*1&9159* DESCRI PTI ON OPTI CAL DI SC MEDI UM OPTI CAL DI SC PLAYBACK AND
RECORDER 5 TECHNI CAL FI ELD The present invention relates to an optical

di sk on which information (€.9., digital video informatltmw ored
at a high density. 10 BACKGROUND ART In recent years, the mmwm@”%nsity
of optical disk nmedia goes on increasing. On an optical disk

track groove has nornally been fornmed in advance and a recordl ng "film has
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i nformation), indicating physical |ocations on the optical disk, needs to
be allcated to, and recorded at, respective sites on the optical di sk
while the disk is being manuf act ur ed. Nor mal | , an address is allocated to
a series of areas that are arra'ﬁﬁ@dﬂMlC@M-gFELtgack groove and have a
predet ermi ned | engt h.

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) interposed 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 track groove and have a predetermined length.

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



25 There are various nethods for recording such address information on an
optical 1 disk. Hereinafter, a conventional nethod for recordi ng an address
on an optical disk will be’‘described. Japanese Lai d-Open Publication No.
6- 309672 di scl oses a disk storage nediumon which a wobbling track groove
I's discontinued locally so that an 5 address-dedicated area is provided
for the discontinued part. Pre-pits, representing address information

ded, . . h d - dedi d :
Thi s opt idish " eSRNARe 3 CRvRTGTal Metin da (dnorQhvE Bcts; aeh HBRRL%,
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an optical disk on which address information is recorded by changing the
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on which the address information is recorded and an area on which data
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Japanese Lai d- Qpen Publication No. 9-326138 discloses an optical disk on
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of further i ncreasing the recording density. 20 First, as for the optical
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has to beon 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 Japanese 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 address 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 nmodul ating 2 I the wobble frequency of the track, a wite clock signha
cannot be generated precisely enough. Oiginally, the wobble of the track
groove is created mainly to generate a clock signal for establishing
synchroni zation required for read and wite operations. Were the wobble
frequency is single, a clock signal can be generated highly 5 precisely by
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the jitter of a disk notor or a jitter resulting fromthe eccentricity of '

a di sk. Where $wenwgbble diequiegeit is aigle, anclople sigrall eainte gereratachfighiynal .

On the other hand, where the recording filmforned on the optical disk is a

phase-changeisély| by dettinge aargade sigeal; hhavimg amplitide fchiangimgy witke sthet wohble,
decreased 15 SNR as the data stored on the filmis altered repeatedly. If

t he wobblsgnérefizeacdnd Smaitipiée, byt ke PLY), sfer caxapaient siawever eifotie wobibie ng a
band- pass filter having a narrow band. However, if the wobble frequency

has been taRfidha) @&9not SiRgibl butHas ﬁhﬂlﬁbﬁé’frbél‘!&w%y_t SorpovikMtslt thehrtradei@ency’s a

result, the noi'se conponents are much nore I'ikely contained and the jitter
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10 case, the PLL cannot sufficiently follow up the jitter of a disk motor or a jitter resulting
from the eccentricity of a disk. Thus, some jitter might remain in the resultant
recording signal.
On the other hand, where the recording film formed on the optical disk is a
phase-change film, for example, such a recording film may result in a decreased
15 SNR as the data stored on the film is altered repeatedly. |f 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 result, 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



Agcordingly, it will be nbre and nobre necessary to nminimze the increase in
jitter Dby avoiding the nodul ati on of the wobble frequency. In the
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 | long enough pre-pits in sufficiently |arge nunbers.

Accordingly, as the recording density is increased, detection errors m ght
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Anot her object of this invention is to provide a nmethod and apparatus for
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I's recorded along the track groove. is The track groove includes a
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Another object of this invention is to provide a method and apparatus for

10 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.

15 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 shape
given to the unit section.

20 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

25  of unit sections that are arranged along the track groove.



either toward inner or outer periphery of the disk with respect to a
centerline of the track groove. In another preferred enbodi nent, the
information is recorded on a bl ock-by- block basis. Each said bl ock has a
predeterm ned | ength and includes a nunber N 25 of unit sections that are
arranged along the track groove. 4 In another preferred enbodi nent, part of
the side faces that is shared by at I|east two of the unit sections has a

constant displ.acenent petiod, within at |east.one. th l. anot her
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each said unit section, and a group of subdiyided informatjon representing
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bl ock. In another preferred enbodi nent, each said N-bit subdivi ded

i nf or mat iafthe flosk® i ncl udes address information of its associated block to
which the unit sections, where the subdivided i nformation group is
recorded, bel dnganctioer prefercechembpdinient; exle-bitisuthdivided inferotationiis akb¢ated

subdi vided information group includes an error correction code and/or an
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code or the error detection code has its ability to correct an error of
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the error correction or detection code have 15 a relatively |arge weight.
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10 In another preferred embodiment, each said N-bit subdivided information
group includes an error correction code and/or an error detection code.

In another preferred embodiment, the error correction code or the error
detection code has its ability to correct an error of the address information weighted
in such a manner that low-order bits of the error correction or detection code have

15 a relatively large weight.

In another preferred embodiment, each said unit section has a first side
displacement pattern that has been so defined as to make a signal waveform rise
relatively steeply and fall relatively gently or a second side displacement pattern
that has been so defined as to make a signal waveform rise relatively gently and

20 fall relatively steeply.

An inventive address reading method is a method for reading subdivided
information from an optical disk medium, which includes a track groove and on
which 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

25 side faces displaced periodically along the track groove. The side faces of the unit



20 fall relatively steeply. An inventive address reading nethod is a nethod
for reading subdivided information froman optical disk nmedium which

i ncludes a track groove and on which information is recorded al ong the
track groove. The track groove includes a plurality of unit sections that
are arranged along the track groove and that have 25 side faces displ aced
periodically along the track groove. The side faces of the unit 5 sections
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10 In a preferred embodiment, 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.

15 In another preferred embodiment, a type of a given wobble pattern is
identified by a gradient of a Ieadihg or trailing edge of a signal correqunding to
the wobble pattern.

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

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

An optical disk reproducing apparatus according to the present invention is
an apparatus for reading subdivided information from an optical disk medium,
which includes a track groove and on which information is recorded along the track

groove. The track groove includes a plurality of unit sections that are arranged

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



identified by conparing an absolute gradient value of the |eading edge of
the 20 signal to an absolute gradient value of the trailing edge thereof.
An optical disk reproduci ng apparatus according to the present invention is
an apparatus for readi ng subdivided informati on froman optical disk

medi um  which includes a track groove and on which information is recorded
along the track groove. The track groove includes a plurality of unit

sections, that are arrange al o t he t.r . qro t. hav | de
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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
15 the rise and fall value acquiring means with each other.

Another optical disk reproducing apparatus according to the present
invention is an apparatus for reading subdivided information from an optical disk
medium, which includes a track groove and on which information is recorded along
the track groove. The track groove includes a plurality of unit sections that are

20 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. 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 displaced according to a pattern to be selected from first and second

25 wobble patterns that have the same fundamental frequency but mutually different



medi um which includes a track groove and on which information i s recorded
along the track groove. The track groove includes a plurality of - unit
sections that are 20 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 fundanmental period. The subdi vi ded
I nformation allocated to each said unit section 1is represented by a shape
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timing signal and counting the number of times the second wobble pattern has been
detected; and subdivided information detecting means for determining the
subdivided information by majority by comparing counts of the first and second
shape counting means with each other.

15 Another optical disk reproducing apparatus according to the present
invention is an apparatus for reading subdivided information from an optical disk
medium, which includes a track groove and on which 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

20 along the track groove. The side faces of the unit sections are displaced in a single
fundamental 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 displaced according to a pattern to be selected from first and second
wobble patterns that have the same fundamental frequency but mutually different

25 shapes. The apparatus includes: an optical head, which irradiates the optical disk



medi um which includes a track groove and on which 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
di spl aced periodically 20 along the track groove. The side faces of the
unit sections are displaced in a single fundanmental period. The subdi vi ded
I nformation allocated to each said unit section 1is represented by a shape
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error correcting neans for conducting error o .
detected; subdivided information detecting means for determining the subdivided

information by majority by comparing counts of the first and second shape counting
means with each other; erasure detecting means for outputting an erasure flag if a
difference between the counts of the first and second shape counting means falls
15 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.
Another optical disk medium according to the present invention includes a
track groove. On the optical disk medium, positional information indicating a physical
20 location on the track groove is represented by a wobble shape of the track groove.
The optical disk medium includes a plurality of positional information units that are
arranged on the track groove. Each said positional information unit includes: a
positional information section that represents the positional information by a
combination of wobble patterns selected from multiple types of wobble patterns; and

25 a sync mark section having a wobble pattern in a shape distinguishable from the



correction in accordance with outputs of the subdivided information
detecting neans and the erasure detecting neans and generati ng address

i nformati on. Another optical disk medium according to the present invention
includes a track groove. On the optical disk nedium positional

i nformation indicating a physical 20 |ocation on the track groove is
represented by a wobbl e shape of the track groove. The optical disk nmedi um

i ncludes a uralit posi.tio |.nf I units that are arranged on
t he tracWoéﬂﬁ)%.erﬁéﬁ’ﬁ{h?a?%'tlc%@rﬂodh%t@ﬁ%%yr'cr%gt ion unit includes: a
positional information sectjon that represents the.positiopal information
by a conbi nath ¢ PEelg tﬁrﬁb?faﬂeé' 'n@esgpﬁﬁéiis% MREHEY 1NG4Aes: § RIECHIONopb) e
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G Sk nmer - peod RO P G PERed oS ibR: PraaioR, b i nark Section has
10 a wobble pattern in a shape distinguishable from the wobble patterns of the
positional information section.
in another preferred embodiment, each said wobble pattern in the positional
information section includes: 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-
15 outer-periphery-oriented displacement have/has a shape steeper than the part
having the sine wave shape.
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 precision 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 formed by discontinuing a part of the track groove.
In another preferred embodiment, the mirror mark is disposed at the second

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

25  section.
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15 outer-periphery-oriented di splacement have/ has a shape steeper than the
part having the sine wave shape. In another preferred enbodi nent, the
wobbl e pattern in the sync mark section includes the first part and/or the
second part. In another preferred enbodi nent, the precision positioning
mark section 20 includes an identification mark for use in precision
positioning. I.n another preferred enbodinent, the identification mark is a

mrror mark that has been forne L.scqnt i pui t.of.fhe t

groove. In an ?h@PO%FEf%rPFeJBBJer%&%‘F%@%b? ﬂﬂae n%ﬂr]%rs?rgé;}b fng talésg?gfesﬁt t he
second thr?,tégh fourth ger'bod par ts of the wobble pattern in the precision
pozib'ltioniq?é” Ing MaE seclion has asing WaxRSPARS: preferred enmbodi ment, the

WO e pattern in the precision positioning mark section has, a sinhe wave
shape. In anot'h@"oﬁ}%fﬁﬁﬁeéréd@w&%ﬁt-,m ieAck £ B‘éﬁ“@P’}%ﬁ{}?m&” Wk &t i on
unit, the precision positioning mark section, the positional information
section gmecisipn positoning mark seetion, dhe pasitionah infernation: sectiopr ard the gyagiot her
preferred enbodi nent, a recording block, which is a snallest read/wite

uni t, § nghartesctiomuardarrangedf intthis gpderi. ti onal information units (where L is a
natural nunber). In another preferred enbodi nent, the recording bl ock

corresponds tqpagklthaér préfeHBl ternbadinfePishi FebRENGDISEK, OWhieRT ises tsnadllespde.
I n anot her preferred enbodi ment, witing on the recording block is either

:teg{ |t gg géagmgg gﬁ@,{‘ib?ﬁdﬁz %t ﬂﬁ%@ﬂl B tHY pddifortd SforhatbrPasits (WHErB . 158d K
natural number).
In another preferred embodiment, the recording block corresponds 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 mto 10
KL 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 than 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 wobble pattern, a wobble, having rectangular parts in

25 which disk-inner-periphery-oriented and disk-outer-periphery-oriented displacements
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I n anot her preferred enbodi ment, witing on the recording block is either
15 started or ended behind the mrror mark by a predetermned length. In
anot her preferred enbodinment, the mirror mark has a length of 1 Amto 10 A
m as neasured along the track groove. In another preferred enbodi nent, a
single subdivided information unit is represented by a wobble for M
periods (where Mis a natural nunber equal to or 20 greater than 2), and

one bit of th sitional inf ' [ | | e ' | vi ded
7t or ma 12658 2 BE82pr s ABerled B At o oanih th bR 35 Sty ulite o,
a conbination of first and sec wobbl tter t.he nunber of which is
N (whi ch Radtern, &3meain S"pﬁ,Wﬁg?)W_O%?)% 'ééﬁﬂeéﬁggorftﬁ?gﬁ bﬁﬂ%‘%‘e pattern, a
wobbl e, having rectangul ar parts in 25 which di sk-inner-periphery-arjented
and di sk- out edn@nathereprpferred pmhedimary; e syt Srafk SecHom it Mmade-up of itge
repeated for a nunber M of periods. In each said second wobble pattern, a
snoot h sifingt webbde petiéine drdy.r epeated for the M periods. In another preferred

enbodi ment, the sync mark section is made up of the first wobble patterns

only. $ I n andhhstothereprefereetd enbadiment; the fiestfandssecomd webbledpatterhs are
patterns are arranged alternately in the sync mark section. |In another

pr ef erre%r@ﬁ@@gimmate?mt@mdﬁﬁgﬂk geRfibhon i1s a conbination including
both a transition point fromthe first wobble pattern into the second

wobbl e - pat t eng 4ingr Fé?@ﬁé&ié?ﬁb&&?én@ht,ftherwnf&em%ﬂfs%Bétidwlwlaec&ﬁbhaﬁani nto

the first wobble to pattern. In another préeferred enbodi nent, supposing

ng golsLﬁ@@ﬁ&ibgib{bi@%gﬁ%isﬁg%ni%oig %gﬁg BrRWdbbid paitdrsy intd heS¥dtondBhdbrigct | on
pattern and a transition point from the second wobble pattern into the first wobble
10 pattern.

In another preferred embodiment, supposing the positional information is
represented by A bits; the sync mark section has a length corresponding to B wobble
periods; the precision positioning mark section, including the mirror mark, has a
length corresponding to C wobble periods; one wobble period has a length

15 corresponding to W channel bits of recording data; the number of channel bits of a
recording block, which is a smallest read/write unit, is D; and the number of the
positional information units allocated to each said recording block is E, where A, B,
C, E, M and W are all natural numbers, an equation D=(AXM+B+C)XWXE is
satisfied.

20 In another preferred embodiment, B is a multiple of M.

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

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

25 In another preferred embodiment, A=48, M=24, B=96, C=6, W=186 and

12



peri ods; the precision positioning mark section, including the mrror mark,
has a |ength corresponding to C wobbl e periods; one wobbl e period has a

| ength 15 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 the nunber of the positional information units allocated to each
said recording block is E, where AA B C, E, Mand Ware all natural
nunbers, I,1:_<[a__g4equation D=( AXMtB+C) XWKE is satisfied. 20 In another preferred
enbodinmert, Bis a nultiple of M In another preferred enbodi nent, A=48,

M=32, B=128, C=8, 186 .and,E=4. ].n _anojhe ref.erred i | _ A=48,
ME36, B=144, E@ﬁ"%58fef%[ﬁ%d gobodie, Ancds, WSt £ G gﬂﬁ%{wﬁ]ﬁ,“ A=48,
M=24, B=96, C=6, W186 and 12 E=4. In another preferred enbodi nent, A=48,
M=36, B=BMIET49 We124 and E=4. The optical disk nedium may use a

modul ation code for converting 8 bits into 5 F channel bits. Supposing the
preci si on posiThemriticg! disk estiwniroay use elmeaduatiermeoderfarconvering 8 hlgeslnép

| engt h corresponding to C wobbl e periods; one wobble period has a length
cor r espoifdichannial BisC h@Bupplsinigt theo precisian giosijiodngamarik esegtien, iichuding the
positioning mark section has a length corresponding to P franmes of the
recor di ngnietaF markHas éléhﬁjth/b&%bddﬁﬂﬁfgrmtct Wobbl peritals; ané avuible perideRaondi ng
to Q franes of the recording to data; and one frame of the recording data

175, 2 7aahaf Sl Rang 18R i G oM S P o0
mark section has a length corresponding to P frames of the recording data; one
subdivided information unit has a length corresponding to Q frames of the recording

- 10 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 PXRXF=

CXW and QXRXF=MXW are both satisfied.

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

93.
15 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

20 and R=93.

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;

25 establishing a bit synchronization for the positional information using the sync mark
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CXWand Qx RX F=M X Ware both satisfied. In a preferred enbodi nent,
F=16, M=32, C=8, W186, P=1, Q=4 and R =93. 15In another preferred

enbodi nent, F=15, M=36, C=9, W=155, P=1, 4 and R=93. C=6, W186, P=1, =4 In
anot her preferred enbodi nent, F=12, M:=24, and R=93. C=9, W124, P=1, Q4 In
anot her preferred enbodi nent, F=12, M=36, 20 and R=93. An inventive
positional information reading nethod is a nethod for reading out

position | r | r b o di | f ese

Pnvent o?:téc?%i YRS (BFkRRD PREMERnGC hi GeedB and foRdRaCEM e
section thaj. has peen. fornmed on the. | C di sk I um ecting th
preci si orPloﬁ{yQ][‘g]i ipRArMGHAR ik ?Cﬁ%fdégP%BY'ﬁgﬁ\en@t ﬁy%"ﬁlrog?r%hﬁ? &#jaj’i'gﬁ%(h "?(Sl?e '? he
positional information using the sync mark 13 detected_ and/or th | Si
Dosi ¢ 1 onistep AbexaBkang e DBRMGRSANEALOD (Rr tTRSOSIGBRL INGRAEIOR or mat 1 on 1 n
accordance with the bit synchronization established in the step of

est abl i shi ng tAreinventivs date writingmethod ds atmethsskior ivaitiag datermte epticahn

i nventive data witing nmethod is a nethod for witing data on the optical

5 di sk mefi§kumediunt loé thee peesent inveation.oTheTethuet inokides theistepstdfiedateeting of
detecting  the sync mark section that has been fornmed on the optical disk

medi um  qgré 8ghé Rebrk (SBetion Asthaabess fdrived o tieojstidza itk miadiune; datactimpr K
section detected; perform ng positioning using the precision positioning
mar k- det gl efreciiibh ShdifibMleg mark based on the sync mark section detected;
performing positioning using the precision positioning mark detected; and starting
to write the data based on a positioning result obtained in the positioning step.

10 An optical disk reproducing apparatus according to the present invention is
an apparatus for reading out positional information from the optical disk medium of
the present invention. The drive includes: means for detecting the sync mark
section that has been formed on the optical disk medium; means for generating a
first detection window with a predetermined time width after a predetermined time

15 has passed since a timing at which the sync mark was detected by the sync mark
detecting means; means for detecting the identification mark, which has been
formed 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 using the timing at which the sync mark has been

20 detected and/or 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.

An optical disk recording apparatus according to the present invention is an

25 apparatus for writing data on the optical disk medium of the present invention. The
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to wite the data based on a positioning result obtained in the positioning
step. 10 An optical disk reproduci ng apparatus according to the present
invention is an apparatus for reading out positional information fromthe
optical disk nediumof the present invention. The drive includes: neans
for detecting the sync mark section that has been forned on the optical

di sk nmedium neans for generating a first detection windowwth a

predet ern ned ti wdth afte redet ermi ned ti. S S | nce a
Pl i g aariaesudEs fegam ferBledoBIBe SYP B aH SehtiR i ErvsdiRT et 4F
neans; nmeans for detecting the identificati,on rk, I ¢ch has been . forned
on the ophe cqptical giskymadivm; pyeans Eﬁ’éerﬁf'%tangﬁ?ﬁeg%(?ﬁowwmgw WiERR for
establishing a bit synchronization for the positional information, which is
r ecor ded predeterminedttinee widthsaftersi pladeterinined Hga has Passed) sicevmtianlng ¢ sync
mar k has been 20 detected and/or a timng at which the identification mark
has been whitle thedyn@nuhrk iveasn defested bp dhen gyncmarkedgiecting oveansj mieansedor on at
a timng at which the bit synchronization has been established by the

means § ordetgdtig tisdiidentifieation t masy nwhichnhast been fformetheopahet optival disk
i nformati on. An optical disk recording apparatus according to the present

i nventi O%éﬁuﬁfﬂibﬁgﬂt RS RF Ak OStioN Wirldod; BHPdaB WhEh® Mdaa! foflsttingeali um

of the present on. The 14 drive includes: neans for detecting the
Py et 88Ul ik {30 A6 B PR . eloPEnoR ubCH) Utk dTeghi R ans
mar . vas MIGHBCRU BT NES AR YHPRSTet oct i g means. means for 5 det et ng
e abb M el S0 55 o b B, ol B ™
data }/\(/)ri ttlargz SrE)g\r/é. 3itﬂé ooprticglngisﬁoni\gctliur?\%/ irgfgr'rﬁ;t(iaonnc?s Eeoco?décij rglc;]ngg ?r;[e \{rwa]!iclgh the
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 common
period. Subdivided information allocated to each said unit section is represented by
15 a shape given to the unit section. On this opticai disk medium, control information is
represented by a combination of the subdivided information.
In a preferred embodiment, the control information is recorded on a non-user
area.
Another optical disk medium according to the present invention includes a
20 track groove. On the optical disk medium, information is recorded along the track
groove. Management information of the optical disk medium is represented by
wobbling of the track groove.
In a preferred embodiment, the control information is represented by a

combination of mutually different wobble waveforms that oscillate at the same

25 frequency.
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identification mark has been detected. Another optical disk medium
according to the present invention includes a to track groove. On the
optical disk nmedium information is recorded along the track groove. The
track groove includes a plurality of unit sections that are arranged al ong
the track groove and that have side faces displaced periodically along the
track groove. The side faces of the unit sections are displaced in a conmon

period. Subdiyid i nf ' . ' ' ' '

Fepr esent ed by foel ptsiaRsH S RB Hio bBrEBT oAbt fertbiertel b,
medi um control informatipen is represented by a conbination of the

subdi vi d€8MbiRd}aaq oWOE’W? éhﬁ%?e&cﬁtﬁﬁ%@dis th iR WEYEr BR™ 8 fat i on
is recorded on a non-user area. Another optical disk nmediumaccordipg to
the pr esdéegtangulanparin whighua diskdnnerepariphery-grenfed disglagemaenfandien a diskx
medium information is recorded al ong the track groove. Managenent

i nf or mat ioniteregeripherysqrierdadi disiptacemeit are/isssteepr esent ed by wobbl i ng of the
track groove. In a preferred enbodinent, the control information is
represent ed byrtherooftioah disknmetiiumtacabidinglitd ftlee enésem ibventicsy mcludes a hat
oscillate at the sane 25 frequency. 15 In another preferred enbodi nent,

the cont qelckighbsVe'®i b P8cdr8ingesureethérdoRyOn the eptical dlidiomediunvdioreatidrapes
i ncluding: a snmooth sine wave part; and a rectangular part in which a

di sk-innes - RELIRAC BYoRY gﬁ@.tf?g‘flgi:%fr%@&e&? e2BE5R" oft & Bibck unit having a

out er - peri phery-oriented displacenent are/is steep. s Another optical disk
et GRS S ST WBER e RSRAEER gt U
block unit, has been formed on the track groove. A signal having a particular pattern
10 is overwritten on the identification mark.
In a preferred embodiment, the identification mark is located substantially at
the center of an area on which the signal is written.
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
15 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.
20 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.
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

25 wobble.
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is recorded along the track groove on the basis of a block unit having a
predeterm ned length. An identification mark, indicating the beginning of
each said block unit, has been formed on the track groove. A signal having
a. particular pattern to is overwitten on the identification mark. 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 e M’ 1i8fehl ThbodimenfC U SafF biobR unf REfRGOR D! ock

W th respect to the cent an-area onwhc the signal

I n anot her preferr the rk. i cI d | at
portion tpﬁﬁ tﬁHE'"ﬁggﬁné}B H‘é‘%ﬁ@ agplugal P ﬁﬁ’%b&‘}ch%???tg%ﬁ %[F‘%W ?elgpgzﬁ]%hort
interval. |n another prefer enbodi nent, . t he |dent|f|cat|o rk

i ncl udes QioﬁY%rélﬁupstQh"dg% qagpqgnarg@ Provided within gaeh saidesuba i nent, the
track groove wobbles periodically. The identification mark is fornmed by
connect i ng t odetansther preferted embedimengdbe drackigsoove isdioyjded withtanperiodic e
nmutual Iy different wobble phases. In another preferred enbodi nent, the
track gr ogotsbles Arweblledhavindg aa frequency diffevebbifrem That ofi e iolttherapalmsn israr k
has a frequency different froma frequency of the 25 wobble. 16 In another

pr ef er r echlpehRd toRitich RA¢ Bubdistientficatioh Maki ng the predeterm ned |ength
i ncludes a plurality of sub-blocks that are arranged al ong the groove. A

sub- bl ock i derlh'agidiﬁél‘ Preferrédl ehiboRirA¥htd @dcMisalti BulsBldtkSaestificdfion ntsrk is| N
anot her preferred enbodi ment, the track groove is provided with a periodic

5 wobbl e, g labhe, hahg B kS SGM5ARadublfsa0t from that of the ot her

parts is
in another preferred embodiment, the identification mark for one of the sub-

10 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
corresponding to the information indicating the address of each said block unit.
An inventive signal writing method is a method for writing a signal on an
15 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
20  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.
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

25 the optical disk medium, information is recorded along the track groove on the basis
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allocated to each said sub-block identification mark. In another preferred
enbodi nent, each said sub-block identification mark is |ocated at the

begi nning of its associated sub-block. In another preferred enbodi nent, the
identification mark for one of the sub- I o blocks included in each said

bl ock unit having the predeterm ned | ength represents subdivided
information indicating an address of the block unit. In another preferred

the i nf ot b6k IR Aebirk s PR e IERNR, AASadhMoaRh il Raieatiy % L ©

M %ﬁgﬁhg?ienltraa&fﬁgﬁ@ﬁ&ﬂ'u%é%ﬂ%ﬁﬁ?rgﬂ gl
On

track g SOTEDAN B ik woBTS MBSk St B 119 BShPEAGY dhiSiEd Aot b

and an identification mark, indicating the beginning of each said bl ock

unit, hadnakedas notheadensificatien mask locgiesbabthepedinniggicl at Last osg Hetkor@lt t he

i dentification mark, | ocated at the beginning of at | east one bl ock 20 unit
on whisch anhehish gmslgsab&hatld)bewrlttene has been eigtented. The wiitingiisgniled efteed
after the identification mark, located at the end of the at |east one

bl ock unithe a3t vhé @htﬁd@b-ﬁaﬂ(ﬁiincﬂdﬂd id the identification rhark lbeated 24 $isednd Ahot her
inventive signal witing nethod is a method for witing a signal on an

optical dhglst léaet GHB biBek uﬁit BE whidH tHeksignal@heuldrbewriten/ s tibeiLddtacted.
thereof. On 25 the opti ca di sk medi um |nformat| on is recorded along the

track groove ghg4 &%fé? é&dmerﬁ Rl @%n L\Q{nh Oyl%g?%ﬁéﬁi@d(?eﬂﬁﬂuér?ngth

An |dent|f|cat|on rcatin sal d bl ock unit

and includin b mar ks, has been formed on the track
groove. ?%H?#@wgﬁhﬁ%ﬁﬂ r the fi rst one of the sub-marks, included

Iuﬂl :E hfo | dent f|ll'1 Ca%to%her prggfrerred en?bocsj ment tne S en(“:-!lll HQ\'nH& tﬁ)f ngtlcu a?sp}attgpnelsbal ock

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.
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5 on which the signal should be witten, has been detected. The witing is
ended after the |last one of the sub-marks, included in the identification
mark | ocated at the end of the at |east one block unit on which the signal
shoul d be witten, has been detected. In a preferred enbodi nent, a signal
having a particular pattern is overwitten on each said identification
mark. 10 In another preferred enbodi nent, the signal having the particul ar

pattern is a O, Rl E PTl. i | an
Uew ol an optiiBarcaiugiaiene ot esrbibtoD o taethathe Bhise debdiarl &' 2
1 Bis a plan.vi illustrating a planar shape of a track groove on the
opti cal cﬁ?%q% quﬂ'b#het‘ﬁ%&ﬂ?égé‘ﬂ invention. FIG 2(a) illustrates plan

vi ews showi ng wobbl e pattern elenents, while FIG 2(b) illustrates_plan

vi ews showi ng Fl6ud illysteatesa mgipmogtignet ah HEt'Q%ﬁl'ﬁi‘dnﬁé“)"?GC‘é‘UﬁﬁgntPrﬁﬁfsﬁose
elements. FIG 3Aillustrates a basic configuration for an apparatus that
can i dentanfiljodimiest.t ype of a gi ven wobbl e pattern by a wobbl e signal having
anplitude changing wth the wobble of a track groove. FIG 3B illustrates

wavef gy m di agriiGs 5 flimetraigsaa wohtigeratiahtfer mnobptidat diskacsprodéciog @pparatusie
wobbl e signal and a pulse signal. 18 FIG 3C illustrates a circuit

conf i gur dcBrtin®o §%bedsd bRbodiigemu! se signal and a clock signal fromthe
wobbl e signal. FIG 4 illustrates a main portion of an optical disk nedium
according to a){, e fiusfaieadh BRtiguration for an optical disk reproducing apparatus
according to a third embodiment.
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 detecting
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 to the eighth
embodiment.

