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DESCRIPTION 

Optical Disk, Optical Disk Device, and 
Method of Reproducing Information on Optical Disk 

TECHNICAL FIELD 

The present invention relates to an optical disk, 
an optical disk device, and an optica1 disk reproduction 

10 method, £or recording/reproducing digital signals. 

BACKGROUND ART 

In recent years, optical disk devices have 
15 attracted attention as means for recording/reproducing a 

large capacity of data, and are under active technical 
developments for achieving higher recording density. 

Presently prevailing rewritable optical d~sks 

20 i~c1ude spiral-shaped groove tracks composed of concave 
and convex portions (each having a width of about 50%) 
fo~d on a surface of a disk substrate at a pitch of 1 

to 1.6 µm. On the surface of the substrate, a thin fi1m 
including a recording materiai (e.g., Ge, Sb, and Te ~n 

25 the case of a phase-change type optical disk) as a 
component is formed by a method such as sputtering. The 
disk substrate is fabricated in the fo1lowing manner. 
First, a stamper ia produced from a prototype where 
concave grooves and pi ts for sector addresses and the 

30 like are formed by cutting by light beam irradiation. 
Using such a stamper, the disk substrates made of 
polycarbon~te and the like are mass-produced. The 
rewritable optical disks require sector-unit management 
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for data recording and reproduction. Accordingly, at the 

fabrication of the disks, concave end convex portions 

(pi.ta) ere often formed on a recording surface, s:i.mul.ta­

neously with the formation of guide grooves for tracking 

5 control, so as to record address information of each 

sector, 

Each track of the optical disk with the above 

structure .is 1.rrad:i.ated with a 11.ght beam having a 
. . 

10 predetermined recording power, so as to form recording 

marks on the recording thin film. The portions irradiat­

ed w:i. th the l.ight beam (the recording marks) have differ­

ent optical characteristics (reflection characteristics) 

from the other portions of the recording thin f:i.l.m. 

15 Thus, the recorded .informat.i.on can be reproduced by 

irradiating the track with a predetermined reproduction 

power and detect.:Lng i.:Lght ref l.ected £ram the recording 

film. 

20 In the following description, the pita of physi­

cal concave and convex portions end the recording marks 

obtained by a change in the optical characteristics of 

the record.1.ng thin f il.m are gener:i.caliy referred to as 

"marks", unless otherwise specified. The pits are read-

25 only marks once formed, while the recording marks ere 

rewritable. At the reproduct.i.on of recorded information, 

the two types.of marks are read as changes in the ampli­

tude of reproduction signals. The concave and convex 

portions as used herein refers to the shapes as are 

30 viewed from a reproduction beginning of the optical disk 

device. In other· words, the "pits" refer to the convex 

portions es are viewed ftom the reproduction head, and 

the "grooves" also refer to the convex portions. 
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Techniques for achieving an optical disk with a 

high recording density include increasing the recording 

density in the track direction and increasing the record­

ing density in the linear velocity direction. 

Increasing the recording density in the track 
direction includes reducing the distance between tracks 

(the track pitch). One technique for reducing the track 

pitch is J.end/.groove recording where signa1s ere recorded 
10 both on convex tracks (groove porti.ons) and concave 

tracks (land portions). The land/groove recording 
ree1:Lzes double recording density, compared with the case 
of recording si.gnals on either the groove porions or the 
1and port:Lone, :Lf the other conditions are the same. 

15 

One technique for increasing the recording 
density in the linear velocity direction is referred to 
as mark length recording where both ends of a mark are 
made to correspond to "l" of modulat.ion data. Fi.gore 1 

20 illustrates an example of the mark length recording in 

comparison ~ith inter-mark recording. Referring to 
Figure 1, a sequence Y represents digital data modulated 
using a run length limit code. The run length limit code 
as used herein refers 1:0 a code sequence where the number 

25 of qontinuous "O"s interposed between every adjacent "l"s 
(hereinbel.ow, ca11ed the zero run) is lim:lted to a 
predetermined number. The interva1 (length) from one "1" 
to the next "1" in the sequence Y is cal.l.ed en inversion 
interval. The limits, i.e., the minimum and maximum 

30 va1ues of the inversion interval of the sequence Y are 
determined by the limitation of the zero run. Such 
values are called the minimum inversion interval and the 
maximum inversion interval. 
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When the sequence Y is recorded using the inter­

mark recording (PPM; pit position modulation), the 11 l 11 of 

the sequence Y corresponds to a recording mark 101, and 

the zero run corresponds to a space 102. When the 

5 sequence Y is recorded using the mark length recording 

(PWM; pulse width modul.ation), the recording state, i.e., 

whether the recording mark 101 or the space 102, is 

switched by the appearance of 11 l 11 in the sequence Y. 

When the mark length recording is employed, the inve::t"si.on 

10 interva:L corresponds to the length of the recording 

mark 101 or the space 102. 

When a run 1ength 1imi t code of which the minimum 

inversion interval is 2 or more is used, the mark length 

15 recording may have an increased number of bits per unit 

length, compared w:l 1:h the inter-mark recording. For 

examp1e, consider the c~se where the minimum value of the 

physical size of a mark which can be f orl\1ed on a d.isk 

(called a mark unit) is the same in both the mark length 

20 recording and the inter-mark recording. As is observed 

from Figure· 1, while the inter-mark recording utilizes 

three mark units to record data of the minimUlll code 

length (three bi ts, "100 11
, in the sequence Y) , the mark 

J.ength recording uti1izes onl.y one mark unit. For 

25 example, while the recording density in the inter-mark 

recording is approximately O.B to 1.0 µm/bit, the record­

ing density in the mark length recording is approximately 

0.4 µm/bit. 

30 In general, the tracks en the optical disk are 

divided into recording sectors whi.ch represent m1n1mum 

access uni ts. Address information is prerecorded en each 

recording sector as desc;ribed above. By reading the 
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address information, the access to the recording sectors 
for data recording/reproduction is possible. 

