,)'(f t;icon?@r t %@g the(ls)gari ty part and by using this subdivided

information group as an error correction code, address information is
readabl e hithy reliably. EMBODIMENT 14 FIG 21 illustrates a bit

al | ocat {B#FWP ™ subdi vi ded i nf or mati on group on an optical disk nmedium
according to a fourteenth enbodinent. It should be noted that although the
subdi vi ded i nfor i 0 r gf the optical disk of this enbodinent has |o
a format dﬁ?ﬁé}ﬁggsﬁmgmgﬁﬁggxbrkfhé“ﬁpThcal di sk of the thirteenth

enbodi nent, the optical disk of this enbodi mrent has the sane subdi vi ded
information arrangenent or shapes as the optical disk of the thirteenth
enbodi nent . Audihessptical diskedf this esibodiment] theaaddnege dnfosgatéon, iparity bits
Accordingly, if the address of the preceding block is known, then the

addr gss 48 Li@tithACkicrHEEiBRIARY arfbgbiein§ eigrirdbt.ocKoivevpr, ethiec peddent
However, when an erroneous track junp happens, for exanple, continuity

Charet b PG Maroe ) g o4 Ne AETRnI pRat st
bi ts. A SSter Wheldl Bk Yl & Libociiied ShbARAch, fihOTueHASh Bt Ao on of
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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optical head, for exanple. Thus, the |oworder bits of addrtherghd08fnati on
may be 20 regarded as the nore variable and the nore inportant. In view of
these considerations, on the optical disk of this enbodinment, the 21-bit
address information is divided into high-order address information 311 of
14 bits and | oworder address information 312 of 7 bits. One high-order
parity bit 313 is added to the high-order address information 311 to nake
an error correction 25 code (or error detection code) of 15 bits.
Furthernmre, -eight lLowarder parity bits .54 1 r 20Q5 314 are added to
the. I oveiarer Pafup i@ SoBRTwER g eluseq Jushedn KR THlamedy FiptheBbPradd on
code of 15 hits., An -bit additional information 315 is further added,

t her eby @ Ry the s Y'QPH@%OTWWPPBWQrﬁi‘)%ﬁd‘gﬁesé.@f‘a'i"ﬂ%“.onlRar%%ﬂ@ be
noted that the additional information 315 is alnost the sane as the

addi t i orparity wrEr ard bynusiog this sybdivided fernaaiipthg@vpods menerron gorestion
enbodi nent, the 15-bit error correction code, nmade up of the | ow order
addr ess dadepaddress mf@trzatmnds rdeelabtenhighlteeligidy.i ty bits 314, is a BCH code,
which is well known as a code for correcting 2 or nore error bits. :

Supposing the 7- bit |low order address information 312 is represented by
b0, bl, ..., b6 and the eight 10 | ow order parity bits 314 are represented

by p0, MEmBODIMENT 120 information polynomial 1(x) is given by Equation
(5) and a parity polynomal P(x) is given by Equation (6), P(x) is

gerer o ol AL il o B iR 7 AbOEE MmBREVGET Y ),
?rEglu;'[ ?%ﬁ%l cglle ?ne!d?ucnll ua%%grcjir?g ?o %Sfbttjj;i‘téen(iﬁde?nvﬁ)é lmré%}{ IP ghoeurlcq %Ee_ﬁo%crl ?ﬁet:ted' 15
aithough the subdivided information group of the opticat disk of this embodiment has
10 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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| (x)=;bi.x" (Equation 6) -x" 20 (Equation 7) P(x)=x81(x) notMa(ch)2005
(Equation 8) 55 1 March 2005 (x) =x8 +x' +x6 +x4 +1 Al so, supposing the
A4-bit high-order address 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 inncluded in a
codeword may be detected. In this manner, by using a parity bit with a

TR Al B B RS AR b

with a l OW- Or ssTinfornmati on,

respectively, the Jo er bits ., of.. the address info tipn.can have "nore
ooy Ty GaTSHioRcoderoh 5 B, ohid g5bi surficpel iSinatPn 4 e ShBdopt | cal
di sk of this enbodinment, two error correction codes are aqbtained by adding
one par i theralv forpingna sybdivideddaformetion iareup pf BRbitse dE s8euldihe Betedithah and
eight parity bits to the loworder 7 bits of the address information,

r espect i thel additienad indormatien 3ilnisaalmost thehsame gis- theratiditswad indemalions3Q8 vi ded
are not 15 limted thereto. For exanple, one parity bit may be added to

hi gh- er defrtha Ghikteesth embodithep@ri ty bits may be added to the loworder 5 bits

(where the |l oworder bits
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 error-corrected.

15. (Equation 5)

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

7 .
P(x) = p;-x

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

20
(Equation 8)
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are part of a (15, 5) BCH code). Also, no parity bits may benresezbdso

hi gh-order 9 bits and 11 parity bits may be added to the |loworder 12 bits
‘(where the loworder bits are part of a (23, 12) BCH code). 20 As

descri bed above, the optical disk nediumof this enbodi ment also achieves
the effects of the optical disk nediumof the thirteenth enbodi nent. In
‘addition, in this enbodinent, the address information is divided into high-
~and low order bits and the |oworder bits are provided w th higher error
correction ability, 56 1 March 2005 thereby reading the address information

even nore reﬂ}";a))I:yxs Kowky.er® +t¢ferdptical disk media of the thirteenth and
fourteenth 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 reading addresses therefrom should have a | arge size.

EMBODI MENT 15, FI G 22 il.lustrat bit allocation for subdi vided.

i nf or mati on g’?‘gﬁfp 8Hp%‘?§'"%ph%aﬁiﬂﬁs kE'HEzﬁfﬂﬁE aBddess né"fggné'% f%gﬁnfsh
enbodi ment. It should be noted that 1o although the subdivided information
group of represesyied dyt bli §R, nedibe® dhe thigh-osderoBrtiynbit 3l3 Awhigh st herelt er ent
fromthat of the optical disk nmediumof the thirteenth enbodi nent, the .
optical mipsésanted b pi0)titian evaropantyrbit biventihep$@mbs sbddi vi 8@ (Whets nat i on
arrangenent or shapes as the optical disk of the thirteenth enbodinent. As
showns i N~ fH"Gs @RexdlistvesQiRlioperdéd).i hf thisredasey mrgitranyporenetrbebib pidudead ih5 di sk
medi um of this enbodinment is made up of 21-bit address information 321 and

11 pari typdehicrd 3Rdy be Betected. bilh Sthishrizphat,- by eiskignal parity it Withea dshali | ed
arrangenent will be described with reference '
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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to FIG 23. The 21 bits bO through b20 of the address infor{Risr@ivd@al are
arranged in 7 rows and 3 colums so that the three rows include b20
through bl4, bl3 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 each colum 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 O is

 sel ect eOlhﬁ.fe%p reég.hgqﬁebaerég%fbmmin aﬁéd mbr&kdimpRP through pl0 so that

each of our 8-bits 25 rows including the parity bits is an even parity

code and t haty &g of yihe, wnd%kb'raﬁg»z 1 GBS SR

parity b|t3|saso an ev ar it erm)re

sel ected for . ot kes an ven parit . That is to
say, piomppdlss 5&%@%‘?9% TS GomAEateel ST Ry el EPSas ( 9)
through_(19): 5 (E uatlon 9) l:p))lo =b20+b19+bt s+b17+b16+b15+b14 ( Equati on
10) p9 Jhssthesgmediaghave.apreblenpin thapa cigsuit fe@@!ﬁf&fqrdﬁad'ﬂg goglressgsps
+b4+b3+b2+b1+b0 10 éEquatlon 12) P-7 =b20 + bl1l3 + b (Equation 13) P6 =bl9
+b12 5+b3herefrom should have a large size.

EMBODIMENT 15

FIG. 22 illustrates a bit allocation for a subdivided information group on an
optical disk medium according to a fifteenth 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

57




15 (Equation 14) p5 =b18+bl1l1+b4 (Equation 15) 58 1 March 20ffard005

=bl. 7+b10+b3 (Equati on 16) p3 =bl6 +b9 + b2 (Equation 17) p2 =bl5 +b8 5
.(Equation 18) pl = bl4 (Equation 19) b7 + b0 A --P7 +p6 +P5 +p4 +p3 +p2 +P
10 As is well known in the art, an "even parity code" is a code whose
parity bits have been selected 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 nmay be detected just by obtaining an exclusive |ogical sum of

ol LR H T T
10
i ch ehps Brebostforbs %&nahnziﬁ@ﬁa%ﬁ 53%55?1?% 't%r'%f)&o@? THE B3P o

which this error bit 18 bel ongs. Thus, ¥?rt|ng b18. ag az ﬁfte it has
been | o8aYeB10 thieugh G} areckaspBEiNgly sy@new the Tollowing”Equations (9) throug
(19):

s (Equation 9)
Pm =b,y +byy +byg +bl7 +by +b¥s +by
(Equation 10)
Py =by +b, +b, +by +by +b; +b,
(Equation 11)
¢ =bs +bs+b, +b; +b, +b, +b,
o0

(Equation 12}

D, =byy +by; +b;

{Equation 13)

6 =b19 +b12 +b5

15 (Equation 14)
s=bg+b, +b,

(Equation 15}
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As descri bed above, on the optical disk of this enbodi nent, 1 mMaghegtdsess 59
1 March 2005 information is arranged two-di nensionally and a sinple parity
.code is used in each of these two directions, thereby increasing the error
‘correction ability even though a circuit for reading addresses therefrom

- has a small size. 5 EMBODI MENT 16 Anot her enbodi nent of the optical disk
J4redi um according to the present invention will be described with reference
to FIGS. 24(a) through 24(d). FIG 24(a) illustrates the recording surface
401 of the optical disk nedium on which a spiral track groove 402 has
been forned jR4aFEﬁ¢db' 5nf£§p track pitch. io Data is witten thereon, or
read therefrom using a recording block 403 as the mninmmunit. Each
recordi ng block 403 is associated with positional information (i.e.,
address information) for use to |ocate the recording block. In this

enbodi nent, each recording bl ock 403 includes four positional information
uni ts 4dkqustighd®n in 15 FI G 24(b). On each.of these positional
information units 404, information about its physical |ocation on the
optical disk nmediumand its detection indices have been recorded in
advance. In i&%@pl' sth.each of these pieces of information is

r epr esent ed a cObi ndtion2of wobbl e shapes of the track groove, for
exanpl e. 20 The wobbl ed groove is formed during the manufacturing process
of the gghhgﬁgn;&sk, medi um The positional information that was once
recorded as a cortbi nati on of wobble patterns is non-rewitable. In this
manner, according to this enbodi nent, the positional information of

P, =bis +bg +b,

5
' (Equation 18)
P, =by +b; +b,
(Equation 19}
Dy=P7+Psgt+Ds+ Py Ps+ Py + D
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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one recording block 403 as the mnimumunit for data read j
operations is 25 recorded in nultiple areas of the blockzggbwﬁg%gpdingly
A f at |least one of these 60 | March 2005 pi eces of positional information
can be detected, the recording block 403 can be |ocated advantageously. In
this enbodi ment, each positional information unit 404 includes precision
positioning mark section 405, positional information section 406 and sync
mark 5 section 407 as shown in FIG 24(c). On the precision posi tioni ng

mar k sec} ' I QN i £ mar k) ,
whi ch 1 < Mgt is A Gel EUABREERAN By PRy 55%‘%0%%"% b3 kAP e
operation, _has bee reci.si gn ositionin e y has
2 struct BF BIESPAV @ﬁ%%i@erspva?%%%&gﬁmﬁ%wmﬁﬂﬂagabﬁ@ G Grciiciea
enbodi nents descri bed above. 10 In witing data on the record| ng film of
the opti §E¢U'UP§R935§”91§d‘ére|S§%mrﬂf§0maﬂﬂ§aﬁ‘ 8@l sid8e precision positioning
mark plays an inportant role. To inprove 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 apd EMBGPIMENAr16 section 407, 15 positional information and various
ot her types of information have been witten by changing the wobbl e shape

of the track phemee e‘}%’odlméﬁtQ)'f'&ﬁ@@)p'tlﬂaw\@iﬁkﬂrﬂeélhﬁpécc&ﬂlrfghﬁ) tHe2plesghoove
may be repr esent ed by the change in anplitude, frequency and/or phase of

the grooyGefi 8856} béd’\mﬁﬁ‘?efﬁ*eﬂ&ertéqﬂléb Qh "Eﬁl‘oﬂgh glng wobbl e _shapes

to be adopte are term ned at a signal resp to the 20

oo may e | TEBEH R e R o ot Fapf SHIHLAS BRiduiryres Y
separabl ¢ anOzgn s%urgll gagk groove 402 has been formed at a predstermined track pitch.

whic
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 ef 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 informetion 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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corresponding to the data that has been witten as a variatj réﬁbq?gality
of the recording film More specifically, the frequency of the wobble
.signal preferably belongs to a frequency band that is sufficiently | ower
than a frequency at which the 25 data is witten on the recording film

Al so, as described above, various neasures to 61 1 March 2005 identify the
Mmobbl e patterns highly accurately are preferably taken. The sync mark
‘'section 407 is provided to establish bit synchronization nore easily when

the positional i nfarmtion recorded o h gsitional. info | on section
406 ©s riseroat PoyfiendHomaies Satibe Aelabied: Be apgaitingbock Hid, 69 Henape
that is 5 not found anywhere in the positional information section 406.
Then, t Hecalpd@dyaniagegeslyi on 407 can be accurately detected at a hi gher
probability, and erroneous detection of bit synchronization can be '
prevent ed. | Andhiseermbedipientweagv positionall infonmetiomuingrd @ irtchidés fyretision
preci sion positioning mark section 405 included in the latter positional

i nf or matpositiontid nddk destiph a405] pasitional infommation bbeticty 406N Bk sya6 trnark 407
included in the former positional information unit 404 as shown in FIG

24(c)s AeeabRiang dssHONrSInF1GARGRYEOH thd PRORIGEHSIISShiRG fridrk Q8ktidh 408, i n the
succeedi ng precision positioning mark section 405 can be detected highly

a0C 8L Gk B SRR otk WAl SRroeiin b0 S ltdoect | o
2 D" SRS oo N o . 5 AR AR 1 e TR BB, 1
ocat ed FRGPBBO HArHTETaEbud sl SEVFURP SRR ek of Baode: BTk ACCDE, 1 he
PreCl ST O ahy of the embodimants describod above. o o
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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20 erroneously. To achieve these effects, the precision posjji.ppJigserk
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., fromthe
begi nning toward the end of the unit 404) as 62 1 March 2005 shown in FIG
24(c). FIG 24(d) illustrates a fornmat for data to be witten on an optical

~di sk nmedi,um. having, such a track grooye structure. .To control the recording
data | n HEEE Wb R e U8GY RERaISly 2 PerataBy Fkhat has been recor ded
on the disk, the data is read or_ 5 wjtten using the recording block 403
as a m ni num UK ?Y“GrW@”éﬁﬂ‘Eti%\ng?s'sr@%Hd&fiﬂa e@tﬁ?&%@ bit gynghrongziivednes
together by a linking section 408. The wite operation is started or ended
i n the |¢asdyngrendbeinnsitions! infimatipn cegardad on tha ppsitipnl inigrostion sectices
substantially corresponds to that of its associated precision positioning
mar k sec406is r488 ouk Faketsyne madd seditiog 407 prederably et @ greover siiapeatblayisw i tt en
on the linking section 408. Then, even if the signal witten on the

l'i nki 919 mRgduNadPlhé® infthe postiofalaniobmation BEGHINeA@BICFhBh ! theldiiic REKCI Si on
positioning mark, the read data will not be affected. In the |inking

section 48,1 ot ednabe aacwmattélggdétbareh 8f aeﬂghgﬁi baﬁimgt dabRerr¥hadisen

thereon 1's discontinued. Accordingly, to rea data Stably enough, a 15

11 ki ng Cetedton o B sunaiReafar kAEbE s BHERTY, ' 1PC Crbadi ment wi 11 b

described in |lfl %r :[sgr?ers 81? E\ﬂ% lpo\é\ftigrrllal 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,