25 FIG. 15 illustrates a main portion of an optical disk medium according to a
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5,FIG 5 illustrates a configuration for an optical disk reproducing
apparatus according to a second enbodinent. FIG 6 illustrates a
configuration for an optical disk reproduci ng apparatus according to a
third enbodinment. FIG 7 illustrates an address readi ng nmethod according to
a fourth io enbodinent. FIG 8 illustrates a configuration for an optical
d:fk repr oduci ng apparatus according to a fifth enbodinent. FIG 9
illustrates,a detajl configuration for a wobbl e shape detectin means

b %nEdireth enpod A ’

accor di nd}'"?d_ enbodijrrent. 15 FIG 10 illustrates a main portion of
an optica [ medi ym ' t | Xt h _enbodi t. FIGS. 11A and 11B
T\ totrate a T HEEGEsd it Porms! B PTeRcHSR dheiymsarde B S 6

12 illustrates a main portion of an optical disk nmediumaccording to a 20
sevent h dapmeedimenl.c 13 illustrates a main portion of an optical disk
medi um according to an eighth enbodinment. FIGS. 14A and 14B illustrate a
signal witindleetifodlusteates @ maint portine ofjaghepticaé diskonadium agsomding torgn
illustrates a main portion of an optical disk nediumaccording to a 19
ni nt h £nedvantemboldignerdté il l ustrates a nmain portion of an optical disk
medi um according to a tenth enbodi nent.
FIG. 18 illustrates a main portion of an optical disk medium according to a
twelfth embodiment.
FIG. 19 illustrates a configuration for an apparatus for generating a clock
signal and reading an address signal from the optical disk medium of the twelfth
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 bits 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 according to a sixteenth embodiment.
FIG. 25 illustrates a detailed format for the optical disk medium according to
the sixteenth embodiment.
FIGS. 26A through 26D schematically illustrate a track groove of the optical

disk medium according to the sixteenth embodiment.

25 FIG. 27 illustrates a precision positioning mark section of the optical disk
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FIG 17 illustrates a main portion of an optical disk nediumaccording to
an 5 eleventh enbodinent. FIG 18 illustrates a nain portion of an optical
di sk medi um according to a twelfth enbodinent. FIG 19 illustrates a
configuration for an apparatus for generating a clock signal and reading
an address signal fromthe optical disk nmediumof the twelfth io
enbodinent. FIG 20 illustrates a format for a group of subdivi ded

;“n}ogéﬁﬁéh'?é’d'@ﬁé%a@ﬁé ﬁ@ilersg%%énﬁ%ﬁgné?ﬁ%? e oroup of Subd vi ded
mbodi USEEesna v _
erbod rent . ‘i’%légezg%*h‘?é‘trse% '12?%[ ESatF BBt o Yab G Pl SE0leh prne
: Yl e LS . | .
FIG. 25 ophoal s weohi geeairg tithe SapotHEGHImeBt. subdi vi ded | ni ormat i o

on the optical disk nmediumof the fifteenth enbodinent. FIGS. 24(a)
t hrough 24(d) FIGI 129 rilkusirates oa neenfiguration dpt i @l opticak digkliread/wride adidvg di ng

to a sixteenth enbodinent. FIG 25 illustrates a detailed format for the
optical dicedrdirgdiounsevareshtheribodittentsi xt eent h enbodi ment. FIGS. 26A
t hrough 26D schematically illustrate a track groove of the optical disk

medi um accor diFgst BOAehIughe80Eillesiaei pasifional Tefdtionstips | betwebn avetingy
preci sion positioning mark section of the optical disk 20 nedi um accordi ng

E ﬁet 2§n§ 's’(r‘éarggﬁﬁs Eg@%@éﬁﬁremgé@cﬁ%é t avelyntsdath bhibddimés. formats for
FIGS. 31A through 31C illustrate exemplary recording data formats
according to the eighteenth embodiment.
10 FIGS. 32(a) through 32(c) illustrate an exemplary method for writing data at
writing start/end points in accordance with the eighteenth embodiment.
FIG. 33 is a flowchart illustrating the flow of exemplary positional information
reading processing according to the eighteenth embodiment.
FIG. 34 is a flowchart illustrating the flow of another exemplary positional
15 information reading processing according to the eighteenth embodiment.
FIG. 35 is a flowchart illustrating the flow of exemplary data write process
according to the eighteenth embodiment.
FIG. 36 illustrates a format for an optical disk medium according to the
eighteenth embodiment.
20 FIGS. 37A through 37E illustrate other exemplary recording formats for
control information according to a nineteenth embodiment.
FIG. 38 illustrates an embodiment in which four positional information units,
included in one positional information segment 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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optical disk nmedium according to the sixteenth enbodinment. FIG 29
illustrates a configuration for an optical disk read/ wite drive 5
according to a seventeenth enbodi ment. FIGS. 30A through 30E illustrate
positional relationships between witing start/end points and mrror marks
according to an eighteenth enbodiment. FIGS. 31A through 31C illustrate
exenpl ary recording data formats according to the eighteenth enbodi nent.

10 FIGS. r%r?cf@%e écmt%lllg'[??ﬁ%ﬁ)n tecbtfdd ﬂ%%@@/gﬁﬁw é"@%od%t hod for writing

data at ng sta points 1 n accordance w the ei ghteenth
enbodiment. FIG 33 is a flowhart illustrating the flow of exenplary
positional information reading processing according to the eighteenth

enbodi nent. FIG 34 ] rt. t ' f anot her

exenpl ary positi oni?égl&éh%agtéﬁhéﬂ% ﬂ%}ﬁ%@&\(#@wﬁ@or ding to the
ei ghteenth enmbodinent. FIG 35 is a flowhart illustrating the flow of
exenpl ary dat Aswehewn gn otk s1Aa@c spimintjagh areeveriZghescbean domad @Bnthe F G
36 illustrates a format for an optical disk mediumaccording to the

ei ght @entdcoedibg Surizmce. 1 20 afl GllicaB diskt tmediugh a@zarding ¢ thepeesenhdnventionpl ar y
recording formats for control information according to a nineteenth

embodi memG. 8 @Husttdd & pattr oftthe tritkeyrbovl Qetota largemscedte.f iniFIGO$BY aatisk
information units, included in one positional information segnent 403,

i ncl ude eeﬁﬂeﬂ(ﬁ&aéhévfoﬁ)oaa@is! BAloy e Fack @%ovienmﬁaahi 8k Sa8Rl Airsbtion & FI G

39 illustrates a confi‘guration for an optical disk read/wite drive that

can 21 v qagfdb8 b§ WL How A7 OFHERLHBE B FoMiS' S uiRvctbRGn WHIEH & RhdAvrits HigHe:
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 groove 2. A displacement in the direction pointed by the arrow a will be herein
referred to as a “disk-outer-periphery-oriented displacement”, while a displacement
in the direction opposite to the arrow a will be herein referred to as a “disk-inner-

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

22



BEST MODE FOR CARRYI NG QUT THE | NVENTI ON As shown in FIG 1A, a spiral
track groove 2 has been fornmed on the 5 recording surface 1 of an optical
di sk nmedi um according to the present invention. FIG 113 illustrates a
part of the track groove 2 to a larger scale. In FIG 113, a disk center
(not shown) exists below the track groove 2 and a disk radial direction is
I ndi cated by the arrow a. The arrow b points a direction in which a

read/ wri i+gh . | ; : j ,gp&f' hsk is
r ot at ed. tbS’n .’t-h'etrp 8I owléng%%e'ﬁ%slgg?\{ﬁlé%[ﬁﬁ)rg&ﬂmg ?o%r?epara ?gléﬁ ?gh?ﬂgd arrow
awll be herein referred to A "q ial di tion. (or "radial
directi of® P"sqpr‘?ﬁ‘f%aﬂ%ﬁ'f’ﬁ'&eé’ ‘6‘95%‘&‘?‘%3 :.[]%'Pt;t?‘?daé'ﬁ SP‘gf ehie AN b will be
herein referred to, as . a "tracking, directiqgn,. .In - a coordi.nate temin

Whi ch the 11 gt the ARRBied PSRyl Fdhe semkprote 2 st T Ben on
the disk, a part of the disk irradiated with the |ight beam (which 15 w ||
be her ei trackingr dieqstion (as indicatediby theaairawdd). pAssordingly, dBe iamaunt taiwhieh i on
opposite to the arrow b. Hereinafter, the X-Y coordi nate system

i | | usty ataepositiorFba.the Bide facenda ardtts ptithestrack greavecdis displatieskindbedtigk ng t o
the present invention, the Y coordinate of a position on a side face 2a or

2b of theadiabdirectionoyas titicated tpethiediroal by isequak to it acnaundi toawbichher eof
i ncreases. Such a periodic positional displacenent on the groove side face

2a or 2b d&r’e'sg iR§ pBkifioh Arethieceriterling dffthe "traURgreoveR (aedhbicatud bpithé he

track groove A di spl acerrept_ in the direction pointed by the arrow a wll
e 1" S BeshBACIAAH Yt el W a8l MR %kt sabafienRg!
I TR e N e e L
fr equfonc%iriegtici)nn\\zn (ge? Lgréjlrrx %Pn?pr)lglirg ez#edt t% é)snﬁ'uewé]lgélgcgr%%wgf t-FleatPadck 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 multiple 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 dh;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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I's proportional to the linear velocity of the |light beam spot on the disk.
In the illustrated exanple, the width of the track groove 2 is constant in
the tracking direction (as indicated by the arrow b). Accordingly, the
amount to which 5 a position on the side face 2a or 2b of the track groove
2 is displaced in the disk radial direction (as indicated by the arrow a)
Is equal to the anmount to which a corresponding position on the centerline

s equal to ! whi _ i tion on | !
Che o sk PAIHIBHIGTeS | BANSQsETKER by bEvETy “EolstAR): S (BIep T REL i on
f

on the side ce of the track groove in the disk radial io direction wll
be her ei ff*8 ‘?'y referred to as the "displacenent of the track groove" or
the "wobble of the track groqve"..lt should be poted,  ,h ver, that the
present i nvehtarginarter,fhe ‘FQ'ﬁigﬂ‘é%f'qu? P P”ng!fr PFBﬁrlnér a@‘?ﬁéﬁt'f‘oﬂ?%’@ﬁ@"?he
centerline and the side faces 2a and 2b of the track groove 2 wobble to

t he sane invention wilk beistesgribed imdetail with EQi%rteinGﬁ.to,Eﬂ@gr%@?iaﬂél%ﬂ?)-the wi dth of
the track groove 2 nay change in the tracking 15 direction. O the

centersl i ne of AGe2(a)dliusttptesthe umiypasoof bagit elenents dmatymake upi ajavobbigces of
the track groove may wobble. In the present invention, the wobbling

st ruct ur @agtbrr bkethier teadk @oovs @. In IFSG. 2(H)] sredothssine wavieforat porions 100l angl e
types of displacenent patterns. That is to say, the planar shape of the

track graeqe 3 deemnfalar CPBRIoR 02 With tdiesiiepe disk-vatepperiphefydmentsd FI G
1B but at least part of it has a shape different fromthe sine waveform A
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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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coordinate thereof. In that case, fo(x) nmay be given by "constant sin (2Tr
x/ T)", for exanple. Hereinafter, the configurations of wobble patterns
adopted in the present invention will be described in detail with
reference to FIGS. 2(a) and 2(b). 5 FIG 2(a) illustrates the four types of
basic el enents that nake up a wobble pattern of the track groove 2. In
FIG 2(a), snpboth sine waveform portions 100 and 101, a rectangul ar

portion 102 with e I Sk- r-perd phery-oni gnt i spl .and a
Fect anguidspisrted, TS . RaMEL BRI lotisht R Shierfiost AARRER i€

di spl acenent are shown. nbi ni ng these_el ements or portions with io
each ot h&omﬁ'aggf%rawgvcgﬁ’lmpg' pa ?efpﬁsalfﬁf’tt?rllﬂ"g gROTPR. sAHNER FI G
2(b) are fornmed. The wobble pattern 104 is a _sine ve wi.ith no rectangul ar
port i ons.displaeemenitmay Refjnishegddn peuarter Péiﬁﬁsr‘%fd’n@dﬂ’%@“% peripgdhdanexample.
wavefornt. It should be noted that the "sine wave" is not herein limted
to a per fien, thendifferance bebueemtbese Bhapes isdeasily sistinguishabig. snoot h wobbl e.
The wobbl e pattern 105 includes portions that are displaced toward the disk

outer geri pherly should Isé¢ eepdd thdtathet webblenpattemet @8 iis dharzictarzeenby iBuarh
portions wll be herein referred to as "outer-periphery-oriented di spl aced

rect angulgdriphfy-bri@ned. diSplhdedn réstangles Opvhieal thei skobble ipattdrd f MOl tist o
realize the displacenent of a track groove in the disk radial direction

verti cal lohahQebfifod bbbt Sirfief-BetbREry-dHiited didlidoed RitiIEs A8hH Xdulert or med

is not perfectly rectangular. ° I'n an actual optical = disk, an edge of
21 e vavaPheREPlb Bk TR et B BT o he Rertactly 75 rectangul ar. As
can al so be Seﬁwne fvwbrgkla: ! pGattezrgb)IMatt:on%isisnce)f he effu%?wpe%éli 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
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24 di spl acenent fromthe innernost periphery toward the outernost periphery
Is conpleted in a half wobble period. As for a rectangular portion, a
simlar displacenment may be finished in a quarter or |ess of one wobble
period, for exanple. Then, the difference between these shapes is easily
di stinguishable. 5 It should be noted that the wobble pattern 106 is
characterized by inner- periphery-oriented displaced rectangles while the

wobbl e pattern ' ri b Yianer s ' -Qf i
i spl aced' P e woa M THE, woler Kplibhy, | HemMGREORREL OF WAL, .
e Wo e pattern 104 consists of the fungdanent al ef qr lope. i
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requency” that is _proportional to the inverse nunber of the wobbl eriod
T. In cdnforaation,t ircledingudhe yaddiess niiernajon, heng? r?rﬁB'be"é)of!Stt 105
t hrough 107 include not only the fundamental frequency conponents but al so
hi gh- f r eqpenifigally; daypallosatisg onieaxf dhé fopr-ty pes) oE wepbleopgitarant1f4dheoughht0at ed
by the steep 15 displacenents at the rectangul ar portions of the wobble

pat t erns.toldachhredeterdinet sectiont efinthehtrask groové,Goud Bpes afdumtesdefgr "84ch of
these wobble patterns 105 through 107 to represent the Y coordinate of a

posi tion «@r t he~ taRfk gentwhérene By denotsst biutkofinfolrmation;001St ndérotes
thereof, then the function may be expanded into Fourier series. The
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10 has been recorded by the wobble of the track 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
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
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 corresponding 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 respect 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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25 In the present invention, instead of witing address information on the
track 25 groove 2 by nodul ating the wobbl e frequency, the nmultiple types of
wobbl e patterns are conmbined with each other, thereby recording various
types of information, including the address information, on the track
groove. Mdrre specifically, by allocating one of the four types of wobble
patterns 104 through 107 5 to each predeterm ned section of the track

groove, fo t s of cad €. Oy B it D nf "1 4 r&~a B
denot es b|d3ﬁze¥tf??cﬂﬂ$hfﬂ@n‘?5‘e§'°’%én opg% ou%.ﬁ% I?J 3&? f%?‘%g%éi %?%\ngﬂgtm gé%d a
conbi nati on of zeros and ones present s addy ess .nunber _or an error
det ect i ofMRWde & akgPW')apﬁ'éE}"Bgég'e‘ﬁ’B?@eﬂ .Suﬁﬁa?tfoﬂt ReCAR QHEHPatF‘Q"bf i‘érlf"

i nventive nethod for reading information, which io has been recorded by

t he wobblresu; at&lgnalrc@énese@@%og to theywobhle shapecelitheigspovg 200 gee., amahblged
with reference to FIGS. 3A and 3B. First, FIGS. 3A and 3B wll be referred
to. FI G sinal 206y isr obtained. nmhher wobbte signalf 206 iscimpotiteiangl diffpeentiates bwwa | e

FIG 3B illustrates a relationship between the track groove and a read

si gnals. hightpsss filkerk(HPRORG7.20 aarbsuiytthe angoth|fundamentatl compbhénts3that s
scanned by a read |aser beam 201 so that the spot thereof noves in the

arrowed (a8 HBdeNincllided! insSthe whSHE sigHali 206" 8fd atbRgatbd Gind Mtz hoalisali sk
to formreflected Iight 202, which is received at detectors 203 and 204 of

the repr %ﬁjfail @Bamﬁﬁ%%é&?o&&nng&ﬁtﬁcoﬁésp%@ﬁg W reQhAgSar PartRdRd wilt are

spaced ap rom eac I rection corresponding to the disk

(o L e SR SRR AT 2 PR ERS STl BBl BhESL,
R TN LT RIS K ROMG Ty K T
r espelcot td(i)sp;tl.e?ceement 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 pulse signal 208 and a clock signal 209 from the wobble signal 206
shown in FIG. 3B.
15 In 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.
Supposing the wobble frequency of the track is fw (Hz), the first band-pass
fiter BPF1 may be a filter having such a characteristic that the gain (i.e.,
20 transmittance) thereof reaches its peak at a frequency of 4 fw to 6 fw (e.g., 5 fw). 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. In this manner, the first band-pass filter BPF1 can appropriately generate

25 the pulse signal 208, representing the rectangularly changing portions of the track

27



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 26 "differential push-pull detection"). The outputs of the
detectors 203 and 204 are input to a differential circuit 205, where a
subtraction is carried out on them As a result, a signal corresponding to
t he wobbl e shape of the groove 200 (i.e., a wobble signal 206) is

obt ai ned ' | o he i nput to, and differentiated by, a 5

hi gh- pas%”?qiﬁ'e“r&ilﬁ Lr&:\?bgge.s@%@gb?ésult, t he snmoot h fundamental conponents
that have be i,ncl uded in the wobbl.e si I e

I nstead a pul t'%?éﬁé r %ﬁfj ﬁhﬁc?%é’?‘ﬁlgb%ﬁfﬁggé%ﬁﬁg% gﬁzghéggﬁgép%ﬁgﬁﬁgto
rectangul ar portions wth  steeps.gradi.ents, .is obtgined. As can,be seen
¥ om Fi Gehaeiotansic daatihe Gaircih ot i NBOITS 8 AraceBER Do JEaLienRi P30 48 e Tonds
on the direction of its associated steep io displacenent of the groove 200.
Accor di ngl band renging o P& teta 141 fw igadgpelydiagtbe wobble dreqtieneyafy @tihe t he
pul se signal 208. Next, referring to FIG 3C, illustrated is an exenplary
circuist wenfarpbutisisomalf atrthe pdnen feequencldse The secaridgparnd-pass filter BPI2 ks«
signal 209 fromthe wobble signal 206 shown in FIG 3B. 15 In the

exenpl ar ¥higogdn gehakdteor isinalnavat signaln Having aCreqlencyotirresponding t@®e i s
input to first and second band-pass filters BPF1l and BPF2, which generate

the pul sguorblireh sty draRetrack A B GIctkSigna2pect i vel y.  Supposing the
wobbl e frequency of the track is fw ( , the first band-pass filter BPF1

)
may be a fil ”f-'i?rﬁﬁn‘éiﬂ%? b AmBRRY ast grLé S«Sﬂtf&a¥ "tﬁéktﬁ%dﬁ.@ ncA)fI( }t\i}vé- preset

transmttance) ereof’ reaches Its pe at” a frequency to 6 fw
(69 iyl ddst b SE R, ' 90 Crr et preterably et ences
t he pﬁ?k frequency, and then decreases
EMBODIMENT 1
A spiral track groove 2 such as that shown in FIG. 1A is also 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 and 23, respectively.
Each of these wobble patterns 105 and 106 carries a one-bit information

25 element (i.e., "0" or “1"), which will be herein referred to as “subdivided

28



sifeeply (e.g., at a rate of 60 dB/dec) in a frequency band exceedi ng the
peak frequency. In this manner, the first band-pass filter BPFl can
appropriately generate 25 the pul se signal 208, representing the

rectangul arly changing portions of the track 27 wobble, fromthe wobbl e
signal 206. On the other hand, the second band-pass filter BPF2 has such a
filtering characteristic that the gain thereof is high in a predeterm ned

i Egﬂﬂﬁfﬁéﬁf ﬁ@&fm@'éﬁbf?h%d're@afﬁ"@f%%?% fifb BB pancift bifochtc 1o BB ynit
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detail. 10 ENVBODI MENT 1 A spiral track groove 2 such as that shown in FIG
1A i s al basedprdgnullirbit subdividachirfarmigtions f ace 1 of an optical di sk according
to this enbodinment. FIG 4 illustrates the shape of the track groove 2 of

t hi s enbodi neds.déBeebed Bbove,dke giiftarercein wavkfoim detweem the wobblalpatiers

bl ocks, and a block mark (identification mark) 210 for use as a

posi ti oniggeprasented apra diffdeshdecinvgradientvbetwierctiet leatimgkedgesTorethiel toailingrar k
210 of this enbodinent is forned by discontinuing the track groove 2 for

just a S'&Bgés'&‘”%é‘-rea_@esibﬁéﬁkagré’cﬁﬁiﬁea b} Cihied @ffferertial " gsh-pulP idetstion.
sections 22, 23, and each™ 20 block is made up of a predeterm ned nunber of

LY o ARy, %, LTS B of WEDIUR BRCIR 2. T <t ki
identifiable as one of the wobble patterns 105 and 106 shown in FIG. 2A. However,

10 when this detection is perfdrmed 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 the 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 predetermined 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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each unit section. In the exanple illustrated in FIG 4, the wobble
patterns 106 and 105 shown in FIG 2(b) are allocated to the unit sections
22 and 23, respectively. Each of these wobble patterns 105 and 106 carries
a. one-bit information 25 elenment (i.e., "0" or "1 "), which will be herein
referred to as "subdivided 28 information". By identifying the type of the
wobbl e pattern allocated to each unit section of the track groove, the
contents ckgﬁﬁwﬁybdiVided information allocated to the unit section can
be read. "AcC ingly, various types of information can be read based on

mul ti-bit subdi.vided infornation. 5 . described iffer in
wavef or m bet AC% R eiﬁﬂtof)ll' "ﬂg‘f’q g}fﬂrgnpgt’ogl r pPngntalgg’\éggr&éJag?? g?’ﬁr?ggﬁgn
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t he wobbl e pattern of the unit section 22, for exanple, is easily,.

i dent i fi zdlogates toneaalf bloglks. W is @mkediment, themddness obthenblapk isindicated A
However, io when this detection is perfornmed by differentiating the read

si gnals i roytthis grioopesf stbdivideddaformatien pf 83ibife. conponent s i ncrease. For that
reason, if this technique is applied to a high-density optical disk nmedium

that results iForaedaplONwheid each hait sedtidbre bias enleagtioot 2B pytes(=2[048voi d
t he occurrence of such detection errors, the follow ng technique is
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t he di sk (‘whi e herein referred to as "recording information") is
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The recordihg I'nforna nis witten on a bloc basis. Each bl ock
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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 pulse signal 208) may be sampled and held every 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.
Specifically, 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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made up of a nunber N (which is a natural nunber) of sub-blocks. Wen each
bl ock has a length of 62 kil obytes and each sub-block has a | ength of 2
ki | obytes, the nunber N of sub-blocks included in one block is 32. In this
enbodi ment, the areas on the track groove where the information for 25
respecti ve sub-bl ocks should be witten correspond to the unit sections 22,
23 of the 29 track groove. Since one-bit subdivided information "0" B

| nt or ot HeheB g0 Biq bioBk midhi2sE e VR e 2 iutPafy %”%I@n%'n? -

t he address of the block | ndlc ted this di vi.de
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of 2,418 bytes g 2,048 by tes Plus parity) and one wobbl e period has a
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I ncluded in each unit section. Accordingly, the wobble signal 206 shown in
FI GS. 3B thad/RT signal meultbcauseed jitter just tocalip bub bblesrqrer iAls, the \FQ signadve
nunber of 208) to identify the type of the given wobble pattern. For that
reasons e a kingleeepetitivet frequenayor sAteordinglyerit daysossibly tonseparathurtheg
signal reading, the subdivided information is identifiable accurately
enough. M?étﬁrtfa%@lcfaugéa by thé B@cﬂ 'nfuérRr HYwever dhs@itriap e ivrittes ofithé &It i al

push-pul |15 signal (i.e., the pulse signal 208) nay be sanpl ed and held
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10
EMBODIMENT 2
Hereinafter, an optical disk reproducing apparatus having the function of
reading an address on the optical 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 light 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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20 groove 2 for just a short length. Accordingly, if information is
overwitten on that part of the recording |ayer over the block mark 210,
then sonme problens nay arise. Specifically, since the quantity of I|ight
reflected greatly changes depending on whether or not the groove is
present at the spot, the existence of the block mark 210 causes a

di sturbance in the read signal. Thus, in this enbodinent, a VFO (variable
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cause a jmulipdyingfbe vvqhh!@ fieqpaRCHho lephaid beangted thak bofare dhg yyebble Hild- a
single repetitive frequency. Accordingly, it is possible to separate the
di st ur baseetiara388ds lphasedotkest; la timihg signatveoay alswe bei gererates by waing taen on
the VFO recording area 21 does not have to have a single frequency, but

may have réfergnebtdlank signgdaltheugh thedprecisipads irferirandwi dt h narr ow enough to
separate the frequency thereof fromthat of a signal corresponding to the

bl ock mark 216Ghe¥QuyEAddd iGN, Sutpt Romahé éad §§n@pél‘o@éésdﬂl3a& lsspp@coci ng

apparatus having the function of reading an address on the optical disk
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15 A | aser beam em romt optica thi's reproduci ng
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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
generator 335 counts the number of clock pulses from the beginning of a block. By
15 performing this counting, it is possible to determine the 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 Ut for each
20 unit section. More specifically, if the gradient of the push-pull signal is equal to or
greater than the predetermined value Uty when the wobble signal rises, the
counter 336 increments its count C1 by one. On the other hand, if the gradient is
less than Utn, 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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The optical head 331 then receives the | aser beamthat has been reflected
20 by the optical disk 1, thereby generating an electric signal. The

el ectric signal is output fromthe 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 fromthe optical
head 331, the read signal processor 332 generates and outputs a fully

added signal an ' | a4 - L~k ; y\mébl e
signal is inp%\g‘?%%"go%%l‘gd‘%@3c#r%‘§’u’1t5@§€m¢wgr\?g@%%EL&QTE@?PMt 333
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al so be generated by using a 5 reference clock signal although the

preci si oamadler tfasrtherpredeterminedyvaldel 8an swhemelhe %@htgaﬁlgrraé fallsnthe eeuntar gnal
processor 332, is input to a block mark detector 334. In accordance with

t he fuyl | g3Zddeednsangs itk ,couneCd e bnernr@n thie ptwrdrar@iz 4f thecgradient iegtdatek nar k
210. In the optical disk of the first enbodinent, the |aser beam

refl ect ethdd Oy atHenr thenbsutert B87 oeskndteshkanyElits cophe G but hekisait.i THe gher
intensity than the other parts. Accordingly, when the level of the fully
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generates a ock mark detection signal and sends’it out to the timng

gener at og; spnse to the bl ock mark detection signal and the cl ock
si gnal , E'Wiéqr’p‘renh%giﬁgenérator 335 counts the nunber of clock pulses from
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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. In
other 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

33



A first shape counter 336 counts the nunmber of tinmes the gradient of the
wobbl e signal rising is equal to or greater than a predeterm ned val ue UTH
for each 20 unit section. Mire specifically, if the gradient of the
push-pul |l signal is equal to or greater than the predeterm ned val ue UTH
when the wobbl e signal rises, the counter 336 increnents its count Cl by
one. On the other hand, if the gradient is |ess than UTH, then the counter

wobbl o st naEIgEalads SRRy St et inveRfon. ™ 08 Tl g 25

generator 335. 32 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 Dith for each unit section. Mdre specifically, if the
gr adi ent EMBORIMENK3pul | signal is equal to or snaller than the

predet erm ned val ue DTH when the wobble signal falls, the counter 5 337

i ncrenents it Anmothen egibasdiment ofGhe leptioalh diskh seproducinghapgaeatusenef ithe
greater than DTH, then the counter 337 does not change its count C2 but
hol ds si t prddent inventign avill vide cestriitedvalithl esferancal td &IGs 6. s Tdles optiedli diekl by
the output signal of the timng generator 335. A subdivided information

det ect or r%d@&ﬂ?@iﬁb&rétb@ of thilemBbdPherithe diffefit frone tisshapparatusnfoe reatlifig Wi t h
the count C2 of the second shape counter 337 in response to the timng
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timng at Ich the intormation shoul d be subdivided. If
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det ec}oor sgﬁwse ggcthgecsoutn?eerpta%poef t(t)wfe sterzz%ngné)rgbgdiﬁﬂie%g%hgg tﬁ'é‘j c?ersictrit\;tigr? of the
components commonly used for these two embodiments will 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<C1—C2<+E is not satisfied, the detector 340 outputs an erasure
flag of "0".