Figure 2A illustrates a signal format of each 
5 recoraing sector of a rewritable optical disk which is in 

accordance with ISO (see ISO/IEC 10090). A recording 
sector 103 begins with a header 104 where addressing 
information for reading address information is prerecord­
ed ·by forming concave and convex portions on the record-

10 1ng surface. A recording field 105 stores · user date 
where digital data is ~odulated using a (2,7) modulation 
code for the inter-mark recording. Figure 3 shows a 
conversion table of ( 2, 7) modulation codes. As is 
observed from Figure 3, by the (2,7) modulation, 1-bit 

15 digital data (i = 2, 3, 4) is converted into a 2xi-bit 
code sequence. The (2, 7) modul.ation codes are run length 
1imit codes where the zero run is limited between 2 and 
7. 

20 · Figure 2B shows the construction of the head-
er lt04. A sector mark SM is provided so that the optical 
disk device can identify the beginning of the recording 
sector without ciock reproduction by a phase locked loop 
(PLL). As shown in Figure 2C, the sector mark SM in-

25 eludes a pattern using comparatively long ina.rks. Since 
the sector mark SM has this predetermined pattern, and 
the empli tude of the reproduction signals thereof is 
large, the sector mark SM is distinguishable from other 
data recorded using the in~er-mark recording. The 

30 position of the header 104 is detected by detecting the 
sector mark SM, thereby to reproduce the address informa­
tion. 
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VFO regions VPOl and VP02 shown in Figure 2B are 

provided so that the optica1 disk device can obtain bit 

synchronization of reproduction signa1s using a clock 

reproduction by the PLL. A 2-zero run sequential pattern 

5 is recorded using the inter-mark recording. 

Address marks AM are provided eo that the optical 

disk dev1.ce can identify the byte synchronization of 

subsequent address f1.el.ds IDl, J:D2, and ID3. Each of the 

10 address marks AM includes a pattern as shown in Figure 2D 

recorded using the inter-mark recording technique. The 

pattern of the address mark AM inc1udes a pattern of 

Tmaa + 1 111 9 bi ts where T- is a maximum inversion interval 

of the (2,7) modul.ation code (Tmu • 8). This pattern 

15 does not appear 1.n_data recorded by the (2,7) modul.at~on 

code. 

Each of the address fields IDl, ID2, and I:D3 

includes: address information composed of track numbers, 

20 sector numbers, and the like; and cyclic redundancy check 

(CRC) codes for error detection during data reproduction, 

which are subjected to the (2,7) modulation and recorded 

using the inter-mark recording. 

25 A postamble PA is provided to indicate the end of 

the (2,7) modulated data in the address fiel.d ID3. 

Figure 4 shows an example of signal amplitudes 

obtained when information l'."ecorded on the header 104 is 

30 reproduced by the opticai disk device. As is observed 

from Figure 4, the amplitudes of the reproduced signals 

are proportional. to the r, lengths of the corresponding 

marks. The amplitude of: the reproduced signal of the 
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sector mark SM which has a 1ong length is 18.%."ger then 

that of the reproduced signal of other data. This allows 

for the 1.dentification of the sector mark SM by detecting 

the envelope of the reproduced s1.gnal waveform, and thus 

5 the· detection of the beginning of each recording sector. 

In the above example, ali of the (2,7) modulated 

data is recorded using the inter-mark recording. Howev­

er, in an optical disk having the header 104, when data 

10 is recorded using the mark length recording for improving 
the recording dens.ity, the marks reco1"ded in the address 

fields IDl to ID3 of the header 104 and the marks record­

ed in the recording £ie1d 105 have a certain length 

determined by the zero run limitation of the modulation 

15 code. Accordingly, the amplitude of the reproduced 

signal of data recorded using the mark length recording 

becomes large, compared with that recorded using the 

~nter-mark recording where each mark corresponds to the 

l-bit long 11 1". In the mark 1ength recording, the:t"efore, 

20 the difference in the signal ampli. tude C or the difference 

in the pattern) between the sector mark BM and the other 

portions becomes small compared with the case of the 

inter-mark recording. This makes it di ff !cult to detect 

the beginning of the reco:r:ding sector 103 by the enve-

25 lope. 

Moreover, when the above-described address 

mark AM is used, en erroneous detection of the address 

mark AM due to an erroneous bit shift of "1 11 may occur. 

30 For example, a code sequence obta:Lned by the ( 2, 7) 

modulation of digite1 date { ••• 10110011 ••• } is converted 

into { .•• 0100100000001000' ••• } from a conversion tabl.e 

such as that shown in ~igure 3. At th:Ls time, the 
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pattern of the address mark AM is {0100100000000100} as 

shown in Figure 2D. If "l" of the above (2,7) modulated 
pattern shi.£ts by one bit, the resu1 tant pattern is 
identical to the address pattern AM~ which will cause 

5 erroneous detection. 

In view of the foregoing, the objects of the 

present invention are to provide an optical disk, an 
optical di.sk de"\rice, and an optical. disk reproduction 

10 method, where address information can be read reliably 

even when high recording density is achieved by employing 

mark length recording and the like. 

15 

DISCLOSURE OF INVEN~ION 

The optical disk of the present · invention in­

cludes a plurality of tracks each divided into a plurali­
ty of recording sectors, each of the recording sectors 

includi~g a header region, wherein the header region 

20 includes address information for identifying a pasition 
of the corresponding recording sector and address syn­
chronous informat:Lon for .identifying a recording position 
of the address information for bit synchronization. ·The 
address information has been modulated using a run length 

25 limit code Of 8 maximUJI\ inve~sion intexval Of Tmu bits 
CT.- is a natural number)~ and the address synchronous 
infarmation incl.udes two patterns of which invers.1on 
interval is (T.a + 3) bits or more, so that a reproduced 

signal of the address synchronous information is distin-
30 gu~shed from a reproduced signai of other information. 

With the above construction, the above objects are 

attained. 
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In one embodiment, the address synchronous 

information includes a first pattern and a second pattern 

which are different in either a physical shape or an 

optical character:Lstio of a reco:z:-di.ng surface of the 

5 optical disk, and the address synchronous information 

includes one first pattern having a length of (T•.x + 3) 

bits or more end one second pattern having a length of 

(TllU + 3) bits or more. 

10 

15 

20 

25 

30 

The pattern may be a convex portion (p1.t) formed 

physically on the recording surface of the optical disk, 

and the second pattern is a concave portion formed 

physically on the recording surface of the optical disk. 

The first pattern may be a recording merk formed 

by changing a reflection characteristic of the recording· 

surface of the optica1 disk, and the second pattern is a 

space on the reco~ding surface. 