15. 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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reference to FIG 25. The recording surface 401 of the opti ' [
Of.thl s enbodi nent 20 has been coated wth a phase change ﬁaa{a(g{l a 5rrzg:ju;n_
. spiral track groove 402 has been forned thereon at a track pitch of 0.32 i
~m Adielectric filmis further deposited to a thickness of 0.1 nmon the
recording surface and is irradiated wwth a |aser beam having a wavel ength

: of 405 nmthrough 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

peri pherie te@ B§ hod of approximately 11.47 gm m The wobble of 63 1
Mar ch M‘lﬁe‘r r'ac@'groove can be detected as a push-pull signal. By

ol (10 Y 100 Ll 54 90 ol o HfatForih o Db OAoR H1gh obftal ik il per f or m

a wite, oper consta | 1T nhear density (or at

channel bit length of 0.0617 Am (=11.47118 can it

track ghang sue a; EaGlagrooys Sérfjg}a\‘%’erlﬁ%go Oqfﬁﬁ%if?'%ﬂﬁﬁ (?‘ﬁ?g’ﬁ %??%%ﬁonsggrrents
403. The_ user data is read or witten by using apn area corresponding to
each powith frenpositiorad infermasiendbainian begryareserdegomihg; ﬁfnuﬂfﬁfjf’t.a 'gﬁﬁacbjg?a uni t
witten on 't hat area cqrrespondi ng to one positional information segnent
403 ks Reten osinddie reedrdisg bloek408casralmigmsnbukit. | o The error correction

i nterl eaving, alternation and other types of processing are al so execut ei:l

using the repwbcﬁdmﬁbb@@ keesrdingebiocks #08) anei connestechicgethartadianiinking one
recordi ng bl ock includes 64 kil obytes of user data. The recording data is

provi deg Wit by TRt Uit Rst426d 6Eh@8d e RRthg sextiondidgat Bs i n such
?hgagp(ra(r)raso';(r) e witten on the optical disk medium 15 appropri a:t ely. As
LGS TGCELAN iRl ci5R9as®! QBRaritiRy Usdrrédifndboto UREt 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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in a DVD, for exanple, may be adopted. The recordi ng data ?ygulated
by an eight-to-sixteen nodul ati on techni que, for exanple.n?wegﬁ
(synchroni zation code) for establishing bit synchronization for a read
signal and a VFO (variable frequency oscillator) for locking a PLL are
further added to the recording data. In 20 this enbodi nent, the recording
data has a channel bit length of 1,243,968 bits. Each positional
information segnent 403 is made up of four positional information units

404, eac i ch consi sts .of precisian sition ction 405,
p05|t|on£he frag QWQV?&HR%%*%@E&%PR 'Bﬁ gﬁ%ﬂ%’q@\‘f gﬂ fgf' W‘E shown
in FIG 26A, the precision positioning nark sectlon 405 of this

embodi meAB6.i 8 Wiitgclegk §19§é|r€ $isgfinefogprriaha WeipeoR@sBlipre &t 9oquw¢ar1tm!n rack
groove. 64 1 March 2005 .Also, in such a precision positioning mark

secti on, canstant limeandersiofr iat af dranpel biy terdiths 060106 di ke (#7d 11474686)ycammve for
a predetermned length at the second wave of the wobble as shown in FIG
27. The pegenaerated.k 601 is detectable based on a fully added signal
obtained by the reflection of a read | aser beamfromthe disk. 5 The

~ preci §i on posThé Ofadkd giBVe 4BY BemadiedupSoR B sBAEX dfoposifirRl MhidnMetibme
absol ute position for p05| tional information detection or as an index of

the abs%é@gﬁgg{% '3 '1% @erﬁ%té‘g@?édgzgo?’%l?tbﬁ by ué:l)l}gﬁ I&Qﬁaarﬁﬁte?;:&ﬁ‘e Gﬁdlnértl‘r?

mrror a leng tes

et oA e RS M I “@%} 3}115']@%@?“32 an

|nterlayer art as for adual-la er disk, .a be set 0. bytes (=10 A
m Ra%(ﬁé\x&?“f@%ﬁ%‘dﬁﬁq S %P%'%?’éﬁfgwa 1A §89'E5‘é’“ 6‘9 En %@'Pto be
detectable sufficiently accurately, e.g., | byte (=1 a r) or nore.

defined as the "recofding block”.

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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The location of the mrror mark 601 is preferably no earliefptbhandoge
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 w ndow to be generated by detecting the sync
mar k section 407. In this enbodinent, the data wite operation is started
~and ended inside the precision positioning mark section 405. That is to
‘'say, the precision positioning mark 20 section 405 is associated with the
| i nki ng ction 408 used as a.link between.twy bl ocks qgf e_recordi ng '
dat o | THARS. I audly BERRRR Rsiterdia RErharRirt 2 Ayda, otk 607 d5 KFFEARE®, o
positioning the recordi ng data, However, if the Ite operation is started
and ende@SeRntiying e tackiupeve fok a Bﬁeﬂﬁt?(mﬂfbﬁdléeﬁ@tw%t ﬁ%ﬁ’@?o'ﬂfﬁ]@’ﬁ"? the
recording signal mght be affected by the mrror 25 mark 601. In this
enbodi mewebbleasskammin §lGuBEt athe rimpramarly 601 He detedablie fpsedtan 85ully Mar ch
2005 10 15 20 from being affected by the mrror mark 601, a VFOis witten
on the paddsdssigmal gbtained by thegreflectiorsefca remad 1465 . beldaxfromt the diskcat i on of t he
mrror mark 601 and the witing start/end points preferably satisfy the

fol l oy ng rel phe Eftﬁﬁéim poéifidning enavki rhap BeSisedtasian iNdesdior detdpsirhedithed t he
mrror mark in the .precision positioning mark section; (B) The witing

end poi rﬁbs’ﬂﬂﬂ&%sﬂfbﬁ%PSeQ%ﬂéﬂnfbﬁﬁaﬁ@ﬁ b8fech® br a8 4 ideRISTGhe iaB8olute
positioning mark section;

position of data being written.
In this embodiment, the mirror mark 601 has a length of 2 bytes (i.e., 32
channel bits). The length of the mirror mark 601 is preferably defined in such a
10 manner as to minimize 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 wm)
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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(© The length between the beginning of the precision positjﬁlg}dggm@grk
section and the witing start point should be shorter than the length
.between the beginning of the precision positioning mark section and the
witing end point; (D) As for an optical disk nediumto be subjected to
repetitive wite operations, the witing start and end points should be
separated from the mrror mark to the extent that the mrror mark i s not
affected by any deterioration of the recording filmdue to the repetitive

wite operati.ons; . and (E) In_view of roc (ng ti del that . it takes
For a r cbamapeind alfsgie, batneomien mart At ot YR it BB, &6 wcisicre

havi ng detected the mrror mark, the positional relationship between the
mirror nRestionimapesertian 4@P-st art point shoul d be deternined. Hereinafter,
each of these conditions (A) through (E) will be described in detail. The-
condition (AN@d, the doeadien ofnthei mirreit mane 68 sanditke pwdingi shasfersk pointscy of
the witing start point. By setting the witing start point 901 behind the
m rror - npeferéifly safisly dire RU6wiIrgO2lationstips:pr eci si on positioning mark section
405 as shown in FIG 31A the recording apparatus can start its wite

oper ati on on (@t ectiengvriting Btart Poirfeshkould Ass Behimplthe dftfori RpRAAdthRUT pose
of the mrror mark, i.e., indicating the beginning of a block, can be made

Wi ting start pot A e DSl & Gown T v ew of the absol ute
posi ti onal ac(%yr a%eo{cﬂriting end point should also be behind the mirror mark in the
precision positioning mark section;
(C) The length between the beginning of the precision positioning mark
10 section and the writing start point should be 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 ifs write operation aﬂer‘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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the witing end point. By setting the witing end point 902 phghinhokhe
mrror mark 601 in the precision positioning mark section 405 as shown in
FIG 31 B, the recording apparatus can finish its wite operation on
detecting the mirror mark. Accordingly, to the absolute positional accuracy
of the witing end point is inprovable fromthe sane point of view as that
of the condition (A) on the witing start point. The condition (C requires
that where the witing end and start points are located in the sanme

precisio esi,fioning. mark section, .the |t peration.s d.p

per f or rre‘gogdn tthgt prleﬁ%'% iPPFﬁB“'Bﬂd"‘BEh r?@c%k ‘ﬁ}é)taﬁes “Eﬂ/i"&[ﬁg e%@ﬁdf"ﬂ’g bl ock
overlaps 15 with the witing start point 901 of the next recording block as
shown i fepPEAING APparaiys capy gﬁaﬁtg its g itgr PPHRYOR t A tdederling nthep Brifiers miarks hi s
manner, no gap (i.e., unrecorded area) wll be left between the witing
start andcoordinglyi iedntentied parpasetad thg Brimer Bark,d.ecdndicating thatbegimningof a
manner as to | eave an unrecorded area, then no signal will be output from
t hat unrablockechrabemade full useeof; thusrichpbvimg therabsalute posiivnabaceeacybyf a 20
reproduci ng apparatus. As a result, the digitization and cl ocking of the

read si ghahritihgspat poinl.y | ose its stability disadvantageously. In contrast,
If the wite operation is perforned so that the witing start and end

poi nt's al way sTHavEsH Ao B) s8N dW M view Bfaﬂ\et %dﬂ?cg,[[g%ﬁt?ﬁél%gﬂ%w od i's

elimnated and the data can be read out nuch nore e condi tion
(D is Lai e I r k. de | rom bein 1 March
2005 af e Ao BBl e Bl R i S Dol e i B0 ¢
witing.start/end point deterioration (s a |1 -k enomenon that is
of t en o3& aeEatem PERBon MG BRI TEF PR 405 S Aou: Pl i IR aPANG  rnde
of a so-called "phase change material", for exanple. Specifically, this

t er m ne&RPaFals Cﬁﬁﬁ@ﬁht {3 wTiig pperagipe o defgsting the mirror mark.  Accordingly,

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
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5 on a recording filmdegrades or damages parts of the recol b 2406m
around the witing start and end points due to the application of a

. thermal stress thereon. If a reproducing apparatus reads out data from

t hose degraded or damaged parts of a recording film then a variation in
the quantity of totally reflected Iight is observed. Accordingly, if a
.mrror mark is located inside, or close to, the area where the witing 1o
"start/end point deterioration has occurred, then the mrror nmark detection

m ght ba?[?%ﬁ{‘ﬁ ;B&tﬁgcé@&e“\ﬁﬁﬂir?g S‘??{%ﬁ 905’:‘?‘&1@%&%@60!{"3. dhbfwsttd steprdml | a

vari ati e quantity o reflected I'ight, indicating the
~presence . of mrror qmark, from.t | afl r SR T) tally

r ef | ectRAUNY AglFrCRIEN: I3 "‘EH%EH‘S'WQ%I Eﬁﬁ%ﬁ%ﬁ% %telgi%ﬁr At Pon %‘%Wheﬁ Fﬁérzat e

t hese unwanted effects, the mrror mark 60 be pl.aced so a be is

di st antFeﬁ@@r'ﬁgaiﬁlrﬁr‘gaa'DG’B’t'?ﬁa‘i"SWLﬁ’cﬁmﬂe'Sa Et%dabvgﬂégst%qqsepgﬁ‘%ﬁ)ge
deterioration around the witing start point 901 as_shown in FIG 31 D
Al'so, asatsiiaith foheraraples Specificaliyethis fergr Maang teatrepglitiveawpiceRIaUYSs to be
di stant froman area 904 that would be affected by the end point

det.es i asrata mevording riimt tegrades ion glasmaggsopartts 36 the Treordingdfim oy thes a nore
strict definition of the condition (A and requires 20 that the |ength

bet weenyfifity Slaf &id BB poittsl duBeo Whé applicatioardf #pthiennab sioedsdthieecordetfes mi ned
in view of a processing tine delay necessary for the drive. Exanples of

the driyg iragisticaBs Gt a¥t irom #ese RgRidiEssiatagedpatelafya caused
by a r{égﬁd;d@gﬁcﬁéﬁégcﬁsng t%e mrror mark; a gr ocessing tine delay it takes

o el il e, PSP R gBsefegan 2
0L RekedBon, P TR bbb ¥, he s glinghOenoni v
g‘g;;ﬁ Ltéggﬂgngspgreltsgétieﬁggtigr? rhats hoeccﬁg'gg,i He%nthgeA&'nirroir' mark é&gét?alneﬁﬁéﬁt 'lij
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 deléys 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 writir_lg_ start
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positional accuracy of the witing start point, is acconpli$Meaeh 2005
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 wobble waves of the sane
shape. The positional information mark section 406 includes a series of 48
subdi vided information units, in each of which one-bit information of "1 "
‘or "0" is represented as a piece of subdivided information by a wobble

‘havi ng steep. i.,nner- or .er-periphery-oriente I spl acenents as own 1.0
o 1 G POTRBMIR e Srop RS b, i, B S 4af pEoRLBE e SRERSRR R Ao oh P 1 <
error detection code. In this case, to detect, the positional information
from t hdPiFgs; FPdnas CRPGibRdt foin hertpdlion (’gh,'-ecvhé"“B@g‘,{Pmﬂrﬁg'“oﬁbﬁ‘PiEte ‘
positional information mark section should be |ocated. For that purpose,

t he mi r mesitipraka@uragyrefithe witieg starbpeipb i agcemplishethefied®elyect i on 405 is
used. However, the mirror mark 601 by itself m ght be detected erroneously
or m ght be mwthedno@, gdeh oipthec pbsitiosd infsimation fmarkesquiieaedP6 andvibet | on,
the precision positioning mark section 405 of the succeedi ng positional

i nf orsmatsyAs murk isedlith 407 B fe6lbclios bf bebdiided formyationiits 408; heh béhg-
Accordingly, the location of the mrror mark 601 existing in the precision

POSi ti OBy BeridtHK 38 8FAHLAE welled 1T thasdife RRRHOVRIE BBSHbRAISHIbrAtiER RSl NO the

sync mark. As a result, the mrror nmark 601 required for specifying the

50 2 et o S ) SO i BT L

407 1s ma a series o Y ( on units each
out or - pRPFHIURPTERREA LT oL s Ace HERPRSPd 5 Piaghl SEEhBNFhipfarmaten 25
B O B OBl aV RGeS et or oulbr-perphery.oRented displacements A 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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through 28E illustrate exenplary wobbl e shapes of the sync {T%}(Ch%%i on
407. The sync mark section 407 is a conbination of wobbl es 4 havl ng
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
wobbl es 501 in a sine waveformas 5 shown in FIG 26A (which will 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

wobbl esy 2835 hERA! dyethdiary ibbib Bhb&s oPfié synbnikusectioh dO7i b

informatp are a epresented by the bi-rectangul ar wobbl es 504.

Igﬁﬁi Inﬁ'?yErft; %%ﬁ%séé}%@eﬁgf?s WoRBBhafibn EJEQN B 50280 stedp! inker-hirgh

K™ section1s tectabl e highly accurately. In FIGS.