If the erasure flag is "1", the error corrector 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 — EXC1—C2<+E and “1" may be output
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unit section basis. An error corrector 339 nmakes an error correction on the
group of subdivided information allocated to a plurality of unit sections
i ncluded in one bl ock, thereby 20 obtaining address information. These
circuits do not have to be separately inplenented as nutually independent
circuits. Alternatively, a single circuit conmponent may be shared by a
plurality of circuits. Al so, the functions of these circuits nay be

ecor danct e RS Tg SR e TR0 B8 8T TC e GaRldBh o, "

will alsqg be true of each of 33 the follow ng vari ous enbodi nents of the
present i ﬁ??&ﬂmpeﬁefﬁr MENT 3 Anot her enbodi ment of the optical disk
reproduci ng apparatus of the 5 present inveption will be described wth
reference to MScdegcribak abovecdn teseptical paishy Earigdugipar apraRras ofj this
enbodi ment is different fromthe apparatus for reading address infornmation
accor di ngniodiment,cifisubdigideddnfasmation is met defisitelypdeatifiable dugpisaaasrall
further includes an erasure detector 340. The error corrector 339 al so has

a di f fer efifferbhces tebween nhé Higstohhe rseceafeshape tountspiienabits irofquesiien are
enbodiment is the io sane as the counterpart of the second enbodi nent.

Thus, therg@sfainig 8 efror EBRectMHOBESY. SInCBFBhier BRsefror cdrhsgiontability
enbodi ments will be omtted herein. The erasure detector 340 conpares the

count C1; dnidridsStarsBaPsad FRove FliabR36 Wi th the count C2 out put
fromthe '&ggﬁ:@#geasﬁgg]e courﬁter a337 ?%ar each uni@? section. And when an
i nequal ity - E<Cl -C2<+E is satisfied with respect to a 15 predeterm ned

value E, the detector 340 outputs an erasure flag of "1 " indicating that

t he subdi vi ‘?:)ME;\?{'ZB“O” is not definitely identifiable. On the other
hand, if '%/Mgg !

10 An inventive method for reading an address on an optical disk medium will
be described with reference to FIG. 7.
A wobble shape 351 is schematically illustrated on the upper part of FIG. 7.
In the left half of the wobble shape 351, falling displacements are steep. In the right
half thereof on the other hand, rising displacements are steep.
15 The wobble signal 352 as represented by a push-pull signal has had its
quality deteriorated by noise or waveform distortion.
A digitized signal 353 is obtained by slicing the wobble signal 352 at zero
level. A differentiated signal 354 is obtained by differentiating the wobble signal 352.
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

35



I nequality - E<Cl - C2<+E is not satisfied, the detector 340 outputs an
erasure flag of "0". If the erasure flagis " 1 ", the error corrector 339
erases the subdivided 20 information, thereby naking an error correction
conmpul sorily. In this enbodinment, error bits are erased using the erasure
flags in this manner. Thus, the nunber of error-correctible bits of an
error correction code is doubled. It should be noted that as the erasure

flag, "O0" be .out put wh - .25 C25- "X ma OpL Pt

Ee - coohe Bifiprentated g St 37 SARiPTawih (3bep i it 88 haing,
erasure flag is "X", the error correction na be made conpul sorily. As
descri be@dagevel tha digitizes: isignal oA, F@%?Qﬁilffélymghé af&st'ud 6‘?'”%‘@3‘”33
enbodi ment, if subdivided information is not definitely identifiable due to
a snmal | cemparédmithceadbeethesrtherampled valiipi388 hasdhe gspates ahrekite valba. bit s

I n question are erased during an error correction process. In this manner,
t he err olccordirglyj ibmanpibei decideds thatithe weabtde dignal docluding therfirst pagadbdor e
reliably. EVMBODIMENT 4 io An inventive nethod for reading an address on an

optical @agka rwebble pattdrn ewhibchi fadihgndisplacsiesrnisesteepBt @har.a Aisimgpbl e
shape 351 is schematically illustrated on the upper part of FIG 7. In the
| eft hal fd'éﬁla fobbl e shape 351, falling displacenents are steep. In the
ri ght haI| thereof on the other hand, rising displacenents are steep. is
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values 359 and 360 of the differentiated signal 354 that are sampled with respect
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, the 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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A digitized signal 353 is obtained by slicing the wobble signal 352 at zero
level. A differentiated signal 354 is obtained by differentiating the
wobbl e signal 352. The differentiated signal 354 contains information
about the gradients of the wobble 20 shape. A nunber of peaks reflecting
noi se or waveformdistortion are observed here and there in addition to

t hose peaks representing the gradients detected for displacenent points.
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and 360 of the differentiated signal 354 that are sanpled with respect to
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10 subdivided information detector 338 determines which shape has been detected the
greater 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 information 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 information. 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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mpjority. In this manner, according to the address readi ng nethod of the
present invention, the differentiated signal is sanpled only at the
timngs 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 result, the gradients of the wobble shape at the displacenent points
are detectable highly reliably even under sone disturbance such as noi se
or waveformdi,stortian. ENMBODI MENT 5 25 Anot her optical disk reproducing
apparatu§ﬁ?99d?§§ rﬁ§qéﬁm§§8?953 on an 36 optical disk according to the

present inventjion w be described with reference to Fl 8.

repr oduci ng a&ﬁ&rﬂp Heomsh?ﬂ’i‘? %ﬁ%ﬂi%nﬂnqggqﬁ i é?%@'lpaﬁf’gme{h@%oéﬁ?erpart
shown in FIG 5 in that the drive of this enbodinent includes a wobble 5
shape dewdighoieceives tra ousbimillsignal{be o dhe wobblesgignal) and; reduges ugwasiedaobbl e
shape as a first shape with a steep rising displacenent or as a second
shape wi hhise etrappneritalthereyf.di Bys aafgﬁfaﬁz mayapagsoiieefynstamentabrequendyer eby
out putting wobbl e shape information to the subdivided infornmation detector
338. Isn gempoteniseofiinehwbbble sighhl and Hmpmonid freqaenon companerts includirighe
wobbl e shape detector 361, the to subdivided informati on detector 338

det er m NP GradiBAL hbsatRen SIPRRIRA thdavolibie alighalhader f@iddmemtal the
first shape or the second shape. Then, the detector 338 identifies and

out Ut YRR HicH SRIPHES 10 AU doeRgB RmEm g
count et - bioPELkd S alihy 5o Magti tr b4t i Mgk Vet 1m0 e
The output of the BPF 362 is input to a gradient detector 363 and a digitizer
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 level 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

38



received in accordance with the wobbl e shape information received; and

anot her counter for obtaining the nunber of tinmes that a signal indicating
the detection of the second shape has been received in accordance with
that information. By conparing the counts of these two shapes with each
other, a decision by majority may be made. 20 Alternatively, an up/down
counter may al so be used to increnent the count by one when the first

shape is t. cond hape
o et corbauiTeh 67 ZAMpI, 5 hEIEE it erat tanliht 8F g WEBoIe JoREEEE 1 LOPE,
the sign of the count of d counter, i,e. eei ng whet he h

count of Quiut ﬁpﬁ'&dwﬁ%ﬁgrﬂ%e%@r@ﬁ)‘—‘éO’cS’FO%F'eB%‘E’?Q/B}a?A}a%t R%G%HS{%?&&S\
given unit section. 25 Next, it will be described in detail with reference
to FI G PWHbe digiizeioMf.e 37 shape detector 361 operates. The wobbl e shape
detector 361 includes a band-pass filter (BPF) 362, which receives the
push- pul ![ sj[ ﬁdalthifica_?ﬁ, th&égihlggﬂzﬁmp@dd?mlh)e I?]ﬁﬁj;/abglmlmln\ﬂ?ﬁtié@ positive
conponent s er eof . i's may pass the fundanental frequency 5
conporentvald bebaus® lthik evalug nepresedts dhengradient ed e misingc edgenefihe vaied udi ng
wobbl e gradi ent information. Supposing the wobble signal has a fundanental

f r equencysaphplbdbyhBFaR vARRSadduife? 36T 4150 A pesiive aalgeedausathisdidiwet o 5
fwis preferably used to allow a good margin for possible variation in

i near v | L ST harli t
563 and 8o g eserts, 8k fefeebbraflenk Ba Billng?8dge. S ThaY o S8y NG L alieR aritied s ot

i 11 o7 entBATB et (b AAE acoBlrde 564 and 367 colrealitic fierbfpl iy yaties B

hi gh-pass, filter .(HPF),.fqr extracting only harnonic conponents including
gr adi ent thﬁf%?ﬂ?&f'\(’%ﬂr#é?‘?%rl so be used. The output of the

10 A comparator 369 compares the absolute value of the rising edge gradient
as sampled and held by the rise value acquirer 366 to the absolute value of the
falling edge gradient as sampled and held by the fall value acquirer 377 after a
predetermined time has passed since the falling zero-cross timing of the wobble
signal. This predetermined amount of time delay is caused by a delay circuit 368.

15 If the value of the rise value detector 366 is found the greater, the comparator 369
outputs wobble shape information indicating the first shape. Otherwise, the
comparator 369 outputs 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.

In this embodiment, the same signal is input to both the digitizer 365 and
the gradient detector 363. However, the present invention is not limited to this
particular embodiment. To detect the zero-cross timings of the wobble signal even

25 more accurately, the output of the BPF 362 may be input to the digitizer 365 by
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15 gradient detector 363 is delivered to a rise detector 366 and an
inverter 364. The inverter 904 inverts the output of the gradi 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 nmeans a tine at which the wobble 20 signal changes from"L" |evel

into "H' level, On t rodan t ~bal 44 kg ein
mmans a (YALOR? GRS e fUREF eyt BERIGE e e reipcs) bifHieA8 ypss b,

| evel . Th ise val ue acquirer 366 sanpl.es apd holds th adjient qf the
wobbl & | SHGRES WL MuGRY sliEsest BraraRBriosit VB aYEBr g6 ahs dradies!
rising zero-cross timng 25 that has been detected by the digitizer 365.
In the s#iatestay368@adithp digitizere36fs raspratively. 3'@7th§hﬁ§$%stoem@rfch3ha§h@ﬁes
inverted gradient of the wobble signal, i.e., the output of the inverter
364, at tdidhé avdbibleg sigmabthatdwas béen pgssaththrough these BEFsc acdelay gotraetor
digitizer 366. In this case, the value sanpled by the rise value acquirer

366 i s5 a ipprafbiably fuitheeprorideecepaeatelyi s val ue represents the gradient of a
rising edge. The value sanpled by the fall value acquirer 367 is also a

posi tive val ueadefsefifed Mbovealinethe” opfiesiclisk Féprodoviagt agparatel esft tis a
falling edge. That is to say, the val ues sanple by the rise and fall

val ue ac%ﬁgéig]egﬁ,?tg.@'tgsa%@sgﬁfp 5 Srdbg g@a‘i iHeIadis 's%ih&iv\b%'dqﬁfbrﬁ:fatioﬁ e

respective gra arat or conpar e e absol ute val ue of

366 1o t MErIEgNEROE iR TAP Gy B P8 by onk SR B AGALN

by the Tally el ue acoul fer. 37 0ualt 90 s BRERS! Haebtid LB RaBARRGHe o noe
10 accurately enough and detection errors of subdivided information as caused by

noise, for example, are reducible.

EMBODIMENT 6
FIG. 10 illustrates 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 block 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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sjgnal. This predeterm ned amount of tinme delay is caused by a del ay
circuit 368. 15 If the value of the rise value detector 366 is found the
greater, the conparator 369 outputs wobble shape information indicating
the first shape. Qtherw se, the conparator 369 outputs wobbl e shape
bnformation indicating the second shape. That is to say, by conparing only
the gradients at the rising and falling zero-cross timngs, at which the

SEEELe VB 4 I TP 21 i plfe e veo

differentliate ues t hereo

respectiy, Q_,€e t,her. t bh) S tect e ur gt el
enough. Iﬁﬁ/%ﬁ é@ﬁ%&gﬁﬁ@ﬂ?b&i HéarEWS%ﬁaélstngg\?ﬁ?p% thc?%bgg(lﬁ.'t gfe(ﬁ‘i’gb?iéler
365 and the gradient detector 363. However, t ent jnvention i.s not
limited tBATAI402 forr one hiogk isnwdidenand. thep tb@t\zg@péﬁi 'S wrttear idlys | Mhags of
the wobbl e signal even 25 nore accurately, the output of the BPF 362 may be
i nput to YHe 203jis wrigen3gthinghad/Rayarea 3 ardvipvaitingl end poinbrf tha V) t he
BPF 362 may be replaced with two types of BPFs with nutually different
char acs er203 iscetiind thebodgarmarkd2t0.f dhat setogsadiie this eebedimant,3iéBranation he
digitizer 365, respectively. In that case, to match the phases of the

wobbl e sigians té batreberdebdnioneanedsodivhatilochtueisat thefegirmidgbagndmtendetior 5
is preferably further provided separately. As described above, in the

optical digkrdifPaféhifd FehchRRabAHUReR finisHes b&RYFELERRH, aftdith8! HEtIERidikof @
wobbl e signal ihcluding subdivided Information are sanpled and hel d at

Zero-cr Oslécéﬂeﬁii{gqg? %égwﬁla‘ﬁﬁgﬁfeos}e%ﬁ?ding%geé\ﬁgglb%@@}P‘é‘?sgla'&s held are

conpared TO eac 'S manner, ape I's identifiable to
acounately ey S el Bl RyBh el BN ol R GR igsec
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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FIG 10 illustrates a configuration in which a block mark 210 is placed 15
approximately at the center of a VFO recording area 21. In the exanple
illustrated in FIG 10, a wobble having a rectangul ar wavef orm has been
formed in the VFO recording area 21. However, the present invention is not
limted to this particular enbodinment. Hereinafter, it will be described
with reference to FIGS. 11A and 11B howto 20 wite a signal on the VFO

o ove 2% ppicg et : {ioikbdef8rorshaata T JPeubai-cofiiey BEHd et

t
rack or 508 sedsiadbay fi5 BFGRIeoKS? S REPET SRPheelaks AiaH dRMIN 202
and VFGs 201 and 203. 25 Witing on each bl ock bhegins with the VFO 201. In

this enbduglimdidelity; s s8adrdstacsianal peds de g CIGINZGchangFeIDaKach AGUTAFRlY 1 he
witing start point of the VFO 202 is ahead of the block mark 210. After
the VFO zb@uphs IbaaffFQusignabintenvhkis tDaBRoRD thenotheatata Istartskto e wead beforand
then the VFO 203 is witten finally. The VFO 203 is witten within the VFO

area 3l ang AUtehas beendocked qufficientty, thine pyssibly cii8ingsemersi indthehdatalread mar k
210. That is to say, in this enbodinent, information starts to be recorded

bef ore t hgt btdes khEBginmsgicth %Io&heAEWdﬂiyly\Qh@fVIaO prfisraBRdstae cter Bé ng
area i s reached, and then finishes being recorded after the block mark

| ocat ed e t dat a
| ocat oo, Spieheafosh B 1d B ARtegnd ¢ SR RAIISP yheR Ry ofg
recordin %él m deteriorates considerably at its part where the bl ock mark
210 is %( ‘ent. The bl ock mark 210 of this errbodi rrent is formed by

glt Zggnth;\r/lgi Bgé{]ggepltgéagg}p%zﬁgﬁaet % Ja%\ IjlausStaIreaay een vevpl «taH on ?I%é) rpcljtla\?lgug

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 no marks are

formed. Just like the steps, such a gap might contribute to the film deterioration.

Accordingly, the VFO at the end of the previously 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, respectively, as shown in FIG.
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track groove where the block mark 210 is present. In recording information
pon those stepped parts, the informati on needs to be recorded on the
recording filmby 15 irradiating parts of the recording filmwth a

hi gh-energy | aser beamso that the irradiated parts will be given a high
thermal energy. In this case, steep tenperature gradients are forned
before and after those parts irradiated- with the |aser beam These
tenperatgﬁé gradi ents produce a stress in the recording film If any of
the step Xi sts in the stressed part, then a small crack m ght be forned

in 20 the recqrdipg fil Once, that smal] crack been fornmed in the
recording fil Srﬁ'e cﬂ%@n%@ E@Q"’%q thegaﬁ%ﬁ‘aé @PQ%E?@MﬁWiﬁtgd@ﬁWth%ﬂt i's
repeatedly carried out. Then, the filmmght be broken in the end. In this
enmbodi meist praferablyeabeut $Q@ merentines At lpng ah dheubearh grat size ofthedaser
points are placed in the areas where no bl ock marks 211 are present. 25 The
VFO i s alighinfioy wsitiggal A fheanpspelasizeds bbtained by rdividinggthewiavelengtb offaseary
signal is being read, the slice |level of the data is feedback-controlled at

the cgnt fght by ahhidAneide.siApcatdingly, WhenPar. opticaldudert] whicke ermitsclasar tigbic k
signal. To read data with high fidelity, the read data signal needs to be

di gi ti zefa@iRg FWaACKIBHgBCSUBESD ByanPRasER-NAf 8.66;6 B5@daheisitecoiabelm t 00
short, then the data Sstarts to be read before 5 the PLL has been | ocked

suf 1 01 eBbborhBHIPATLRLY 1CRH | AREIGINAL 'h it Baseatle iind @i L he

begi nni ng" of a bl oc ccordin ly starts to be witten

area 11 ok ABHRSRSTRPAAR AT AT TBR e Ratorf thE HictCma HEkRYeLY o1
Over ur 1 ¢ 1 TofPranc-gstancs pRiaach by FATTYAR THe R8adtAPPhoie &Y teh Ry e ol

Case’loparctorrgétit}lg %eggr%iﬁiggonnalthe 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 to be written 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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already witten is erased. Also, the preexistent VFO may not be in phase
with the overwitten VFO Accordingly, it is not preferable to get the PLL
for the current block |ocked by using the VFO of the previous block. 15
The foregoing description of this enbodinment relates to the VFO witing
start point. Simlar recording filmdeterioration is also observed around
the data witing end point. However, the witing end point is preferably

Pe 1 B R et BELSP Ok 1 Wt ogfoRE L v

the current block and the follow ng block. This gap is 20 an area that is
not irradiated with the high-power light and in which no marks are forned.
Just like the steps, such a gap mght contribute to the filmdeterioration.
Accor di nEMBODHMEMIBat the end of the previously witten bl ock preferably
overlaps wth the VFO at the beginning of the current block to be witten.
Thi s VFO over Aap dpticaladiskeveedibm smqorcﬂggt tee arF@ightht jemgbediment pwilhtbeahead
of the block mark 210 and the 25 VFO witing end point behind the bl ock

mar k 310des@ipriwith eéferem ©FIGS. 113, F4&and214B. A. The di st ance between the
bl ock mark and the VFOwiting start or end point is preferably about 10

or nore tinMesTag BIGKEmask PO dY &8 erieddifient isPhadeeaup af sub-rargs210arand
writing. A beam spot size is obtained by dividing the wavel ength of |aser 5

l L ght by 53, NA \6% g %Qﬁﬁdéf)&g@gjraﬂm?“thénmﬂ% 'o‘b@'rathﬁﬁ@an"‘ﬂé Ui&dthérd aser

ight having a wave engt nm and has an NA of 0.65, is used, the

iLéZ tndes ?t g eho.pd¥. Sifoct i pEIRe nile beShpHAHE ‘T%%eﬁfﬁer{sﬁ'@"h@% ant
i U1 plyPRGHE %W@&EH%%V@?;Q%%@IP%%G%@%{ 5 BhEF B el @e&%&t’%ﬁw on
the ot Op%a%srgstht(a mgrk 2102(1a rlsnglete%(t)gddu%ég Itwé wrlte ac-:fr'faltlgrl\J lrﬁerzy 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 optical disk is 1 um,

this space is preferably set to 20 «m or more.

EMBODIMENT 9

25 An optical disk according to a ninth embodiment will be described with
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the recording film It should be noted, however, that when the wite
operation is started ahead of the block mark 210, the bl ock mark has not
been detected yet. Accordingly, to start witing exactly before the bl ock
mar k, the |l ocation of the block mark should be 15 predicted or estimated in
sonme way or other. For exanple, after the block mark of the previous bl ock
has been detected, the nunber of clock pulses of the clock signal may be

count ed. d whe upt ] , y
ctart to RGPS Reb G end pastf LR BB B ket HERRE okl ap ™
medi um accor di to.a sevent h. enbodi nent will, be. described with reference
[0 FI G 20 Erfoitned SisBeamnHingeDe Tabrais & fBF it Shart gl 15 yench

pl aced approximately at the center of the VFO recording area 21. In

cont r ast ,Paitwbed e traskigipeve idasentinued ong gERavefists 2 fecpidingly. fbat Badser
to the 25 previous block with respect to the center of the VFO recording
area 21 ds feh@nmd isncalledr Gmitrer mark§ucA miresmpgureftectnreach ighiral adyighe

| onger at the begi nning. EVMBODI MENT 8 An optical disk mediumaccording to

an ei ght hefiedtancerand is\ehsilybdetestables i thie dmbodimerdf bowaver, the BloGs.marg,is 14A
and 14B. The bl ock mark 210 of this enbodiment is made up of sub-marks 210a

and  210hotA6sRed a8 % hrirrdMinaric BOf B BI6ER bk 2tBén W differam ehapeds adaptdie
timed nore easily. That is to say, since two marks have been forned, the

writ e opgiakimifel ki BRIGhAFK 218 il dédFibd@ikagfld at the beginning of a

bl ock ha _ étec ore the mark 210a is detected. Also, the
‘t’)We'git ﬁnf’ﬁgr 29 éﬁ%ﬁgﬁﬁgﬁi@ﬁq‘jﬂhg@é @Eéggfeh&wés%c&“tﬂe%ék 86 iPfRbRdaahsilib e
the VFO recording area 21 and this part with the inverted phase is used as the block
10  mark 218 as shown in FIG. 15.

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

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

20
EMBODIMENT 10

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

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

25 218b is formed by inverting the wobble phase of the track groove.
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detected. In this manner, the witing start point can be set accurately
enough wi thout counting the nunber of clock pulses after the bl ock mark of
the previous block has 15 been detected. It should be noted that to avoid
the filmdeterioration, the space between these marks 210a and 210b shoul d
be sufficiently wide. Specifically, to set the distance between the
witing start point and the mark 210a or 210b about 10 or nore tines as

long as the bg@?yﬁg%ﬁaggﬁfel}%hgore‘m@ﬁﬁ Qﬁév‘@%oﬁpﬁeﬁ‘@r&ﬂ 4h8acaibdiert Ob

shoul d prefer nore tinmes as ng as the beam spot si ze.

For exa e er € .Sl z e t f an ol (s 1
U m l?‘ﬂ#ugtre%@c@ef@ S1eo EaBagingP i Ao of WSS he RoBllo MtAsERR iditad
optica i sk according to a ninth enbodi nent will he descri bed w th, 44

r ef er enc &efween apai of gioﬁﬁ%?cq‘{‘ 8 dPH&tb&ﬁﬂﬁaPﬁgﬁPQUﬁgﬁe& ?ﬁeﬁ‘o%'b'oglét ﬂé bl ock
mark 210 is fornmed by discontinuing the track groove 2 for just a short

| engt h. Wheseithe wobpler phageisenveréed just Ionge dbSe ansody Bumker ﬁﬁgﬂ‘,es)]&’“@irbove
exi sts. Accordingly, that part is flat and is called a "mrror mark". A

m rrors meakh N&FO eetardingaarehi 2htthatwebhie phase véll bedsept drvesied fosthahof the

det ectable. In this enbodi nent, however, the block mark is not forned as a
mirror nptdvibul bidcklsitde timer pthadbBhas) beenliifverteenand luafilethiesnexd dpoadmark is
Hereinafter, this block mark 218 will be described in detail. In this

enbodi ”E:@‘ésséd‘. eavebiakaIt Aha SRR sigr is &afdctad asitds from theawdisisle ioh tedack he
VFO recording area 21 and this part with the inverted phase is used as the

bl ock i %réWekbfgn%rLE%ﬁeﬂWﬁiiaﬂoﬁ lgl%hrﬂ&he,'ﬁ?erﬂﬁ%ﬁtﬁ@tdoﬁﬁ@bﬁasé B8mipapstlr mar K

210 as a"mrror ant ageou

of the PLL will have its polarity inverted and the PLL will slip disadvantageously. For

10 that reason, if the wobble phase is inverted an odd number of times as in the
example illustrated in FIG. 15, the polarity of the PLL needs to be inverted after the
block mark has been passed.