Preferably, a total bit length of the first 

pattern included in the address synchronous information 

and a total bit length of the second pattern inc1uded in 

the address synchronous information are equal to each . 
other. 

Preferably, the header region includes four-time 

repeti. ti.on of the address information and the address 

synchronous information. 

The Optical disk of this invention includes a 

plurality of tracks each divided into a plurality of 

recording sectors, each of the recording sectors includ­

ing a header region, wherein the header region includes 
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address information for identifying a position of the 
corresponding recording sector, address synchronous 
information for identifying a recording position of the 
address .information for bit synchronization, and clock 

5 synchronous 1nformat1on for reproauc1.ng a clock signal, 
the address information has been modulated using a run 

length limit code of a minimum inversion interval of T.tn 

bite and a maximum inversion interval of T.aa bits CT-- and 
T.1n are natural numbers satisfying Tmaz > T.1n), the clock 

10 synchronous 1nformat.1on .is a sequent1.al pattern of 

alternate repet.1t1on of d-b1t long mark and space (d is 
a natural number satisfying Tmtn. S d < T11_), and the 
address synchronous information includes two patterns of 
which inversion interval is (T11u + 3) bits or more, so 

15 that a :repi'Oduced signal of the address synchronous 
information is distinguished from a reproduced signal of 
other information. With the above construction, the 
above objects are attained. 

20 In one embodiment, each of the address synchro­
nous in£ormation and the clock synchronous information 
includes a first pattern and a second pattern which are 
different in either a physical. shape or an optical 
characteristic of a recording surface of the optical 

25 disk, and the address synchronous information includes 
one first pattern having a iength of (Tmu + 3) bits or 
more and one second pattern having a 1ength of (T ... + 3) 

30 

bits or more. 

In another embodiment, the minimum inversion 
1.nterval T.,111. is 3, the maximum inversion interval Tm.u is 
11, and the valued is 3.~ 
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In still. another embodiment, the minimum inver­
sion interval T111n is 3, the maximum inversion interval T­

is 11, and the value d is 4. 

Preferably, the header region includes four-time 
:r:epeti ti on of the clock synchronous information, the 
address information, and the address synchronous informa­
tion. 

The optical. disk comprising a pl.ural.i ty of tracks 
each di.vided into a plural.i ty of recording sectors, 
wherein each recording sector includes a header region 
and a postamble region following an end of the header 
region, and the postamble region includes a pattern 

15 determined based on a modulation result of data of the 
header region. With above construction, the above 
objects are attained. 

In one embodi.ment, the data on the header region 
20 is modulated using a modulation cede for performing a 

conv~rsion in a table based on a state, the postamble 
region includes information for identifying the state. 

The information for identifying the state may be 

25 at least one specific bit having a predetermined value, 
and a bit l.ocated adjacent to the specific b.:lt has 
substantial.ly the same value as the predetermined value 
of the specif~c bit. 

30 The optical disk of this invention includes a 
plural! ty of tracks each divided into a plural! ty of 
recording sectors,, wherein~· each recording sector includes 
a header region, a data record.:Lng region, and a·postambl.e 
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region following an end of the data recording region, and 
the postamble region includes a pattern determined based 
on a modul.ation result of data of the data reoord.ing 
region. With this construction, the above objects are 

5 attained. 

In one embod:Lment, the data on the data recording 

region is modulated ue.ing a modu1ation code for perform­
ing conversion in a table based on a state, the postamble 

10 region .includes information for identifying the state. 

The ~nformation for identifying the state may be 

at least one specific bit having a predeterm~ned value, 
and a bit located adjacent to the speoifi.c bit ha.s 

15 substantially the same value as the predetermined value 

of the specific bit. 

In one embodiment, the recording sector further 
includes a guard data recording region following the 

20 postamble region for recording dummy data. 

In another embodiment, the data recording region 
includes data modulated using a run length limi.t code of 
a minimum inversion interval of Tmin. bits and a maximum 

25 inversion ~nterval of Tmaz bi ts ( Tmaz and Tmin. are natura1 
11.umbers satisfying T--. > T1110 } , and the guard data 
recording region includes a pattern of alternate repeti­
tion of a k-bi t long optical mark and a k-bi t long 
optical e.pace ( k is a natura1 number satisfying T10i1\ 

30 s k s TIRK) • 

The opt1cal. disk '•of this invent:lon includes a 
p1urality of tracks each divided into a p1ura1:i.ty of 
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recording sectors, where:ln each recording secto:r: includes 
a header region, and the header region incl.uaes an 

address region having a postambl.e region at an end of the 
address region, and the postamble region has a pattern 

5 which ends with non-pit data or a space. With this 
construction, the abo'1'e objects are attained. 

10 

The header region may include a plurality of the 

address regions. 

The address regions may be located in the midd1e 
of groove portions and iand portions of the tracks. 

The optical disk of this inventi.on includes a 

15 p1urality of tracks each divided into a plurality of 

recording sectors, wherein each recording sector includes 
a header region, the header region includes a plurality 
of address regions, each of the address regions inc1udes 
a VFO region at a beginning of the addx:ess region, and 

20 the VFO region has a pattern which starts .with non-pit 

data or a space. With this construction, the above 

objects are attained. 

In one embod:lment, the address region includes an 
25 address information region where address information is 

recorded by a mark length recording for identifying a 

pos:ltion of the corresponding recording sector, and the 
address information ie inodulated using a run length limit 
code of a mi.nimum inversion interva1 of Tmtn bits and a 

30 maximum inversion interval of Tmax bi.ts (TllllUI. and Tmin are 

natural numbers satisfying T.- > T.m), and non-p1t data 
or a space having a length~ .in a range of T•in bi ts or more 
and T111_ bi ts or less is . provided between the address 
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regions. 

The address regions may be located in the midd1e 
of groove portions and land portions of the tracks. 

The optical disk device of this invention is for 
an optical disk including a plurality of tracks each 
divi.ded into a plurality of recording sectors, each 
recording sector including a header region and a data 

10 region, the header region including address information 
for identifying a position of the corresponding recording 
sector, address synchronous information for identifying 
a recording position of the address 1.nformati.on for bit 
synchroni.zation, and clock synchronous information having 

15 a predetermined sequential pattern, the device compris­
:ing: means foX" reading a reproduced signal from the 
optical disk; address reproduction means for obtaining 
the address information from the reproduced signal: 
detection means for detecting the sequential pattern of 

20 the cl.ock synchronous information from the rep:roduced 
signal to output a detection signai; and address repro­
duction permit means for permitting the address reproduc-, 
tion means to perform a read operation of the address 
information based on the detection signal. With this 

25 construction, the above objects are attained. 