28B and 28C, the bi-recta | ar_and sine e 0 G- e '
al tern-a@@ﬁ“ﬁﬁ'@%’ﬁﬂ?@tﬁﬂéggéiﬂ?%?%%i%nghuorﬁ}? \fbgg‘??& [?rs\w ﬁﬁs@"g’ff ﬁéers ﬁ{s t here
are many wobbl e shape change pojnts, thus .ensuring high abso

posi t i oﬂ&ﬁrr%cbtmﬂ&c“ﬁl'm?ﬂan@ﬂ%wo?@@sah@"géﬂ‘?b 73 F’bét:g‘ar%gln&rw %ﬂéf‘rg,assi ne
wave wobbl e, sine wave wobble 15 and bi-rectangul ar wobbl e gre arranged in
t hi s5or steswr{ o FI@. 264 rfwhinh willpbs ineeeip Jefasied) to a%é‘éweowat'%&fg)bi‘?sr nglerrent s
has one change point at which the bi-rectangul ar wobble 504 is replaced by
the si nga@vEBARROIgh 38E, thedbiceetangalag svabblest50 amhidentifiechly S Sﬁ'eWW%/e
wobbl e 501 is replaced by the bi-rectangul ar wobble 504. Accordingly, the

arrangeﬁrﬁ%rgi[%nggwgggjésa‘r,mo&btidjmmbdlbgl“aﬂ'_onshi p ensure increased 20
reliability agal nst erroneous detection of the absolute position. On the

optical disk 'lﬁ§A0f L§ SHRRdEMomR#iBR UpRS idré eakprasbatetaby te
segnent , corlrng@gﬂ’dn |h5h%(t§6l§ne recordi nog bl ock unit, is Prade up of four

' 1 ecbigoianguet FEbRt S0k Thal R Say, R e e o o
;gglr{gm)f%%%@ Eﬁ%mﬁggﬁ 8 Siﬁetaéi%gb el k &ntion Wbt Sle nigRfy Y urktdRPetn  of
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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70 1 March 2005 Suppose the anount of information included 1&3%%05
positional information section 406 is A bits, each sync mark section 407
.has a length corresponding to B wobbl e periods, each precision positioning
mar k section 405 has a |l ength corresponding to C 5 wobbl e periods, each
subdi vided information unit has a | ength corresponding to M wobbl e

periods, one wobble period is Wtines as |ong as one channel bit of the
recording data, O the nunber of channel bits included in each recording
block is D and the nunber of positional information units included in each
positional i 8lpposH thenasrgmerf infermatidminchidedcinseactApo8tional ibformatidt and W
are all natural nunbers and are determned so as to satisfy the foll ow ng
Equat i ongéadidh:4065s (AEsigat i on 20) D=(AXMrB+C) XWKE I n this enbodi nent, in
accordance with an eight-to-sixteen nodul ati on techni que, which is well

S anal - one. vobl %”:Ee’?%*%eéﬁo SO D] Ba8 AR e;poﬁéﬁﬁégitg%@%bﬁéﬁigs'?%i ts
20 (i.e., W1 : ) i Sj ' 405
Cengt - cor respipfigRitn BB stk RaRTEA0S BRs APeIBth o BehoRiRg RSt | on
unit 408 has a |ength corresponding to 32 wobble periods (i.e., C=8 and

M=32) > HERBR'EMPEPHE  present invention is not linmited to this specific

enbodi ment. For example, when a_ . )
- each subdivided information unit has a length corresponding to M wobble

- periods,
one wobble period is W times as long as one channel bit of the recording
data,
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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nmodul ati on code for converting 8 bits into 15 bits is used,gRgaRB €
period may 25 have a length corresponding to 155 channel bits. Al so, each -
.precision positioning 71 1 March 2005 nmark 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 have a | ength corresponding to 186 channel bits, each precision

posi t i oninagk s@ctions405 nety HOE FEsndth\woreshendihy t6 @ webplenstirgstandbeagbbl e
peri ods and each subdivided information unit 408 may have a | ength

cor r espogidididdéd imbmamriibugit RIS At hdld & %W%Vresﬁ&ﬁjil‘@@l(ﬁi RebbRf, each

preci sion positioning mark 10 section 405 and each subdi vided 1 nformation
uni t 408pé%‘él correspond to 124 channel bits, 9 wobble periods and 36
wobbl e peri og's, respectively That is to say, where a nodul ati on code for

cupposed Lo nayere T ifaTERdR for i ing WA e B8 U, ES{]%%SH% 8
osed to naVE"a" Brgtl EbrPEs Bl g fep 15
Cor 1 cApafis REp (1 BB oFcha* 1500 Wik (10 ebBRton fesiedcoroeni ¢ 408

I's supposed to have a length corresponding to M wobble periods. 20 In this
case, i fwehhle ptiod mayhave adenaiivcorespanding o186 channshbitsfgachhgetisidnowi ng
Equations (21) and (22):
positioning mark section 405 may have a length corresponding to 6 wobble periods
and each subdivided information unit 408 may have a length corresponding fo 24
wobble periods. Alternatively, one wobble period, each 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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- (Equation 21) PXRXF=CXW (Equation 22) QXRXF=MXW 72 1 Mar c{2005dgaen each
preci sion positioning mark section 405, each positional information section
406 and each sync mark section 407 may have respective | engths
corresponding to the wobble wave nunbers defined in this enbodinent. In

- Equations (21) and (22), P and Q are rational nunbers and Ris a natural s

nunber. P means that each precision positioning mark section has a length

corresponding to P frames of the recording data. In this enbodi nent, P=1. Q

-means that each subdivided information unit has a length corresponding to Q

frames tientdaehmeedsion pysifiehimg rharktdection 406 deasinpositiordl infrmatibhacoticdber  of

- bytes of one frane of the recording data. In this enbodi nent, R=93. It

shoul d bso@ahe@athaynd makk seelic 40N sityPhdveQecpbbtive 18RGthY @SrbspeRdRiy & | ons

(21) and (22). In this configuration, a wobbling groove (including the
POSI {1 ONil ySHHRE WaLE PmiRRSlaBhidh tRIEkRodiight has been pre-cut on an

opti cal nmedi um can be easily associated with the recording data. As a
i sk mod um Aty HeRS R T B e SERELEA EORNE AR R K plpelRl
b of e athymoT: oderBeats, it S35 R sks RONDRR T Gark FPEIX TGS RokPIU he
mrror mark 601 is provided as a precision positioning mark for each and
every pre&tiespgRdipgstet P drames ofdhe reerdingndalgs o thie eerodimenty 637li oRkl
information nore accurately. Alternatively,
means that each subdivided information unit has a length corresponding to Q frames
of the recording data. In this embodiment, Q=4. R is the number of byies of one
frame of the recording data. In this embodiment, R=93. IAt should be noted that 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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20 to reduce the unwanted effects of the mrror marks 601 onhMaehjharo®st parts
of the track or on interlayer parts of a dual-layer disk, only the

-preci sion positioning mark section 405 in the positional information unit
404 | ocated at the beginning of each positional information segment may
have the mrror mark 601. The precision positioning mark is not limted to
the mrror mark used in this 25 enbodinent, but may be any other nmark so
“long as the mark contributes to obtaining 73 | March 2005 a detection
signal with high positioning accuracy and is easily distinguishable froma
~signal fadetdstiahsigng! pibihigopasitionihg aneraon andtas easibyngistinguishablebfrem @havi ng
a period sufficiently shorter than that of a wobble that has been forned
t o repr esignal foosbtairimgpositiohalrinfsination. NPy leeamiple izdedbble, having el &

- positioning mark. Also, an isolated pit 5 may be forned as an alternative

pr eCI si OgLfREIShHly SHuriee tHERT thabef #ARBLRAMAERES b8aH fomeditorBSre O RFlicapove

(i.e., ona "land"). Inthls enbodi nent, the subdivided information "I" is
represe e h d
i Spl acansrTe s*’°'?‘he o 0 T ol %E'Pré?@h?“éscﬁéf BiEb1 ¢

pattern havi t | 0 or ented dj spl acerre he sync
mar k ecm%#%gfe?ﬁ%s it §ﬁ%r§%ﬁ\f9‘n’§ CipopSuticThE Btk SBrasT el Kerlma o1 ne
wave wobbl es %lcordl ngly, the |ngf rmation bits "1 " and "0" are
di sti ngu? %%M"?b QOB (1 FurRneR 13 n distance and the pieces of
information "B" and "S" are al so dist |Q£U| shabl e by a maxi num Eucl i dean.
di st ance. Thus, this eghgdinentsithe | subdividedt irformaléon ﬁ'f10r iFarepaseited byl @ and
"0" may be 15 represented by bi-rectangul ar and si ne wave wobbl es,
respect iwabbie pattdrri'Ilavin'gaahbep"i&e@eﬂdhen&wientedrdispimenmm,etpeembdlviziﬁdby a
wobbl e pattern having steep outer- periphery-oriented displacenents and a
wobbl e pafor@etiomadirng reprsentstBy -a wobble pattern having steep outer-periphery-
10 oriented 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 invention 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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peri phery-oriented di spl acenents, respectively. Aso, in th glapmoadsnent,
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 -rectangul ar wobbl e pattern, wobble pattern with steep inner-periphery-
oriented di splacenents and wobble pattern with steep

‘out er - peri phery-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 splacenments and wobbl e
pattern WP'RC@P@E%) JAvebe Yaed phitrge wobble Rafterns mayeais be ggsd g Vi¥gnaitshent s)
may be used or three wobble patterns may al so be used. Wen just two types
of wobbl wapapes ohwobble patteds anecisegnthensyricsnankd anddhe pesitivoalanformatonat | on
are preferably distinguishable fromeach other nore easily. For that

pur pose, afehgrefarablyt distirjuishablz framni eachmatheb enorededsily e dFomthat parptaecehevi th a
predeterm ned 5 nodul ation rule and uni que patterns, not defined by the

modul at i gusiidHa®. infSimalién MhRces! msdliBfeds ¥ CadtBfdehce FWithhar prRideteriimddi S
enbodi ment, the track groove is wobbled at a single period, and the

PO 4 OrAbYEN Tl 554 BRESIPGITRS KroCAaERORS SRArRUIBROAIY, b hapes
posi 1 1 oAb Ky tiFhSea by "l aci ng the. sync mark ahsad of the o
0f “he. (1 ack FUHBRTBYe, A b srbpeimnt, 1B dii e oItk AL -CoBalA ront
is also applicable to an optical disk of the type recording addresses and
ot her t ypssidpfanidnther pesiiienal inferraatior snd\svernaikeganenecppias gyrrmnsmg phase
or anplitude of the track groove or by

the shapes of the wobbling displacements (i.e., by making the displacements

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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changing the width or depth of the groove, for exanple. As fgfedH ig® above,
I f the precision positioning mark section, positional information section
-and sync nmark section- are arranged in this order in each positional

i nformation unit, then the precision positioning mark (e.g., mrror mark)
20 included in the precision positioning mark section of one positional
information unit is |ocated 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 precision positioning mark
(e.g_, nieswibedawik) refeeanse tatFlGke 3dégthrough3183. Flis 31Aushewslantpt fxivtat onal

I nformation unit can be detected nore accurately. Next, exenplary recording
dat a f or fots remedingi bigck at ahivetirgristzat peint; FIQ. 131Besiidwvd aMdatahfoR®@bfatescri bed
with reference to FIGS. 31A through 31C. FIG 31A shows a data format for

a recor digtgrdih® tockt uRdar a tdongngd@s Wwrik® ioperatiohGand IF1B. SSVshawd 3k gaftgrlﬁgt

for a recording block under a continuous wite operation; and Fl

shows a ghatat for ArBBArdiref bIBcK SCRWIRG chtidpintat @ writing end point. 5 In .
PGS, 31K Ty for & reBardiigf bideR St Witing ot L ot a1 1, Data field 2,

‘Data field 3 gn t ' 4.,b : 3 Sy i 208
: conse%:ut I ve ?‘r g"r%? ré(;al'gﬁﬁlI gﬁég?hng’? ﬁs ﬁ%ﬁh)%?%ggﬁgahﬁ?%éég)ﬁé@d’@%?% tes,
are arr d ch 3: byte frane region,j de up of. -byte SYNC code
ol acod SPAEEP SR B4 S Rrith GhPardaiese Bt Bt 40 SOrSREERRRI: ngl y.
t he maxi pum anmount of recording 10 data is 91 X208=18, 928 bytes. However,
t he amoutiemgrregiops (pak @%)uaﬁgy havindad length f 93 bitesoiye exrangedwiiagh parity
bits for use in error correction or detection, redundant data (e.g., IDs
f or i der@3-byierfarae eegien isrmindg upadf @ 2bylet 3BNE)codrplaedmat the begiding. arghch of
the VFO fields VFOL, VFQ2 and VFQ3 is a field for use to lock a PLL
91-byte modulated recording data. Accordingly, the maximum amount of recording
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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needed to operate the reproduci ng apparatus, and no user daj fakch 205t ten on
any of 15 these fields. On each VFOfield, to establish bit

*synchroni zation nore easily by locking the PLL at a high speed, marks and
spaces .are preferably recorded repeatedly at a fixed channel bit |ength,
for exanple. Each PAfield PA functions as a connection to the end of the
‘previous data field. For exanple, where a well-known run-length-limted

- (RLL) code is used as a 20 nodul ation code for the data fields, the PA

field coptrib t only to satisfying the run-length Linitation even at
the conn Fﬂ'f'l%ﬂ:g/g ie@ﬁee.gnoél HP'qPﬁep%feé%in(?g?(ﬁﬁ?% L iaBVd’q%‘Ert %'ekg']l groatp@ﬂﬁgbodi ng
the end of the previous data field properly dur‘I g . a.read operation. Each
PS fi el dh®dNg IR SteeR PEO-qTeiRi RS aRgcteHtiafegnals rﬁ}gat@ff apyethgs dielkriendf dat a
field nore accurately and establishing the béte synchroni zati on nore
firmy. ihe bits thereobare shiftad may betreserdiefyasdbe €& frld S: oneousl y as any ot her
field (i.e., data field, VFO 76 1 March 2005 field or PAfield), e.g., a

uni que pat t erBachoof tha iretdrdiggiblocksyshoimdn FIGSEL 81A dnroaghp 3t Cesarreshendsitp t 00
'steep auto-correlation characteristic to match that of any other field even

it the fbtpositivebripforaiation RchhRmt M8B SRWEIROFIE: R5aSAhH eh&Fedpeetive B&ta Each
of the recording bl ocks shown in FIGS. 31A through 31C corresponds to 5

the posigdi@nate idabRIHBd 98 16 B BHocARR MtAMe ithsi'l‘_‘lbl_%! isRrmAnch Lhes ae«lspect ive

data fields are recorded so as to be associated with the positional
1 Dara T RS ghch of iedaih ekt R e 1y pf A 2, Do i S BR L TC7,
o BRI 8.4 BT Bt SSBkRalanh S B gl o
positional information units 404 that nake up one positional inforpation
segnent .thacm.smn@dvfwm@t*%ﬁeﬁtm@ndemaynﬁmfﬁ,se@m inpgrpopRtedond opiees, and
t hesi) f Ifce>|u;j |§ositional 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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are recorded so as to have a length equal to that of the prédd=scoR005
positioning mark section 405. Furthernore, as shown in FIG 31A, VFG,

i.e., one of the VFOfields that is 15 |ocated at the end of the recording
block at the witing start point, has a length of 41 bytes. Al so, as shown
In FIG 31B, VFOL, which is |ocated at the beginning of the recording

bl ock under the continuous wite operation, has a |length of 45 bytes. The
conbi ned Iength of these VFO fields is 86 bytes, which is equal to that of
VFQ2. In fth sane vva% as shoB/n i{ln F‘Jﬁ,@ 31B, VFQ3, which is |ocated at the
end of tReMSHTFEICT HP 'BOI'L’)'PSEnkar rG&ron ‘cont i nuous vvri te operation, has a

| engt h of 41_'btes Al so, . as sho in FIG, 31 C, VFOL, which is_|ocated at
the begi nni ngiMofhi# h@apeﬁ%rﬁ@tﬁgcﬂ{‘mg? wijiten HB AP$RGiAiP"e it Shertnosilissah
length of 45 bytes. The conbined | ength of these VFO fields is 86 bytes,
whi ch i sinfarnetien deat has been pos-cviFor ansepiielidisyl pedwm.eanchihe daerwidtan on

bet ween two recordi ng bl ocks under the continuous wite operation, the 25

t ot al | ecayt AlsobeRecatad-Bg refefeiteda thePSositoral indorddatioyt es, which is equal to
the length 77 1 March 2005 of the precision positioning nark section 405.