In contrast, according to this embodiment, the phase that has been once
inverted (at the block mark 218a) is inverted again (at the block mark 218b). Thus,

15 the wobble phase becomes the same as that of the previous block. Accordingly,
there is no need to invert the polarity of the PLL.

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

20 slip 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 218a, 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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ensures high positioning accuracy and is easily detectable. However, if the
SN ratiois low, then detection errors increase considerably. In contrast,
if the track groove is formed 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 mark 218 nay be sensed at any
time by observing the wobbl e phase after the block mark 218 has been

passed. ' ' ' | : q ) Ot

(ie 1 Hibck BADRTEfed, 2B U nB 66 forindd @initP S RnfioBBAGNIR IS B
EnvVBQODI T 10, Anot nmbodi t of the i ti ti | disk will b

descri bedJ\e\/%is'\E{YnO?F'@?Qc,}P ﬁé‘eet oOFII gen16.0 I n '?h: gvgzbl)\é?nggt I C'?vvo Ibisoc\livI mar kg

218a and 218b are _provided_inside each VFO recordin ea, 21. Each of
these bl ock ndPige Jawdh and fifthse 'menﬁsoﬁim&w %@éﬁﬁﬁ&'ﬁ@%@&bﬁ@ phase
of the track groove. 45 The nmain difference between this enbodi nent and the
enbodi mefermed bysinvertiag the, wabble phase (dawyawer, sodong.asdhe phase pbangeds
wobbl e phase is inverted between a pair of blocks is an odd nunber or an
even raunidstectasles tmwphases-b&ord and afterrtbetteckvoiark elpheiksbaves to eeshitied | ust
once (i.e., an odd nunber of times) within 5 each VFO recording area 21,

t he wobblfenplsaeh sthet bpokasgreesvetied. t The Ishift i wdbible phasecatsthil blokk si nce
t he phase has been inverted and until the next block mark is passed. As a

result, ihafk iegéégr@'ﬂgwn héd%ﬁ}é&ctbefk@ée%rbe'b?fd‘r@mﬁﬂl@. wobbl e of the

track groove synchroni zation techni que, then the output of the
phase conparator of the PLL will have its polarity inverted and the PLL
will slip disadvantageously. For io that reason, if the wobble phase is

i nverted WB&%M&W‘P% of tines as in the

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 located inside the block. In the illustrated exampie, 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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exanple 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 enbodi nment, 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 becones the sane as that of the previous block. Accordingly, there
Is no need to invert the polarity of the PLL. In each VFO recording area

AR P B P 8 o

t han expected noi se. nt erval onger than the

response tine he PLL, .the probabillty. Qf r 0 . sl

i ncr easelh® Wﬁbs{eef\%\?q}ferl%ecgéh%BM@?%&#ﬁ?&of)ﬁ’g&?q}\@@ﬂégfh%e{r\%gg%?q%h’egI ock
mar ks 218a and 218b within each_ VFO recor,aigng ar ea Zﬁ'ﬁin& Rr ﬁ er abl agout
three t Blogkothen the formes wobble frgadeneywillgsbrlaser i, Hshsignal freduenfobe
noted that the nunber of the block marks 218a, 218b inside each VFO,
recor di ntheainfernzdtionstonbe writient en the reearding filmy Asea sesHlih dhess signalmpél 25
to achieve effects simlar to those of this enbodi nent. However, nore than
four 46 htedérenwitk stitklfisadva8tagebaslyd not be fornmed within a linmited length
in view of the density of integration. In the fourth and fifth enbodi nents

descri bed aboweshd@ Y @etedTiidtSnahe spavenbetween avgdit iofidlddls, wokobblehase.
However, so long as the phase change is 5 detectable, the phases before

and af t eha}ing tﬁb%%hwé'ﬁéhu&%y% tHRANBDBIR fRsyuEicy isldé HRENRRKS i®pfetérabyy 90

degrees precrse. e shift 1'n wobbl e phase at the block mark 1s preferably

from 45 fegiepsxalfs 40l aeme bRk FHaRPLTo. FNARRMENTIBIOR dieth, trb S Xt

enbodi e present i nventron w e describ
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.

EMBODIMENT 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 wobble 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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reference to FIG 17. This enbodinent is different fromthe foregoing
enbodi nents in the configuration of the block mark 219. Specifically, the
bl ock mark 219 of this enbodinment is defined by a wobble having a
frequency different fromthe wobble 15 frequency of the groove | ocated

ilnside the block. In the illustrated exanple, the wobble frequency of the
bl ock mark 219 is higher than that inside the block. Accordingly, if part
of area b%' g_nal , Which has a locally different wobble frequency, is

separated Or i1dentified by processing the read signal using a band pass
filter, for X | t . | Lagh
accurately. 2 ?a’@)‘#‘ﬁgeo'g‘{?{g%;*{‘]&ﬁ ?%%Eéﬂ?%'ﬁ‘g{ ch‘ghegg %ﬁg%ﬁ?p%'%’ébg%eck
mark 219 is al so ored ,i nsi de the VEO, recordin rea.21, .an F ais
50 w1 {6100 SHBOGTRRDS TRy BerRENH atiarapwopaaty SOy idfde HieVEZhD) o
frequency of the block mark 219 is referabIY set 1.2 to 3.0 tines_as high
as, nor e aeai2d: aigo,1insthis, embodimess the aulyplogk ideptificaion mark &ifhs? 25

i nside the block. If the wobble frequency of the block nmark 219 is too

cl ose st o haking aldaily difierehiewbbblefrequesny iis farmedgaatthe beginnieg of Rachhisubk mar k
219. On the other hand, if the wobble frequency of the block mark 219 is

t oo much praclkhE21,t48n Alteinatinelyd ehd bab-bidakeiark 228, 228 niay berplacdibit the
frequency will get closer to the signal frequency of the infornmation to be

written pgtdreedd@rsnsliontk! | Ao, fise Ridntification inafke238,0220 dowdtIhave tortheer f er e
wi th ot her di sadvant ageously. [t should be noted that in the space between

a pair ol Rhg&Kor Ile‘égp-tﬂl ks"BYH A tl@@ﬁ?@\ﬂﬁ?é &ABRRCYdRRUMPRrP B leen-

frequency 1nside t ocks is prefera ormed éxcept the area of the
bl ock mark 219, .1n e, Rl ock-to-bl ock space, the wobble shape is
preferablwnﬁﬁ?‘?%%%wﬁkgm t he wobbl e shape inside the blocks. In

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 marks. 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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1o the exanmple illustrated in FIG 17, the Dbl ock-to-block groove wobbles in
a sine wave curve. EMBODI MENT 12 Next, a seventh enbodi nent of the present
invention will be described with 15 reference to FIG 18. In this

enbodi ment, no shape that has its anplitude, 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- bl ock 221,01t 222 incl wWobh| e 2 I d
;requeﬂcy fZON%EpPag'ir%{Cg%ﬁ&é%t@ﬁ R)r \g/'ﬁ%ﬁ%g g }%IE IL' qéulg%@gh/ %a?ﬂ F@] gﬁt
romthe unda nt a bble fr t.the b f Kk
n"thi o AEHiRSS, Morhalers TRELA) BOCRIAURK m“?@lgruﬁaca%gcbﬁé“té‘ﬁwf’@pﬁ%qfﬁw grwil °°
correctl)ése In the foregoing enbodinents, a sub-block is |ocated by

count i ng t@sﬁﬂhﬁéwlf@ff%ﬁm‘é@ﬂ@ﬂq he block mark. On the other hand, in
this enmbodi nent, a sub-block can be |ocated by 25 counting the nunber of

sub- bl ock mar Hszzsphaaﬂetqmtmﬂ%maﬂdaaStUe@nrtbslﬂedtm\aedleemOnsreﬁiaatk@that

shoul d be noted that a block mark simlar to the counterpart of any of the
f or egai ngraeRipgirgetivs (irayinkthefdiskrediial tdirectiopparaba idiffereptizd iamptifier 351 dee t he
VFO area 21. Also, in this enbodi ment, the sub-block identification mark

228, 229 3083y yBHeratd 86 dledtridlsi ﬁﬁrlﬁdﬂhdl izl CoepoaBats dotrebpondig as thidie
begi nni ng of each sub- bl ock 221, | ternatively, the sub-block mark

228, 229 mavdess pki&%&g@? .22 ex?”% ﬂ’cﬁm?@% fiitdp- Al Ok 374! %Rtraétgeonly the

|dent|f|cat|on do no ve to be provided for al

sub-bl oc E%qoba%eﬁ{gypg%dpéo%ﬁgﬁeqﬂé B a WBbbIL SnAHPAR R 85 SiHa. *i‘Hé’QFd’n%ij

sub- bl oc

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
multiplies the fundamental period signal received by a predetermined number,
thereby generating a clock signal for use in read/write signal synchronization
processing.
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. In
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I 0 Because of the sane reasons as those described above, the wobble
frequency of the sub-block marks 228, 229 is preferably 1.2 to 3.0 tines as
high as, nore preferably 1.5 to 2.0 tinmes as high as, that of the other
parts. The sub-block marks 228, 229 are preferably used for indicating the
begi nni ng thereof but may represent any other type of information. For
exanple, is the address of a block or any other associated bl ock may be
recorded by using a plurality of sub-block marks included in the forner

bl ock. Oraceoydamckewith yihe ofitput rof otheabigbrpassy filker 8é%.0ateaddigss sinfagmatien
sub- bl ock marks. When the address of a block is recorded by using a

pl ur al i t ydebctonB7H detdctsmhidpolatitydnesttionsmd seralssaut ar it strebod thyha hddresbbl es
i nside the bl ock. Thus, the address obtained is much nore 20 reliable. In

recor di ngydBelb 378! OmMfctieiviig ®is 3t stréambiteaaddressfddcodse 378ddvodek thar ks,
t he sub-bl ock marks should have nutually different and identifiable shapes

' i inghdi | h
b CoPoHtidged MidrhfaiiBh iR ool HinEMigndl thORS bbBf SR imdhe! hose

a equencl es or nmay be
subj ect ed 5 nut I lLf erent types of phase nodul ation. 49 Next, a
circuit c%’b??'ﬁéf%%ﬁ%&%’@ erating a clock signal and reading address
information from an optical disk ,medjum accordin 0,thi nbodi,nent . wi | |
be described wntthis embedifeent; @“ij@l"t'#i@.woﬁi magk, ngﬂh&hoﬁe\?%@t%gn@ﬁq R4t has
been divided in a direction vertical to the 5 tracking di r%&t%on i.€e., in
the di sk ovedwsfter, isdermesh forgarhablack ped &t addreasis fenresenied by the et o
generate an electric signal including signal conmponents corresponding to
the wobbifehefgrobes.gAsor eesulean, opficabdislsaseditim, tarr whichrpfasmatien ds staredon| vy
the fundanental period conponents of a wobble signal fromthis read
si gnal . Tére &i boek-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 group. 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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having only the fundanental period conponents is supplied to a clock
generator 373. 1o The clock generator 373 may be inplenented as a PLL
circuit, for exanple, and nultiplies the fundanental period signal

recei ved by a predeterm ned nunber, thereby generating a clock signal for
use in read/wite signal synchronization processing. On the other hand, a
hi gh-pass filter (HPF) 375 selectively passes the 15 harnonic conponents
included in the read wobble signal. The output of the_high-_ pass filter 375
i ncl udes:meltigle piecrpeirdditionabtiermalionsfecsgriasmfhioaks. Then sll]f?fmatjelk evVARr ks
228 and 229 shown in FIG 18; and steep edge conponents of a sawtooth

si gnal gemereataanplicateds ahan othien lapéiblinformatiam.- [€.9¢ k copyrightl etndrmatios 7 or
detects the wobbl e conponents having a 20 predeterm ned frequency and

cor r espongangfat@rétiafopmation,ds kambelstorads Aasichple parity @it ateare ekelosive hoieal
mar ks, the detector 377 generates a timng signal. The timng signal

out put T refm bRtheSpbR 'a%l@s@aﬁi@nﬂaﬁ@ﬁ bPthe33-bit eriep BbrrbticH codbinay alstepeder
378. As descrl bed above, a steep edge of a sawtooth wobble has its

pol arify sga Vﬂ{atteiglsgeg'?gblﬂ%r@ge%FHQ@ctlbﬁ dr & Setio ]ts mBLoanle of

addr ess i hTof mat I on acc nce wth the output of t pass

filt 37 ddr f t
| ver si orRERaeudy ddned bRV b e EmEioTS eﬁgtdng* 3 B0
this bit t th dec 3 th d
| f or rmt oAt tollovs g Bies reacﬁ‘e WHB PR MFATISOR B S BEAen £ 486 Plocky « ne
5 sub-bl ock mark detector 377. In this enbodi rrent an identification mark,

on whi ch mark-thes Gedilodkanatedetectionacaurasy, isimpryalied for each bl ock and an

address is represented by the wobbl e
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 p0, 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 wéll 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) = Zb,. -x'

(Equation 2)

P(x) = 55” .

(Equation 3)

20
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of the groove. As a result, an optical disk nmedium on which information is
stored on a bl ock-by-block basis and which is suitably applicable to

hi gh-density io recording, is provided. Al so, by starting or ending the
wite operation at a position sufficiently distant fromthis
Ldentification mark, the deterioration of the recording filmis reducible.
EMBODI MENT 13 is Next, FIG 20 will be referred to. On an optical disk
according to this enbodi nent, address information 301 is recorded as the
hi gh-order 21 bits aof a group of subdivided information of 32 bits. Parity
bits 302 use®(a}=axi ef@Ir cvodectG@E) code are recorded as the internediate
10 bits of the 32-bit subdivided i nformati on group. And additional
information 303 is 20 recorded as the least significant bit. If this
optical diedudtien 4ywo recording layers, then "0" may be recorded as the
additional 1nformation 303 for the first recording |layer and "1 " may be
recorded as the additional information 303 for the second recording |ayer.

However , the(p@g)tx_gr}‘gls+o,{;9 heé pddiyt yogal® gnformation 303 are not limted to
such layer information. Alternatively, the anmount of information 25
represented by the additional information 303 nay be increased by conbining

51 nultiple pieces of additio i nformatign of seri.es of .bl ocks. ,Then,
i nf or mati on ev@ﬁ' t%ﬁo‘?@'ce ﬂﬁki%%@de‘pﬁgaﬁ?ﬂ@' F%éﬁdﬁ?ﬁd@é@?%ﬁ‘- Rargy bits
copyright information or manufacturer information, is can be stored. A
si npl e5pagnd yadgitional inforeadirnsaree arrggoed in &his, erderne Howayer, fhigyrresent
information or the 31-bit error correction code nay al so be 5 used. In that
case, theingbntion is rdt listitest theeatec iSolengrascihestrrangeneentiis fixed in advanaghine.
Al so, every additional information may be "1 ". Furthernore, if only a
bl ock mar mattehavhérel thergreup roft subelividedh inforhatier dineluding the @inbit iaddrests " |
Is identified as the bl ock
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

been removed therefrom using a band-pass filter that has a bandwidth broad enough

to pass its frequency, the signal may be simply multiplied and synchronized using a
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mark, then the bl ock mark detection accuracy is inprovable. In this
embodi nrent, the 31-bit error correction code is a BCH code, which is io0
wel | known as a code for correcting 2 or nore error bits. Supposing the

31-bit address information is represented by b0, bl, ..., b20 and the 10
parity bits are represented by pO, pl1, ..., p9 as shown in FIG 20, an
information polynomal I(x) is given by Equation (1) and a parity

pol ynom al P(x) is given by Equation (2), P(x) gener ated by Equation

(3). In that Them, a tchoekgsigral awithr ag@ﬂymﬂﬁlﬁm carx})eu@atglineén hyrthesmeieiaby on

(4). This is well known as a (31, 21) BCH code, in which arbitrary 2 bits

I ncI uded classiyiag tHhe Mtﬁdﬂddu@i‘rﬂommhdnq;reup inte tiee addriesd infOfatidni part and B | ( x)
= b, . X (Equation 2) P(x) . X 20 (Equation 3) 52 P(x) =x1 | (x)

mod A(X) patifydpakti &8 by & ﬂTISXSldeId@ inféPnationbgroupSas a3 efrbr @érr’ébﬁbn

opti cal dISk of this enbodi ment, the address information, parity bits 5 and

addi t i onghgh N GHraRY infShn it %F@d&&%hu nkftbflaly.der - However, the present
. th

i nvention I's not mte ereto. ong as the arrangement is fixed in
advan%e no mnmatter where the gr oup of subdi vided i nformation, including
the 2I-bit address information, 10 parity bits and 1-bit additional

I nf or mat IEWBOD%M?:JI\?'F?Q’ these bits may

FIG. 21 illustrates a bit allocation for a subdivided information group on an
optical disk medium according to a fourteenth embodiment. It should be noted that
although the subdivided information group of the optical 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. Also, 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

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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be processed by rearranging themto their original positions. On the
optical disk of io this enbodi nent, each bl ock has 32-bit subdivi ded
information. Alternatively, even when each bl ock has subdi vi ded
i.nformation of 26 bits, 52 bits, 64 bits, etc., simlar effects are

achi evabl e by selecting an appropriate error correction code. As described
above, in the optical disk nmediumof this enbodi nent, one information

bl ock is subdivided into a nunber N (=32) of sub-blocks. And by pre- 15
form ng a3bise aaddedste thex lawranderagddreps dafermation Sdentpmake apohigp rarded
information for each section corresponding to each sub-bl ock, an address
can be feorrastioniddueusf 46\bitsy eAhd2+bibradditidnaliinformostion 845 de furbher- added,
bet ween adj acent parts of the groove. Furthernore, the wobbles formed in

thi s enbogierabyt fohRiry & subdividerhinforridtion droepof Beybitsv el shbalthbe tated teitng or
falling edges thereof may have 20 di fferent shapes anong respective pieces

of subdi Vﬂh@‘g%:idit‘iﬁrféﬂ rimf)hﬁét;oﬁw (bR thé Bar¥dd e AdditisnalihfoPmatiar 8osi gnal

fromthe wo e signal, after noise conponents have been renoved therefrom

usi ng b - PR ji | : has a bandw dth broad enough to pass its
frequeﬁcy&}ﬂﬁgﬁﬁaﬁfglérﬁg@& e st'l nply multiplied and synchroni zed using a 53

PLL. Then, | ock si W i . ' :
Furt hermor e BP (s BEERRMRG: dh8 LEBEFonsieRliof ReB RIS YB s s

dd i nf ti part dt it t d by. using.thi bdi vi ded
i or mat | 96 PGPSR BB 3 o AP B ab JAw ek PR SR AT
readabl e highly reliably. 5 EMBODI MENT 14 FIG 21 illustrates a bit
al | ocat i owhicbris wed knewri ae 8 qadedenaeiresting 3@ muregfrordits: cAUPRASNG thedi-um

according to a fourteenth enbodinent. It should be noted that although the
subdi vi debit low-ordentaddressriofopmation 34 2dp reprasented bydh0,thi, s..ehb amdribateighis

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)= 2&. -x'
(Equation 6)

P(x) = y Pi'xi

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

20
(Equation 8)
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io aformat different fromthat of the optical disk of the thirteenth
enbodi nent, the optical disk of this enbodi nent has the sane subdi vi ded
i nformati on arrangenent or shapes as the optical disk of the thirteenth
enbodi nent. 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 junp happens, for exanple, continuity

cannot be kep ynmoge. Neveythel ess, the address discontinuity caused by
t he erroneoué(;ﬂa(xj trp d‘rxt‘r'ré‘fli"ae is often observed only in | oworder

bits. Also, the high-order bits are estinable fromthe radial position of
the optical head, for exanple. Thus, the |low order bits of address
information may be 20 regarded as the nore variable and the nore

important. In KiseW efippdeing aeesi1desint hghsorden tdddredat iipfrmaAtish @11t hiss
enbodi nent, the 21-bit address information is divided into high-order

055 RRIBTHAS b b, 0,1, 20 s P 18 (i i

of 7 bits. I gh-"o parity or der
address inf ' 31dmt. . t 4O (
det ot on SEBeaed By 8 dFRETeRBah B 1 BV IR R 8 B9 L Ha e, 5,
are added“'gi_o,, t he | ow ard addret\53 ilnf armation 3(12 to nmake atnotlhgr error
correcti on Tcolfeal XSk ORREATON 1ilR thig §PSE ARt ary, POR R B BEKARd 10 3 ¢ her
added, thereby form ng a subdivided information group of 32 bjits. It
shoul d becofawrdimay be setegied t | BnHis imaiatabyousing 3 party REswith 1 sBiale as
the additional information 303 5 of the thirteenth enbodinent. In this
enmbodi mentedundanqys fdyi thee high-order r address infoamatiomdandupatty bite widhv-a darger
address information 312 and the | ow order parity bits 314, is a BCH code,
whi ch i s meluhdancyfor dise fove-ortierfanidress inéartriatign 2respeotively, éhe dow-order. bits of
Supposi ng the 7-
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 to 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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bit | oworder address information 312 is represented by bO, bl, ..., b6 and
the eight io loworder parity bits 314 are represented by p0, p1l,

an information polynomal 1(x) is given by Equation (5) and a parity
pol ynom al P(x) is given by Equation (6), P(x) is generated by Equation
(7). In that case, the generator polynomal Gx) 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)
_b; x* (merebyireadiay tire agdreps infarmpation even (egeiseliably.7) P(x) = x8 | (x) nod
G x) (Equation 8) 55 Also, supposing the 14-bit high-order address
i nf or mati on 3Howevery efheeseptioatl Hiskodnedi@d, of. .thebabirteenth hangh- fourteenttari ty
bit 313 (which is herein represented by pl0) is an even parity bit given
by pl0=b&huSodiment88cH wbe2eBEH' cade, wiickiis axomslicatedOBRropesredation.code. t hi s
case, arbitrary one error bit included in a codewrd my be detected.
this manfgjus HedeSneeith&A hiproble M tHat@ &ifttit requrdy 1eRRBYIdPAddrRSses

hi gh-order address infornmation and parity bits with a |arge Tedundancy for

t he Iosw- %?%?rr?gl?gﬁgaa hia%ga{,%%é Qg Iespect ively, the |oworder bits of

address in

ron can nore heavily wei ghted" error correction

ability so io to speak.

10

15

20

25

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
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
disk medium of this embodiment 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
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 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

rows including the parity bits is an even parity code and that each of the seven 4-bit
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For the optical disk of this enbodinent, two error correction codes are

Qbt ai ned by adding one parity bit- to the high-order 14 bits of the address
information and eight parity bits to the loworder 7 bits of the address
i.nformation, respectively. However, the nunbers of the high- and | ow order
bits divided are not 15 limted thereto. For exanple, one parity bit may be
added to high-order 16 bits and 10 parity bits may be added to the

| ow-order 5 bits (where the |loworder bits are part of _a (15, 5) BCH
code) . Alcobimnminsiuding, the paritreijtsbie alsnian avenhpajity eoder Furthemnereantl "1 or
parity bits my be added to the |low order 12 bits (where the | ow order

bi ts ar e Ydris selected £8,p018) it 7cthdeigh PO makesearcevdre padlyoosle. t Tieatdpto cal

di sk medi um of this enbodi ment also achieves the effects of the optical

di sk medisay pfi0tth@ughi pa ass réspectively rgiven by rthe ddiibwing rEquationi(8) thrbagh nent ,
the address information is divided into high- and | ow order bits and the

| ow order(1@j:ts are provided with higher error correction ability, 56

t hereby reading the address information even nore reliably. However, the
opti cag anﬁaﬁ%)a of the thirteenth and fourteenth enbodi nents each use a
BCH code, Ich i's a conplicated error correction code. Thus, these nedia
have a problemin that a circuit required for readi ng addresses 5

t herefrom shogl d have ar. Si ODLIVBNT FIG 22 illustrates a bit
al | ocati on fapl‘h s%@iﬁpa%c?gibméf%z %1@%})5 6%5% optical disk medium
according to a fifteenth enbodinent. It should be noted that o0 although

t he subdivided information group of the optical disk nmediumof this

enbodi medEqHaior1or mat di fferent fromthat of the optical di sk nedi um of
the thirteenth enbodi ment, the optical disk nmediumof this enbodi nent has

t he same
Py =by +by, +b;, +b,, +by + by +b,
(Equation 11)

Ds =bg+bs+b, +b; +b, + b, + b,
10
(Equation 12)

P, =byy +by;3 +by

(Equation 13)

Ds =byg +by, +b;

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

(Equation 15)
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subdi vided i nformati on arrangenent or shapes as the optical disk of the
thirteenth enbodinent. As shown in FIG 22, the subdivided infornation
group on the optical is disk nmediumof this enbodinment is nade up of 21-bit
address information 321 and 11 parity bits 322, i.e., 32 bits in total.
Hereinafter, a nore detailed arrangenent will be described with reference
to FIG 23. The 21 bits bO through b20 of the address infornmation 321 are
arranged in 7 rows and 3 colums so that the three rows include b20

t hrough b14, 213=L179ugﬁ;20+ﬁi and b6 through b0, respectively. Each row
made up of 7 Dits i & proJPded_ ith 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. "'1I ™ or "0" is
sel ect ed ﬁk@éﬁ@@ﬂB)Of the additional parity bits pO through pl0 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 colums including the parity bits
is also an ev?p ggq;ty ngepgfurthernnre, "I " or "0" is selected for pO
so that p7 thfough 16 s dr? even parity code. That is to say, plo0

t hrough pO are respectively given by the follow ng Equations (9) through
(19): s (&gﬁﬁgioa7 ) P10 -' b20 + bl9 + b18 +bl7+ bl6 +bl5 +b14 (Equation
10) p9 =bFHFY9 +b10+b9+b8+b7 (Equation 11) A =b6+b5+b4+b3+b2+bl +bo

P, =bs+bs +b

5
(Equation 18)
p, =by, +b; +b,
(Equation 19)
Po=D;+PsgtPst+ Pyt D3+ Dy + 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 number of ones included in the codeword is an
even number, and allows 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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10 (Equation 12) P7 =b20+b13+b6 (Equation 13) P6 = b19 + bl2 -+- b5 15
(Equation 14) P5 _ bl8 +bl1l +b4 (Equation 15) 58 p4 =bl7+b10+b3 (Equati on
16) p3 =b1l6 +b9+b2 5 (Equation 17) P2 =bl5 + b8 + bl (Equation 18) pl =
h14 +b7 +b0 (Equation 19) A =P7+P6+P5+P4+P3+P2+P1 io As is well known in
the art, an "even parity code" is a code whose parity bits have been
sel ected so that the nunber of ones included in the codeword is an even
nunber, and allows for 1-bit error detectiogn. Also, the error may be
det ect ed Infrsiatiey isBEranged jvaringpsigaalivand & simple pafityrcoge 'S.%eér'ﬁe&acan
bits, thus sinplifying the circuit configuration considerably. Suppose bl8
has been ohthese ddoalinectiensu shgreby hareasing thepeaor corredtion ahildy evehdheughva can
be located by the parity bit pl0 of the rowto

circuit for reading addresses therefrom has a small size.

5 EMBODIMENT 16

Another embodiment of the optical disk medium 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 medium, on
which a spiral track groove 402 has been formed at a predetermined track pitch.