In one emboa~ment, the optical. disk device 
further includes: clock generation means for generating 
a cl.eek signa1 from the reproduced signal: and c1ock 

30 reproduct~on permit signal for permitting the ciock 

generation means to perform an operation of generating 
the c1ock signal based on;the detection signal. 
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The detection means may includes: binary means 
for converting the reproduced signal into binary data to 
output the binary data; sampling means for sampling the 
binary data at a predetermined frequency to output 

5 digital data; parallel conversion means for converting 
the digita1 data into parallel data of at least m x n 
bite (m and n are natural numbers); and a detection table 
for detecting a predetermined sequence composed of n-time 
repetition of an m-bit pattern from the para11e1 data. 

10 . 
The optical disk device of thi.s invention is for 

an optioa1 disk inc1uding a plurality of tracks each 
divided into a pl ural.1 ty of recording sectors, each 
recording sector including a header region and a data 

15 region, the header region including address information 
for ~dentifying a position of the corresponding recording 
sector, ·address synchronous information for identifying 
a recording position cf the address information for bit 
synchronization, and clock synchronous information having 

20 a predetermined sequential pattern, the device compris­
ing: means for reading a reproduced signa1 from the 
optical disk; cl.oak generation means for generat.ing a 

clock signal from the reproduced signal; detection means 
for detecting the sequential pattern of the clock syn-

25 chronous information from the reproduced signal to output 
a detection signal; and ciock reproduction permit means 
for permitting the cl.eek generation means to perform an 
operation of generating the clock signal based on the 
detection signal. 

30 

In one embodiment r the detection means comprises: 
b1nary means for converting the reproduced signal into 
binary data to output the binary data; sampling means for 
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sampling the bina:ry data at a predetermined frequency to 

output d1gital aata; parallel conversion means for 

converting the digital data into parallel data of at 

1east m >< n bi ts ( m and n are natural numbers); ~nd a 

5 detection tab1e for detecting a predetermined sequence 

composed of n-time repetition of an m-bit pattern from 

the parallel data. 

The reproduction method of this invention is for 

10 an optical disk including a plural! ty of tracks each 

divided into a plurality of recording sectors, each 

recording sector :i.nc:Luding a header reg:Lon and a data 

region, the header region including address information 

for identifying a position of the corresponding recording 

15 sectorr address synchronous information for identifying 

a recording position of the address information for b:Lt 

synchronizat1onr and clock synchronous information having 

a predetermined sequential pattern, the method comprising 

the steps of: retrieving a reproduced signal from the 

20 optical d.i.sk; detecting the sequenti.al. pattern of the 

clock synchronous information from the reproduced signal; 

perm! tting reading of the address information if the 

sequential pattern is detected; reading the address 

information from the reproduced signal in response to the 

25 permission; and terminating the step of reading the 

address information in a predetermined time period after 

the permission to return to the step of detecting the 

sequential pattern. With th~e construction, the above 

objects are attained. 

30 

Zn one embodiment, the reproduction method 

further includes the steps' of: permi tt:Lng reproduction of 

a clock signal if the sequential pattern is detected; and 
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reproducing the c1ook signa1 from the reproduced signal 

in response to the permission. 

The reproduction method of this invention is for 

5 an optica.l disk· ino1uding a plurality of tracks each 

divided into a plurality of recording sectors, each 

recording sector incJ.uding a header region and a data 

region, the header region including address information 

for identifying a position of the corresponding recording 

10 sector, address synchronous information for identifying 

a recording position 0£ the address information for bit 

synchronization, and clock synchronous information having 

a predetermined sequential patte:t"n, the method comprising 

the steps of: retrieving a reproduced signal. from the 

15 optica1 disk;· det~cting the sequential pattern of the 

clock synchronous information from the reproduced signal: 

permitting reproduction of a clock signal if the sequen­

tial pattern .:i.s detected: and reproducing the clock 

signal from the reproduced signal .in response to the 

20 permission. With this construction, the above objects 

are.attained. 

The·reproduction method of this invention is for 

an op~:i.cal. . disk inc1uding a plural! ty of tracks each 

25 divided into a plurality of recording sectors, each 

recording sector including a header region and a data 

region, the header region including address information 

for identifying a position of the corresponding recording 

sector, address synchronous ~nformation for identifying 

30 a recording position of the address information for b:i.t 

synchronization, and clock synchronous information having 

a predetermined sequentiaf' pattern, the method comprising 

the steps of: retrieving: a reproduced s:Lgna1 from the 
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optica1 disk: determining a reproduction mode whether the 
reproduction mode is an ini tia1 mode during a time period 

from switching-on of the device or a track jump until. the 

address information is first read from the reproduced 

5 signa1 or a normal mode during a time period froll\ the 

reading of the address inforIJl8t~on until a next track 

jump ie generated~ detecting the eequentia1 pattern of 
the clock synchronous information from the reproduced 

signal; permitting reading of the address information if 

10 the sequential pattern is detected in the initial mode as 

a first permitting step; reading the address information 
from the reproduced signal. in response to the permission; 
generat~ng a sector pulse if the address information is 
correctly read; permitting reading of the address infor-

15 mation from the r~produced s~gnal based on the sector 
pul.se in the norma1 mode es a second pe:rmitting step; and 
terminating the reading of the address information to 
return to the step of determining a reproduction mode if 

the addreee information fails to be read within a prede-
20 termined time period after either the first or second 

25 

permission step. With this construction, the above 

objects are attained. 

BRIEF DESCRIPTION OF DRAWJ:NGS 

Figure 1 is ~ view for explaining the mark length 

recording and the inter-mark recording. 

Figure 2A is a view i11ustrating a signa1 format 
30 of a recording sector of a. conventional optical disk. 

Figure 28 is a vie~ i11ustrating a header of the 
conventional optical d~sk. 
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Figure 3C is a view illustrating a recording 
pattern of a sector mark of the conventional optical 

disk. 

Figure 2D is a view illustrating a recording 
pattern of an address mark of the conventional optical 

disk. 