I n this manneThe @abth 6093 betasrdftthe prédision @@@inahingrmmié $edtiBg 40855 telgoap!
I nformati on that has been pre-cut on an optical disk nmedium and the data

e | L e 1o%A8 1SHaRP oPBabiPBRLRLAM TE4IBRE RRA ridke S oPBIdth Bl ARLRIARL! On

The | ength of bytes of the precision positioning mark section

equal tﬂefﬂ%c&%ﬁ%&%ﬁ@h@%@%ﬂ? fse&tho% Lﬁ th%e&:ln?ﬂﬁoéé]%ntg%gﬁréﬁg opng %at a

field. AccC e “preci sion positionin aunger<t Re
COT | Ot ek PR 80 eSS Srdlec B amehiie Bl on
bet ween %ﬁ“{?s %%ﬁ'i g:neg tcoﬂr?é&lofnl I:%t&raen ft\frvg1 rer\%;ascéqu ggt%nfl ezic?st Ifl%trr]ne synchronlzatlon
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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0o can be established as in adata field, thereby sinplifyintManeh 208&d
operation of the reproducing apparatus. FIG 32 illustrates an exenplary
nethod for witing data at witing start and end points. FIG 32(a)
illustrates a sine wave wobble and a mrror mark that have been pre-cut
for a precision positioning mark section. In the exanple illustrated in 15
FIG 32, a known (1, 7) nodul ation code is supposed to be used as a
nodul ati on code, one byte is supposed to be 12 channel bits, one wobble

period i S supposed to ve a, length of 124 channel bits and the precision
posi ti on??f@'%ﬁk"%@ﬁ‘m 8&%9§h'r%wa}5%9§ﬁ'et%“‘ﬁ‘é’@¥e&"qb"é’ﬁﬂzjt h corresponding to 9
wobbl e periods. Al so, the precision ositioning mark section is supposed
to start at aFlseal(®rillusieates Asconsgding | a8 aawdtirzpstartepointr Ipthisexampls,
supposed to start at the 22nd byte as counted fromthe start point of the
preci si oaftgyasVECokgld YRt has beeh vecaded fiarnd5d- kji littds, S fekl\drelsdathfietdhi s
case, the length between the start point of the precision positioning mark

secti on Rat fidid 1castrecombdtdoptinidusty, wirir& k68 hn(idteqeh elisch O¥ha)7.i Fof 23X
12)-: 124=2.23, which is approximtely equal to Z.25 wobbl e peri ods.

Accor gi nglayapidSif #ie s K B vty sélzﬁtat)andbﬁle%\g%gttﬁﬁe e Fé&%rdﬁ% Egﬁa@ﬁfsk 601

substantiall'y matches a falling 78 Mar ¢ Zer o- Cr ossi ol nt of the

third f ' , ELE | '
bl ook aieqdatd The e WRORIMPRRY & todg oty BRorabl BEEANE R SFfEhRtE
has been. . ded_for .(45+k) byt PS field and data field Data field |
nre recrhBEChe et e s e Parilihe cgor bet neen 0 and 7. For 5

le, if the int K i wly set at rand time th or di
ooparat s | whiGesHar usiaiss Bnbriag cnd PgInt; piniie Teesing ook dedB of ated

because the sane data_ wll not be repeatedly witten at the same position.
example, the data field Data field 4 is followed by a PA field, and then a VFO field
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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FIG 32(c) illustrates a witing end point of the recordi ngq®pakeodsh this
exanple, the data field Data field 4 is followed by a PA field, and then a_
VFO field io VFAB is finally recorded for (50-k') bytes, where k' is also
an integer between 0 and 7. Then, the recording filmis also less likely
deteriorated even at the witing end point. This k' value may be set equal
to the k value at the witing start point. O nutually different val ues
may be used for the witi ng start and end points. \Were a nodul ation code
for converting 8 bits into F channel bits is adopted, 15 the length

bet ween witBinefite aboverdessribedr rangek themd then ength tbﬂtmeeﬂﬁletep@loftthelmerqr t he
start point of VFOL) is preferably (20+/F) bytes, where j is an integer
from O tmark-antl) theFaritieg stast peint fwill e 201thytes of micse riaiysss tanaP1 rgskom
every tinme the recording apparatus wites data, then the deterioration of

t he recomdusgthl lenytht cdrhBewo sharter shan 20 batest A%r?ﬂ’@lﬂk@%ﬁébé %uﬁié%tl%en
the sane data is repeatedly witten at the sane position

enbodi Meplhg dventiRSjdvBEiHd Ark8 V\‘Me'ré 'tﬁ@“}rﬁng%[ér?b&ﬁfjdetbh&a%ﬁ?ﬁ f&&:d?%'r“t

deteri oratlon of the recording filmis supposed to occur area of G

byt es ;af jer e the
‘ w%/ I ti ng ehtr%’dp Itd?:%S?Wé‘Itw“gI erﬁaga %@n@gstﬁggr&c&% ?ﬁé&g% @f gﬁf%ﬁ)fnsfarrg S mar k
is determ ed Y0) 0 S tlsf t he condltlons (A, (D and (E). In
ot her wo‘f"ElQe oqqrap%aft Si?ﬁj/ tpgte dhe RUIGORGaRK. Ny ch 2005 within t he
above- descrlb ran then the Iength between the end of the mrror mark
and the witi %‘%BPW{‘ el lengll pdbe gndnefy Bepmiraraark aag the
bytes. Thus, the | ength can be no shorter than 20 bytes. A length |ike
Cthis is wiitng end poinj (i.e.olvg endarointrofWFQBLis 2%bkytes.cWhene the write opérationy st ar t
poi nt deterioration may occur or 5 the processing tine delay it takes for
t he recohal hgempedoahed idealipnat aaltiihgs pasitiondl saccuracy of 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 céndition (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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|

wite operation after having detected the mrror mark. On thepéhedoshand,
t he Iength between the end of the mrror mark and the witing end point

,(i.e., the end point of VFO3) is 29 bytes. Were the wite operation has

been performed ideally at a witing positional accuracy of zero, the |ength
of G xo bytes of the area where the witing end point deterioration may

~occur should preferably be smaller than 29. Then, the condition (D) that
“the mrror mark should be sufficiently separated fromthe witing end

point deterioration area is satisfied. _Obyi ly this.aryan t al so :
satisfies thdt sbaddt bernqtey thaj die \hia ﬁ%g‘('%ﬁie’g éﬁ é’gp ”Frlj‘gof t he

preci sion positioning mark 15 section and the witi ng start p0| nt is
(44+j | Flappptates towligitzetthe réahdata 4 telock the PLbe diowaveg a7 agehyiggasi on
positioning mark section and the witing end point is (53+ j/F) bytes. The

di ff er enggyth o VLA %M@%iééﬁ@hmuis&biéf@ythese pllipases.s to say, the condition
(O is SatISerd ere the wite operation has been perforned ideally at a
writing 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 in total, no non-recorded areas will be left. If the
dat a *wri ﬁ%ﬁﬁg’[ﬂl‘@?ﬁﬁd points are set in this manner, the resultant
positional re]ati S L1y t E) -
descri bed ab P‘?@ié%@ﬁ"’?ﬂ’/ %ﬁ'ﬁi%"ﬁ%rr%%@tr}éq{}pbﬁa%gé 4"%%%@?23%@ of
witing start/end poi nts" is cco |sh ffetlv h 2005
It shoulraedigmaeedingde a ﬁ%\feiﬂf@?'i'tﬁ é”‘ﬁ Eﬁ?”ﬁﬁé "Y'@b F%%Eéq{c
apparatus to digitize the read data andto Iockthe PL H&geeb an area
havi ng do FI&ngohIndTIG, 28, @) opijead hiepd Taldelasting a sigpakbassd o

or darkness of an optical disk medium 1 by condensing a laser beam onto the disk 1
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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5 EMBODI MENT 18 An optical disk read/wite drive for readingwﬁgjﬁ%ﬁgess on
~an optical disk nediumaccording to a seventeenth enbodi mnent w be

, described with reference to FIG 29. In FIG 29, an optical head for
detecting a signal based on the brightness or darkness of an optical disk
medi um | by condensing a | aser beamonto the disk I 1o so that the |ight

- spot forned 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 wobbl e sjgnal . performng oper.atipon_pr.ocessing
on t e BeacessinG RerOrGRAbY UFe DR ik aapI b Tt bk wBRdmed eSS The
wobbl e signal is supposed to appear as a positive signal as for the inner
per i phesynanthriads detestest pl/a syingranrkagectionf(§ten Ak oRGs heepynsmaagk has

subdi vi ded information detecting section outputs " 1 " on detecting a
wobbl e gkgnaletédtedyhpaditiandl yinfohreatiors icogrselys pyrabeonined state istsuppoaed toout put s
"0" on detecting a wobble signal in which only the falling displacenents

are st eggve bBeh RisEBbfigis®] tOpaRi@ drontesvalpdiring whitht thersuatdeding ipaedisioy
control section 20 (neither of which is shown in FIG 29) have established

such.a Bgléﬂsiéﬁb%g@&ﬁ(w? njghﬂh marRPodi® 'ahgéﬁr_, BRsEd Ot thaChetosimV Rsult o

optigal Ite drive of this enmbodinent needs to detect the

L | inf . L RN
o oove. HrutPIEISEP 25 | ARE bfosiich PRSRbha Ak (iR Ao J8aKd ot es
to detect , th l. inf ' FI G .33.0S.; h .
1 ust r g, BReREPP o el naRePnabr dder eyl i dfin tiseistiys
- processing perforned by the optical disk read/\ivrﬂ"t dri vs. ?f tk&'_s.

enbodi meynchrenized state i§\s1PPRaRH tpshave: Been esipblig %@ﬁe prafiet e dVIFION st ep

1). Once the sync mark has . ) .
between subdivided information units (i.e., bit division of the positional information)

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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been detected, positional information coarsely synchroni zedq$ifde2d05
supposed to have been established to predict an interval, during which the
. succeeding precision 5 positioning mark (i.e., mrror mark) shoul d appear,
based on the detection result of the sync mark (Step 2). If the precision,
positioning mark (mrror mark) is detected during the predicted interval
.(Step 3), then positional information precisely synchronized state is
"supposed to have been established to predict the division between

subdi vided information units (i.e., bit division of the ositi%nal
i nf or mamanner 86 taasedhe Syneaarktiaat hasbesdetectsd from ap?'@@'f BISRIPSEi oni ng
mark (Step 4). On the other hand, if no precision positioning mark is

det ect edugeanblaicker FiGe34redi flowcharhitistraling lexemplasy sitionahinferaadiogi si on
bet ween subdi vided information units (i.e., bit division of the positional
i nf or maéading bfodessidy tictadibg tes atternetiee processingstepesul t of the sync  mark
whil e the positional information is still coarsely synchronized. Then, the

15 posi ti onaly, iFtor Mt jfomb isynt aREr@Uhale dehhaeesid iimrStep | nf tiomaiti isn
section according to the divisions predicted (Step 5). As can be seen, if

t he e bg%;&@he‘?:o%ﬁbeﬁ:@ga&?%b% r(sghé AAKTREK beRASIABERA £6thes trRfnbernR

di vi e su tion Is predictable accurately enough.

ne 2 b ARl (PSS BEER T8 905 RSN Yot pe o

20 can 0V preci'sion positioning marks
[ nf or i RrodesSBT bmbr B RBPESInAEED OO EuRE e PRI FLEYPHERTS, e
sync mark. In the processing flowillustrated in FIG 33, if no sync marks
are det enarkdmimor 5ads). That isdo sayeeYebif Ner sYNeNarshaieReeidetertd mark is
not started until the sync 25 mark is detected. Alternatively, this
pr ocessiting clirent ivnckbéherpabisitional informationac@rsaly Myinghropipsd state may be_
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 synchronizeition
 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 andfor the error detection result
thereof may also be used as a cdndition 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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manner as to use the sync mark that has been detected from apr&cE005
preceding the current block. FIG 34 is a flowhart illustrating exenplary

. positional information reading processing including this alternative

processing step. In FIG 34, if no sync nmarks have been detected in Step 1,
~then it is 5 determ ned whether or not any sync mark has been detected
-froma nunber N (which is a natural nunber) of preceding blocks (Step 6).
‘I'f the answer is YES, then the processing junps to the processing step of
detecting the precision positioning, K mark %nirror,nark). That is to say,
even i f qfsesanselrd e dyria patablishagyhelreage SEie 808E- current bl ock, the
positional information coarsely synchronized state may be is interpolated
based on t he Tds gredansingefowt willobe tdascibed daonghNhp| eparstiomet dhai driiey, it
IS possible to avoid the unwanted situation where no positional information
can be ghoath inWIGf2@m the current bl ock because no sync mark has been
detected yet. It should be noted that the paraneter N indicates the nunber

of bl ocks on @hidetscting a Welstls elgnabinneiicls the gsing hati dalip displakementeareo! at ed.
Thus, the greater the paraneter 15 N, the |onger the coarsely synchronized

statess %h gteggf ﬁa YhE H%rﬁté%t@e%ﬁg\@%ﬁén 804 itputs aByRE Ak letedtidhAfgndihen the

positio n lon m e out of synchronization due to the effects
of a nunher iabl.e f rg. P , t an
opt | mum0aegar e vt Be @ibeisT e Sk R iFRRR potRlekLEA Yy SRR 20
the optical djsk medi um Al's t he,posj t.ional infornmaki on read qut
and/ or tm@ieﬂﬁwh%t%ﬁ?%r&%asﬁl rst window s delgeting SEYRN @édgggerg%csoﬁdi tion
for establishing the positional information coarselﬁ% or Er'eci sel
synchr orfleiectiost windowsdhatewllhhaee 3 predetemaingd imgcwidty afles 12 Prese he
positional information of several consecutive blocks (e.g., parity error
det ect i campount afftiner dap gwissed reiice afpsintaini time i Iwhieh the mironmariesbedld are
di sconti nuous 25 anong a series of blocks, then the coarsely or precisely
syncly onippedr.s When thieyfulheadded 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 prevented.
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.

84




83 1 March 2005 once canceled to try to establish a synchropjzgg, sdoat
again. This processing floww || be described through the operation o
.drive .shown in FIG 29. On detecting a wobble signal in which the ri

“and fall

804 outputs a sync mark detection signal.

i ng displacenents are 5 both steep, a sync mark detecting se

‘the sync mark that has been detected by the sync mark detecting sect
‘804, a first w ndow detecting section 809 generates a detection w ndow

that wil

| have a predeter rescri bed ., anoun

time hasHpWe¥d 'ts'ﬁ el pé’s'ﬁg]e d]Pﬁatf’l the %SQW?L f‘?rﬁlﬁlﬁ\"r r'grd Cr?ﬁ\'q{"mé’ﬁc}“ﬂhﬁ

appear .