10 Data is written thereon, or read therefrom, using a recording block 403 as the
minimum unit.

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

15 FIG. 24(b).

On each of these positional information units 404, information about its
physical location on the optical disk medium and its detection indices have been
recorded in advance. In this embodiment, each of these pieces of information is
represented by a combination of wobble shapes of the track 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 to this embodiment, the positional information 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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which this error bit bl8 belongs and by the parity bit p4 of the colum to
which this error bit 18 belongs. Thus, by inverting bl8 again after it has
been | ocated, the error can be corrected. As described above, on the
aptical disk of this enbodi nent, the address 59 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 readi ng addresses therefrom has mal | si.ze. 5 E | MVENT 16
Anot her dH@RRS %HPS'B‘F’“Q|HBf°6’ES‘PF'@%I°aBiQ%dﬁﬁﬁt%& 'iaéc'&cer Bgtmo‘%gggaﬁ‘@é‘e @

i nvention will be described with reference to FIGS. 24(a) through 24(d).

FI G 24( dpcated aclvantageously. r ecor di ng surface 401 of the optical disk
medium on which a spiral track groove 402 has been fornmed at a

pr edet er m ned lhrthiskembbdiment] ea€latpasitional infarevativh eurébb404 dncludesd pteoisien r om
using a recording block 403 as the mninmumunit. Each recordi ng bl ock 403

I s assocCipystibniid Fdrksddotiona408, npeditidral difotrhation seetion ef06 antosyrt ik f or
use to locate the recording block. In this enbodi nent, each recording

bl ock 403 dchgh udrsad SHowPRSEID. 2a¢d). ORftRE !ESPéfdiQBn PBbﬁiéniﬁB"mﬁﬁk SHLaVR 408, 215

FIG 24(b On each of these positional information units 404, information

woot o' POBSELARARET AR, 68, HEPEAT Al TR Tt o FBbe Lor
Phece OlaaL RSk ine E0% S35V BinGs Th B Rl ER iR
T or rat RSO THREK BIRS@IaDbEHR S THEALES SR ek o1t DIOCk mark coording
to any of the embodiments described above.
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 wobble 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 wobble 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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wobbl e patterns is non-rewitable. In this manner, according to this

enbodi nent, the positional information of one recording block 403 as the
mnimumunit for data read and wite operations is 25 recorded in nmultiple
areas of the block 403. Accordingly, if at |east one of these 60 pieces of
positional information can be detected, the recording bl ock 403 can be

| ocat ed advantageously. In this enbodi nent, each positional information
unit 404 inc|udes precision positioning mark sectjon 405, positional

i nf or mat iidentdytha wabtle ®altamnssNighly meevrately agq prejerabtytaken.shown in FI G

24(c). On the precision positioning mark section 405, a precision

posi ti oni ng male gynaemark dectidnf 4QAts providedlp estatlish hitssyncboonization metiex t o
absol ute positioning during a data wite operation, has been formed. The

pr eci si oreasflp whendthenositionkl infarimatiahIrgcdrded mnsthepoisitionabinforhmtionsectieh of a
bl ock mark according to any of the enbodi ments described above. 10 In

witing degerisGeatitit! aherslinednhik $ectont407 priféradly Has s 4tobvd sRapé eidtds ng
apparatus, the precision positioning mark plays an inportant role. To

| mpr ove g fo @ BhitkRoRAR the RSBl AfdrtiaiBn seBfoMRDE. PIHRICHAPSyndARrR

shape to detected as a signal having a relatively high frequency.

the posit] | [ | Q | O . sect | 15
posi ti ona‘ﬁe%ﬂﬁ#' o"‘%&agﬁﬁ %n%cégétlg'@fuge%?“ ﬁeeof%g yépglzghyn‘?rr?ggpﬁggi %’Jli’]d (#;Vi"%ég%n
witten b hangi ng the wobhl e shape of the track groove 402. The change
in }/vobbl J%‘Fé\@é‘ oq(pﬂq\iyﬁgﬁqopgggoaic%@g ‘?’r'ﬁ‘{/erﬁgg'represent ed by the change i%
anplitude, frequency and/or phase of the groqve's,displacepent in the disk
radi al directilBrd sefies @biwe Positiengh infermationuniist é@‘*.aﬁhsper@t:@m Re}iYNGhat a

signal corresponding to the 20 positional information, which does not
af fect t oankesantioh P5diackided iedke lattes mesitigpabisformation unit 404 is placed just

10 behind the sync mark section 407 included in the former positional 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
manner, 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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represented by the wobble of the track groove, is easily separable froma
signal corresponding to the data that has been witten as a variation in
quality of the recording film Mre specifically, the frequency of the
wobbl e signal preferably belongs to a frequency band that is sufficiently
Lower than a frequency at which the 25 data is witten on the recording
film Al so, as described above, various neasures to 61 identify the wobble
patterns highly accurately are preferably taken. The sync mark section 407
i s provi c¥WWinddEaBA(@h bit synchronization nore easily when the

positional information recorded on the positional information section 406
is read out. THIE.2Md) iustiatesefommatiordatadodeautijerean an aptisaldisk mestiumhat
is 5 not found anywhere in the positional information section 406. Then,

t he sync mawvikg sa€lt @i wackigrboverstheturec ufaicehtoldtheeetedira datahingassociation
probability, and erroneous detection of bit synchronization can be

prevent edyith thePpSdifidrs lrﬁérrﬁé%nﬂﬁét haOPaén tedopdethbh B disk! thedfida ig fead or
precision positioning mark section 405 included in the latter posi tional

| nf or mat '\Qﬁﬂﬁhélpé% fe%opdll ﬁfbokuﬁ)% ?é & nhiffdiA uhfte sync nmark section 407

i ncl uded rmer posi |onal ormation unit 404 as shown in FIG

24 . A di th

succeed ‘n’g"Lr oei BB réﬁé‘%ﬁ*%@k%é@#’éﬁe" A
t th the, detect th t

G075 WA AT TR acnatetel i Soandsy enreart haning et A881 JREC o

a predetermned anount of tine hasﬂBassed since the sync, mark secté Qn 407

was det eclogationy ofppaeh clinkingicsasction oA08; sestantially; garm ﬁ?@‘?ﬁdﬁ da thadiof d8i ng

mark is opened. In this manner, only the precision positioning mark
| ocat ed |aﬁao@atemeprmt&!@ﬂcp@iﬂ@h}mgecrnardmsewqméﬂﬁcaA priteratineluding nRewWsert he
preci sion positioning mark will not be detected

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 interference 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 film 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 um. The wobble of
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20 erroneously. To achieve these effects, the precision positioning mark
section 405 is preferably placed just behlnd the sync mark section 407.
For this reason, in each positional information unit 404, the precision
posi ti oni ng nark 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 shown in FIG 24(c) Fl G

24(d) illustrates a format for data to be witten on al dIS rredi um
havi ng s track geravediasoRe detactrd as 8. Push-Rulltigeal. t%"wﬁtpgﬁ a@ﬂa

association wth the positional information that has been recorded on t he
di sk, thd8@amawrite cloakl signal Soruse treto perfagntmavrite apesatian al acubstantially a

m ni mrum unit. Two conti guous recordi ng bl ocks 403 are connected together by
a | i nki ngonstat linsardEhsity lier at a ichaops rbitt lengthi of G.0617 adno(=4¢hddH86)) care

l'i nki ng section 408. The |[|ocation of each |inking section 408 -
subst ant ib@ldéhég%aesponds to that of its associated precision positioning
mark sectioh 405. A pattern including no user |o data is preferably witten

on the |inki ”Q'h%egrgbf?rbrégﬁe 40 % RY88 up dfhs %%@'of [%élﬁc;n%i‘ iRfdriBfion

l'i nking section 4 ected due to an interference wt he precision

posi ti onliggn{%égﬁggh?pé%grg aalsV\d UByrittén g&lfl& ncfgn ¢ rgagﬁsﬁehb&]ﬁilﬁg

sectl on I ng S r or end- pol

t her eon Is disc Accor di ngl y, ead. out dat. 15
VRO, 1 e oach R inapl ERRoR Seamae Appi DR Fntm B SHeE R 4 %ﬁ%n the
I'i nki ng sect i on 408, for exanple. Herej nafter this enbodi ma%t be
descri be®n Fhﬂ*lﬁ"?ﬁe‘l"o"m&ﬂﬂ'n@l fohone grasitianal infermatign sggment 403 is ereln

defined as the “recording 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 daté.

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 technique, 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 recording surface 401 of the optical disk nediumof this enbodi nrent 20
has been coated with a phase change nmaterial, and a spiral track groove 402
has been forned thereon at a track pitch of 0.32 Am A dielectric filmis
f.urther deposited to a thickness of 0.1 nmon the recording surface and is
Lrradiated with a |aser beam having a wavel ength of 405 nmthrough an
objective lens with an NA of 0.85 during a read or wite operation. The
track groove 402 wobbles toward the 25 inner and outer perjipheries at a
peri od ofAlshh Skche Bregisian pesiianingfaark:settionoa '@ErquBa'ﬁ‘rééﬁ '%%QSB\‘P@ n be
detected as a push-pull signal. By multiplying this signal b 186, a wite
cl ock si girgontiowing ke track gronyverfor mmed@tef@gneégem@thiaiﬁhgﬁego@%wgvam ithe | y
constant linear density (or at a channel bit length of 0.0617 u m

(=11. 47/ bble aarshoba meRkS.a2&d.The mireort madk 601 is detettable basadeorup fofly a
series of positional information segnents 403. The user data is read or

witten RddedisighabbbRirfal Bptheasfedtibnid o eadeassr beani fromrtab disk, or mat i on
segnent 403 as the mninumunit. The data unit witten on that area

correspondi ng 1y HeRiSRAThifbIthg MHrRTHEY bBusSEHERAM jrftfek f|o$ dBRIrRiifing ded | ned

as the "recording block™. to The error correction, interleaving,

| : - _ : . :
Fecor di ndBP N PARIEH (o Bssctal MIBHET Hotollich B 35, 41 R 8 dbBolhs
bl ock i ncl| uqife)ﬁ&géﬁka@é)lagte of user data. The recording data is provided

with an 28§ WIBePecti on code and is nodul ated in such a nmanner
as to be witten on the optical disk nmedju [ S appropriate the. error
correction cod@ thig embadigniniie pHgayMansRy #‘8? 43%@9&)'?] 03 %%esf P-eXanpl e,
may be adopted. The _recording data may be nodul ated b an _ei ght-to-sixteen
nodul at i éhaneehbity)ud hef '@ﬁgﬂkaﬁﬁﬁaleOBﬂmk(@(%tﬁwptﬁf%%ﬂy ggfined 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 um)
or less. However, the mirror mark 601 should also be long enough to be detectable
sufficiently accurately, e.g., 1 byte (=1 & 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 to 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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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
l.ength of 1,243,968 bits. Each positional information segnent 403 is nade
up of four positional information units 404, each of which consists of
preci sion positioning mark section 405, positional information mark

section 406 and sy mark section 407. ho in Fl 26A, ..t he pr.eci sion
osi 1 oni W ERS SAacteh byoBeo ey SarseSRf iR dERus WateR e tie BréiFhe o
ei ght sine wave wobbl es 501 of the track groove. 64 Also, in such a

preci si onP@stianin®Mafnly SAelian 4@8+ion, a mirror mark 601 is formed by

di scontinuing the track groove for a predetermned |ength at the second
wave of the viiekt, éhexdocationnof therndiron markHe0hiandothenwriting start/end paiatsabl e
based on a fully added signal obtained by the reflection of a read |aser

beam f r onpreferably Satisfy thd éollowdey alationsghipst | oni ng mark may be used as an
i ndex for determning the absolute position.for positional information

detection or agan Thélexritfg it aRsiel eheuldp®si bekindothedatifroPanBgk Wi i theen.
In this enbodi ment, the mrror mark 601 has a length of 2 bytes (i.e., 32

channel bits). The [5!%@@?5}1 ﬁ&siﬁ&ﬁng}ﬁérﬂrsegﬁé% 601 is preferably defined in
n ef’f

such a 10 manner as to mhimze unwante ects on adjacent parts of the

track groove 0jg,0N i rl r r f |, - Toll y be
set to 10 byt e@)(:lﬁ%ﬁﬂ%ﬁgr&?@ggﬂﬁl-%]\?e%\i ra%rot ﬁ%q}nbi%r"}do?){%'ﬂb@&argﬁgutﬁg al so
be I ong enough to be detect abhe. sufficieptly accurately, e.g., 1 byte (=1
M or nore. The | ocRECHPHPOTHINY MYK SPEHRN601 is preferably no earlier
than the second 15 wave of the wobble within the precision positioning
mark section 469 anbheidenathdetweanthe hegimiing r?f\m%)f%'SPﬁePQ%'Eﬂn"ég fRAENsur e

hi gh positional accuracy for the
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 its write operation after having detected
20 the mirror mark, the positional relationship between the mirror mark
and the writing start point should be determined.
Hereinafter, each of these conditions (A) through (E) will be described in
detail.
The condition (A) is laid down in view of the absolute positional accuracy of

25 the writing start point. By setting the writing start point 901 behind the mirror mark
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wi ndow to be generated by detecting the sync mark section 407. In this
enbodi nent, the data wite operation is started and ended inside the

preci sion positioning mark section 405. That is to say, the precision
positioning mark 20 section 405 is associated with the |inking section 408
used as a link between two bl ocks of the recording data. Then, the
precision positioning mark is effectively applicable to positioning the
recordi ng data. However, if the wite operation is started and ended at
that par t6Qhdn dhe herecisian gesiighirgcmerie sestian 40f ast BBOWB B FIGg 33Agthe

m ght be affected by the mrror 25 mark 601. In this enbodinent, to
prevent aesatsing reppaatpsrdanostarhés redter dpatptiont an cdeteeting tﬂmwgirmrfmarled by
the mrror mark 601, a VFOis witten on the precision positioning mark
secti on 4Q¢cordiagly, thehiatdnded tpuppose oft the mirnor avarkpitek, iddicatingl thébeginningrag
start/end points preferably satisfy the followng relationships: 5 (A The
witing si @rdckp@ambesﬁéwé fhlibgsebehtiud impstoving thé abBokitd poé.m@nal RiceGtatly OF

posi tioni ng rrar section; (B) The witing end point should al so be behind

the mgr | preci sion positioning mark section; (C) The length
Oth '@'l dta i
betweegn the nm'rrtl 88 the precision positioning mark 1o section and the

begi 'nﬂ?nét o t tﬁaé B{B@@Hsﬁ) Eﬁe@ﬁ"ﬁé\&ha”ﬁ%& 13 BRI pOTHYE Rebliey of

poi nt ; n qQ rredlumt e ted to repeti

eI te oobpaTtBRera prih Wtions pofs PP pbineting e Byack BB
from 15the mrror marktothe ext ent that the mrror mark is not affected
by in the precision positioning mark section 405 as shown in FIG. 31B, the recording

apparatus can finish its write operation on detecting 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 condition (A) on the 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 point 902 of the previous recording block overlaps

15  with the writing start point 801 of the next recording block as shown in FIG. 31C. By
setting 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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any deterioration of the recording filmdue to the repetitive wite
operations; and (E) In view of a processing tinme delay that it takes for a
recording apparatus to actually start its wite operation after having
detected 20 the mirror mark, the positional relationship between the
mrror mark and the witing start point should be determ ned. Hereinafter,
each of these conditions (A) through (E) will be described in detail. The

condition (A) js laid down in view of the apsolute positional accuracy of
25 the quf{ep By sorcaligdniwritig staviend, peing C%“?rtqrﬂtbo'gt-ar"{hepﬁmh?g @&mﬁﬁ‘ﬁi nd
the mirror mark 66 601 in the precision positioning mark section 405 as

shown i n RNt deteneratine is rae welldinoynaphenemeasor dhatsisaeften obsavedewher thei on
on detecting the mirror mark. Accordingly, the intended purpose of the

m rror nae&ordingefilm ioidirc aptical disle nbedjumnisnonade ofaabsmchljed: 2phbse whdagé ul |
use of, thus inproving the absolute positional accuracy of 5 the witing

start poiriteridie irosxrhplenSpBeifically| sl telrvmeans\that\repetitive waits opetations
positional accuracy of the witing end point. By setting the witing end

poi nt ﬁo%dgshéé&eh ihG filth! d&traddy lor fiadds bhits R GRb Sle@Brdie ffilrh Q4tb0Ad TRE K

section 4 as shown in FI'G 31 B, the recording apparatus can finish its
oL, PG HARAIhRF ol Ll 15ie Sbpliien, 4oF gt best b ateg! U
D1 O pSbhiRRg e Shn 85 2DE P B At L PR PRl o e T
Shoul d baSCHBMED AAnes 2 NERAIRa I SHRISNaY (AN oBEtest e SBRRS
recordi ng bl ock overl aps
Accordingly, if a mirror mark is located inside, or close to, the area where the writing
10 start/end point deterioration has occurred, then the mirror mark detection might be
affected adversely. This is because it is difficult to 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
20 that the length between the mirror mark and the writing start point should be
determined in view of a processing time delay necessary for the drive. Examples of
the drive ‘s processing time delays include: a processing time delay caused by a
means for detecting the mirror mark; a processing time delay it takes to correct

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

25 for generating a write laser power at a required level. By setting the writing start
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15 with the witing start point 901 of the next recording block as shown in
FIG 31C. By setting the witing start and end points in this nmanner, no

gap (i.e., unrecorded area) wll be left between the witing start and end
points. If the wite operation is carried out in such a nmanner as to |eave
an unrecorded area, then no signal will be output fromthat unrecorded

area while the recorded information is being read by a 20 reproduci ng
appar at us. result, the digitizatiqn and cl t.he read nal

t enpor ar iROjt e tase erpssﬁwsﬁreﬁ dgtays HbtogReHAY Wen t?&ﬁﬁﬁa%l{fm?ﬁ" it
operation is perforned so that the witing start and end points al ways
over | ap Witrar gaark @shdescrinagefon tee enditiog {Aynke. depreementefn rﬁh$9l'~l§%l and
the data can be read out nuch nore stably. 25 The condition (D) is laid
down to mosmenal adoairadyrofdhe maitikg starbpoint is awmmi@ha@eé‘ectate‘lsect ed by
so-called "witing start/end point deterioration”". The witing start/end

poi nt det eri oRthermbse, ceauhl bf Mmmsiﬁbaaioimﬁnmatibhahaﬂe settiam 40Bsand dde when
the recording filmof an optical disk nediumis made of a so-called "phase

change r@h@m&k ‘'seclic 467 &R cBllectBA Tf SUBAIVIded ihforalic Uhitea08, ddthlibeing
repetitivé wite operations 5 on a recording film degrades or damages parts

of 1he "eLOLild'dr 5ol RIS SLdsSr the $drhB%rabe! *rreggas@r&ﬁai)mfaﬁﬁatﬂﬂ?n{a?kthe

appl i cati‘on ereon uci ng appar at us reads

S TR ¥ L BEARIE i FEOL L e i

Accordingly, m.rror i s |ocated inside
wher e t hé’r\%f't?"'t lﬂffgmaﬂogpér HH Hd GoisrerreseatedAsa? Pl?ﬁeﬁlg§u§§k‘!l#|déﬂp ﬁﬂnt he
mrror mark detection mght be affected adversegel Y This is because it is
di f fi cul tytwobble hawing stgep dinarnot autefrpariphary-asientad gigplagementssas slown ght ,
I ndicating the presence of a mrror mark, fromthe variation in the
quant ia y infFIG& 6B, and {2642t therehyy makinge 48 ditt pesitionsl tinfermation @and its error
deterioration. To

detection code.

In this case, to detect the positional information from the positional 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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elimnate these unwanted effects, the mrror mark 601 nmay be placed so as
to be is distant froman area 903 that would be affected by the start point
deterioration around the witing start point 901 as shown in FIG 31 D.

Al so, as shown in FIG 31 E, the mrror mark 601 nay be placed so as to be
di stant froman area 904 that would be affected by the end point
deterioration around the witing end point 902. The condition (E) is a nore

strict definition of the condition nd requires 20 that.th engt h
bet ween tihEoygh 28k "W@%%PW@WPWR@%P&FPQE’b‘? SYNG G gegtion g@#'eﬁﬂ\ened
in view of a processing tine delay necessary for the drive. Exanples of

t he dri vesyhcopmade setlion d40¥ds de cagbinationefewolblgs &04s bayipd tsteep irnety agdused
by a means for detecting the mrror mark; a processing tinme delay it takes
t o corr ecoutespadpherparientedndisplacembats ag) sHewndn ddGt R6Dnfwhich withbe ;hesieid a
time it takes to prepare 25 for generating a wite |aser power at a

required fefarpdd tdBusSehitreti@ngbiar Wobbleyd ) sdral ivobBlepds0nt invat ¢iné ves@fgro@sssi ng
time delays into account, the intended purpose of the mrror mark as

descri bedsdin i EIGOREAL (HicH il bk - ierein! FEMSAYE GG *4ina iedlelivBbbleas).tinonal
accuracy of the witing start point, is acconplished effectively.

Fur (e T s A 2080 b APlari IS0 STRho AEhad LSS ikl ©
ot or mat | B St wave Siebbigt SEReE eS8 s o 4 eundi vided
B T L i i e
i nner- or outer-periphery-oriented displacements as showm io in FIGS. 26B
and 26C, biHectapgulanvohbles504: Thatiis tesay. sincethatvahblesaf thessapesthape
detection code. In this case, to detect the positional information fromthe
posi t ilonafealizé dvighatcootinuity, the sync mark section Is detectable highly accurately. In
FIGS. 28B and 28C, the bi-rectangular and sine wave wobbles 504 and 501 are
alternated on a subdivided information unit basis. In these patterns, there are many
wobble shape change points, thus ensuring high absolute positional accuracy. In
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 opposite pattern).
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, each 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 number

25 L (which is a natural number) of positional information units.
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mar k section, the beginning of the positional information mark section
should be |located. For that purpose, the mrror mark 601 in the precision
positioning mark 15 section 405 is used. However, the mrror mark 601 by
i.tself mght be detected erroneously or mght be mssed. On the optical -
di sk medi um of the present invention, the precision positioning mark
section 405 of the succeeding positional information unit 404 is placed

just behind t sync park section_407.. Accordinaly t he l.ocat.ion of the
mrror mark G@Fﬁasetfﬂ‘ﬁlgamﬂufethefoBF%@?%PBN"B@?PH%B&%F@ RB?'&!%azdf‘f‘)’ aj3gn 405
can be narrowed accurately by detecting the sync mark. As a result, the
mrror rf@ckond@6iedbitted for specifying the absol ute position is
detectabl e highly accurately. The sync nmark section 407 is nade up of a
series of foureashisyncimasrl seatien 467 has alength coggspeading & Bwoehite periods,
represented by a wobble having steep inner- and outer-periphery-oriented
di spl acenent s gxchiprecisionybsitichirvnagk sestiome408 hasaviehgthnedrrsspbndingt toeC

i nner- and outer-periphery-oriented displacenments. FIGS. 28A 69 through 28E
illustq at\ﬁo@g@ggh@dgg wobbl e shapes of the sync mark section 407. The sync
mark section 407 is a conbination of wobbles 504 having steep inner- and

out er - per | phergach }iGed SRASRIT Uk (% BNBHGI BofTbébordiRy it clotie! be

herein referre S I -rectangul ar and wobbl es 501 in a sine
vvaveformaeiigé shown in FIG 26A (which will be herein referred to as "sine
wave wobdt ? In FIGS. 28A through 28E, the bi-rectangul ar wobbl es 504

are identified by "S' while, . t Sine ve wobbl es, 501 are identified by
"B TnE G 2 woRbler Beriod i Y GeBes i As onsh comnnel el B8 FecnTiag o e
by the bi-rectangular wobbl es 504. That is to say, since the wobbles of
the sane dM@&pe io0 realize high continuity, the sync mark section is

detectable highly accurately. In FIGS. 28B and 28C, the bi-rectangul ar and
si ne wave wobkhesupther afidhauiel bite 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 nhumbers and are
determined so as to satisfy the following Equation (20):
15 (Equation 20)
D=(AXM+B+C)XWXE
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 length
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 limited 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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alternated on a subdivided information unit basis. In these patterns, there
are many wobbl e shape change points, thus ensuring high absol ute
positional accuracy. In FIGS. 28D and 28E, bi-rectangul ar wobbl e, sine
wave wobbl e, sine wave wobbl e 15 and bi-rectangul ar wobble are arranged in
this order (or to formthe opposite pattern). Each of these arrangenents
has one change point at which the bi-rectangular wobble 504 is replaced by
t he sine wave wobbl e 501 and one change point, at ich the.sine wave

wobbl e 50Mafks SPgNAQR MRy have gilen t%EfF?PSPd'\WQHBYQ wobkle papods an&%ayh t he
arrangenments with such a positional relationship ensure increased 20

rel i abi | i supdividedhdnforpationecinid 408 @ay bavera ﬂmtgmmﬁp@nwgi ta 8A. wapblehe
optical disk medium of this enbodi nent, each positional information
segnment, mariadsspondi ng to one recording block unit, is nade up of four
positional information units. However, the present invention is not

limted to thiwhepseirhbdulatioheddedot coindrting Chbito it 3obied (ijenf corvatimns
segnent may be made up of a nunber 25 L (which is a natural nunber) of

posi tiﬁ”%ité MO TR bit isUiédF as iR HEPRBAKNbWA ETOYhodbidtibhOfeRhiqRB, bie! uded
in each positional Information section 406 iS A'bits, each sync mark

section Wbﬂéjqfﬁgggﬁg} hagggr@@ﬂ;uqr@gg@ﬁdicﬁgwhlabecr@ﬁhbp&&, 8a%§cd9m%@%r§§i sion

positioning ma Ion rresponding to

hobbi e JORTENING Btk SBEUTL A0 T fe & brolBocitesPafiRad6 e BOBRE AT o
'; 2?0{ g?ﬁggr;gngggﬁ}sgbgva%gt irrli?orrr;\%rttlgﬁ run(l)tf 48@ z%‘[l\gye L\a\% tasleingﬁ1I ggﬁgs;i)or}\d?nagc E]o 24
wobble periods. Alternatively, one wobble period, each precision positioning mark
10 section 405 and each subdivided information unit 408 may correspond 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 following
Equations (21) and (22):
(Equation 21)
- PXRXF=CXW
(Equation 22)

25 QXRXF=MXW
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t.he nunber of positional information units included in each positional
jnformation segnent is E. In this case, AA B C, Db E, Mand Ware all
natural nunbers and are determned so as to satisfy the follow ng Equation
(20): 15 (Equation 20) D=(AXMtB+C)XWKE In this enbodi nent, in accordance
with an eight-to-sixteen nodul ati on techni que, which is well known as a
techni que of generating a nodul ation code for a recording signal, one
wobbl e period has a.len th Cere nd| 186, cha neI bits .20 (i,e.,
W86y . " Aheb Sadhartisat Bar e IR arriie: Al s e i tan sertidh
corresponding to 8 wobbl e periods and each subdivided information unit 408
has a |eW@tam:@acffbgmwaﬁgswilogﬂ%mvéwad@rrpﬁa%ctwﬁ langthgcgrrgaponging yo
However, the present invention is not limted to this specific enbodi nent.
For exarrrhlhewobbbwave nunibeest defineddnl éhis embediment i ng 8 bits into 15 bits is
used, one wobbl e period may 25 have a | ength corresponding to 155 channel

bits. Al so, edslEquations (DY) gmb(22)0Riang Qlareaatiorss slumberd @hdrRYs banatural
I ength corresponding to 9 wobble periods and each subdivided information

uni t 408 Hipbtav P and&ItiatC BAEE SHEEFIoRT éltl@r(ﬁn?\DMéH@ seRfibh Otks a\iigth @

nodul ati on code for converting 2 bits into 3 bi ., converting 8 5

bits int Q:oilr%sébr‘i %b? PISENES of thd MeciBing” 4aavnid i‘hlS @mtgfﬁgc:ﬁbﬁf ipaq, Q

t echni que, period may have a-l ength corres ng 'to 186

chenne! Shddg gl §%ﬁcﬁw§§%ﬁ§%%¢°fﬁ2uﬂ9hé@§é‘f 2R S St o,
408 e P T T e BRI A2 AR Baps o one
frame of the recording data. In this embodiment, R=93. It 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 optical disk medium can be easily
associated with the recording data. As a resuit, a recording apparatus and a
reproducing apparatus for an optical disk medium according to this embodiment may

15 have 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 positioning 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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1.0 section 405 and each subdivided information unit 408 may correspond to
124 channel bits, 9 wobble periods and 36 wobbl e periods, respectively.
That is to say, where a nodul ati on code for converting 8 bits into F
channel bits is used, one wobble period is supposed to have a | ength
corresponding to Wchannel 15 bits; each precision positioning mark section
405 is supposed to have a length corresponding to C wobbl e periods; and
each subdivided inforpatjon unit 408 is supposed to have.a |.ength

cor r espordifateciian SiasbHith Niatt Pesitioning aprUrY andds easily disfisoipaqhiafrom ai
mediumis formed so as to satisfy the follow ng Equations (21) and (22):

( Equat i orsignal fomb&arrm@mpsmeqdaﬂ%&swan@)\- For arRias@\wepble: diaviiigca periedi si on
positioning mark section 405, each positional information section 406 and
each syncsufficientiyeshdrten thvthahpf & avabblethat bas beeh dormedstacrepressmb pdsitignalo

t he wobbl e wave nunbers defined in this enbodinment. In Equations (21) and
(22), P ainfbration, mayibenplovitsabes a pradisioni positiondiginedrk. Alsojrdre fsoldtedrpitns

t hat each precision positioning mark section has a length corresponding to

P frames gbyiferonfea i 49 afainativd Prédidisn pobRiShifg Tharkbdtween dthadtnt fpask each

subdi vided information unit has a | ength corresponding to Q frames of the

recordi ngofqﬂé%voblbfboté}joav&'('f%?%ﬁrgn‘tlano@?fl' R is the nunber of bytes of one

In this embodiment, the subdivided information “1" is represented by a
wobble pattern having steep inner-periphery-oriented displacements, the subdivided
information “0” is represented by 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 displacements and wobble pattern with steep outer-periphery-oriented
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frame of the recording data. In this enbodinent, R=93. It should be noted
that a to relationship P.Q=C.Mis derived from Equations (21) and (22). In
this configuration, a wobbling groove (including the positional information
and mrror marks) that has been pre-cut on an optical disk nmediumcan be
easily associated with the recording data. As a result, a recording
apparatus and a reproducing apparatus for an optical disk nedi um according

to this epbodi nent 5 have sinmpljfied.confiqguration. AlS P and Q
my. be r SHATAAMORIShaTY B Msest o ik Wobplriatbrs Al PE userl” Wadn S .
di sk medi um of this enbodinment, the mrror mark 601 is provided as a

preci si oriwpdypes ehwabplepaitemsrare iisrdathe sypemanks anddhe pogiienaliinfemgtionmr k
section 405 to detect the positional information nore accurately.