Figure 3 illustrates a modulation table of (2,7) 
10 modulation Codee. 

15 

Figure 4 i.s a view i.llustrating an example of 
reproduced signa1 waveforms at the header of the conven­
tional optical disk. 

Figures 5A to 5C are views for explaining a 
construction of an optical disk of cne example according 
to the present invention. 

20 Figure 6 is a view i1J.ustrating an exemplary 
recording pattern of a VFO region of the optical disk of 

the example according to the present invention. 

Figures 7A to 7C are views i11ustrating exemp1ary 
25 recording patterns of an address mark of the optical disk 

of the example according to the present invention. 

Figures 8A to 8D are views i11ustrating exemp1ary 
recording patterns of the address mark of the optical. 

30 disk of the example according to the present invention. 

Figure 9 is a view i.11ustrating an exemplary 
recording pattern of the address mark of the optica1 disk 
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of the example according to the present invention. 

Figure 10 is a b1ock diagram of an optical disk 

device of one example according to the present invention. 

Figure 11 is a block diagr81ll of an exempJ.ary 

inner construction of a reproduction system shown in 

Figure 10. 

10 Figure 12A is a block diagram of an exempl.ary 

inner construction of a VFO detection circuit of the 

example according to the present invention. 

Figure 128 is a view il1ustrating the oonstruo-

15 tion of a VFO detection table in the exampl.e accord.ing to 

the present invention. 

Figure 13 is a timing chart of exemplary 

waveforms of various signals used in the optical disk· 

20 device of the example according to the present invention. 

25 

30 

Figure 14 is a timing chart of exemplary 

waveforms of various signals used in the optical disk 

device of the example according to the present invention. 

Figure 15 is a flowchart of an exemplary process 

after the turning-on of a system control of the optical 

disk device of the example according to the present 

invention. 

F.igure 16 is a flowchart of an exemplary process 
of the system control of the optical diek device of the 
example according to the present invention. 
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Figure 17A is a view illustrating a signal format 

of a recording sector of an optical disk of another 

example according to the present invention. 

Figure 178 is a view illustrating a signal format 

of e heeder region of the optical disk of the example 

according to the present invention. 

F:Lgure 18A is a block diagram of a modul.ation 

10 circuit for a state modulation code in the example 

according to the present invention. 

15 

20 

Figure 188 ~s a view illustrating an exempl.ary 

content of a conversion table shown in Figure 18A. 

Figure 18C is a block diagram of the construction 

of a demodulation circuit for the state modulation code 

in the example according to the present invention. 

Figures l9A and 19B are views illustrating 

exempl.ary recording patterns for a postemble in the 

example according to the present invention. 

Figures 20A to 20C are views £or explaining the 

25 construction of an optical disk of still another example 

according to the present invention. 

Figures 21A and 218 are schematic views illus­

trating exemplary arrangements of an address region of a 

30 heaaer region of the opt~ca1 disk of the example accord­

ing to the present invention. 
~. 

FJ.gure 21C is a .view illustrating a coupl:lng 
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portion of address regions shown in Figures 21A and 21B. 

Figure 22A is a schematic view illustrating the 
case where the coup1ing portion 0£ the address :regions of 

5 the opti.cal. di.sk 1.ncl.udes marks and the marks are ideal.l.y 
formed. 

Figure 22B is a schematic view illustrating the 
marks formed on the coupling portion of the address 

10 regions of the optical. disk. 

15 

F1gures 23A and 238 are views illustrating the 
operation where an optical spot performs data reproduc­
tion along a land track. 

Figures 24A to 24H are vi.ews 1.l.lustrating exem­
plary patterns of a poetamb1e. 

Figure 25A 1.s a view il.iustrating a signa1 format 
20 of a recording sector of an optical disk of still another 

ex~ple according to the present invention. 

Figure 25B is a view illustrating an exemplary 
pattern recorded on a guard data recording region in the 

25 example according to the present invention. 

BEST MODE FOR CARRYING OUT ~HE INVENTION 
Hereinbelow, the present invention wi11 be 

described by way of example with reference to the rele-
30 vent drawings. 

(Example 1) 

Figure SA schematically illustrates an optical 
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disk la of the first exampl.e according to the present 

invention. As shown in Figure SA, the optical disk la 

has tracks lb formed in a spiral shape. Each track lb is 

divided into recording sectors le in accordance with a 
5 predetermined physical format. As shown in Figure 5A, 

the recording sectors le are sequentially arranged in the 

circumferential direction to form the track lb. 

Figure SB illustrates a format of each recording 

10 sector le of the optical disk la of the first example 

according to the present invention. Referring to Fig­

ure SB, the recording sector le starts with a header 
region 2 where addressing information for reading address 

information is prerecorded. A gap region 3, a data 

15 recording region ~, and a buffer region 5 respective1y 

follow the header region 2 in this order. The gap 

region 3 has no data recorded thereon, but is used for 
power control of a semi.conductor J.aser used for data 

recording/reproduction and the like. The data recording 

20 region 4 is used to record user data. Redundant data 

such as an error correction code is added to the user 

data, to form digi tel data. The digital data .is modulat­
ed using a run length limit code where the zero run is 
limited to the range of 2 to 10. The moouiated data ~s 

25 recorded on the data recording region 4 using the mark 

l.ength recording. Such e. run 1ength limit code is ca11ed 

the ( 2, 10) modu1ation code. The buffer region 5 is 

provided to absorb a rotational. f l.uctuation of the 

optical disk and the like. In the header region 2, 

30 :information may be recorded as pits in a concave and 

convex shape on the recording surface, or as marks 

optically recorded in substantially the same manner as 

that used in the recording on the data recording region. 
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As shown in Figure Sc, the header region 2 is 

divided .into four address regions 6a, 6b, 6c, and 64. 

Each of the address regions includes a VFO region, an 

address mark AM, and an address information region ID. 

5 For example, the address region 6a includes a VFO re­

gion VF01, an addx-ess mark AM, and an address .:Lnformat:lon 

reg:Lon J:D1, while the address region 6b includes a VFO 

region VF02, an address mark AM, and an address informa­

tion region :CD2. 