Wien the fully added signal reaches a predeterm ned |evel or

e
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I n accordance with the timng of

i on

to
nore

during theestibdividedhinfasmatine divésien timing {hatldew haes genesateddly hemasitional by t he

first w

ndow detecting section 809, a mrror mark detecting section

805

out put s jafomnation symckronjairgg tsechors i gr;msjtiaml timferroptidorc aletaditiog sectionmB@d t he
first enmbodinent, the mirror mark exists in the precision positionin

- section jatefminedithsl stibivided infomnationlio Be cdrdbmudy, thetubydistedtingaridresglow can
be narrovved and the erroneous detection can be prevented. If the mr

mar k

oséction 805 has detected the mirror mark during the

det ec | on Wi ngow t hat has been generated by the first w ndow detectin

section

generates a s

p05|t|o
if the
i nterval,
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15

20

- 25

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

g mark

ror

g

he
and,

d
based

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 blbck to be written (Step 7). If it has been determined that the address of the
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on the timng of the detection w ndow. In that case, the defggtdosmogccuracy
and error 25 rate are inferior conpared to the situation where the mrror
.mark has been detected. 84 1 March 2005 However, it is still possible to

‘I ocate the positional information. In accor dance with the subdivided

I nformation division timng that has been generated by the positional

4 nformation synchroni zi ng section, a positional infornmati on det ecting
'section 808 determ nes the subdivided information to be " or "0",

t hereby detecting address 5 information. In _this case, once the mrror
mar k andnextdlonkss npbihat of thedargetithen fheseropessing mivisstte Stemittn redad theor s) |
then the position at which the mrror mark has been detected nay be

r egar dedpesitioral infarmatidogeadinggirgcedsing (Bteped thraugbva)ndOn tee other band,nifir k
detection wi ndow of the next positional information unit on the sane track

| 0 groovig hateefrdataedined dedtatht i Ridresnisitbe ftangeh atdmaspp tirssiid. prbBedsiapr di ng
information, a system control section 810 issues a wite instruction to a

wite se i nt
and a W?‘?‘%ﬂ*&%ﬁ%ﬁ"ﬁ?@%@ﬁ@%ﬂﬁ?&%& T S e

b

oeroct el HTHAESEAT U5 st Btlbe B byl tBe B LABIERR, .,
t d. th fl.o

" ence sl 4y R B BB g MRORRRE .

disk read/wite drlve of this enbodiment. . In FIG 35, Steps.| through 6 are

t he samdhgs &W@"Ed@rﬁt@'rtﬁéﬁ ﬂ@t%wf'%ﬁperﬁﬁo'bb%ﬁ?tﬁﬂﬁﬁ‘ledlt?ﬁs@id thenpiegisin

processing as already described with reference to FIGS. 33 and 34.. By
_per f or mi pasiticning: markcdatested andfken therwilghoperatior ipraredraut (Step 9).

However, 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 curent 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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information (i.e., address) is read out and the position atqya$iedoBe

positional information (address) read out should be recorded 1s iIndicated.

<That is to say, based on the address read out, it is determ ned whether or

‘not the next block is the target, 25 or the block to be witten (Step 7).

If it has been determ ned that the address of the 85 1 March 2005 next

‘bl ock is not that of the target, then the processing returns to Step | to

restart the positional information reading processing (Steps | through 6).

On the ot her han if it has been deternjined,that the address is the

target addr es‘g? Sm'k?ﬂeata?\@ceég?qa'ngaﬁk/;‘heeed‘ﬁf88%t ] P“d@pé?‘ﬁ{%%g

whet her or not a precisely synchronized state has 5 been established. If it

is det erappsatusidbis enbedimantdhe piecislea pestianingmask dia.i BIFeIgMans fRr

detected, that the precisely synchronized state has al ready been

est abl i sspatifyinghibe absalutenposidons exists jusé behing e syno pearkt selionsthabiser ni ned

based on the precision positioning mark detected and then the wite

oper at i oplatéd cartheednoudf (Hst @pevigus pdsitienalr inforimationi enidet Aceordingly, Hat  t he

preci sely synchroni zed state has not yet been io established, then the

processi fstebtiHgthBSyhe nidiR, ?ér@n‘blﬂifﬁth@%fe&e@ibn_tvhﬁdé\h%ﬁ khe preRRidrosdsitioning

re-positioning processing (Step 10). Also, if the mrror mark and

positio ' Ny h eMl b [ t jHan t have
"Rhrk n@w&%gg BsddBn RICHNRKGS 4P Irhin@BRkely |dUOLIHRY iHRNpRERIBH!

al ready been‘detecte e witing start an poi nt's f the current

segnent may. be set Lnter ing the mrror.nar f [ 15
Seoment Wtionped e XmifbrnBR el e Roth s in e g i fh, RS AT e
current  se nt. It should he noted that _the positional informatiqn read
it or (RISER Gpichy e esHRE A PO DR HeBIcas bg o A or
determ ning whether the precisely synchronized state has been established
bef ore gngrafiefigblyhe wite

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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20 process. For exanple, if errors have been detected consepwk}yfgdqsfron1
the positional information of the current bl ock or previous several bl ocks
.(e.g., parity error detection) or if the positional information (i.e.,
-addr esses) val ues are discontinuous anong a series of blocks, then the
wite operation does not have to be started but the re-positioning process
.may be carried out even if the precision 25 positioning mark has al ready
‘been detected. 86 1 March 2005 As descri bed above, according to the address
i nformation reproducing apparatus of this enbodi ment, the precision

posi t i oripegatianskand fos compiepsalinanter ke pewer. s ble disyi manufaetudhs sifameatisrsi t i on
exi sts just behind the sync mark section that is placed at the end of the
pr evi ousngiodes i infoaihation cabmiti e omrtufadioeor di toé yoptivpl Fisletreediiing tHee sync
mar k, generating the detection wi ndow of the precision positioning mark

(mrror mahkhcasg totdtheidod andndongn. ame capyeidhtpeityctidatiafimaton icipdedci si on
positioning mark (mrror mark), the precision positioning mark (mrror

mar k) C%ghﬁfon%]gi&?tn%eew & RSN ah@bY daBsdihge NRskt/paabs icheermation.

can be read out far nore reliably. 10 In the sane way, according to the

opt i 052:6 .Of)rﬁ%ﬁﬁ%‘% Q@erﬁ‘%ﬁ{o@d‘&o@{s.t his enbodinent, the l[ocation of the

pr eci oning nar mrr mark) to be detected in starting to

T, 5 30 Bl R Raar WS B e MRt
poi nts can_al so be set much nore precjsely. 15 EMBODI MENT 19 Hereinafter,
an enbodiosiirpalipior@alien isgpoordsisk byswophing thia groRve nHiecysergrea (i.e., data
| area) and by combining various groove (or wobble wave) shapes with each other.
This embodiment is characterized by recording the control 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 rhedium.
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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usually recorded on a lead-in area, for exanple, as a conbi pgjil 5
~various groove shapes wll be described. 20 On a known DVD control

- Jdnformation is recorded as physically enbossed, uneven pre-pits in a

control information area within a lead-in area. The control information
typically refers to physical format information, disk manufacturing

i nformation, copyright protection information and so on. The physi cal
format information includes information required for determ ning the power
of the laser 25 radiation_to be irradjated onto the optical disk nedium
during rRRIPHERES # ?tpér'ggoiaRHPéﬁ”@téb’Sﬂo‘ﬂ)érﬂa'Pi ons and for conpensating for
the power. The di sk manufacturing information includes information about
the manuf act uflee treek grroveptdQais rrde upeel aiserieshef positionial dnformatipr onite her eof
and so on. The copyright protection information includes key information
necessargr & gluralityr gippositiorah dformatisnoskgrgentEhesaeh inoheding multiplermisitional
information have been recorded as pits. In the preferred enbodi nents of the

present infor@ation unies BachebsaAYRinfdritation Amittindidés hHi@alBt disubdiider or ded
by wobbling the groove in the user area (i.e., data area) and by conbi ni ng

vari oyis oo AnitsRl Marare hrehigBaaishg e afdbval A thesdeSpstiBofligrent s

characteri ze yre ng the con rol 1 nfor tion as a I nat1 on of

wobbl e q%ék;aq%,gg},%fe1§&ea Qpbih'%ge% "Rﬁé{rem%gw"ﬁﬁ?bgad_i n and/ or | ead- out

I
‘ | . . . .
area(s): nmanuf act uri'ng "process optical disk nmedium

Hereinafter, this Lment, W 1. be described with reference to

e termany it Qb eehad e Bivided i ionginte Goben the ek ioate 1505
configuration for an optical disk- 15 nmedium according to this enbodi nent.

The recs¥rbiy inigratien sonstifuting posiianah infgrregtion (i.e., positional information

element 1503) and control information elements 1505 constituting the control

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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medi um shown in FIG 36 has been coated with a phase change; jgtg/dgak, and a
spiral track groove 1502 has been formed thereon at a track pitch of 0.32

Am A dielectric filmis further deposited to a thickness of 0.1 mmon the
recording surface and is irradiated with a | aser beam having a wavel ength
~of 405 nmthrough an 20 objective lens with an NA of 0.85 during read and
wite operations. In the lead-in area that is |ocated closer to the inner

periphery than the user data area is, a track groove 1502 for recording at
| east control information thereon has been fornmed. This track groove 1502
i s cont i higthB6, w edntrohinformationgelenyest 420" [soeptestnied bhd walable pesadaisf shown
in FIG 25. Like the track groove 402, the track 25 groove 1502 located in
t he | ead=*pn—a0ea> & 5o "Mobihis ataomtrotiinfdrenation rdemanidofout els 8Brebeddby 2005

peripheries at a period of approximtely 11.47 Am The track groove 1502 is

made up Plwaebbie peAisd®lof popi-birgnad »g-nbopmat Tiit Mot Say, Wach SheLbR! ddn¥roPf
positional information segnents, each including nmultiple positional

i nf or mat; b SlerR@siP Asdrbd n 50'-;Bﬂai n | thing! S ity of
subdi vi dﬁe@ 3 Pér)lr} orerrat | oln ﬁrt S&Egﬂ tyf:at bi resgr?%ﬁr%evéhlgﬁodr%%twgo g}rdgg\f;ée. In
t hese_respects he. C S 0 02 have sim,l ar .
cont 1 JurBihes oifit.bh Buf MERER ptdrinats 0 Trn Akl Sraled i E1Gne
track groove 1302, ne-bit.inforrnation constitutin sjtional .

1 or ot 98 fovrbiecontisd Stomuatian elaeRIRATSRCOTR s ech SuB VR TgRTatian
information el ements 1505 constituting the control io information of the
opti cal nit40&eHoweveratee bphaseeefelupit i pot Iiniked: by wehble peiiodsobut i onal
i nformati on el enment 1503 is represented by the wobbl e shape of the first

‘hal f of mhag bsdetérminebappropriatety ioview ot thé@Bnouwttidf eonfrélénfoomatiar needest mat i on

el ements 1505 are represented by the wobbl e shapes of
and the degree of reliable detection. If the 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 second half of the subdivided information unit 408. 15 1 Katdhe2088anpl e.
illustrated in FIG 36, the positional information elenent 1503
..representing one-bit positional information of "I ff or "0" has been
‘recorded as a wobble having 16 periods. Mre specifically, "0- is
represented by a wobble having rectangul ar inner-periphery-oriented

-di spl acenents, while "I ' is represented by a wobble having rectangul ar
‘out er-periphery-oriented displacenents. In this exanple, 20 to read a
signal nore reliably, wobbles of the same shape have been forned over 16
wobbl e pead @;smutt-h@¥ opyitivad) issmeation e!%elaiﬁeiﬁq obigined e a ipiralityedfi on

el enent 1503 collectively. As for the control information on the other
hand, bysubdivitiedi infpriviation unils, whilpetheotono Ghtssmation afdbe diskés rearthasbi t
control information elenent is 25 represented as "0" or "I - for 4 wobble
per i ods.mifi-ditwntroimfdrenatidrnuslemented1506.89 1 March 2005 FIG 36, a control
I nformation elenent of "0" is represented by 4 wobble periods of "0"->

"0"-"1 -+ g recHidind® cBNEBNIHTOIMAtRI0 byBtheOkn@lie Ebosding tnethdd, Ifapeesent ed
by 4 wobble periods of That is to say, each one-bit control information

s a undePth SPHRE BTG GGl SAF 1RPEF e WerieBs 4 ¥ 0 Do il 10
e e L S R R R G
of "t ho. APBERGS 6] R RTIBRSTIRIG, WaHP dA Grbeere.  QNPHENELRRR B MPERMaDl e
detection. If the amount of information needed is relatively xo small, then
t he i nf dher@mplitudenpf the read sianal ssrreseping pser Kipnnalipnatipoianyeadenth phase
code that uses 8 wobble periods as a unit. Al so, the positional information
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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el ement and the control information elenments that are incl ud@thrétn2aasch

- subdivided information unit do not have to have the wobbl e nunbers used in
.this exanple. Instead, those wobbl e nunbers nay be appropriately '

‘det erm ned depending on 15 respective reliability weights of the
positional and control information. If this bi-phase coding nethod is

-adopt ed, the nunber of wobbles representing "0" is equal to the nunber of
‘wobbl es representing "1" in the second hal f of each subdivi ded i nformation

~‘unit 408 on i ntrol i orna Lon, has been rec ed. Accordingly,

T % moraibar Bandicus ABtetng 4 obblte SITRl BOWHES ory AN R REmeRSAEmat by

majority (specifically by determ ning each of the wobbles over 16 periods

to be "teen, the egnirdd ipioamation relerment detasting adlipBrdil2 opipuéy 78" od hel enent |

t he decision of the positional information elenment (i.e., the decision by

maj or i t yontrel rinfiormbtiet tdatectingalsectign t3kt dast te sapie tdoafigorationl as the

I nformati on. 25 The positional information of each positional information

unit (i .positiohhbirfdrmation Odetediic Be2dd 80Fad Irnacobidanebiwittp@isd siiboRided
i nformati on el enents 1503 obtained froma plurality of subdivided

| nf oryTRtikigfmsir divishbh |tiﬁ1lﬁ§3£hﬁpﬂb§%ee'nn§ ﬁéfﬁié@ﬂy%e%@%st@hﬁkm’férxrfa@i@ﬂ as
mul ti-bit control | nformatl on el enents 1505. In recording control

Lo TR BB A RENBORTHRS St Rt et BedA B lokfifyoore o
h I d ad . h

e ottt “SeRlgde) SefBAdch Hiloe, 2970 5F S f;‘-” BBk 1 RrBS HERa cofto

i ncrease the_anpjrétud of the read. si naI Eres nt i n user |nfornat|on

the grod¥e #hdhe gestrakinfgrmatien, §§9%8 t toathesys %GGPH?@%VO"M t he
groove %%%th Is set at A

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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so 112 to respect the accuracy of the user information readiMarch2805n it is
very difficult to read the control information that has been recorded as
.enbossed shapes In contrast, according to this enbodi nent, the control
information is recorded as a conbi nati on of groove wobbl e 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
Tead/wite drive vviII be described wth reference to FIG 39. Unlike the
drive shown in FIG the optical disk read/wite drive showmn in FIG 39
further WeRhladnthe r@d@i mreetton)r@ffmarﬁtqoaﬁ on whishtthe epatrel intpraatien shoald2 f or
detecting control information elenents fromthe output of the read signal
pr ocessihegwilttes swty e gesEter tad (e.gc.omtice bs ilargeram the magmitede iof yaobbla inon 814
for detecting control information fromthe control information elenents

obt ai nedhe Tser aosd.r Btateal othepwisenif ¢che wolibie algedl icag iseedadBa®h2elvén if
inplemented as a circuit having the sanme configuration as the subdivi ded

| nfor Matgaed iRt 8Fbadi0 beBACKHREN GRdrdan, dRER thNEomroMRRIMIaBbA "dld idthei ch
only rising displacenents are 25 steep, the control information el enent

SEE oot Egbel}e%h@ﬁggé?ﬁ%?é%*’é e Fpdpdtn Bh tha $§cemﬁ5§*ﬁ;€é “g_t:gep"“
Che oo N S ST AR READ AR o™, e
| f 807. | d h th

Cubdl vi et T RrGE e oh SHAINEIGR 1 ng that has been gener ated by the
posi tional information synchronizing section 808, the control information
detecting sedén thmerampigetiustrataddn NGe3ZAbanebitaeniret tformation alemeet is1" or

"0", thereby detecting the control
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 fypes of wobble shapes *S”, "B” 1"