Al t er nat iare|prefepably distinguisbablecfromveanhedthef neereseasilyt heomthat purposek¢hé€01 on
adj acent parts of the track or on interlayer parts of a dual-Ilayer disk,

only the gositional anfopmnatiéri anay beransdglated ém actBidadntet thpas ptedetermined
information unit 404 | ocated at the begi nning of each positional

i nf or nAt i RBIASESTE Rlle B DANBe! Piittaihs,” §6t denedEB\L thd Bodlilatidrs hA8, ARy bé oni ng
mark is not limted to the mrror mark used in this 25 enbodi nent, but may

be any ot dh@% Qhgrk@s the mark contributes to obtaining 73 a
detectio |S|egna h’vﬁﬁbm glblg'posi tioning accuracy and is easily

exarpl o a wottireriath. ) G- arttSgrRBhE Hhe ek Goblig 18 wroHidd i S 2"
brovi ded FRSIOg. GNEcine: BRI IR ARK, SYAPSBaNanare BTeFaad S Chariie e
formed as an alternative precision positioning mark between adjacent parts
of the wihel¥haprasosl dhe jwebblingndigpigcgments (6.t by dnakipgdtheedispiacements
subdivided information "1 " is represented by a

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 examplle.

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
precision 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

75



wobbl e pattern having steep inner-periphery-oriented displacenents, the
subdi vided information "0" is represented by a wobble pattern having steep
outer-periphery o oriented displacenents and the sync mark section is nade
of a conbi nation of bi- rectangul ar wobbles S and sine wave wobbl es B.
Accordingly, the information bits " 1" and ‘0" are distinguishable by a
HBX|nun1EucI|dean di stance and the pieces I nformation "B" and "S" are

al so di st UI shabl e | dea Thus chi

i ar  cleREHbed SthdefdteBeREy PSS éthffugﬁsasfj R oWE a dafp B o by
bi -rectangul ar and sine wave wobbl es and of the
sync mar Homayregarding, plogkateq Wifing %Bb?%ntgi:ﬁ{;e ﬁbh%m% as&%té %W?E?Qr
periphery-oriented displacenents and a wobbl e pattern having steep inner-
per i pher yeeording: blockiussieace sentinlousewpiec oporation; and &1G. B1Gishowsba dlai@nt |,
the sync marks and positional information are 20 recorded using all of the
f our typdermit food pdeordiagtbdocksat(a weting endvpoinhve wobbl e pattern,

bi -rectangul ar wobbl e pattern, wobble pattern with steep inner-periphery-

ori enteed di spljacRESN 31 AathtoudIBI€, path ef thetata fisldéePata field 1, Data field 2,
outer-periphery-oriented displacenents). However, the present invention is

not [im tﬁ&ﬁtﬂ&ﬁf Sldnd Data RIGAHR a [N of 19,3941 gﬂis i @MecH 208 cofsdbutivéobbl e

pattern wth steep inner-periphery-orient ed 25 di spl acements and wobbl e
b1t hr oc RS PGS ?“é‘étﬁ%“"“"nﬁ{) EP ¥ Iy b 95 Rnes IR S AndBY, BRKER
o1t or abi %ot TE fesfor TR HE P 2L B b G d%ﬁ%?%#"gﬁhﬁeiqﬁi” MPfdse,
or adt or ?ﬁ1%€s&e@é@hg{eﬁf‘ﬁeswdﬁaaéa%mAa#aﬁb o 488 BETURLATGUN REEoRyEiogc

modul ation rule, | aced as the sync narks.
10 datais 91 ><20 —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., |Ds 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 length, for example.
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 establishing 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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Furthernore, in this enbodinent, the track groove is wobbled at a single
period, and the positional information and sync marks are recorded by
changi ng the shapes of the wobbling displacenents (i.e., by making the

di spl acenents io snooth or steep). However, the inprovenment in detection
accuracy of the precision positioning mark as achieved by placing the sync
mar k ahead of the precision positioning mark is not limted by the types

of wobbl ttern the track groove. Alternativel t confi ation
of this dibar Eamieh &6sq UBbe SRR st 2R aliy el Sha reflsih
recor di n%@addresses and other types of information thereon is b)( changi ng
t he wobblnavisig toestegmaute-earrelation; chagecteristicie natsl kthajad ay odherdigld eyemii ng
the width or depth of the groove, for exanple. As described above, if the
pr eci si orthg bits theradfarershiftedsvay berrecgrdedtasdhalPS field St i on section and
sync mark section are arranged in this order in each positional

i nf or mat i on urkdch dfttka rédueding dtockisahopmsintfIGSL. BdAthrkighs81E comespomds tar k)
20 included in the precision positioning mark section of one positional

i nf or nat itRE pdBitibnalSinforvatibR Gelghfent 031 sibwrhih EiGIC25TaNkdREreSPectvetdita
previous positional information unit. Accordingly, based on the detection

result Ofﬁe‘id%ear%rr%%)SFHgagsé %rﬂéré‘ss%%%‘téd)WithttH? pto%gi%ﬁhlsiin%‘r BhUrfi8! 414, MBI k

éQ
(e.g., mrror mark aced at the beginning o succeedi ng positional

i nf ti Ung t t

Fecor di ng TRt s/ 3plf oF B G ety GpRLAIS3, Bl 1 7 e 16LCS B Dt
ith f to FI.GS. 31At h 31C. FIG 31A sh ta,f t, f

&t ecor T 8118 CROSIEST S 7% 1§24 riengt srrreseonding g R e tha 1ShdTR ot '

for a recording bl.ock under a continuous wite operation; and FIG_31C
shows a dhe Rostigpaldnfonmpatian saetiniandthe e rmarkssemtion ik gsseriatediane ofghe,

FIGS. 31A through 31C, each of the data fields Data field 1, Data field 2,
10 four positional information units 404 that make up one positional information segment

403. Also, the combined length 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 total length of PA, VFO3, VFO1 and PS is also 93 bytes, which is equal to the length
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Data field 3 and Data field 4 has a |length of 19, 344 bytes, in which 208
consecutive frame regions (not shown), each having a length of 93 bytes,
are arranged. Each 93-byte frame region is made up of a 2-byte SYNC code
pl aced at the beginning and 91-byte nodul ated recordi ng data. Accordingly,
t he maxi num anount of recording io data is 91 X 208=18, 928 bytes. However,
the anobunt of user data actually witable 1is 16 kilobytes, to which parity
bits for use in error gorrection or,de# tion, redundant data (e.g., IDs
for i dentafthg PEgCISIRN PRsitRNing gragk Factby (?-ons) and so on are added. Each of
the VFO fields VFOL, VFQ2 and VFG3 is a field for use to |l ock a PLL needed
to operate thdnrihig doarnerg dalpacan uke wrillemdnuassociption iwithythe ¢ Resitignadny of
15 these fields. On each VFOfield, to establish bit synchronization nore
easi | y bynfoouéafiory thatdhaBlLbeeart pre-bitgdn speepticahdisksmaditing pand:theadatapweitten abl y
recorded repeatedly at a fixed channel bit |length, for exanple. Each PA

field PAdanrléa befooatedby Fsiaiente &b tHeopddiioreh thfodmdtiom. pr evi ous data fiel d.
For exanple, where a well-known run-length-limted (RLL) code is used as a

20 nodul ation 'I‘Hédl%néwofté!?bﬂ@%%ffth@'p@'écisibﬁ?)o?ﬁioﬁi | aAOSédtioR Y 0BSisneduapn! ¥

to satisfying the run-Iengt imtation even at the connection to the end
Gata 11 o 7 SR oPanPof ind framd ralohs i Thakqidp B 1E 1Bl L AGREPENE LY e
L0, ot oAb BoRTRETEDG ork BoPAT ERERLIL Sl bl daSTabrd i
Tot e B B B P b et B oy By
field, or_a pattern having too steep auto-correlation characteristic to
mat ch t hathugs ewery inoa wennestiandbatweanitvo adigcant data firldedrare syaehropizationy be
recorded as the PS field PS. Each of the recordi ng bl ocks shown in FIGS.
31A ttr owgn 134 establisheshesds 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 illustrated 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 channel bits and the precision positioning mark 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 22nd byte aé 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 positioning
mark section and the center of the mirror mark 601 (at the 23 byte) is (23X 12)+
124=2.23, which is approximately equal to 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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5 the positional information segnent 403 shown in FIG 25. And the
respective data fields are recorded so as to be associated with the
positional information units 404. That is to say, each of the data fields
Data field 1, Data field 2, Data field 3 and Data field 4 is recorded so

- as to have a length corresponding to the conbined | ength of the positional
I nformati on section and the sync nmark section in associated one of the io
four positional jnformation units 404. that nmake u ne positional
i nf or mat i%?’g@éﬁ@ﬁtpo'%.th%hér ,W"["f?e°fct8ﬁtﬁ"??e‘ﬁaY%Wé’BH%of PA, VFO2 and PS is
93 bytes, and these fields are recorded so as ,to have a . length equal to
that of the pfdei 32¢) ilystratesshiasgrding P'O*@é@i%'ﬁ'nﬂ(ﬁ?rtp@ﬂthg? gxamgles hown
in FIG 31A, VFQ3, i.e., one of the VFOfields that is 15 |ocated at the
end of t lafter a0\ Qifield MFEXIkhaa beer regarded forddartk)utes, P$ fieldand-datarfield 41
bytes. Also, as shown in FIG 31 B, VFOL, which is |ocated at the begi nning
of the mDatafidld@ dvé oedorded eontimmusiy)whare kss \ani integep bebwéam( anas7.aFoengt h
of 45 bytes. The conbined Iength of these VFO fields is 86 bytes, which is

equal 4 o dxaaipl®fif eCRtedeR k it MewhREBt BEdandam eVeryrinie tite facordin@.apphfdlus Whi ch
Is located at the end of the 20 recording bl ock under the continuous wite

operat i OrﬂYritQ@Ea%, 'tﬁ‘éfgﬁieé r%EofH]rndeﬂh?%]; le% fikely deforpRftsl Hekaliséthe’darke dédtl,

which is located at t begi nning of the recording block at the witing

el s 1 ibHBEoS Ay firiner sP i Sama PSS LT 0 Voo, Accordinaly, at
Coorar on. " 163 e Rl oL WS Gt ViR el HOATHR e
405, | " TRl hedata ok Date Sl LA <t b4 BeoAndithe APOJEN | ona
I nformati on that has been pre-cut on an optical disk nmedium and the data
witten VFO3is 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 O to (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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can also be located by reference to the positional information. 5 The

| ength of 93 bytes of the precision positioning mark section 405 is equal
to the length of each of the franme regions that nake up one data field.
Accordingly, the precision positioning mark section under the continuous
wite operation, i.e., a part where PA, VFO and PS are recorded, may be
handl ed as one frane region. Thus, even in a connection between two

adj acent data fields, fra nchroni zation io.can be established as in a
it & 11 oM o BboVe eadibet taendhot 2he Jphal Helest (BR e o Hkiaditnt
apparatus. FIG 32 il]ustrates _an exenplary nmethod for Iting data at
writing $nakianghihe wiiging stat point)will be 29) bytes ﬁtmaﬁguhﬁéﬁn@aﬁ&h bl e
and a mrror mark that have been pre-cut for a precision positioning mark
sect i on. Thust the lengtiptan ibel ne shartedthan 2@ biytes.  Adengthklikewthig i sfficiently
nodul ati on code is supposed to be used as a nodulation code, one byte is
supposed léreg beenlin vibwoidhe brgsswherectheokditing startipoihtideterigraticrechaycocchaee a

I ength of 124 channel bits and the precision positioning nark section is
supposed the prgoedsihg Biat delapit’ &kBSToF B Péb&dmg%@rﬂ%lt@déctuéﬂys start fte
preci sion positioning mark section is supposed to start at a peak of the

si ne mv%vrwgiagé%tirgg%ﬂ%ﬁhgl\;iﬁgrgefé&édf%r irtSt samRposed to start at the 22nd

i s i
s ot 1R e i ity MR IR W IO o
e o] Y St o B GAGSSFR Sedi e S ol

falling. 1igskeen parrgIadaaiinal Brvitig ROSUQNAMEGELTAFY Oh 206, S JRRah Wb abi o

FIG 32(b) illustrates a recording block at a witi n([;; start point. In this
exanplte, bytes of the area where the writing end point deterioration may occur should

preferably be smaller than 29. Then, the condition (D) that the mirror mark should be
sufficiently separated from the writing end point deterioration area is satisfied.
Obviously this arrangement also satisfies the condition (B).
Also, the length between the beginning of the precision positioning mark
15 section and the writing start point is (44 +j/F) bytes, while the length between the
beginning of the precision positioning mark section and the writing end point is (63 +
j/F) 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
writing 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 resultant
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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after a VFOfield VFOL has been recorded for (45+k) bytes, PS field and
data field Data field 1 are recorded continuously, where k is an integer
between 0 and 7. For 5 exanple, if the integer k is newy set at random
every tinme the recording apparatus wites data, then the recording filmis
less likely deteriorated because the same data w Il not be repeatedly
witten at the sanme position. FIG 32(c) illustrates a witing end poi nt of
t he recording ta,field

fol | owed by a 'E!&%PPEH hg é&lﬁ tW@ﬁ%EB\)zﬁpf F%'F’g%ﬁ’&flel : sinf V‘r‘?al’?@f W89 ded

for (50- k') bytes, where k' is also an integer between 0 and 7. Then, the
recor di ngaRAaraius 4o sigitize thegend I@@F%/ apd te lock thedd-lev HRWRVer, 198 aleathayindad
point. This k' value may be set equal to the k value at the witing start
poi nt. Orlengthtaf §4% v G)ibiytes isractually wsabledor thesapaipdses. t he witing start and
end points. Were a nodul ati on code for converting 8 bits into F channel
bits is adopted, is the | ength between the end of the mrror mark and the
witing start point (i.e., the start point of VFOL) is preferably (20+/F)

byt es, s WemBODIMERT gt eger fromO to (F- 1). For exanple, if the integer
j is neV\Ay set at randomevery tinme the recording apparatus wites data,

then the det erAt?[gftht \AFlQIndQ& reA8/WrRE YriVe fbr realirdf gfu NEidMesd oRTar igptital @iRkNt 1S

suppressi bl e eve sane data Is repeatedly witten at the same 20

dj
2 v AR SO TE By g PR okt A
' t h ' d
byt oo berBriac: 7- It Fi g anenipisacint deiclis aﬁsé’é'ﬁ‘ég%%pabﬂft Em%ﬁ@eg%d%f
the mrror mark is determned so as 25 to satisfy the conditjons ’I (D)

and (E). ordaskness qfcinyeptical diskénediumyt Py jcondenging ﬁéasefdmr@ RNt theedis

above-descri bed range, then the |l ength between the end of the mrror
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 outer 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 read/write drive operates to detect
the positional information.

25 FIG. 33 is a flowchart illustrating exemplary positional information reading
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mark and the witing start point will be 20 bytes or nore but |ess than 21
bytes. Thus, the I ength can be no shorter than 20 bytes. A length |ike
this is sufficiently long even in view of the area where the witing start
poi nt deterioration may occur or 5 the processing tinme delay it takes for
the recording apparatus to actually start its wite operation after having
detected the mrror mark. On the other hand, the |ength between the end of

the mrror mark and . the  witing. end point, (j.e., the. end int of. VFO3) is
26 byt es Prafereng ReroRedDuis RcEN diR Teadtle Gave o BishBdept aFirst 8
witing positional accuracy of zero, the length of G io bytes of the area
wher e t heSYRG Maf iscAetegtadnat @@wepirearmemone(%t%ahr Qnesuthie syremarkbies be
smal |l er than 29. Then, the condition (D) that the mirror mark should be

suf fi ci enbean dletested, epbsitional infermatian agarsely pyichrorised stateaisi supposed tos
satisfied. Qbviously this arrangenent also satisfies the condition (B).

Al so, thehawengéén bstablisived foepredt ani intpred], dimingowhihsihensyaseedingrpregisivar k

15 section and the witing start point is (44+/F) bytes, while the |l ength

bet weeq tﬁ&itim MUrRGi.81 nifer AP Should BPPeAr, PasBd dibtHe astetiich revist éfhe
witing end point is (53+ j/F) bytes. The difference between these |engths

"0 il s | B g pP el o Mg

write operation alTy at iting positiona

f. AVt |0t I
Y AU O B WAL oA S, AT AT
total, - ] be left. If. the d 1L -
o ) el SRS oo oo e 6 DA
e Bl S o bl o o S i

start/end points" is 25 acconplished effectively. 80
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 errors 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 ma_rks 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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I.t should be noted that the VFO field VFOL is used in the reproducing
apparatus to digitize the read data and to | ock the PLL. However, an area
having a length of (45-G bytes is actually usable for these purposes. 5
EMBODI MENT 18 An optical disk read/wite drive for reading an address on an
optical disk nediumaccording to a seventeenth enbodi nent wll be
described with reference to FIG 29. In FIG 29, an optical head for

detecting a signa] based on the brightness I ' di sk
rect ur pgeraicin sk e ecnarcingt ot peenditeddl FBFE8 Lok BieRBlibithg
spot fornmed thereon can fol|low_u he track groove of the optical disk 1
i s i dent iqurent Blockg1 FlG. Bdaig %if@ﬁ’&}‘aﬂr' 'd%?é'ﬂggexﬁéﬁﬁlﬁﬁ'nppﬁ'F'o'S@n'@ aigna
fully added signal and a wobbl e signal by perform ng operation processing
on t he deesdingdmocessingincdinghisaliereativerraerssing $tePi denti fi ed by 802. The
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10 interpolated based on the detection results of the preceding N blocks. Accordingly, it
is possible to avoid the unwanted situation where no positional information can be
read out from the current block because no sync mark has been detected yet. It
should be noted that the parameter N indicates the number of blocks on which the
coarsely synchronized state should be interpolated. Thus, the greater the parameter

15 N, the longer the coarsely synchronized state should be interpolated. However, if N
is excessively large, then the positional information might be out of synchronization
due tb the effects of a number of variable factors. For that reason, N should be set to
an optimum value in view of the performance of the drive and the properties of the
optical disk medium.

20 Also, the positional information read out and/or the error detection result
thereof may also be used as a condition for establishing the positional information
coarsely or precisely synchronized state. For example, if errors have been detected
from the positional information of several consecutive blocks (e.g., parity error
detection) or if the positional information values (i.e., addresses) are discontinuous

25 among a series of blocks, then the coarsely or precisely synchronized state may be

83




processing perfornmed by the optical disk read/wite drive of this
enbodinment. First, a sync mark is detected at a sync mark section (Step
1). Once the sync mark has been detected, positional infornmation coarsely
synchroni zed state is supposed to have been established to predict an
interval, during which the succeeding precision 5 positioning mark (i.e.,
mrror mark) should appear, based on the detection result of the sync mark

(Step 2). _If the t mark) is detected
during th@cgr%cgt%gf}s t&t@%\?ﬁ&%g@e E%W%ﬁté@sﬁqﬁn i nformation
precisely hroni zed .s i up ose t.0, hav en established o
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di vision of the positional information) io based on the detection result of
the precishowd BdYB: 8ning mark (Step 4). On the other hand, if no
precision positioning mark is detected even after the predicted interval
has passed, tHen detestidg\a wobbletsignetémwhichdheiriging and fallingtdisplacermests(aree. |
bit division of the positional information) is predicted based on the

det ect § orpdtestddp, @f syneemaskdetestiig<sadtiohe804hsutpolsi 4 sprammark Hetectivn gignak
still coarsely synchronized. Then, the 15 positional information is read

out from Ih*&c@ﬂﬁﬁch%ﬁ{ tHenfrﬂidﬁaéﬂ PR $petmark Matpasiveen dotedtbd bYi theSsypas
predicted (Step 5 can be seen, I'f the precision positioning mark
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illustrated in FIG 33, if no sync marks are detected in Step t he

det ec9 orArearh dVhen thesfuly asldedisignal reachesia predeternined Jevel ehmqret%msync

25 mark is detected. Alternatively, this processing flow may be nodified in
such a 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 positional information in accordance with
the timing. On the other hand, if the detecting section 805 has detected no mirror
marks during that interval, then the synchronizing section 807 generates the
subdivided information division timing for detecting the positional information based
on the timing of the detection window. In that case, the detection accuracy and error

25 rate are inferior compared to the situation where the mirror mark has been detected.
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82 manner as to use the sync mark that has been detected from a bl ock
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 marks 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).

| f the answer is. . t sl ng: J e ar ' p of
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det ect ed datermines thghsubdivided infoguatiomto bee 15aea i@l ciherehyndeteetingsaddresaunber
of blocks on which the coarsely synchronized state should be interpol ated.

Thus, 4 hdnformatiem. t he paraneter 15 N, the |onger the coarsely synchronized
state should be interpolated. However, if N is excessively large, then the
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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
15 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
20 positional information reading processing as already described with reference to
FIGS. 33 and 34. By performing these processing sfeps 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,

25  or the block to be written (Step 7). If it has been determined that the address of the
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25 anong a series of blocks, then the coarsely or precisely synchronized
state may be 83 once canceled to try to establish a synchronized state
again. This processing flow will be described through the operation of the
drive shown in FIG 29. On detecting a wobble signal in which the rising
and falling displacenents are 5 both steep, a sync mark detecting section
804 outputs a sync nmark detection signal. |In accordance with the timng of

h : :
ggi, ylflri%i %Ri%w&gﬁ?ﬁ@ﬁﬂﬁgﬁ@éﬁﬁﬁ%hWS%%%&%{%%%@%@?E%%S% Rw
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appear. \Wen the fully added signal rea,ckr:tggvtg'E redet erm ned | evel or nore

during thBas heen datersiined thatdhe addsessiis BARERSSH AN HienriogesRingy t he
first window detecting section 809, a mrror mark detecting section 805
out put s aadviances torgidp 8 pbdeterroining whether on noha prgnisaly syrghraniged state bast he
first enmbodinent, the mrror mark exists in the precision positioning mark
secti 0 jbewn dsthblistiet hdf it ysdeteemined] baged ondhergtate of thee prgoisidn pasitibmidgw can
be narrowed and the erroneous detection can be prevented. If the mrror

mar k det ephikndetseet] GatdRS phedisdlp sghAtiednizad stater ids amsadydbeem established,
detection wi ndow that has been generated by the first w ndow detecting
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10 established, 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 end points
of the current segment may be set by interpolating the mirror mark of the previous
15 segment even when no mirror mark is detected at the beginning of the current
segment. |
It should be noted that the positional information read out or the error
detection result thereof may be used as a condition for determining whether the
precisely synchronized state has been established before starting the write
20 process. For example, if errors have been detected consecutively from the
positional information of the current block or previous several blocks (e.g., parity
error detection) or if the positional information (i.e., addresses) values are
discontinuous among a series of blocks, then the write operation does not have to be

started but the re-positioning process may be carried out even if the precision

25 positioning mark has already been detected.
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Qn the timng of the detection wi ndow. In that case, the detection accuracy
and error 25 rate are inferior conpared to the situation where the mrror

mar k has been detected. 84 However, it is still possible to |ocate the
positional information. In accordance with the subdivided information
division timng that has been generated by the positional information

synchroni zi ng section, a positional information detecting section 808

determ nes the, subdi vi ded_,i nf or gt | t "1 oo her Lcting
address 5 i'nfpc‘)sr spghggl#ﬂ%, s%gﬁﬁgoﬁocgﬁ? héd%er% of QOrrnen 'Bgndéﬁf RQE&R&
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correct. Accordingly, by further narrowing the mrror nmark detection
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groove, the erroneous detection can be further suppressed. In recording

i nf or mat iplaceda aé ythe eend coft thel peasieuso positionals indernationr unié.  Assondingly,ohyto a
wite section 806. The wite section 806 specifies a witing start point
and a #w iddtectingrte pghemark, gareeatihnihe detédtionhwindowaf the prewision positibring has
been determned fromthe position at which the mrror mark has been

det ect ed. mgfke mirfoRemark) Wdsed & Glsi frind)) CarithirAmetiiaelp pdteatinghevsl pBidsieni t an

i ntense | aser beamto record the information. FIG 35 is a flowhart
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di sk read/wite=drive' o ment . teps 1 through 6 are
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perform ng these processing steps 1 through 6, the positional information
i.e., ang%'?T'a'?lg' read out and the position at which the positional

10 In the same way, according to the optical 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 also 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 shapes will be described.
20 On a known DVD-RAM, control 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 information, disk manufacturing
information, copyright protection information and so on. The physical format
information includes 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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i.nformati on (address) read out should be recorded is indicated. 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 next block is not that of the
target, then the processing returns to Step | to restart the positional

I nformati on reading processing (Steps 1 through 6). On the other hand, if

it has been determ t I ISt t i 1 he
pr ocessi RPSrUS ALE! so&Papb A RS Poledr e i BanGeiafo ntohERoRr
synchroni,zed ,state has 5 been gstablished. If_ it is determ ned, .bas on
the statdn Pd?ﬁlé"ﬁr@@ﬁ%’i‘ o%’%sﬁﬁ Wi acq'fﬁﬁrkoaeti’gcf)g ,altﬂgk M'We?ﬂ%el y
synchroni zed state has already been established, then a timng to start
the dat a manyfactyping det tharect anegi 2 ANnetheseRMIGh Preteciions ifermation jpetudesni ng
mark detected and then the wite operation is carried out &S’}ep 9).