10 
In the conventional header 104 shown in Fig­

ure 2B, the sector mark SM precedes the pattern composed 

of the VFO region. the address mark AM, and the address 

fiel.d ID which is repeated three times. In this examp1e, 

15 no sector mark is .recorded on each header region 2, but 

the address region, similar to the above pattern, whiQh 

is composed of the VFO region, the address mark AM, and 

the address information region XD, is repeated four 

times. 
20 

The VFO regions VP01, VP02, VF03, and VF04 are 

used so that an optical disk device can obtain clock 

reproduction from reproduced signal.a. Aa shown in 

Figure 6, each VFO region has such a sequential pattern 

25 that incl.udes 4-bit 1ong marks and 4-b:lt 1ong spaces 

appearing alternately. Each of the VFO regions may have 

the same length or d~fferent J.engths. For eicampJ.e, ~f 

the VFO region Vl'Ol is made longer than the other VFO re­

gions VP02, vr03, and VS04, stable clock reproduction is 

30 obtained at the beginning of the header region 2. 

Each address mar~ AM is provided eo that the 

optical. d:Lsk device can identify the position 0£ the 
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subsequent address information region ID to obtain bit 

synchronization therewith. Figure 7A shows an example of 

the address mark AM of this example. As shown in Fig­

ure 7A, marks are recorded on the optical. disk uaing the 

5 mark length recording in accor~ance with the signal 

sequence (bit pattern) of the address mark AM. The 

resultant signal to be read has an amplitude in accor­

dance with the pattern of marks and spaces (portions 

other than the marks). In this example, the address 

10 mark AM has a pattern which includes one 14-bit long mark 

and one 14-bit long space. The address information re­

gions ZD1, XD2, XD3, and XD4 are representatively denoted 

as an address information region ID. 

15 With. respect to the address information re­

gion XD, digital data composed· of data including address 

informati.on such as the track number and the sector 

number and a predetermined error detection code added 

thereto are recorded using the mark length recording, 

20 after the dig:! tal data are modulated using a ( 2, 10) 

moaul.ation code. 

Si.nee the maXimum inversion interval. of the 

(2,10) modulation code is 11, no marks or sp~ces having 

25 a length of 12 bite or more are included in the pattern 

in any of the address information regions l:D and the data 

recording regi.ons. Even if the 11-bit l.ong mark in the 

address information region XD or the data recording 

region is erroneously reproduced as a 12-bit long mark 

30 due· to an edge shift of the mark or the like, and fur­

thermore the 14-bit long mark in the address mark AM is 

erroneous1y reproduced as ~a 13-bit long mark, the one-bit 

long d~fferenoe sti11 exists therebetween. Accord.ing1y, 
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unless the mark/space in either one of the regions is 
subjected to mi edge shift by 2 or more bits, a fai1ure 
to detect the 14-bit long mark in the address mark AM or 
an erroneous detection of a pattern in the address 

5 information region XD or the data recording region as a 

14-bi t 1ong mark will not occur. In th:l..s way, the 

address mark AM can be detected without fail by recording 
two patterns (one mark and one space) having a length of 

Tmax + 3 b~ts or more where TlllSX is the maximum inversion 
10 interval. 

As described above, the address mark AM :l..nc1udes 
two 14-bit long mark/spaces. This pattern reduces the 

probabi1~ty of erroneous detection compared with a 
15 pattern 1.ncl.uding onl.y one 14-bit l.ong mark or space. 

MOreover, the pattern including only one 14-bit long mark 
or space can be used ·as a data synchronization detection 
pattern for the data recording region 4. This makes it 
poss:Lble, not only to maintain the reliability of the 

20 data synchronigation detection, but also to fac:l..1itate 
prevention of the data synchronization detection pattern 

from being erroneously detected as the address mark AM. 

Figures 7B and 7C illustrate other examples of 
25 the address mark AN. A pattern inc1ud:l..ng two 14-b:I.. t long 

marks as shown in Figure 7B and a pattern inoiuding two 

14-bit long spaces as shown 1n Figure 7C may be used as 
the address mark AM. Using the patterns as shown in 

Figures 7B and 7C, however, the entire recording pattern 
30 may be made ·one-sided in the balance of marks and spaces. 

If the entire recording pattern becomes one-sidedr the 
iow-freguency component ol the pattern increases. The 
1.ncrease of the iow-f:requency components of the pattern 
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varies the amount of the reproduced signal. components in 

the servo frequency band, which affects the servo system. 

Accordingly,. the amount of the low-frequency component of 

the ·pattern should preferably be as small as possible. 

5 Thus, the pattern as shown 1.n F1.gure 7A 1.s preferabl.e 

where the appearance of the marks and the spaces is 

balanced. 

Figures BA to BD illustrate yet other examples of 

10 the address mark AM. The address mark AM shown in 

Figure BA has a pattern composed of {6-bit J.ong mark, 14-

bit long space, 4-bit long mark, 4-bit long space, 14-bit 

long mark, 6-bit long space}. The address mark AM shown 

in Figure BB has a pattern composed of {4-bit long mark, 

15 14-bit long space,_6-bit 1ong mark, 6-bit long space, 14-

bit long mark, 4-bit long space}. The address mark AM 

shown in Figure BC has a pattern composed of {5-bit long 

mark, 14-bi t long space, 5-bi t long mark, 5-bi. t J.ong 

space, 14-bit long mark, 5-bi.t J.ong space}. The address 

20 mark AM shown in Figure 8D has a pattern composed of { 4 .. 

bit long mark, 14-bit long space, 4-bit long mark, 4-bit 

long space, 14-bit long mark, 4-bit long space}. 

In all of the above patterns, the total. number of 

25 bite of the marks and the total number of bits of the 

spaces are equal to each other. Thus, these patterns 

include two 14-bit long mark/spaces and also include a 

reduced amount of low-frequency components. 

30 In the patterns shown in Figures SA to SD, the 

number of mark/space inversions is large compared with 

the patterns shown in Figures 7A to 7C. As the number of 

mark/space inversions iIU?reases, edge information in-
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creases end thus the error due to a bit shift occurs 1ese 
easily. In other words, the patterns shewn in Figures BA 

to 8D have a smaller prohabili ty of causing erroneous 

eynohronizat.ion detection due to a bit shift than the 
5 patterns shown in Figures 7A to 7C. 