25 and "0". To increase the reliability, each wobble shape is repeatedly recorded twice
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- wobbl e}

i nformati on. Then, the control information is sent out to thé&lasghs208
control section 810. 10 As descri bed above, according to this enbodi nent,
not- only a clock signal but also address information and control

i nformati on can be generated or read out fromthe wobbl e shapes of the
groove. Preferably, no user data should be witten on the area where such
control information is witten. No user data is witten on the lead-in or
|1 ead-out area of the optical disk. Accordingly, the control information is
is preferably itten, Wwthin the lead-in or |ead-out area. As for the

gr ooveloBAWRMARIEREIAS: data is witten, no user data is superposed on the

read signal. Accordingly, positional ,infor Wely? : kAf tion
can be extr BHexed16r Q%W’ﬁ@er’@z‘?fr g‘halln E’f‘%ﬁ’%b% ﬁil@%{é&?@%?ﬂl?haﬁ, ?gggon,
one-bit information may be recorded on_the ngn-user ar . er
nunber positi@talinibhation $romRrt<t03 PelvEs? éWfthﬁﬁea@E@fmsﬁ@?’['“ﬁ%uim‘% this
embodi ment, the nunber of wobbles %r waves) neede%ﬁf%gr@pre%?qhi ng each
one- bi bf Mesed Fsurapositiorfabrimfatratiore Laie rthak 53 Idcategg at | NI |G U8 sl |
as the nunber of wobbles needed for representi nt}g_ one-bit subdivi ﬁgd
I nf gr n‘gg%mgni' 483 ape “@ositionalieforraation "aokthis pasitionef infarmatipAseamant 8HSst i | |
can’be read reliably enough. 25 Also, in the non-user area, the nagnitude

of wobbl e (I8 in thdBosiBhaltineamafior 2edtiokitheleo0 Gbthectibérthiree ppsitionaidi al
di rect Pso%cgtqe%tlﬁetﬁg gove on which the control information should be

written fﬂrm%tbl?z‘ GRS -tcgﬁ@?l( Sdimatibht Gt tAE deah@t A8B ishrecomigdi inutle of

. f ea. ated otherwise, iT the wobble signal can be
Cont r oposipBRBIaTBIRaR PegERaSieE (EadE R tese pBSONA IBRimatbR Yy be
oot d?r?cll?dnest iggn%ifgc%%lén ?rgfgr%\ﬁlaetio}lSi(r)lcziicating 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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Next, other exenplary control information recording formatstMardh 2085
described wth reference to FIGS. 37A through 37E. In the exanple
Jdllustrated in FIG 37A, one-bit control information elenent is allocated
to each single wobble period. The wobbl e shape for each single wobble 1o
period represents "1" or "0". Thus, conpared to the exanple illustrated in
FI1G 37, the anmpbunt of information increases fourfold. In the exanple
illustrated in FIG 37B, one-bit control information elenent is also

all ocated to each single wobble period. In this respect, the exanple shown
in FI G resuisiof théysysa@pdayecihioncpeailianingsiranks immcaniination asHitiseesed, foanl i ke
the 1s exanple shown in FIG 37A the wobble shape for each single wobble
period teprimsative methodr ahd" apparatus dfon gretdingh pesiticratpinéoridion camd rteé
information is easily distinguishable fromthe subdivided information to

be repr espehivk artfidd Andrapparatus Toi Weitiky a8, &hé | dogriohal PeoriiatibhGandBE, 2
bi - phase code for representing one bit for 2 wobble periods is adopted.

Thus, Com&ﬁaﬁﬁtﬁéaa@@éﬁ%@wﬁﬁbmd}w§§!:edrl5i]e|y.20 FIG 37, the amount of

information can be doubled. In the exanp ustrated in FIG 37D, "1 "
and "Q" of the exanple shown in FIG 37C are replaced with "B" and "S",
respectively. In the exanple illustrated in FIG 37E, two-bit information

itens "11 ", 00", "01 " ang,1Q. r usi ng four types of
wobbl e shapes "S', "B" "1 " Qéggﬁﬁkﬁéuﬁﬁgg&&ﬂkaéése the reliability, each
wobbl e shape is repeatedly recorded twice 93 1 March 2005 for two wobble
peri ods. Next OnFasopigalfisk mediug aceading to the fresentampestion. | pesitiosabd i n
FIG 38, one positional information segment 403 includes four positional
i nf or mat infermatice sand| ethendypes 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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of these four positional information units that is |ocated atpdrkezdegi nni ng
of the 5 segnent 403, the "positional information" of this positional
i nformation segnment 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 positional information
section thereof. Each of these positional information units includes
identification information indicating whether the information recorded in
the to positional information secti AWdBeof represents the "positional
information" or the control information". As described above, if the
preci si on positi omﬂH”g apLieRl Sisk MeRiyrg whish cepmpases gekask Q‘rﬁ@V%)ﬁﬁ'@ AAr k
o section i ries.of positjonal ormati on units, then the division of
t he posi tW%%&F“%?W%tﬂ%‘lerﬁﬁor K %%”Qiﬂ'l%ﬁf@%g’@@(yﬁr ately enough by using the

15 sync mark d tecIe r the precision 05|t| ni ng.mark detected. Al so,
inthis case, ¥ it (?(Ogrqqyg &S 8n b@%‘iW.anPﬂ@ $aGtiRNe thBk &Rt ect ed

can be narrowe acc ate usi nc . mark detec As a result,
Che wri uqﬁ@r@eﬁ 6664 %ﬁec*p@%ﬁve aagntth@i RGP il s, WSRIaGHH ARG 1 he
p05|t|onal {h‘?matlon can read far nore reliably. 20 Also, in the

opti cal A YPOVRe? 'Effesent i nvention, the positional information

and sync mark e regorde cha g the .be e pattern of .the oove.
On the ot her P@%e ep?}J %t}é? gtt\e Ui SR 'r‘?ﬁ'?kaﬁp displansy . si ’%ﬂ

mrror ve a different groove shape fromt hat representl ng
t he poa&‘#%ﬁg”'}aﬁ?%r recorded. Thus, the sync mark and the preci si on

Posul t by us G o gﬁ@??@fwo#"gﬁf%ﬂ%&ﬁh 865t iy 358 UicSeglh dho
preci si oneRASEMA"bY S WBhitindtdn 8 MobBld PattEhe le BeCSS8cthd from multipte

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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the inventive nethod and apparatus for readi ng positional igpyproRbhn and
the inventive nmethod and apparatus for witing data, the positional
information can be read out and the data can be witten highly accurately.
| NDUSTRI AL APPLI CABI LI TY On an optical disk mediumaccording to the present
invention, positional information and other types of information are
recorded during the manufacturing process thereof by conbining a plurality
of wobble patterns of the track groove. to Thus, there is no need to

provi de any owdeaieldedet seiskblogk apnaprisgsosinunoben N ofnfigt sactians that aie
particular area of the track groove. In addition, according to the present
i nvent i ordrrangedvaleng thesksaclegiodyent ed 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 nediumon which 15

i nformation i $-Jdd¢ SRYic diskdngdiug Af glin¢havhereings portigyy ehtheogide dpogavs 1.
An optical di sk medi umwhjch conprises a track quove and on. whi ch

i nf or mat IVBHCH &5 pRRIGESIHak egshtwe, 8F the Rt gestions. Taser sppstaptdisplaoemaiove

includes a plurglity, of unit_sections that are arranged along the track
groove ar?c?”PHaW’ﬁW&@@eﬁSH@n?é’f:a? liogkt-aced periodically along the track
groove, and wherein the side faces of the unit sections are displaced in a

single funda al ripod, and whereipn subdivi.ded. information allogcated to
each sai d un B ot idient aisHE Bedilt Bt i 87 AL Ford oR PRI SERL e ns
to be SelS%BERIngJ i%%rrrﬂéltitoln% Sllocated to each said unit section, and
wherein a group of subdivided information representing N bits is recorded

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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types of wobble patterns that are defined so as to correspond to respective
signal waveforns that rise and fall nutually differently. 2Marefe2@ds i cal

di sk medium of claim1, 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
so as to correspond to a signal waveformthat rises relatively steeply and
falls relatively gently, the second di Sﬁ| acenent shape_being defined so as
to correspon@n gpticalihgad, whickrigediatesithe jopdical giskt medium g@ﬁl lightaad f al | s
relativel steeply. 3. The optical disk mediumof claim1l or 2, wherein
‘the si de JeReEEeANGIRCNNG ighgl givgrie At of Heclightithalhas brandetiedsd i nner
peri phery or, di sk, oué,e eri phery with respect to a centerline of the
track grﬁ&%’@he@.pt'?% '§%m&dll‘mdi sk medi um of one of clains 1 to 3, wherein

the information ,is recorded,on a bl ock-by-bl ock basjs, each sai, | ock
v no o Dr eustast SNl PROGRRGITY MBS, SATETRINt 8080 bhler SovHle MYTS BRI Bl ock
conpri ses a.hu r N of ynit s ions that are arr.anged al ong the track
e B Ren O ittt vitHee SaRery Rom the SRORESINER LT on of | the
side faces, which is shared, by at l.east tw of e unit sections,,has a
Sonet o ai spPubdiided Midmiin.aBlacing; Meahs: o5 Aetrmiing Hie abiiadd
optical di.sk nmedium of to 4. wherein one-bit subdivided

f. i
i nf or mat TEATRUA] 'P&%nganrlecgo‘%'gi%aels‘%a&ﬁrﬁ'qn%ecti on, and wherein a group of

subdi vided i nformation representing N bits is recorded
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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on the N unit sections that are included in each said bl ock AF chislsopt i cal
di sk nmedi um of claim®6, wherein each said N-bit subdivi ded {ornatlon
group includes address information of its associated bl ock to whi ch the
unit sections, where the subdivided information group is recorded, bel ong.
8. The optical disk nediumof claim7, wherein each said N-bit subdivided

I nformati on group includes an error correction code and/or an error
detection code. 9. The optical disk mediumof claim8, wherein the error
‘correction co@‘@t%m'n'ﬂﬁéb@ﬂi\tﬂedjétféﬁmm Mhieh ris allpeated 4p| eagh elbotheorRibct an
error of the address information weighted in such a manner that | ow order
bits of ©HetiS dncleded ettt itha Btockdeme@pwﬁae@mewﬂavt@eawo&bt& isigna) ang ge

wei ght. 10, An apparat us for readi ng subdi vided inforpation fromthe
opt i cal @e@tﬂw@ﬁp agdregs infeanatiprobaseskor the sebdivided informaliatppar at us
conprising: 97 1 March 2005 an optical head, which irradi ates the optical

di sk di h | t erates an el ectric nal responsive to part

of the | : ant " Raenlicsl B BEREkT uiict PomPines Biauapoave i Reas WHOH ead
nal ce neans, f.or rati a wobbl e nal , which has

zlrrgl i tUdg-l eﬁﬁal 'ﬁ'& W‘Ptﬁ’eﬁ@é‘)@%ﬂtﬂ@ SEOQP’?I fromSIt%e electric signal: and

subdi vi ded i nf rma.tl cting ne for et m ni ng, t he,.sub V|ded
i nformation i ¥ gﬁ%ﬂr@"@n &Qrﬁogﬁenﬁ@gﬁﬁ WjF o?lur%kstegpmqu%tr IFeadi ng
subdivid the opt i ted N fne of
claim 1agng68 4 A% ﬁsﬁ iy B éﬁttﬂa\é@r Sl BT el PRAoMRaRDD:  cal
di sk nedi Hﬂg%eqrac'k%%o@dan%enerat' ng an electric
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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‘signal responsive to part of the light that has been reercggﬂH%Héﬁg t he

optical disk nedium generating a wobble signal, which has anplitude

changing with the wobble pattern, fromthe electric signal; and

determ ning the subdivided information in accordance with the wobble

signal. 12. A nmethod for reading the address information of each said bl ock

from the optical disk nediumas recited in one of clains 7 to 9, the

met hod conprising the steps of: irradiating the optical disk mediumwth

| i ght an@°gahd® fAariagpand dpeatsignal wavafamm thapsises velatiyelyagenthr anddalls ght

that has been reflected fromthe optical disk nedium generating a wobble

signal , WPlatYelnsteaphpl i t ude changing with the wobble pattern, fromthe

el ectric signal; and 98 1 March 2005 determ ni ng subdi vi ded i nfornation,

which is allocated to each of the unit sections included in the block, in
d .determning the address information

accordance wth e wobbl e signal a

based on the éébﬁﬁ%io\é\’%aa'i(ﬁ%F%éﬂ%ﬁ?C@D TR0 Wigre the WFW\W%

conprises a track groove and on which informgtion is recorde | ong t he

Dok o Tatk e SR e vorh thR dowar e SBNG! AePRER oY s riier

~sections th are arrang,‘ed al ong,the br ck %oove and that have side faces
di spl acefeHRRFYIHLIgSpeCchios genigine of d egf O0¥fhd wherein the side faces

of the unit sections are displaced in a single

16. The optical disk medium of one of claims 13 to 15, wherein the

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.

100




fundanment al period, and wherein subdivided information all o¢ffeeh 2apseach
said unit section is represented 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, and wherein the information is recorded on a bl ock-by-bl ock
basis, each said block having a predetermined |ength, and wherein each
sai d bl ock conprises a predeterm ned nunber of unit sections that are
arranged al ongCt he TheaeRticH stiske megiymvpleelaim Hh whierein B wabblenhavpg, a

i ndi cating the beginning of each said block, is provided on the track

groove. i®queney gifterent fromdhateidhaptaer eards 1 allpcalgsbioopach saidubdPlorked

information allocated to each said unit section is represented by either a
first di'cgiﬂt'g%’i‘%'hfnaélﬁape or a second displ acenent shape, the first

di spl acenent shape being defined so as to correspond to a signal waveform
that rises relatively steeply and falls relatively gently, the second

di spl acenent a bei defined 99 1 rch 2005 so.,as to correspond to a
Cl ohal vaver o s GPRCSTIEk PSR HT GaAIT ZOaEnaTaIn Bath Sl | SBLSIOSK cap y.
15. The optigcal, disk nmediumaof claiml13. or 14, wherein t side faces of
the tradterioeudn deed B lopedes T bRaPAind e s e srbpoher y or di sk
outer periphery with respect to a centerline of the track groove. 16. The
optical disk nmediumof one of clains 13 to 15, wherein the identification

mark i ncl udes ;3 plur bilysdl SUR IR Ssintfo, WiSretPieSRbnth oMb TP! e
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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identification mark is formed by connecting together a plurahity %Ogar eas
of the track groove that have mutually different wobbl e phases. . The
optical disk nmediumof one of clains 13 to 15, wherein the identification
mark has a frequency different fromthat of a periodic wobble of the track
groove. 19. The optical disk nmediumof one of clainms 13 to 15, wherein each
said block having the predetermned | ength includes a plurality of

sub-bl ocks that are arranged along the groove, and wherein a sub-bl ock

identificati orfonet KNEthog, a7 Eadling tSwbdividedh irfarmatien fractbe optical digkch
2005 20. The optical disk medi umof claim19, wherein a wobble having a

f r equencynefiHFEASIRCited dhPpe £F climeHs tardve the Hietkod somprisivgitha stapsech sai d
sub-bl ock identifjcation mark. 21. The optical disk medi um of claim 20,
wher ei n. each d&adjating,t ?&ﬂi‘cﬁﬁéiﬁii mediymowithdiokt jand) generdingt an 1Rlewdgi nni ng
of its associated sub-block. _22. The optical disk mediumaof claim19,

wher e n ST ARSRATRIVEAS BT 76 FHE HORt thghbas e Stemonl buRane aetaaisk n each
sai d bl ock having the predeterm ned |l ength represents subdivi ded

i nf or mat MOF'YMdi cating an address of the block. 23. The optical disk medium
of one of clains

13 to 22,  wherein each said . block has it osi tiognal
i nf ormati on r@BP%@gﬂg &BhLlg signal ‘Q(E@ﬁg'ﬁs Fnplitdde chpnging Wé'ﬂ gﬁe of the
track gr . 24. An ratus for, reading subdivided information fromthe
optical %ﬁ%’“si@&?ﬁ?ﬁ%‘geﬁﬁcﬁ@% M one of claims 13 to 23, the apparat us
conpri sing. determining the subdivided information in accordance with the wobble

signal.