However, Kely inforinatidetnecessary fohancnyphtiomaadias glegodinge hi bese &pest oft eonteal not
yet been | o established, then the processing returns to the previous part

of thes t rinfokmatiopRadobsen rezopdsl 4¢ pité.ng processing (Step 10). Also, if the
mrror mark and positional information of the previous positional

i nformation sqgREtpréRWedaBmBaditheResBf B priset iveation desoribert abdverrtde end
points of the current segment nay be set by interpolating the mrror mark

f th ' : L o _
Lol e PRl HorRAERY réidad B AR thE Gradletin'he 1RGP a3, ddg

begi nni n( e current segnent. _ e noted that the positional
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the Clljor r ecrgmt?ilngt(i:olil gfrwggb(-"ig ipg?tgrnzeo\ﬁrr\éa lwott))lbﬁr(l:g;< aréo(\a/'egdri thg%.'i\é-}/n and/or lead-out
area(s) during the manufacturing process of the optical disk medium.
Hereinafter, this embodiment will be described with reference to the
accompanying drawings.
First, referring to FIG. 36, illustrated is a configuration for an optical disk
15 medium according to this embodiment. The recording surface 401 of the optical disk
medium shown in FIG. 36 has been coated with a phase change material, and a
spiral track groove 1502 has been formed thereon at a track pitch of 0.32 um. A
dielectric film is further deposited to a thickness of 0.1 mm on the recording surface
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 ieast 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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error detection) or if the positional information (i.e., addresses) val ues
are discontinuous anong a series of blocks, then the wite operation does
not have to be started but the re-positioning process nay be carried out
even if the precision 25 positioning mark has al ready been detected. 86 As
descri bed above, according to the address information reproducing

apparatus of this enbodi nent, the precision positioning mark (i.e., mrror

mar k) for Ly . X 4t 4 Xi sts just behind the sync
mar k sectqe(g'i)ﬂgﬁé% Xigge%ﬁ@%ﬁ@w*‘ﬁ%g@ﬁ‘d '%?Qlt'ﬁ'e previ ous positional
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its timng, and jmedi ately detecting the precisjion positioning mark
(mirror rr&plurality er%?ﬁ'@"éh"ﬁ@'mqtioﬁrﬁwwgtﬁke?ﬁ'? r"P‘EiFg'ﬁﬂrrl@)"t'B{?np%%t'ona'
detected nmuch nore accurately and the positional information can be read
out far inforraatien units.y Each positional informatian unitidoeludes@ ploralibeobsubdividedi sk
recordi ng apparatus of this enbodinent, the |ocation of the precision
posi t i pniinfprimatidn mits 408 that la)e aorangeddabrg ttkel groows. ain itimeset tespectse thiat a
can al so be narrowed highly accurately based on the detection result of

the sync trgbkkgrobves1 5EB Hhd 40RHavealimilar ednfiy@rations, and end points can al so
be set nuch nore precisely. 15 EMBODI MENT 19 Herei nafter, an enbodi nent of

recording " 00%1'1 ;&achrﬁﬂhavér%baﬂﬁdedﬂmf&%étﬁn_ Wte2L08 drehR #56k §fooke! F5TR, 1 N

area, for exanp as a conpni nation of various groove shapes wll be
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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 represented
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 to read a signal more reliably, wobbles of the same shape have been formed over 16
wobble periods, thereby representing the one-bit positional 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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enbossed, uneven pre-pits in a control information area within a lead-in
area. The <control information typically refers to physical format

i nformation, disk manufacturing information, copyright protection
l.nformati on and so on. The physical format information includes
knformation required for determ ning the power of the laser 25 radiation to
be irradiated onto the optical disk mediumduring read and wite 87
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above, the positional information is recorded by wobbling the groove in
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wave) shapes with each other. This enbodinent is characterized by

r ecor @i ngetibds asra upit, dmadomawobbleaperiodibasinntn the esample ilusipatedjatfiler ns of

t he wobbling groove on the lead-in and/or |ead-out area(s) during the

manuf act @6} furiitcoatdl mforiationlérnehtscirs tecarded in ebieh subdivided, infohmation
enbodi ment will be described with reference to the acconpanying draw ngs.

First, r %ﬁf4oengHbWeEérGthéSu-phésléiééd@hﬁud id RoBlireiftet ttWRWobBId péricds, Gt i cal
di sk 15 nmedi um according to this enbodinent. The recording surface 401 of
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| aserlobeamahla ﬁenngth% c\)/r?naetln%t rrrlla())IfbeélgeSa % g\r/g# g?nore 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 control
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

90



20 objective lens with an NA of 0.85 during read and wite 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 |east control
knformation thereon has been forned. This track groove 1502 is continuous
with the track groove 402 |located in the user area as shown in FIG 25.

Li ke the track groove 402, the track 25 groove 1502 |located in the lead-in
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to read the control information that has been recorded as embossed shapes.

In contrast, according to this embodiment, the control information is
recorded as a combination of groove wobble 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 the 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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wobbl e havi ng rectangul ar outer-periphery-oriented displacenents. In this
exanple, 20 to read a signal nore reliably, wobbles of the sane shape have
been formed over 16 wobble periods, thereby representing the one-bit

posi tional information element 1503 «collectively. As for the control
knformati on on the other hand, by conbining these two types of wobbles
with each other, one-bit control information elenent is 25 represented as

"0" or "1. / r'g‘ﬂfb : i X Bni r & ' E 36,
a contro#t?%égé?r%t%?me%gﬁén% 0 h'%)'@" sﬁ@pre‘seﬁp igld*abﬂ@tgﬁl\%g%gkﬁ‘eﬁsr iaclgé?s of
"0"-+"O'-+" 1 ", while .a,control ,info i Qn el enent "1 " isake sent ed
by 4 wobiPeP Be %c&tr(ﬁf'nf mattlgn.qempng%?etgmg ﬁ%ni g?%oo"é‘g&t? e%c‘hptﬁ%-bit
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exanple illustrated in FIG 36, four-bit control information elenents are
r ecor ded Fositieash infemmatignddetecting rsegtipa BO7unilp anserdansgewith, thensubdivided se
code unit is not limted to two wobbl e periods, but may be determ ned
appr ofm i anfermation divisionftinhing thabinas béer @enetdted rfyotheapositionad éoformationl t he
degree of reliable detection. If the amobunt of information needed is

rel ati velgynthronliFid sedtidang08)ahé ebatrokinformation detodtingbeetibn @14rdetermeines
reliably by adopting a bi- phase code that uses 8 wobbl e periods as a unit.

Al'so, thenhpogiBdiAggd infirRialBhi &) el e[ener 2t t iR tdetbcting! aBEA Rl

el enents that are included in each subdivided information unit do not have

number o iRl TR, BelpdfRE iiBrhlich BXEEM (Rt to M5 SFHEm LR, disth®

reliabil ié wei ghts of the positional and control infornmation. If this

bi - phase todi ng net hod i s adopted, the nunber of wobbles representing "0"

'S eqijoal tot hl(\as ggé?’l rezdogbc%?%lcggrdrinegp {oeﬁ"ﬁg teimngo&'ir%‘lélnt,i r?ottc?rﬁy 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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second half of each subdivided information unit 408 on which the control

I nformati on has been recorded. Accordingly, if a nmethod of determning the
one-bit 20 positional information elenment by nmajority (specifically by
determ ning each of the wobbles over 16 periods to be "0" or "1 ") is used
to read out the positional information elenent, the decision of the
positional information elenment (i.e., the decision by ngjority) is not

ff d Walj '

posi t ?§n tqbiélh}%%a?%' GFOLERH BB BREEEH hich 0B BRIR IfStmaiBnStfuiy, ) |
90 ti-Dhi | ti | i nf ' I ' .

ol ur i 1 1 PROWSL KA BEPaE Godeitor VIR 25, PG 4 DRCTHLRR Ot DA | on

of the disk is read as multi-bit control information elenents 1505. |n

r ecor di nghe eser grea.niiated: ptharwise: Kdhewobble figralican heraad safelygyen i§
depth of the groove is shallower than 1/6 of the wavel ength A of the read

| aser r aditathasnalreadin bielee whifien ttheeeart, thes theagostrginiformationepndsetheed by
the presence or absence of the enbossnment, tends to decrease. On the other
hand, s o typay efdaformatien torbb iadddd nody bbeecerdedvmihel trackgreeemt 508. user

I nformation, the groove depth should be as shallow as about A /12.

Accordingly, iNext&ther etApRAPESNtrS! isimationirddording fopnatesqik bl ddseribedur acy
of the user information read out, then it is very difficult to read the

control im{h%f%%égge%gﬁs_mmﬁ@ﬁgﬁg ded as enbossed shapes. In contrast,

according to t | ment, e control information is recorded as a
combtnat o o 96 SRR T4 U bt BN bl o1
Slg)s(ffri ge%ﬂgé@ilgﬂrtggagﬂe%&eggot%?%p%%qg i'Ishke Q/%%g(emgti\atp% orrie\é%hvgitl'ngl;lebv?obble
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
distinguishable from the subdivided information to be represented as “1" or "0".
In the example illustrated 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 example 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 *11", "00~,
"01" and "10" are recorded by using four types of wobble shapes "S", "B" "1"

25 and "0". To increase the reliability, each wobble shape is repeatedly recorded twice
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Unlike the drive shown in FIG 29, the optical disk read/wite drive shown
Lln FIG 39 further includes: a control information el enment detecting
section 812 for detecting control information elenents fromthe out put of
the read signal processing 20 section 802; and a control information
detecting section 814 for detecting control information fromthe control

I nformati on el enents obtained. The control infornmation el enent detecting

section 812 jsS.I d as a circuit having the same configuration as
t he subd?ﬂ)}'ﬁﬁ)@yéﬁﬁ?%%gﬁ%%n detecting section 803. On detecting a wobble
signal in whi rising, di spl acenents. are 25 steep, the t Lol

i nformati on em:}%'@éi&@q?w@ rg@&@ﬁotﬁ' 8|f2th8u?’ﬁ1'?gle"'ﬁ%?ﬂa.te%{1 F ﬁg éq’ er
hand, on detecting a wobble si?nal in which only f I_I#' ng di SB| acepents are
steep, t mestignalripiormation sagment 403 irchidessiolt pesi ora%d@ Peﬁaféﬁnz BR-plitene o .
The control information detecting section 814 has the same configuration
as the bshesefour positiomaltinformadior cunitsgthatds i lopated7at the hegisningnet thet h
the subdivided 5 information division tinmng that has been generated by the
posi t isonalegmeht408 thert positionkl inforaiatign S ef this positiBnaltinferration segiehb40At i on
detecting section 814 determ nes the subdivided information to be "1 " or

"0", theigpscordsEmtthe positnaPifdratioh Reetiomthierof. TREhe otiter theset peBitional
information is sent out to the systemcontrol section 810. 10 As descri bed

above, aﬁﬁ?ﬁﬂéﬁlﬂ\ bRits, h’gé %%i THGmatiopl 8Nihs 8ht<403 G dbcorléd iRhRe

address intornmation and control 1 nformation can be generated or read out

from the WmBhe HiaHwRioR" sédiBndihafut Pach ke MAHSHEI ifiBhAatil thils e

witten ere such control rnforna user
data is wi,tten, on

PR 1AL AR MG A T
! ead-{on %ros{ti%%gl- i?\%‘lc}m%rtigral ‘section thereof represents the "positional information” or the
*control information”.

As described above, if the precision positioning mark section is placed just
behind the sync mark section in a series of positional information units, then the
division 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 result, 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. Thus, the sync mark and the precision positioning

25 mark are easily distinguishable from each other. As a result, by using the detection
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As for the groove on which no user data is witten, no user data is

super posed on the read signal. Accordingly, positional information or
control information can be extracted fromthe read signal highly reliably.
For that reason, one-bit information may be recorded on the non-user area
at a smaller nunber of 20 wobbles (or waves) conpared to the user area.
Thus, in this enbodi nent, the nunber of wobbles (or waves) needed for

" epr esentLogeaethe Oty r.s%,faag.ggﬁﬂé%g@ggg;bogmmn 30 %idchosk rothi ch

is half as sia e nu represen I'ng one-bit
subdi Vld i.nformtio Q" in the us ea. ver

i nf or mat i 8ﬁ igyentive, H??“B%dlraé‘é% aPB?faé'fﬁ Jo 45 ﬂg &?%@5 V\f H%'I'n%}‘lj JE%r
area, the mag%nltude of V\Dbble\a&l % 8 l'itude of 92 bble in t

radi al dilpeantivernethiod: and gpearalis rvwltm ala. g ppsitionals i ioR AP d  be
witten may be greater than (e.g., twice as |large as) the magnitude of
wobbl e i rread bgt ane thexdata castherwitten highlyi ansuratelyt he wobbl e si gnal can be
read safely even if data has already been witten thereon, then the
contrad information and other 5 types of information to be added may be

recorded on the track groove 1502. Next, other exenplary control

i nformation recordi ng formatiNDUSTRI&SL APRUICBILITM t h reference to FI GS.
37A through 37E. In the exanple illustrated in FIG 37A, one-bit control

information el@gyepy ongﬁcal3(!||§I@Q1?fié&€]n1t AcEaeihg td the ﬁﬁ@@éﬂtempéﬁﬂl&ﬁ pJéil‘ibr\’é\‘Pbm e

shape for each singl 10 period represents "
conpar ed t I tion
ner casedn®ohdfe féﬂﬁp%tﬁ?*hJpééamf"%""ﬁﬂaﬁta?stéémde"p‘?@%‘?&‘ "ﬁiﬁ'gf%@tﬁ“”%m ‘ol
information ele oalloc tQ [i In
this resaoesss Hisraghfis @rifinfi @ ptuaned S HRBR pAfieGe B e rieK of
showmn in FIG 37A However, unlike the
10 Thus, there is no need fo prowde 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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15 exanple shown in FIG 37A, the wobble shape for each single wobble
period represents "B" or "S'. According to this exanple, the control
information is easily distinguishable fromthe subdivided infornmation to
be represented as "1 " or "0". In the exanple illustrated in FIG 37C, a
bi - phase code for representing one bit for 2 wobble periods is adopted.
Thus, conpared to the exanple illustrated in 20 FIG 37, the anount of

i nformation can be doubled. In the etq_@%sillustrated in FIG 37D, "1 "
and "0" of the exanple shown in FIG are replaced with "B" and "S",
respectively. In the exanple illustrated in FIG 37E, two-bit information
items "11 ", "00", "01 " and "10" are recorded by using four types of
wobbl e shapes S, "B' “1." 25.and "0"'. To incregse,the reliapilit each
wobbl e shape i & P‘ep‘éalcé‘h%’fﬁ'% IR high Soneprises, a ek, SiooVe anst oBgetichrgy: |
FIG 38 wll be referred to. In the exanple illustrated in FIG 38, one
posi t i onainfarradprds reserdedimong thefrack @reR¥es f our posi tional information
units. In one of these four positional information units that is |ocated
at thesbegi nni whereiin tthe tackegreone 40dudeshea "Pharality @fiaunit rfestionsitbat are thi s
positional information segnment 403 is recorded in the positional

i nf or mat i amasged ialong they ratk groovehandtthatlr have eidepéadesi displaced nperiodidaliyn
units, the "control information" of the segnment 403 is recorded in the

posi ti onajiohfftes Hatk glocvechh@n thereof. Each of these positional
information units includes identification information indicating whether

the informati Oﬂ/hé%@r?rtﬂﬁdsiidaif s! Bf Rﬂéf,&ﬂ(\)iffl‘tﬁﬁgb% AR HiPIaGRE ih 04 diRgieeot

represents the "positional information control Information™. As
descri be i f i .8l REReYe) ' y I just
beni nd NGl Eentel nereS, B3 3UplPIMeB ol AR IoRc REGAE Rl TnltsBChch 'S
then the . . .

10 represented by a shape given to the unit section.

2. The optical disk medium of claim 1, wherein 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.

15

3. The optical disk medium of claim 1 or 2, 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 number N of unit sections that are

20 arranged along the track groove.

4. The optical disk medium of claim 3, wherein part of the side faces that is
shared by at least two of the unit sections has a constant displacement period within
at least one of the blocks.

25
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division 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 result, the witing start and end points can be set much
nore accurately and the positional information can be read far nore

el a0l 20, A et Sl 8L iyl 35 05O ATLOINLNS B S ShholdySSia gp. L1

posi ti onal are recor changi ng the wo e

pattern of the rpove.. On the other hand..the precision positioning mark
i's fornecfng!V&e,dgiag’r@at'ﬂ? Fsr@'bcﬁ%‘ﬂf esa(?ﬁzféiq ‘dn'ﬁﬁ%é'og' a?‘?ferent groove shape
fromthat representing the _pasjtional informtion rec g,ed._ Thus, the sync
mark and the pYhRaspi %Sr%f’i$M'W§e@5‘f‘ﬁ'ﬂi‘¥'°&rr@pﬁ%§ﬁnwgﬁ ft ng[ﬂcé’ﬁjﬁﬂ 8Nfrom
each other. As a result, by using the detection 94 results of the sync and
preci si oth@dkunit @eﬂti@gsrtlmtleseiinclld%ﬁinmh@ﬁlch@bdf-scl osed for the inventive
met hod and apparatus for reading positional information and the inventive
met hods and apparatus for witing data, the positional information can be
read out and the data can be witten highly accurately. 5 | NDUSTRI AL

APPLI CABI LI TY gD optiddl @fdk Fiekurasti slmA6s whatelg daeht Seid IN-dResubdivideat i on,
positional information and other types of information are recorded during

the W”Ufiﬁffb?ﬁﬁré{ialg rgg@ﬁ;?‘?r%‘ﬁﬁetshﬁd&%s Mot biNe Assdcitéd blotkah WieRtRe

patterns the t groove. 10 Thus, there is no need to provide any

over head I t Ny i r i pcul ar area of
the. tr ackrissisfEs, Whdre A5 SRUNART Mol FBb W re o lohG o 7.2
wobbl e as represented by the track groove is displaced at a -

10 7. The optical disk medium of claim 6, wherein each said N-bit subdivided

information group includes an error correction code and/or an error detection code.

8. The optical disk medium of claim 7, wherein the error correction code or
the error detection code has its ability to correct an error of the address information
15 weighted in such a manner that low-order bits of the error correction or detection

code have a relatively large weight.

9. The optical disk medium of one of claims 1 to 8, wherein each said unit
section has
20 a first side displacement pattern that has been so defined as to make a
signal waveform rise relatively steeply and fall relatively gently, or
a second side displacement pattern that has been so defined as to make a

signal waveform rise relatively gently and fall relatively steeply.

25 10. A method for reading subdivided information from an optical disk
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single frequency. Thus, a sta bilized clock signal can be easily generated.
Thus the present invention provides an optical disk nmediumon which 15
information is can be stored at a high density. 95 CLAIMS 1. An opti cal

di sk medi um whi ch conprises a track groove and on which information is
tecorded along the track groove, 5 wherein the track groove includes a
plurality of unit sections that are arranged along the track groove and

uhor oi n' DR TR cOMBHeRRCE fHEKC GiRPR e oR PR RrTAtEh & Bifed™

fundarrentg)l qp@ri od, and subdivided information allocated to each said unit
section ONG hetrackgren¥ed by a shape given to the unit section. 2. The
optical disk nmediumof claiml1, wherein the side faces of the track groove
are di spl aced thg traek graavariacipdingra plurgjily ef upit sepliens thet ap;arangrd alengd
respect to a centerline of the track groove. 15 3. The optical disk nmedium
of cl ai mthe dnack,grobes and that hane midetfaces displacedoperieticallyaaloingctoebirack ock
basi s, each said block having a predetermined |ength, and wherein each

sai d Bl ogkoseypri ses a nunmber N of unit sections that are 20 arranged
along the track groove. 4. The optical disk nmediumof claim3, wherein part

of the side f@gesideRicesof thBalMdsdttiont Beims Hisptared intd18ingl Fusarhb@as has
a constant displacenent period within at |east one of the bl ocks.
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
10 to be selected from first and second wobble patterns that have the same
fundamental frequency but mutually different shapes,
wherein 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 pattern

15 has been detected from the unit section.

11. The method of claim 10, wherein if a difference between the number of
times the first wobble pattern has been detected from each said uﬁit section and
the number of times the second wobble pattern has been detected from the unit

20 section falls within a predetermined range, then the subdivided information

allocated to the unit section is error-corrected.

12. The method of claim 10 or 11, wherein a type of a given wobble pattern
is identified by a gradient of a leading or trailing edge of a signal corresponding to

25 the wobble pattern.
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25 96 5. The optical disk nmediumof one of clains 1 to 4, wherein one-bit
subdi vided information is allocated 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. 5 6. The optical disk
medi um of claim5, wherein each said N-bit subdivided information group

I ncl udes address information of its associated block to which the wunit

secti ons, vvhe_r tﬁ%ﬁgmdvg)fgﬁgrﬁ Q%O%Féu?fhegf %be'tgemﬂsgbleb% VI |s 10 7.

The optical dis m of erein ch's I't sub

I nformat i, up.,incl udes an C o]

det ect | oroeied By’ cﬂ%ﬁ%rmq 3t Shh Qe SR PRuBCPEH RRlinGbeE 8 e or
correction c e or rar detectign code has |I|ty to correct an
error of Sﬂg{@g &F‘@sb§°r ?Fﬁ?'i‘to‘f?"i%o\t\g]eg“?' 9@ ggdﬁﬁreg ‘manner t hat

| ow-order bits of the error correction or detection code have a relatively
| arge weight. 9. The optical disk nmediumof one of clains 1 to 8, wherein
each said unit section has 20 a first side displacenent pattern that has

been so defi neldt. ain tapparatas for seating subdiMidedninfogaatian &onhv einy optiead pligk and
fall relatively gently, or a second side displacenent pattern that has been

so def i nefdediant, ovhiek ecomprisegnal traeks gfaove and e eihigh indbynationt isy reocddéal |
relatively steeply. 25 10. A nethod for readi ng subdivided information from

an opti callomly fe PdcK'§@dovE) Which conprises a track groove and on which
information is recorded

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
10 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
15 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 been reflected from
20 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;

25 fall value acquiring means for sampling and holding an absolute gradient
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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
di spl aced periodically along the track 5 groove, the side faces of the
unit sections being displaced in a single fundanental period, the

subdi vided information allocated to each said unit section being
represented by a shape given to the unit section, the side faces of each

sai d uni t, S85bf e REbHIE llﬁlﬂﬁﬁh@%&ﬁﬂifﬁ%ﬁ%de‘ pattern io to be selected
an at

fromfi rs\{ second wobbl e patterns-t ave the sane fundanent al

ey ot AR, ST B0 T O SR

allocated to ection’i arrng a nunber of
times the first. bbl e.patt.ern has .bee detected. fromthe uni ect,ion

W th a ndnErelen E ety 5 omaariarne {AbeE e by e, e A EIOGEIE "  om
the unit section. 11. The nethod of claim 10, wherein if a difference

bet ween tauifingheeans with each efhersir st wobbl e pattern has been det ect ed
fromeach said unit section and the nunber of tinmes the second wobbl e
patters has been detected fromthe unit 20 section falls within a
predeterm ned range, then the subdivided information allocated to the unit

section is err{§.- Anramdrais foP.redadimgnsulidivided infoanatid® foom ldn opliealediska
type of a given wobble pattern is identified by a gradient of a | eading or

trailing @darin®f whichi E61Aprises ReFASK &ro@vd andZ2on iWttichvardfolation tisrecord8d13.
The nethod of claim 12, wherein the type of the given wobble pattern is

iﬂ:nt I fi e&iohéjtt?é’ffﬁ@ﬁ b%vfén absol ute gradient value of the | eading edge of

the track groove including a plurality of unit sections that are arranged along

10 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,

15 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

20 generates an electric signal responsive to part of the light that 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

25 which the wobble signal rises, a timing at which the wobble signal falls and a timing
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signal to an absolute gradient value of the trailing edge thereof. 5 14. An
apparatus for reading subdivided information froman optical disk nedium
whi ch 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

di spl aced periodically along the track 1o groove, the side faces of the

uni t SeCt%}W?wm%H&mﬂ#fmﬂn{ oft iS5é&opefundanment al  period, the

subdi vi de nformat1 on ocated to each sald unit section being

represent ed by, e. gi ) L | ' ch
said unit sectﬂrgtnéggfgncﬂgﬁﬁgr%%@g}gaggﬁ gﬁ"ﬁ%ﬁ‘[&oﬁgt vp\)/gp ?Igf‘dr?qfe ié?ﬁ%ggivgg ected
fromfirs d secon bbl e. terns that. have the sa f undapent al
frequencﬁ‘ﬁ%'%ﬁlﬁ’gﬁ%x\@@%ﬂ'ﬁn es'f%%%"&\ﬂ%‘?seﬁ? ti}ﬁtewgg@grpél!t&gn B pPPYes:
an optical head, which irradiates the optical disk nmediumwth |ight and
gener at esdatecteflect ric si gnal responsive to part of the light that been
reflected from 20 the optical disk nmediun read signal processing neans
for geher at i ngsegondbshapssicgbating wneans Harks deteqiingt thee sepentd)iwiebbig t patiais
wobbl e pattern, fromthe electric signal; rise value acquiring neans for

sanpl i ng resgpoisiVeltaihedimiagsignal endrcadnting thevalimbendf times thebséarsl woblble when
the signal rises; 25 fall value acquiring neans for sanpling and hol di ng an

absol ute Fggt@al,i, f8§ b88n datdttedfandhe wobbl e signal when the signal falls; and
subdi vided i nformati on detecting neans for determ ning the subdivided
subdivided information detecting means for determining the subdivided
information by majority by comparing counts of the first and second shape counting

10 means with each other.

16. 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,

15 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

20 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:

25 an optical head, which irradiates the optical disk medium with light and
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i.nformation by majority by conmparing the values held by the rise and fal
val ue acquiring neans with each other. 5 15. An apparatus for reading
subdi vided information froman optical disk nedium 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 to the track groove and that have side faces displaced periodically

| o : . . ! .
al ong ggénfe?&tgs _&rﬁgifﬁgnégﬁaé Erl?gpf‘oﬁsﬁiéeﬁ) eérttdﬁherﬁgﬁt f#2€ beBATeNEEBE from

di splaced 1 n a sing period, the subdivided I nformation

al | ocat qué§pﬁ§éﬂ%'§<§hgﬂ@ .t section being represented by a shape given to

the unit | de faces of each said unit section being

di spl aced according. to,a pattern to be selected fromfirst gnd,second
wobbl 6 pat t er n€athSIENAL PEOGESINGaeans, {95 Haneraling: poohhle Signdl. ek RS

di fferent shapes, wherein the apparatus conprises: an optical head, which

i rradi at enplifedephanding mtBRhW@BEM ratiein. frjptheslectrissigialer at es an el ectric
signal responsive to part of the light that been reflected from the
optical di sk rtiminggenersdiogsneansd fopgeonersding @ timingssignal thatdefines adiningstibl e
signal, which has anplitude changing with the wobble pattern, fromthe

el ectri c whigm#e wobbiensigngd risea! a tigning ab svhialr thgaweblle isignah falisrandya siming.

that defines a timng at 25 which the wobble signal rises, a timng at

whi ch t hegt\WHdH theSSubadlidddinfdimalien & §édtioned;100 at whi ch the subdi vi ded
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
10 detected;
second shape counting means for detecting the second wobble pattern
responsive to the timing signal and counting the number of times the second wobble
pattern has been detected;
subdivided information detecting means for determining the subdivided
15 information by majority by comparing counts of the first and second shape counting
means with each other;
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
20 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.