In some cases, the processing of a modulation 
circuit, a demodulation circuit, and the l:l.ke becomes 
simpler if the address mark AM has a length of an integer 

10 number of data bytes. Figure 9 illustrates a patte~n of 

the address mark AM obtained by using a modulation code 
which modulates one data byte :l.nto 16 bits. The address 
mark AM is 48-bit long, i.e., 3-data byte long. The 

pattern is composed of { 4-bi t long space, 4-bi. t long 
15 mark, 14-bit long. space. 4-bit long mark, 4-bit long 

space, 14-b:l.t long mark, 4-bit long space}. 

The pattern of the address mark AM shown in 
Figure 9 inc1udes a larger number of mark/space inver-

20 sions than the pattern shown .1.n Figure 7A. As the number 
of mark/space inversions increases, edge information in­
creases and thus the error due to a bit shift occurs less 
easily as described above. In other words, the pattern 
sho~n in Figure 9 hes a sma1ler probability of causing 

25 erroneous synchronization detection due to a bit shift 
then the pattern shown in Figure 7A. 

Figure 10 is a block diagram of an optical disk 
device 100 for recording/reproducing data on/from the 

30 optical disk la having the signal format deacri.bed above. 
Referring to Figure 10, the optica1 disk device 100 
includes a spindle motor 7, a head 8, a preamplifier 9, 
a modulation circuit 11, a laser driving circuit 14, a 
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reproduct:lon system 16, a system control 18, and a servo 

system 50. 

The spindle motor 7 rotates the optical disk la 
5 at a predetermined number of revolutions. The head 8 

incorporates a semiconductor laser, an optical system, an 

optical. detector, and the like therein though these 

components are not shown. Laser l.:Lght emitted by the 

semiconductor laser is converged by the optical system so 

10 that a light spot having a predetermined power for 

recording or reproduction is formed on a :r:ecording 

surface of the optical disk la to realize data record­

ing /reproduction. Reflected light from the recording 

surf ace is converged by the opt1cal system and converted 

15 into a current by the optical detector. The signal 

current output from the head 8 is further converted into 

a voltage and amplified by the preamplifier 9, so as to 

be output ae a reproduced signal 10. 

20 The servo system 50 performs the rotational 

control of the spindle motor 7, the phase control for 

moving the head 8 in the radial direction of the optical 

disk la, the focusing control for focusing the light spot 

on the recording surface of the optical disk la, and the 

25 tracking control for tracking the l.~ght spot along the 

center of the track. 

The modulation circuit 11 performs the ( 2, 10) 

modulation for input data 12, and outputs modu.lated 

30 data 13 to the laser driving circui.t 14. During the 

reproduction, the -1aser driving circuit 14 outputs a 

1aser driving signal 15 for driv.1.ng the semiconductor 

laser incorporated in the head 8 to emit light with the 
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power for reproduction. During the recording,,. the J.aser 
driving circuit 14 outputs the laser driving signal 15 
for driving the semiconductor laser to emit light with 
the power for recording eo that the mark length recording 

5 is performed on the data recording region 4 1.n accordance 
w~th the supplied modulated data 13. 

The reproduction system 16 reproduces various 
data recorded on the header region 2 and the data record-

10 ing region 4 from the reproduced signal. 10 supplied from 
the preamplifier 9, and outputs the data as reproduced 
data 17. 

The system control 18 controls the operations of 
15 the modul.ation circuit 11, the 1aser driving circuit 14; 

the reproduction system 16, and the servo system 50 based 
on the reproduced data 17 reproduced by the reproduction 
system 16 and a user's configuration 19. 

20 Figure 11 is a block diagram illustrating an 
example of the internal construction of the reproduction 
system 16. Hereinbelow,, the method for reproducing 
address information 40 recorded on the heade~ region 2 
from the reproduced signal 10 wil.l. be described. As 

25 shown in Figure 11, the reproduction system 16 includes 
a clock reproduction circuit 20, a binary circuit 21, a 
VFO detect.i.on circui. t 25, a reproduction permit cir­
cuit 32, an address demodulation circuit 30, and a data 
demodulation circuit 39. 

30 

The reproduced signal 10 received from the 
preamplifier 9 is input · .. into the clock reproduction 
circuit 20 and the binary Circuit 21. The clock repro-
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duction circuit 20 includes a PLL for generating a 
reproduction clock 22 synchronized with the reproduced 
signal 10 in t"requency and phase. The binary circu:Lt 21 
equalizes the waveform of the reproduced s.ignal 10 as 

5 required, to convert the signal into a binary pattern 
composed of 11 1 11 and "0". The binary circuit 21 outputs 
the converted pattern itself to the VFO detection cir­
cuit 25 as asynchronous binary data 23, and simultaneous­
ly synohron.izee the converted binary pattern with the 

10 reproduction clock 22 supplied from the clock reproduc~ 
tion circuit 20 to output as synchronous binary data 24. 
The synchronous binary data 24 ie supplied to the address 
demodulation circuit 30 and the data demodulati.on cir­
cu.it 39. 

15 

The VFO detection circuit 25 detects the sequen­
tial patterns recorded on the VFO regions VPOl, VP02, 
VF03, and VF04 based on the asynchronous binary data 23, 
and outputs a VFO detection pulse 26 if predetermined 

20 sequential patterns are detected. 

Figure 12A i.llustrates an eaampl.e of the .internal 
construct~on of the VFO detection circuit 25. As shown 
in Figure 12A, the VFO detection circuit 25 includes a 

25 parallei conversion circuit 28, an oscillator 41, and a 
VFO detecti.on tabl.e 42. The paral.J.el. convers.ion c.ir­
cui t 28 receives the asynchronous binary data 23 and a· 
fixed clock 27 generated by the oscillator 41. The 
para11e1 conversion circuit 28 latches the asynchronous 

30 binary data 23 at the timing of the fixed clock 27 and 
converts the asynchronous binary data 23 into parallel 
data 29 corresponding to'- continuous 32 clocks. The 
converted para11e1 data 29 ie input into the '\11<'0 detec-
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tion table 42. 

The VFO detection table 42 is, for example,· 
composed of a table as shown in Figure 128 which provides 

5 one-bit output from 32-bi t input. The VFO detection 
table 42 outputs the VFO detection pulse 26 of "1" if the 
para11el data 29 sequentially input at the timing of the 
fixed clock 27 is a pattern composed of four-time repeti­
tion of an 8-bit pattern, {11110000} or {00001111}, or a 

10 pattern similar to this pattern. 
detection pulse 26 is "0". 