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,
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an optical head, which irradiates the optical disk nedium w Mhn ﬂﬂ% and
generates an electric signal responsive to part of the |ight at has been
reflected fromthe optical disk nedium read signal processing neans for
generating a wobbl e signal, which has anplitude changing with the wobble
pattern, fromthe electric signal; and subdivided information detecting
means for determ ning the subdivided information in accordance with the
wobbl e signal. 101 1 rch 2005,.25. A pethod for readi ng, subdivided

i nf or mat i on fr"mﬁr?'ﬁ'et Bt PPHFalgdigK mediumn Helydss; 13 gk |uﬁ%t§\‘1e°t)fp(lﬁ't§?r}?é 13 to

23, the nethod co the ste adlatln t he optical disk nmedi um
wi th Ilgﬁ@ogﬁﬁt'% ﬁ\%ﬁ%f%ﬁ”ér'e%gpﬂ%eé QFOQ%E%HSI ve ltoo part of the

light that h b | e omt i cal, .dis nedi unt generating a
vvi)gbl e s?gna?s hﬁiggt?are‘%'ss @BPFW%@' e Pﬂ'@u\'i\‘dtt"PPW &S-wobbl e gatter n, ?r om

2ccor dance. i %ﬂq@w@‘yﬁp&%ﬁ%&ﬂ et rsieheHebr RRBUANAg PRBelEPEss of
cach S20d BhBSliaha B BTE s, B SHEAT sy %ﬁﬁ"tiaé’ag@%‘iﬁ? He o s
e Rl Ao ?é 30 risPBhi 6 ge et A el RE! ot g
a wobbl erﬁé%ﬁ'fali%tﬁ&lwgiﬁe?émbf 5H&le changing with the wobbl e

a sync mark section having a wobble pattern in a shape distinguishable

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.

103




pattern, fromthe electric signal; and determ ni ng subdi vi deglatonf2mpgat i on,
which is allocated to each of the unit sections included in the block, in
accordance with the wobble signal and determ ning the address based on the
subdi vided information. 27. An optical disk medium which conprises a track
groove and on which positional information indicating a physical |ocation
on the track groove is represented by a wobbl e shape of the track groove,
102 1 March 2005_wherein the optical disk nmediumincludes a plurality of
posi tional i Aflof hatapdisaleisk nedivm of dlaim BEnyderein tha@recisior pPsBiPMNG and
‘wherein each said positional information unit includes: a positional

i nf or mat MATK Seeton | digpesadeplthe deginning:oheash sajd fositiongl imfarmatiopynity

conbi nati on of wobble patterns to be selected fromnultiple types of wobble
patterns that are defined so as to correspond to respective signal

wavef orms t ha rise and fall itual ]y differently; and a sync mark section
having a wobb%@- bae ptigal sk metiwe ¢f daimhgli Whemia the peesisinB RAsHipNng

patterns of the positional informtion sectiop. 28, T ptical di nmedi um
of cl ai nf"&k SHRER, St AVQRB RatieER dia i ghape mugsaagﬁapg’gm mwob%he

informatio se((%:ft' on are each defined by either a first displacenent shape
or a secBAGEH 6hs@¥%maf S86HON-t he first displ acement shape being defined
so as to correspond to a signal waveformthat rises relatively steeply and
falls relatively gently, the second displacement shape being defined so as

Lo corr eshonah orBe SoH0a alR I 3 Fhind S3%Gne i e PR dokidhihg ' ' <
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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29. The optical disk mediumof claim27, wherein the wobbl e, patiesdgys of
each said positional information section are defined by side taces of the
track groove that are displaced in a single fundanental period. 30. The
optical disk nedium of one of clains 27 to 29, conprising a precision
positioning mark section ahead of each said positional information
section. 103 1 March 2005 31. The optical disk nedium of claim 30, V\/nerei n
the precision positioni n%r mar k section is_disposed at the begi nni

each said pos@tﬁﬁ‘i’@ﬁ Fferﬁ WRICh ghdigkiipnersperiphesy- GH?P@QI igplagement Gﬁﬁ“gf claim
30, wherein reci on 05|t| nin mark section has a wobble pattern in
a shape @ %@F@wfﬁ) BOEL ﬁt\teﬂeé’!ﬁsl@ge@enba@v%ﬁscﬁ shage W%’P%‘E 482t i on.
33. The opt,.cal sk rredl um f claim30, wherein the precision positioning
mar k sectplaBtrhafYé@g SRIBe MavE Pn in a shape distinguishable fromthe

wobbl e patterns of the positional information section. 34. The opti cal
di sk medi um of one of claims 27 to 29, V\/nerein the wobbl e patterns of the

posi ti onal rgation s on_j.ncl nu e es of

wobbl e patterfrz?g ?ﬁst@é‘ @Iecﬁﬁﬂf L%aéa' L‘é ﬁt? 8% t%gé’itth‘?/e
signal  wayef orﬁrs rise an&gepfa {j n% qu d| ffe y but al so a wobbl e
that is GERY A §80 %c?rgpggtﬁ diiaPe’s 2R éiﬁ%ls =l ?%’?m that rises and
falls symmetrically. 35. The optical disk nmedium of claim34, wherein the
wobbl e patterns of the positional information section include a wobble

having a s rmoégi Eh%ﬁ‘?éﬁdlsﬁ m?é)ae um3§f Clglrllﬁ SBpQNh%?elnqhg I%)rgg, gloHrBoosfttlo% r? ym 35,

wherei n each
mark 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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pattern of the positional information section conprises: a fMasth 20806t
havi ng a snmooth sine wave shape; and 104 1 March 2005 a second part in

whi ch a di sk-inner-periphery-oriented displacenent and/or a

di sk-out er - peri phery-oriented di spl acenent have/ has a shape steeper than
the part having the sine wave shape. 37. The optical disk nediumof claim
36, wherein the wobble pattern of the sync mark section conprises the first
part and/or the second part. 38. The optical disk medium of claim 30,
wherein the prdei §Bc99tlﬁa%¢lﬁk oedigmnef daise30i whehn e webblenpatirratafthe at i on
mark for use in precision positioning. 39_ The optlcal di sk medi um of claim
38, wher QrPCigiRB NogHioNITg 3Tk sectiphy hhas 3 sipeWwaYBharRe -k obt ai ned by

di scontinuing a part of the track groove. 40. The optical disk nmedi um of
claim 38, wherein the identification nark is forned by connecting t oget her
a plurality of are of the track roov mut ug| | d|fferent
wobbl e phases ﬁé’%'ﬁf"ﬁ@'&[‘ "E’t'l'ﬁ' g%’ Wﬁﬁferﬁ' %ea%‘tég'éil FPPst'thE"a

|dent|f|c i on

d ff t f t hat
batterns! Prmﬁtéonrﬁaat thsrpotrec*s 9y B9 ‘i{n'a'a e SOy em?etwal Sormgion”

medi um of_ c). gﬁ? V\/ner el § i dentifi ca%ld B is disposed at the
second tﬁPS & B s [ANsarGraAta{ISkdB h'@oﬁ $tern of the precision
positioning mark secti on 105 1 March 2005 43. The optical disk nmedi um of
cl ai m 30, wherein the wobble pattern of the

freque

45. The optical disk medium of one of claims 27 to 29, wherein a recording
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

tnark 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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preci sion positioning mark section has a sine wave shape. 44 éﬁﬁ?dﬁﬁical

di sk nmedi um of claim30, wherein in each said positional inp%rna I on unit,
the precision positioning mark section, the positional information section
and the sync mark section are arranged in this order. 45. The optical disk
medi um of one of clainms 27 to 29, wherein a recording. block, which is a
smal l est read/wite unit, includes a nunber L of the positional

information unjts ere. L is a natural nunber). 46. The optical disk

medi um of cl aiPf 45, ticah diskemediuBt 6 oRe Bf 6ENME &/ iospbivierel & sl uni t
that constitutes ap error cqorrection code. 47. The optical  disk i,um of
¢l ai m 45 SuRANIdEe mating Wit isHePresepied Ry a welkig Tps Mepetiegs @v%ﬁrgﬁ@ ir
ended behind a,start point, of the precisgjon positioning mark section by a
pr edet er A FEH4! BHEHHST e,ggghﬂ,@' Qfﬁ?‘%é’?a'ﬁég@nﬁ’edi um of clai m45, wherein
witing on the recording. bl.ock is .either _started. or ended behind th

Ment i 71 cat | oHeEs D 89S Dip A dbEepis fintal heRiionas” HaEAES Be arOhi A rmedi um
of clain135 .gﬁﬁhegﬁ %Pe id%ntification mark has a length of 1 jimto 10
jimas ms4edMAediNoAmatiie Untack groove. 106 1 March 2005 50. The. opti cal

di sk medi um of one of clainms 27 to 29, wherein a single subdivided
information unit is represented by a wobble for M periods (where Mis a

pasi 1 onal i nPor mipiseeEtisk Bk of Bhe 0@l 27 Sored PhSieH InShule T on

uni t . 51ma;l;nese%%f-ﬁﬁélugéglé %ﬂbfén{h%ft i rEi%fi%d Csloaégﬁo ZC?Z)r}e%ng%d tg'h E2Y inrajll the

sync
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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mark section includes a wobble that is defined so as to cor 0
signal waveformthat rises and falls symetrically. 52. Thﬁﬁ%ﬁgﬂgé% di sk
medi um of one of clainms 27 to 29, wherein the sync mark section is a

conbi nation of first and/or second wobble patterns, the nunber of which is
N (which is a natural nunber), and wherein in each said first wobble
pattern, a wobble, having rectangular parts in which

di sk-i nner - per ery-oriented and outer-per| hery-ori ent ed

di spl acerrentsr%ﬁ%“%otoh' st pmﬁ'%o pERAtQs m%?@écf{anaeofwgmfzﬁjsb'énd
wherein in ach S | e th sine wave S

r epeat ed SYBFTOREAN f%ﬁeﬂe% he rr&meﬁe%tepﬁrmae T8, B wrpBEZaRA O

i nformation fr nrth f t .cal di sk medi um according to claim30, the nethod
conprrsrﬁaapﬂg lepal g o '@%tectlng the sync mark section on the optical

di sk nmedi um detectlng the precision positioning mark section;

est abl i shi ng a bit synchronization for the positional infornation using the
sync nmark sec ct r.the rec Si,0 osi.tionin ection
dotected: andBon MORBRAT woHS Pata PR 4% ot BRIt ArCotriFel e h
accordan he bit ¥%ﬁ1ron|zaclon established in the step of

est abl i s @I'Iet'ﬁ'g rkﬂdtc%%ﬂ ezﬁt{apgr? for the positional information. 54. A
reL g o L 0 0SB0 S bR RS SRRSO, L2, 2 2,
optical disk ée{&ﬂhﬂ%e 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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detecting the precision positioning mark section based on tﬂ Séf% rk
section detected; perform ng positioning using the precisio R%% q ni ng
mark section detected; and starting to wite the data based on a
positioning result obtained in the positioning step. 55. An optical disk
drive for reading out positional information fromthe optical disk nmedium
according to claim38, the drive conprising: neans for detecting the sync
mark section on the, opti ' ans for generati a first

al disk nmedj.um. . 5
dot ection wi ndORAT oF reAding abt B pasitiond! jplomyAtem kA BRing &% fed

tinme has passed, si.nce a timn Whi the sync rk section s detected
by T he: o pRCRREtag b hAareeTaRioHes Ty The oheSns o cedebisnitg 1Be bt

i dentificati,on maE.k gn he OEI i C fdi sah. medi um by using the first

det ect i ofYAFHGBIEAURR IHSNE HOSEONALIARIAIN bit synchroni zation for the

positional information, which is recorded on the optical disk nmedium by
reference to the timng at which the sync mark section has been detected

108 1 Nar ch 2085 ARamcAb i 259 e B o dRA OB e ek rakm o
For cat aBerariityla et pe. REUTRRRBIGIRE, Tor the positional information.
0o o8t S oS R T S F Thor [F SPceF ol o
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;

109




means for detecting the sync mark section on the optical digly

nmeans for generating a first detection window with a predeterm ned tinme
width after a predetermi ned tinme 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 reference to a timng at which the

i denti ficatiof m%& %@Bﬁnd@v @dwobhle %ﬁ%ﬁt'ﬂc%IShépgkd'ﬁleﬁHWﬁ
conprise ack ooye and_on which sitional information |nd|cat|ng a
ph)r/n;i cal ?rog&ﬁ}q Wﬂ s gt eg?%%‘qlg‘ rﬁ’%%ﬁ'@ﬁ 899 a wobbl e shape of

the t k \Nh h t kK nmedi I I f
posi 11 onal . § A1 BFAARBrPORIANG HERTrSSCloR B oEn aPRed{ Padie (RAARRAl And

wherein e ch said ‘%’SI tional i nformatl on unit includes: a positional
“informat{ H"E%tbqr]% Phag" epresents the positional information by a

corbinat on. oL BAELFoRE 08 9 ByRBR bR A gm0 ©

R pﬁa%whaéosgzﬁ@&wdnd;f;ﬁgszt Ly, 109 1 Nerch 2005 2 oyne
vobb e L€ el AcREE S0l A BIETHARR, SESK Tkt B, ALERE b

sect | on, <ab4 QTR b/ gEH bRY tROGJI@ERE Mk section includes an

identifi
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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mark for use in precision positioning, and wherein at |east {{gcp95is i ona
information section includes a plurality of sub-blocks that are arranged
al ong the groove, and wherein a sub-block identification mark is provided
wi thin each said sub bl ock. 58. The optical disk nmedium of claimb57,
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 to
correspond to a signal waveformthat rises relatively steeply and falls

rel ativel ent | t he.second di spl ac nt a bej ng defined ' s s to
corr'esponé '? o%a' gﬁ%%‘@é@?@ﬁﬁ?i*ﬁm °?i L %BI’ S(Y%Qf@l’y%aéhtﬁﬂﬁ aﬁ\’@'g'aafs

rel ativel, eeply. 59. The aptical di sk nedium of  clai wherein the
wobbl e pé‘il%r@{f'ﬁéf?%?maég%'oga‘ieg‘ %ﬁ?bﬁamrna fl ?ﬁqcﬁﬁe@&%%ﬂ%re def i ned by
side faces of the track groove that are displaced in a single fundanental
period. -60. The optical disk nmediumof one of clains 57 to 59, wherein a

127 ook YRR ST BT O el R
Lt B0 BB e SR i RS OA B o
sub 1 ol el GRS R4k Lk PSRRI e,

positional information unit represents subdivided information indicating
an address of the positional information unit.