17. An optical disk medium which comprises a track groove and on which

25 positional information indicating a physical location on the track groove is
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f.irst shape counting neans for detecting the first wobble pattern
responsive to the timng signal and counting the nunber of times the first
wobbl e pattern has been detected; 5 second shape counting neans for
detecting the second wobble pattern responsive to the timng signal and
counting the nunber of tines the second wobble pattern has been detected,
and subdi vided information detecting neans for determ ning the subdivided

i nformat i, eggntgajbc;,ré'\;v ba&(ﬁﬁg?%ﬂm{%‘?pﬁwem the first and second shape

counti ng 0 neans 'wth ea her . apparatus for reading subdivi ded
information fr t I i I.C i : r; - gove
and_on uhi ch (ESAHTPteEe e resi HAUASS s pluERER! BOSuchd DRSS,
groove i ncl udi a plurality o nit sections that are arranged along the
track gr Hﬂﬁ%ﬂ??gg’r? ﬁ&?nﬂ%&/en&%&a%@@?vﬁﬂ aced periodically along the
track groove, the side faces of the unit sections being displaced in a

si ngl e fundansyhesein eaehisgid pesiional ilermalion ynikioélHdes:on al | ocated to each
said unit section being 20 represented by a shaﬁe given to the unit
sectian, the sipesifoatinfomatioorsestion thatirepresentsdhepsisitignal inforanaéian &ycdr di ng
to a pattern to be selected fromfirst and second wobbl e patterns that

have t he caaibinationrof avabbleapatteras selectedifom multipleltypes 6ff wolsbié pattaymss andiher ei n
t he apparatus conprises: 25 an optical head, which irradiates the opti cal

di sk medi um wigt §yrd bk setiod MaviR) g Wiibble pattérnaatd Sifapid giRBhguUisSiTaa siove t o
part of the light that been reflected from

the wobble patterns of the positional information section.

10 18. The optical disk medium of claim 17, comprising a precision positioning

mark section ahead of each said positional information section.

19. The optical disk medium of claim 18, wherein the precision positioning

mark section is disposed at the beginning of each said positional information unit.

15
20. The optical disk medium of claim 18, wherein the precision positioning
mark section has a wobble pattern in a shape distinguishable from the wobble
pattern of the sync mark section.
20 21. The optical disk medium of claim 18, wherein the precision positioning

mark section has a wobble pattern in a shape distinguishable from the wobble

patterns of the positional information section.

22. The optical disk medium of claim 17, wherein each said wobble pattern in

25 the positional information section comprises:
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the optical disk nedium read signal processing neans for generating a
wobbl e signal, which has anplitude changing with the wobble pattern, from
the electric signal; 5 timng generating neans for generating a timng
signal that defines a timng at which the wobble signal rises, a timng at
whi ch the wobble signal falls and a timng at which the subdivided
information is sectioned; first shape counting neans for detecting the

first wobble %q}rgﬁgeé}]t h&GRGS Mfotﬁ%iné\pﬁvé.ﬁlﬁa‘%ﬁ%aﬁhgnal and counting the

nunber of tinmes t ITst wobbl e pattern een l1lo detected; second
shape countin : t] . < [ve to
the timng si ororcad BbinEhRG 4 s 3EraRen Hitey BRpl et R
pattern has been detected; subdivided infornmati on detectin ans for

Flt er i niRk-RUiE-eeRRHerY GBiantoiESHiRGoReT] BAVEDa%E SHane, SeoPeb Al Moy Ebunt s
of the first and second shape counting neans with each other; erasure

det ect i ndamiggribe sifle WareshaRhg an erasure flag if a difference between the
counts of the first and second shape counting neans falls within a

pr edetser mi ned range; and 20 error correcting nmeans for conducting error
correction in accordance with outputs of the subdivided information

detecti ng nea23. Jine Opticatdiskuneditiet e claim 22vewihereimthegenbblet pattera dil ties s
information. 17. An optical disk nmedi umwhich conprises a track groove and

on whi ch sgRc Rtk bbeticH compasdsrthi Gifstipast fivf/orntle3eBbyd paal | ocation on the
track groove is 102 represented by a wobbl e shape of the track groove,
24. The optical disk medium of claim 18, wherein the precision positioning

10 mark section comprises an identification mark for use in precision positioning.

25. The optical disk medium of claim 24, wherein the identification mark is a

mirror mark that has been formed by discontinuing a part of the track groove.

15 26. The optical disk medium of claim 25, wherein the mirror mark is disposed '
at the second through fourth period parts of the wobble pattern in the precision

positioning mark section.

27. The optical disk medium of claim 18, wherein the wobble pattern in the

20 precision positioning mark section has a sine wave shape.

28. The optical disk medium of claim 18, wherein in each said positional
information unit, the precision positioning mark section, the positional information
section and the sync mark section are arranged in this order.

25
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wherein the optical disk nmediumincludes a plurality of positional
information wunits that are arranged on the track groove, and wherein each
said positional information unit includes: 5 a positional information
section that represents the positional information by a conbination of
wobbl e patterns selected fromnultiple types of wobble patterns; and a
sync mark section having a wobble pattern in a shape distinguishable from

the wobbl e patjeripg cg:;ticgr&sse éfﬁihﬁﬁéﬂ claith 97 RhbRin 86ebbifhg BRckSwhibRSs

optical disk nedium arm conprising a precision positioning mark

section ah i.d.: Ll | i =k 1 on . i cal
i sk mocitusB1ees SREMEE CHETRLARET nindblt [ 68 BRFOrR intbinatlf oiRE
di sposed ,at t he.begi pnin f each said positional information unit. 15 20.
The opti dWhets gks ?rga{]%ﬂh'ﬂimo%?rii m 18, wherein the precision positioning
mark section has a wobble pattern in a shape distinguishable fromthe
wobbl e pattern of the sync mark section. 20 21. The optical disk nedi um of
claim 18, wherein the precision positioning mark section has a wobble
pattern in a SapEheli epticaiskhabedium oh elain wfhbwbergiat ther recosding helock
positional information section. 22. The optical disk nediumof claim17,
wher ei n eelespands tocbdata yrdt that constitltés ahemposotrectiom cadef or mat i on section
conprises: 103 a first part having a snooth sine wave shape; and a second
part in which a disk-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 havifyg THee optict R Fedi@PCof claim 29, wherein writing on the recording

block is either started or ended behind a start point of the precision positioning mark

10 section by a predetermined length.

32. The optical disk medium of claim 29, wherein writing on the recording

block is either started or ended behind the mirror mark by a predetermined length.

15 33. The optical disk medium of claim 25, wherein the mirror mark has a

length of 1 #mto 10 . m as measured along the track groove.

34. The optical disk medium of claim 17, wherein a single subdivided
information unit is represented by a wobble for M periods (where M is a natural

20 number equal to or greater than 2), and
wherein one bit of the positional information is allocated to each said

subdivided information unit.

35. The optical disk medium of claim 17, wherein the sync mark section is a

25 combination of first and second wobble patterns, the number of which is N (which is
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% 23. The optical disk nmediumof claim22, wherein the wobble pattern in
the sync mark section conprises the first part and/or the second part. 24.
The optical disk nediumof claim18, wherein the precision positioning io
mark section conprises an identification mark for use in precision
positioning. 25. The optical disk nmediumof claim24, wherein the
identification mark is a mirror mark that has been formed by discontinuing
a part ofy hi@rdImafibed), @@Me. 15 26. The optical di sk medi umof claim 25,
wherein the mrror mark i s disposed at the second through fourth period

parts of the ; e =Y hill QBN LAR. 27.
The. opti cal _di MR ret Sai Brac o ERaRoRL o 9Bbis, RAURG (RshaaRr vl )
preci sion_positioni ng mark s i on- Si wave. sl . The.ont i cal
G ok medi D ot MeRa: sErRrBREPhED: BRI oL idnosFpRRET petRnemare Bk ¢
t he precigign positioning mark sectign, the positional information section
and the SJPRIBHRIPRNEEE? PO SIPRP s repeied for 4 nivabe el Pessds ndpo. The
optical disk mediumof claim17, wherein a recording blaock, which is a
smal | et r ead/Wherels iingach said| segend wvohhig patternefa smeothosine waye wphblgrifat i on
units (where L is a natural nunber). 5 30. The optical disk medi um of
cl ai m 29,rephatedifor thedM pedodsli ng bl ock corresponds to a data unit that
constitutes an error correction code. 31. The optical disk mediumof claim
29, wherein witing on the recording block is either started or ended
behind a start point of the precision positioning mark 1o section by a
predet er m ned 3gnEHd optical disk medium of claim 35, wherein the sync mark section is
made up of the first wobble patterns only.
10
37. The optical disk medium of claim 35, wherein the first and second wobble

patterns are arranged alternately in the sync mark section.

38. The optical disk medium of claim 35, wherein the sync mark section is a
15 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 pattern.

39. The optical disk medium of claim 34, wherein supposing the positional
20 information is represented by A bits;
the sync mark section has a length corresponding to B wobble periods;
the precision positioning mark section, including the mirror mark, has a length
corresponding to C wobble periods;
one wobble period has a length corresponding to W channel bits of recording

25 data;
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32. The optical disk mediumof claim?29, wherein witing on the recording
block is either started or ended behind the mrror mark by a predeterm ned
| ength. 1s 33. The optical disk mediumof claim25, wherein the mrror mark
has a length of | Amto 10 mas neasured along the track groove. 34. The
optical disk nediumof claim17, wherein a single subdivided information
unit is represented by a wobble for M periods (where Mis a natural 20

nunber equal  tfie Quntie?dF Bhahhel bitd of adB8o BlboBk Qﬂl@ichhé a@mdilBst readivritgnal
infornmation is aI located to each said subdivided i nformation unit. 35. The

opti cal qﬁrﬁtk digm of claim17, wherein the sync mark section is a 25
conbi nation o 'f| rst and second wobbl e patterns, the nunber of which is N

. 105 bl LGB e g

di sk-i nnﬁlﬂ erl hery-ori ented and di sk-outer-periphery-oriented

di spl acemf ‘e both steep, is repeated for a nunber Mof periods and, 5
wherein in each said second wobble pattern, a snooth sine wave wobble is
repeat®d for tweemAdiGds. Masd Winse alinatural pursReiedi um of cl ai m 35,

wherein the sync mark section is nmade up of the first wobble patterns only.
10 37. The optarcequationkDFdAPUMoB +dl)af WSE, is whtisfieidn t he first and second
wobbl e patterns are arranged alternately in the sync mark section. 38. The
optical disk nediumof claim35, wherein the sync mark section is a 15
conbi nation including both a transition point fromthe first wobble pattern

into the 40. The optical disk medium of claim 39, wherein B is a multiple of M.

10 41. The optical disk medium of claim 39, wherein A=48, M=32, B=128, C

=8, W=186 and E=4.

42. The optical disk medium of claim 39, wherein A=48, M=36, B=144, C
=9, W=155 and E=4.
15
43. The optical disk medium of claim 39, wherein A=48, M=24, B=96, C=

6, W=186 and E=4.

44. The optical disk medium of claim 39, wherein A=48, M=36, B=144, C

20 =9, W=124 and E=4.

45. The optical disk medium of claim 34, 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 mirror

25 mark, has a length corresponding to C wobble periods;
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second wobbl e pattern and a transition point fromthe second wobble pattern
into the first wobble pattern. 39. The optical disk nedium of claim 34,
wherei n supposing the positional 20 information is represented by A bits;
the sync mark section has a |l ength corresponding to B wobbl e periods; the
preci sion positioning mark section, including the mrror mark, has a | ength
correspondi ng to C wobbl e peri ods; one wobble period has a | ength

cor r espondi ngchg Wb pEfbd haé ) |@ﬁgthetfdafexépagdm§ teaWahahfbl hitscofreabrlingf

channel bits of a recording bl ock, whi Is a smallest read/wite wunit, is
D, and th cﬁwrrber of the positi onal |nf or mation units all ocated to each
sai d recor ng block is E, 5 where A, B, C, E, Mand Ware all natural

rodium of cla B ARy QME?@F)H?%& B3 potspo s B Pty

medi um of a| m 3 @A}er ein A=48, M=32, B=128, C =8, W-186 and E=4. 42. The
opti cal 8?’ Teeafdiig €3t | ai m 39, wherein A=48, M:=36, B=144, C =9, W-155 and
E=4. 15 43. The optlcal di sk rredlumof claim 39, wherein A—? 2rcé B=96,
C= 6, SW:186 a@Besuhdivided infosmatien bait has aidength coResPOoRAing to Sbiramre Ak the A=48,
M=36, B=144, C

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 PXRXF=CXW and QXRXF=MXW are both satisfied.
10
46. The optical disk medium of claim 45, wherein F=16, M=32, C=8, W=

186, P=1, Q=4 and R=93.

47. The optical disk medium of claim 45, wherein F=15, M=36, C=9, W=

15 155, P=1, Q=4 and R=093.

48. The optical disk medium of claim 45, wherein F=12, M=24, C=6, W=

186, P=1, Q=4 and R=93.

20 49. The optical disk medium of claim 45, wherein F=12, M=36, C=9, W=

124, P=1, Q=4 and R=93.

50. A method for reading out positional information from the optical disk
medium according to claim 18, the method comprising the steps of:

25 detecting the sync mark section that has been formed on the optical disk
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20 =9, We124 and E=4. 45. The optical disk nmediumof claim34, wherein the
optical disk nmedium uses a nodul ation code for converting 8 bits into F
channel bits, and wherein supposing the precision positioning mark section,
including the mrror 25 mark, has a |l ength corresponding to C wobbl e
periods; 107 one wobble period has a I ength corresponding to Wchannel bits
of recording data; the precision positioning mark section has a | ength
correspongédigni:o P frames of the recording data; 5 one subdivided
information unit has a length corresponding to Q frames of the recording

data; and one J&%ﬁgbem%éﬁﬁ%ﬂit%iﬁ@%rhﬁ a nunber R of bytes, where C,

F, Wand R are natu ers 'and P and Q are rational nunbers, equations

P X R X F=C X N . st | i

di Sg medi umhofe ?‘gugﬂ%g@??Pbmﬂﬁes’gg%’)éﬁ%?ﬁn}g’gtztheséﬁ%éj‘wggé’wﬂi% “Ei@ o, cal
R=93. 47. T tjcal di i f. ¢l ai wher ei . E= _
e R B T SRS i BRI I 5 o
12 o s S A i BE

met hod for reading out positional information fromthe optical disk
synchronization established in the step of establishing the bit synchronization for

the positional information.

51. A method for writing data on the optical disk medium according to claim
10 18, the method comprising the steps of:
detecting the sync mark section that has been formed on the optical disk
medium;
detecting the precision positioning mark based on the sync mark section
detected;
15 performing positioning using the precision positioning mark detected; and
starting to write the data based on a positioning result obtained in the

positioning step.

52. An optical disk reproducing apparatus for reading out positional
20 information from the optical disk medium according to claim 24, the drive
comprising:
means for detecting the sync mark section that has been formed on the
optical disk medium;
means for generating a first detection window with a predetermined time

25 width after a predetermined time has passed since a timing at which the sync mark
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medi um according to claim 18, the nmethod conprising the steps of: 25
detecting the sync mark section that has been formed on the optical disk
108 nmedium detecting the precision positioning mark; establishing a bit
synchroni zation for the positional information using the sync mark
detected and/or the precision positioning mark detected; and 5 readi ng out
the positional information in accordance with the bit synchronization

est abl i shggs H?tebﬂé?i 5 B8 c%rﬁ%tecd@,hggnég}% bit synchronization for the

posi ti onal rmat1on. . A nethod for witing data on the optical disk

di d f
Geree ﬁgcme'@ea@ea@r@ét@bnﬁt@ kAT Ak O bt b ofifne
nmedi u t d h k
Section OB F@L‘E"E d u%eﬁ??@%iﬂ‘)%eﬁggﬁ%‘*%hﬁ“‘cﬁbwﬁi%ﬁafﬁe orecision

iti t ect ed d d b d
Posi t1 oni ng. 1 OGRS o BFALIEING h bt YBSNiarBRRtIRg G e BOEINORH dpeTBaIoy sk

reproduci ng apparatus for readi ng out posi t [ onal 20 information fromthe
optica$ dwvhichistraonded-enthi apficad diskanediom, byrsing thetiminghat whichghe fyags f or
detecting the sync mark section that has been forned on the optical disk
medi um nmearks has begn detedted gind/dri a timinge atwhicinthe iddotification mark haebeeni ned
time

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

10 synchronization for the positional information.

53. An optical disk recording apparatus for writing data on the optical disk
medium according to claim 24, the drive comprising:
means for detecting the sync mark section that has been formed on the
15 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
was detected by the sync mark detecting means;
means for detecting the identification mark, which has been formed on the
20 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.

54. An optical disk medium which comprises a track groove and on which

25 information is recorded along the track groove,
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25 width after a predeterm ned time has passed since a timng at which the
sync mark 109 was detected by the sync mark detecting neans; neans for
detecting the identification mark, which has been fornmed on the optical

di sk medium by using the first detection w ndow, neans for establishing a
bit synchroni zation for the positional information, 5 which is recorded on
the optical disk nedium by using the timng at which the sync mark has

been det ect ed \Gabpr tife ttrdBkNGradveicilieshe pReaNit) T brainitoBesRss et Besn

detected; and neans for reading out the positional information at a timng
at which 14t ron ' stakl 4 : r
est abl i sﬁf’%g‘gt%ﬁea'&ﬁé%g otp%yﬁgﬁp 8% za }H(%ﬁqﬁyr% %lﬂg %gg?ﬁlﬁg{:&?ﬁr@ﬁ%ta F'gn.
53. An opHi caﬁ@d{ss‘ﬁi recordi ng apparatus for witing data on the optical

di sk AN NECTRY AV H1%i m 24, the drive conprising: neans for

detecting the sync mark section that has been forned on the., 15 optical
di sk medi um RSN Ble gidecfanesngl e iUl SeRHORS P CISARRRA 1 @ cgimmon
predetermined tine wdth after a predeterm ned tine has passed since a
tim ng atperiodc Bnd isabdiyidedrinformation allegated tajeash said unjtrrectian is tRpresanted
means; neans for detecting the identification mark, which has been forned
on the 2§ aphapagiven stheadhitsactiby, ared ng the first detection wi ndow, and
data witing neans for setting a data witing start point or end point by

reference to awlidrgin'gbniviol idfidreiationds refsraserited dlyi pocombinatibn of teesultivided ed.
54. An optical disk medi um which conprises a track groove and on which 25
i nf or mat i;edrhatigrecor ded al ong the track groove,

10 55. The optical disk medium of claim 54, wherein the control information is

recorded on a non-user area.

56. An optical disk medium which comprises a track groove and on which
information is recorded along the track groove,
15 wherein control information of the optical disk medium is represented by

wobbling of the track groove.

57. The optical disk medium of claim 56, wherein the control information is
represented by a combination of mutually different wobble waveforms that oscillate

20 at the same frequency.

58. The optical disk medium of claim 57, wherein the control 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

25 and/or a disk-outer-periphery-oriented displacement arelis steep.
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110 wherein the track groove includes a plurality of unit 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
unit sections are displaced in a coomon 5 period, and subdivi ded
information allocated to each said unit section is represented by a shape
given to the unit section, and wherein control information is represented

by a conbi nat iggn s oaﬁ%lﬂi@%dﬂﬁﬂ whiBh @oiiHrise8 -a #8cie groolaco® it teedldifld Sk

nmedi um of cl ai m 54, rein the control information i S recorded on a
non- user 1 GAlh Gl i i il nrRQVe
and on witRCe titsof dn@8h' iffch 1h@lmfiH |4ebBldca HAFING a0k grodie ol 18812
control information of.the optical, di j,umis represented by wobbling
of the tPZSR ‘5?%%'9@'? u%'tiha\f'ﬁg aﬁ%ﬁ%ﬁhm@ﬂgﬂgﬁl um of claimb56, wherein the
control information is, represented b .onmbi nati on .of tually djfferent
wobbl e wavef onwah?rf"ﬁa?nd tﬁpﬁ‘d@ Maka "d?C}?g'“S a'??%'&fﬂ@%éi}u eaph Sé‘ﬁeﬂ’@ﬁ'ﬁ cal
di sk nedi um of claim57, wherein the control information is represented by
a conthi natitohasbeemfsmedibibedrackdraaver@nda snooth sine wave part; and a
rectangul ar part in which a disk-inner-periphery-oriented displacenment 25
and/ or a di sk-wherein-gsighphleaving ai particudaripattera ieovervriten /ansthetidentification 59.
An optical disk medi um which conprises a track groove on a recording
surface tphgkeof and on which information is recorded along the track groove
on the

60. The optical disk medium of claim 59, wherein the identification mark is

10 located substantially at the center of an area on which the signal is written.

61. The optical disk medium of claim 59, wherein the identification mark is
located closer to a previous block with respect to the center of an area on which
the signal is written.

15

62. The optical disk medium of claim 59, wherein the identification mark

includes a flat portion that has been formed by discontinuing the track groove for a

short interval.

20 63. The optical disk medium of claim 59, wherein the identification mark

includes a plurality of sub-marks.

64. The optical disk medium of claim 63, wherein the track groove wobbles
periodically, and

25 wherein the identification mark is formed by connecting together a plurality
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basis of a block unit having a predeterm ned | ength, wherein an
identification mark, indicating the beginning of each said block 5 unit,
has been formed on the track groove, and wherein a signal having a
particular pattern is overwitten on the identification mark. 60. The
optical disk nmediumof claimb59, wherein the identification mark is 10

| ocated substantially at the center of an area on which the signal is
written. ophreddsr tﬁEtti'aQ:ﬁ'qr@é@‘th’ﬁ?ﬁ?b‘@‘rﬂjtuﬁﬁﬁﬂi’ﬁ’e%t WEBHIE pRasé
identification mark iIs ocated closer toa previous block with respect to
the center of an area on which the signal is witten. 15 62. The opti cal
di sk medi um of claim59, wherein the identification mark includes a flat

portion that een formed by di.sconti nui h c r e f a. short
Poterval . 20 68 T GRIERC aikrruai G RE F e, bl indl BRI arbve s
identification mark includes a plurality of sub-marks. 64. The optical disk
medi um ofPrevidedwih a paviodis woblbie, 8Rdck groove wobbl es periodical |y, and 25
wherein the identification mark is formed by connecting together a
pluralsty 112 wifereinghe idéntifinatiar msik @aéca/&eqmcyr@lﬁerengfrem afregiueney oht
wobbl e phases. 65. The optical disk nmediumof claim59, wherein the track
groove i she pobbleded with a periodic wobble, and 5 wherein the
identification mark has a frequency different froma frequency of the
wobbl e.

66. The optical disk medium of claim 59, wherein each said block unit having
the predetermined length includes a plurality of sub-blocks that are arranged along
10 the groove, and

wherein a sub-block identification mark is provided within each said sub-block.

67. The optical disk medium of claim 66, wherein the track groove is
provided with a periodic wobble, and
15 wherein a wobble having a frequency different from that of the other parts is

allocated to each said sub-block identification mark.

68. The optical disk medium of claim 67, wherein each said sub-block

identification mark is located at the beginning of its associated sub-block.

20
69. The optical disk medium of claim 66, wherein 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.
25 70. The optical disk medium of claim 67, wherein the wobble of the track
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66. The optical disk nmediumof claimb59, wherein each said block unit
having the predeterm ned I ength includes a plurality of sub-blocks that
are arranged along to the groove, and wherein a sub-block identification
mark is provided within each said sub-block. 67. The optical disk medi um of
claim66, wherein the track groove is provided with a periodic wobble, and
I's wherein a wobble having a frequency different fromthat of the other

parts is g_r@d\)eoﬁ‘éé Q%the RBFBsPGdInG b tH REdmidliBRtihditarrid fh;é adfdrss 6Beadire

optical disk nmediumof claim®67, wherein each said sub-block identification
mark is lebf(\SlS@k ghit.t he beginning of its associated sub-block. 20 69. The
opti cal JrsKkOredram of claim 66, wherein the identification mark for one
of the sub-blocks included in each said block unit having the predeterm ned
| ength represents subdivided information indicating an address of the bl ock

unit. 25 70. e pptical , di sk nediumof claim®67, wherein the wobble of the
track 113 gr ocT?ae &a@e&%gﬁé ‘er(')tl"?gesapcf’r\gfi“?ﬁgof'oaf' hepﬁ'Qﬂ?o&'ﬁEt W&ﬁ'q%i‘%ﬁ ng

t he address of each said block unit. 71. A nmethod for witing a signal on
an optsi c SOMPIriSRS e trRCkngre@vecAn & reeardingseytface: theseofg peowkich infermatien ds ng
surface thereof, on which information is recorded along the track groove on
t he basi seadrded lalamgkthertiackigrooveyon the bdsisafa blodk unié hgving aapredatarminech
identification mark, indicating the beginning of each said block wunit, has
been f or m@ttieraidwhereagk idgntifiestionwinaris iimdieatirlg the begiming oé dablekaideblotle

identification mark, |located at the 1o beginning of at |east one bl ock
unit on whitchad Beersidimel o aBlicRgm6d,ten, is reached
wherein writing is started before the identification mark, located at the
10 beginning of at least one block unit 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 unit on which the signal should be written, has been passed.

15 72. 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 the basis of a block unit having a predetermined
length, and where an identification mark, indicating the beginning of each said block
unit and including a plurality of sub-marks, has been formed on the track groove,

20 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 unit 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 unit on which the

25 signal should be written, has been detected.
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and wherein the witing is ended after the identification mark, |ocated at
the end of the at |east one block unit on which the signal should be
written, has been passed. 1s 72. A nethod for witing a signal on an
optical disk nmedium which conprises a track groove on a recordi ng surface
t hereof, on which information is recorded along the track groove on the
basis of a block unit having a predeterm ned |ength, and where an
I dentificati 0’73(‘%:\%@@@'\&@%@;&%&% *a?&uagm M Ri7eaeHbreml 4 siyriaf havingid and
Ity of sub-Tarks,

i ncluding a plural has been forned on the track groove, 20

wher ein (o i tar e L: sub- mar ks, included
in the %gtﬁuﬁlp@kﬁ)ﬁ o&%ﬂ%ﬂf& L2 ég&a{:’é'@ ﬁ‘?ae’gg'lg?ﬁéﬁ h%ﬁ%f at | east one bl ock
unit on which the signal should be witten, has been detected, and wherein
the witing is ended after the |ast one of the sub-marks, included in the
identification mark | ocated at the end of .the_at |east one block unit on
whi ch the 25 74 dhw sigralimiiting methaderf clai géewh&éﬁ'aéhéoﬁ'gﬁ%ha?@g e
signal witing nmethod of claim71 or 72, wherein a signal having a

parti cul partgatargatiermsisa/¥F@rsignaln on each said identification mark. 74. The
signal witing nethod of claim 73, wherein the signal having the 5
particul ar pattern is a VFO signal. 115
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