63. The optical disk medium of claim 60, wherein the wobble of the track
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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63. The optical disk nmediumof claim60, wherein the wobbl e, %r%hgo rack
groove has a shape corresponding to the information indicati rh ddr ess
of each said positional information unit. 64. The optical disk medi um of
claim57, wherein a single subdivided information unit is represented by a
wobbl e for M periods (where Mis a natural nunber 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 nedium of claimb57,
- wherein the swherginirik each isaid firstovokide patierbblaewohble, inavitef redddngdans to
correspond to a signal waveformthat rises and falls symetrically. 66.
The opt i parts dins whiehli disk-amnerteariphsry-ovgetedi andhdidyeidernerphaytariented a
conbi nation of first and/or second wobbl e pattens, the nunber of which is N
(whi ch i displasgmerds ane bty steepng repeated e 8 hupdes Mabpetiods andach sai d

first wobble pattern, a wobble, having rectangul ar arts in which

di sk-i nner - peWhgreipyi garle ﬁa@@mdw@lﬁnl@@@&eﬂp@r sippelnsioe wayeawobble is

di spl acenents are both steep, is repeated for a nunber M of periods and,
wher ei n Trepesiedfordhe M petdeds.wobbl e pattern, a smooth sine wave wobble is
repeated for the Mperiods. 67. The optical disk nediumof claimb57,

wher ei n supposing the positional information is represented by A bits; the
sync mark sec%j{og has a I&ngth Qorres(ﬁo,ndi ng to B wobbl e peﬁi ods;  the
preci si on posPfi bhe Mptinal sk sdivm, ofi gim o nyherrinisyeresing dae irasitiegk, has

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 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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a length corresponding to C wobbl e periods; one wobbl e peri ‘Pﬂ/larﬁélfzﬁﬁl engt h
corresponding to Wchannel bits of recording data; the nunber of channel
bits of a recording block, which is a smallest read/wite unit, is D, and
t he nunber 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 MtB+tC) X WX E is satisfied. 68. The optical disk nedium
of claim®67, wherein Bis a multiple of M 69. The optical disk nmedi um of

cl ai m 57, whe©8enWoRbleyperied| has sk Ipagihusprreseendingolgu VMt shanneb datst of
converting 8 bits into F channel bits, and wherein supposing the precision
posi ti onif@ePrAiNgdatact i on, including the identification mark, has a length
corresponding . to C wobbl e periods; 112 1 March 2005 one wobbl e peri od has a
| engt h corr esRMAMAGSIH ROZHRIHAG I MBFk seelion hag R d?'ﬂ@thdﬁ@fé@ﬂ%"& &iRion
posi tioni ré%%ﬁrrar# section has a length corresponding to P franmes of the
recordin $0f thrdecIHIdSdi8d i nformation unit has a | ength corresponding

et e of g bS] BB i B o oL B AR B
are rati %"rn]éa I'ecorlléllrr{g%’a?é; 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,

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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. equations p XRXIF=CXWand QXRXF=MX Ware bo%ﬂm§ té i ed.
70. A nethod for reading out positional information fromthe opti‘cal disk
medi um according to claim57, the nmethod 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 positjoning mark section, K detected; and readjng out the

posi tional i nfigi&eHNY Jhe iRresiBio8r BeFtiening Tharnsedion basact RRAE AComark
established.in the step of establishing the bit synchronization for the
posi t i on8PCHANt d¢iREEdon. 71. A nethod for writing data on the optical disk
medi um according to claim,. 57, the nethod conprising.the steps of:

det ect i ng t hePSYRENIAG: IPOSIORITSh WHNG hiheo pRreeon; RASHRNG mmark 3 SeCa ch
2005 detﬁcfi%gathg preci sion positioning mark section based on the sync
mark sel8FIFSIFUE ECt eq; perform ng positioning using the precision

posi tioni ng k.secti or etecied; and starting to wite the data,based on
D081 &1 ontng AL 10 oiite; 185t Bedl sty PhnAghS sk SRSl 15 G ok
drive fo %ﬁgﬁh ngsﬁé)ut positional information fromthe optical disk nedium
accor di néo BN, 57, the drive conprising: neans for detecting the sync
mark section on the optical disk nedium

72. An optical disk drive for reading out positional information from the
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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means for generating a first detection window wth a predet ' I me
width after a predeterm ned tine has passed since a timng gw&%@%t he
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, neans for establishing a bit

synchroni zation for the positional information, which is recorded on the
optical disk nediu by reference to the timng at _which the sync mark
section has bé&epnfetasdanerating orfirst detacign avingdgwcwith e prededemined dimen mar k
has been detected; and neans for reading out the pgsitional information at
a tim ngwigthyaitenaipredstarmined, imer Bas Aassed siace Gelimings ahmhichie Byne he
means for els(t abl i shing the bit synchronjzation for the positional

"i nf or mat MRAYK spstionwasatected bydhe $yne garkseqiion datpclng M@ he optical di sk

medi um according to cJaim131, the drive conprisjng: .. ans for detecting

the sync mark %’ﬁ (J(?ﬁe(ft'r'i‘& i’ﬁt'p%ﬁﬁ'ﬂ%’“@ﬂ "hé '%tﬁﬁ%@t@a'@?’gm B8 Beans

for generati cfirst detection window with a predetermned time wdth
ingale sl

after a p® eEHQRWINdOW, 28ded since a timing at which the sync

mar k section detected by .the sync rk sectio etecti ng neans;, means
for det oot i ng deta WiBE: MERR foh seliidka diate nu e Staf rardomens dATEY - st ng

the first detectjon.window . .and daja witin ns for setting a data
wr it ng. SeRGEdP AR the shoftalatRelt BB nodh dBfeted“uni ch e
i dentification mark has been detected. 74. An optical disk medi um which
conprises a track groove and on which

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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information is recorded al ong the track groove, wherein theqjjR8Ko@z00ve
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 waveforns that rise and fall nutually differently, and wherein the
~side faces of the unit sections are displaced in a conmmon period, and
subdi vided information allocated to each said unit section is represented
by a shape given to the unit section, and wherein managenent information is
represented by a conbination of the subdivided information. 75. The
optical -di sk ilhe eptical gisk mediypaflainm Ké ofi do whereln Bie awnagemand unit
section are defined by either a first displacenent shape or a second
di spl ace¥RMatiapis recheded R nYNyi@R@nt shape being defined so as to
correspond to a signal waveformthat rises relatively steeply and falls
relatively gently, the second displacenent shape being defined so as to
correspond to Si nal eformthat rises relatjvely gently and falls
relatively stggp Fi"i‘?'\ga medius '%comwseﬁﬁ E%Ei( gragye AMWIICR| ai m
74 or 75, ereln t he a nformation is recorded on a non-user
area. 77! RH“BB?” tsafeca@ﬂ %@B@[}?ﬁ{m?'&ﬁr% fpri ses a track groove and on

which information is recorded {’;\ 9 tracg ve, wherein nan ment
"nformation ofVEREINGPERadE MR arRRIGMAT e Bpfical dikaediim IS ERBERENER ¢ he
track grﬁfve %é Qﬁ‘ ?rp kcal di sk medi um of claim 77, wherein the
manageme y a wobble of the frack 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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information is represented by a conbination of nutually difﬁ@é?a%z bbl e
waveforns that oscillate at the sanme frequency. 79. The opti 1 SK nmedi um
of claim 78, wherein the nmanagenent 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. a di sk-outer-periphery-oriented displacenent are/is steep. 80. An

optical disk nediumwhjich conprises a track groove on a recording surface

t hereof and oftwinerpatispbdishimesiunsot elatn 8¢ Whesrip the ddentiicrtion §6K ivn a

bl ock- by- bl ock basis, each said bl ock having a predeternm ned | ength,

wher ei n~ $rates stbstaptialysat thﬁﬁ@ntqrmiaaaﬁreﬁgntml@cgé@ BigNALISHYItEaEh sai d

bl ock, is provided on the track groove, and wherein a signal having a

particular pattern is overwitten on the identification mark. 116 1 March
he _jdentification

2005 81. The tLcal disk,nediumof clajm®80, wherejn,

mark is | ocat g% iﬁﬁé’c 'ﬁ?{(%lﬂgﬁﬁn 'U’E'h%fgﬁlémé v&ﬁhe&ﬂnéb%é‘s%{ﬁ'f\ﬁ/ﬁ?%mq{ 1% gnal

is witten. ,82. The, optical disk nedjum of claj m80 erein the .

Semt 1 11 dakated oiokBr ¢’ prigious cioeH BithyCheec: T ThTIcenter it ik alka i it o
the centgr of an ar on which the signal is witten. 83. The optical disk
medi um oﬁ"%?’gpﬁﬁg(wrﬁ%ﬂ]erei n the identification mark includes a flat

portion obtained by discontinuing the track groove for a short interval.
84. A nethod for witing a signal on an optical disk medium which

?g?g; Imi'? ;5 oﬁ It ggc lﬁ'hgrgpcﬁ/cgl AisKPmediih dc'afncqai?nu rBfO?(\:N%etrgi%r t?n%f identfica fo%hma rk
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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recorded along the track groove on a bl ock-by-Dbl ock basis, ?ﬁﬁﬁﬁﬁikﬁ bl ock
having a predeterm ned | ength, and where an identification nark,

i ndi cating the beginning of each said block, is provided on the track
groove, wherein witing is started before the identification mark, |ocated
at the beginning of at |east one block on which the signal should be
witten, is reached and wherein the witing is ended after the
identification nmprk, Jocated at the end f the at |east_ one bl.ock on which
the sign& caRB Pl E‘chﬁﬁn%t'eﬁ',“%mgsa @%ﬁ'%ﬁ%@rmws, 1§ pRvitsd eoinerPfing a
signal on _an optical disk nmedium which conprises a track groove on a
recor di n§™WS ace thereof, on which information is recorded along the

(reck oronve o) o Blockobic Bloch bl b abh Saut ok hand g e

b or i Feipolf et e (O Sbod Ul il kel Bl s

oo, P LSRR o e e 2 o o

(ast one of Zjeiﬂa?ﬁ;r%f\@?gi'ﬁ@nﬁaﬂﬁ\e@ﬁ @ el b ﬁ@?mﬁwﬂug‘aéafgnat

has been. eﬁ%@w&t@é&att@&qﬁé&ﬁ%@% tﬁ\?ieﬂﬂn@%tﬁolﬁg%ggﬁé gf%%éﬁg&%ﬁﬁ%\her’ei n
Caentt 11 S bl BEpiteh MBS ek Rar E I od of il m 36, wher ei n the
si gnal having the

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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particular pattern is a VFO signal. 88. A nethod for readinghﬁggkéV|ded
information froman optical disk nedium which conprises a %ﬁ%ove
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 funda bd|V|d d infor

nt al [ 1 ted t h
said unit sec %%'q?e aﬁéls%?@@pgsc@é Hgt t‘?‘;‘FC %l’?&ﬂ'@ g%?br‘fgpgot‘?ﬁggﬁ%nt Og[é‘gglcon
118 1 Mn f h t bei di d
Lol ot BBt Mpin fis 128: SEFORR NP bITE Ratiains Sdiare, B ramadubea Ty
h th f but tually diff t sh Wh i
heE subafERlBRtY RO ity SR S o onch ani 4 uni { section oo Meretn

identified by .ern_has

been detect e&ﬁ'@n‘%ﬁ:qjﬁes"mﬂe‘f’aggé Hﬁgﬂﬁgrf ?’ﬁ%thﬁu%g?c%ﬁaﬂb Hﬁ'épat fEOR 48 ond
o ai m 86 LoIRPd; W EpREEBrbp ﬁwﬁb%eﬁﬂét B 18 idiooes pdm boR BBen e,
nunber opei ot M PESREE TEhaY B EES SR Hetlie add &devﬁg?f?s%aﬁﬁﬁr? uni

section hg%lb‘ﬁze ote}fé& f;%?ﬂf‘é&ﬁ.%é‘&%nr ange, then the subdivided information

al |l ocate € uni sectlon is error-corrected. 90. The nethod of claim
88 or 89, wherein the type of a given wobble

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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pattern is identified by the gradient of a |eading or traili(rblf edg@e of a
signal corresponding to the wobble pattern. 91. The net hod!#areh 400 89,
wherein the type of the given wobble pattern is identified by conmparing an
absol ute gradient value of the | eading edge of the signal with an absolute
gradient value of the trailing edge thereof. 92. An apparatus for reading
subdi vided information froman optical disk nedium which conprises a
track groove and on which informtion is recorded along the track groove,

119 1 March 28 tiask groqur igFaing PneluRlity Prauml gealionsy hat s amaeged ons
that are arranged along the track groogve and that have, sjde faces

di spl acee?mtf%dﬁre% 9§p0§4eo%d tha hay a%aed%%ﬁ/sﬁpf%@gsﬁ’%{@fff%ailxﬁe@g e unit
sections bei(%gqjdi splaced in a single fundanental period, the subdivided

i nf or mat MG N PRt ed to each said unit section being represented by a

h i tg the unit secti the side. f f each sai i t ti
bei ng di spl acdeF Sdedpars g e B seelens PngdTEngen FRariide fblemen ' "
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the el emséé:&ncf I\I\%rt])%‘e 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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ri se value acquiring nmeans for sanpling and hol di ng an absol ute gradi ent
val ue of the wobble signal when the signal rises; fall val udMaeuZz9Gng

means for sanpling and hol ding an absol ute gradient value of the wobble
signal when the signal falls; and subdivided information detecting neans
for determning the subdivided information by majority by conparing the
val ues held by the rise and fall value acquiring neans with each other.

93. An apparatus for readin ubdi vi ded i nfaormation froman optical disk
medi um whi ch t@%ﬁfﬂqksegooaet g g SoPLIrality rUnth SERIORY Gt i ATABIR c or ded

I t he t K 120 rch 2005 the track grooye including a
Bl urar i £y fis Fo82 Saayssdnd dhatiiave g fgess dishianst R qdicaly 4ppayas and
t hat havzgﬁ%de faces displaced periodically along the track groove, the

side fac fIPR¥:unit sections being displaced in a single fundanental
| ocated . to ea t ,sect
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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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read signal processing neans for generating a wobble signal, é\x\lm ch_has
anplitude changing with the wobble pattern, fromthe el ectril %r%%%cff’
timng generating nmeans for generating a timng signal that defines a
timng at which the wobble signal rises, a timng at which the wobbl e
signal falls and a timng at which the subdivided information is
sectioned; first shape counti ng nmeans for detecting the fi rst vvobbl e

pattern respon i.gnal and countjng.t.he .af, times
‘the first wobbM dB’éqe[fgﬂfﬁTjaHQQ ?}E\Qe g%@ﬁﬁ’"@ﬂlm 8uﬁ‘ﬂ dﬁéans
for dete attern sive. .to t timn nal
and countMRgeheT Ry HERANPEY ?%1 E"H%Cgﬂﬁtc‘a‘rfﬁ%’?%ﬁ%?@d SaehaFsfank g

det ect ed; 2005 subdivided i nformation detecting neans for
determ ni ngé}%h‘é %%!{/\s{h%gd information by majority by conparing counts of
the first and second shape counting neans with each other. 94. An
apparatus for reading subdivided information froman optical disk nedium
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I
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sections ali’c?ri ein a single fundanent al period, the subdivided
i nformationa ocate to ‘each said unit section being represented by a

shape given t gnd ReckNblocv8CikRRing 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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the side faces of each said unit section being displaced aci%di ng.to a
pattern to be selected fromfirst and second wobbl e pattern el 2 %e t he
same fundanmental frequency but nutually different shapes, wherein the '
apparatus conprises: an optical head, which irradiates the optical disk
mediumwi th light and generates an electric signal responsive to part of
the light that has been reflected fromthe optical disk nedium read

Aol ude. chanreper o SERRTRTop RBiBate o Btk phitbrB83nsive

timng a8 a iy RERRPahPcolfR fie AemBe SFLRRsTHETF e FRLCHTRaf
si gnal f?e@ﬁ%ﬁ%t%g timng at which the subdivided information is
sectioned; 1 fch 2005 first shape counting nmeans for detecting the

First wobbl : i , .
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has been ygpihke baern b ddifigstebRfOr mat i on detecting nmeans for determ ning

the subdivided Information by mejority by conparing counts of the first
and second shggsdivrdadnmfaﬂnmﬁﬂaemétihgeﬁféangtRﬁrdet%ﬁﬁmmgf tHE SfdiNgegeans

for outputting an erasure flag if a difference between The counts of the
first anghispAstish HRReajEANbY NebriiBaMsy f@unts Wt tHe fikst 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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predeterm ned range; and error correcting neans for conducti @%ﬁ'ﬁ{é(&t’f
correction in accordance with outputs of the subdivided i n

detecting neans and the erasure detecting neans and generating address
i.nformation. 123 1 March 2005 ABSTRACT On an optical disk medi um according
to the present invention, address information is recorded al ong a wobbling
track groove 2. The track groove 2ABSTRWOE up of a plurality of unit
sections 22, -23. Each of these unit sections 22, 23 has side faces that
are di spl aced (ReLROGhtic |disk Mddidins bcbaling tdlthé GrbSeht iHVkAtion!! §&%@§§W€nt
oscillates at a single period in a tracking direction. However, the

di spl ace ter i ffe e i 1€ i infer.oation
(subd vi TR & Rottda APl e Weptia Lad Gy 2. Te BEEF Bindye 20y

124. made up of a plurality of unit sections 22, 23. Each of these unit sections 22, 23

5 has side faces that are displaced periodically in a disk radial direction. This
displacement oscillates at a single period in a tracking direction. However, the
displacement pattern differs depending on “each bit of address information

- (subdivided information) " allocated to each of the unit sections 22, 23.
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