Otherwise, the VFO 

The first two lines of patterns in the VFO deteo­
t1.on tabl.e shown in Figure 12B are detection patterns 

15 which are obtai.n~d when the frequency of the f:lxed 
o1ock 27 ~s substantially equal to the frequency of the 
reproduction cl.eek and completely match with the 4-bit 
1ong mark/space repetition pattern, i.e., the recording 
pattern of the VFO region. The other patterns ~n the 

20 third and subsequent lines are more or less different 
from the recording· pattern of the VFO region. These 
patterns are provided so that patterns can be detected 
even in the case where the amp1itude of the reproduced 
signal 10 varies or in the case where the frequency of 

25 the fixed ciock 27 and the frequency of the reproduction 
clock become more or lees different from each other due 
to a rotational fluctuation of the optical disk 1•• 

By ueing·the VFO detection circuit 25 with the 
30 above ~nternal construction, the.signals recorded on the 

VFO region can be detected with the fixed clock 27 
corresponding to the f requ~cy of a clock reproduced when 
the opt.1.cal di.sk la is rote.ting at a predetermined nwnber 
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of revolutions. 

In this example, the parallel data 29 correspond­
ing to 32 clocks are used for the detection of four 

5 periods of the 4 .. b1t J.ong mark/space pattern. The number 
of bits of the parallel d~ta 29 is not limited to this 

number. An optimal number of bits may be selected so 

that en erroneous detection and an omission of detection 
are minimized. The frequency of the fixed clock 27 is 

10 not limited to the above-mentioned value. For example, 
if the frequency of the fixed cl.eek is made to correspond 
to a quarter of the frequency of the reproduction clock, 
the pattern, {10101010} or {01010101} can be detected as 
the VFO pattern. 

15 
The VFO detection circuit 25 is not l.1m1ted to 

the circuit having the internal construct:Lo~ shown :Ln 
Fi.gure 12A. For example, since the sequential. pattern 

includes a specific frequency component, such a specific 

20 frequency component may be detected directly from the 

reproduced signa1 10 to detect the sequential pattern. 

The address demodu1ation circuit 30 detects the 
address mark AM using the synchronous binary data 24 and 

25 the reproduction clock 22, performs the (2,10) demodu­
lation for the modul.ated data recorded on the subsequent 
address information regions Zb1, %D2, XD3, and ZD4, and· 

detects an error in the demodulated data. 

30 In th~e example, as described above, each header 

region 2 is composed of four repeated address regions 
each inc1uding the VFO region, the address mark AM, and 

the address ~nfonnation region :ID. Accordingly, when 
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address information is successfully reproduced without an 

error from two or more addreee inf o:r:mation regions among 

the four address information regions %D1, XD2, XD3, and 

XD4, the reproduced values are output to the system 

5 control 18 as the address information 40. The address 
demodu1ation circuit 30 also outputs a sector synchroni­

zation pu1ee 31 ~imul taneously with the output of the 

address ~nformation 40. 

10 The four repeated recordings on the address 

regions will now be described. The error rate for one 
address is about io-2 • Assuming that the address informa­
tion ie obtained (the address is readable) when at least 
two address regions among the four address regions are 

15 successfully reprqduced, the probab~iity of faiiing to 

obtain the address information is as follows. 

20 wherein "4C3 " is the number of combinations of three from 
four. Since one optical disk includes about 106 recording 

sectors, the number of recording sectors in which an ad­

dress is not readable in one optical disk is 106 x (4 x 
10-6

) • 4, which is within an allowable range. Thus, in 
25 this example, the number of recording sectors in which 

addresses are not readable is substantially reduced to 

less than 10. · This facilitates the identification of 

each recording with an extremely high probability. As a 

result, each recording sector can be .identified by 

30 reliably retrievi.ng the address information from the 

address regions of the header of each recording sector, 

without the necessity of providing a sector mark SM for 
identifying the header at the start of the header. 
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For comparison, the conventional header 104 
(Figure 2B) including three address regions will be de­
scribed. Assuming that the address is readable (the 
addresa i.nformation is obtained) when at ieast two 

5 address regions among the three address reg:Lons are 
successfully reproduced, the probi!bility of failing to 
obtain the address information is as follows. 

10 
wherein "3C2 " 1s the number of combinat:Lons of two from 
three. Since one optical disk includes about 106 record­
ing sectors, the number of recording sectors in which an 
address is not ~eadable in one optical disk is 106 x (3 

15 x io-'-) - 300, which is too 1arge to be allowable. 

Returning to Figure 11, the reproduction permit 
circuit 32 generates a clock repr<:>duction perm! t sig­
nal 34 based on the VFO detection pulse 26 supplied from 

20 the VFO detection circuit 25 and a reproduction gate sig­
nai 33 supplied from the system control 18, and outputs 

I 

the signal. to the clock reproduction ci.rcui t 20. The 

clock reproduction circuit 20 generates· the reproduction 
clock 22 by synchronizing the incorporated PLL with the 

25 phase of the reproduced signal 10 and outputs the repro­
duction clock to the binary circuit 21 onl.y when the 
input clock reproduction permit signal. 34 is 11 1 11

• 

The reproduction permit circuit 32 also generates 
ao an address reproduction permit signal 36 based on the VFO 

detection pulse 26 and an address gate signal 35 from the 
system control 18, and ou~puts the signal to the address 
aemoauiation circu~t 30. The address demodulation 
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circuit 30 detects the address mark AM by identifying the 

pattern of the address mark AM in the above-described 
manner only when the input address reproduction permit 
signal 36 is !' l 11 • 

The reproduction permit circuit 32 further 
generates a data reproduction permit signal 38 based on 
the VFO detection pulse 26 and a data gate signal 37 from 
the system control. 18, and outputs the signal. to the data 

10 demodulation circuit 39. The data demodulation cir­
cuit 39 demodulates recorded data read from the data 
recording region 4 among the synchronous binary data 24 
and outputs the reproduced data 17 only. when the input 
data reproduction permit signa.1 38 is "1". 

15 

The system control 18 outputs the reproduction 
gate signal 33r the address gate signal. 35, and the data 
gate signal 37 at a timing in accordance with the infor­
mation format shown in Figures 58 and SC (i.e. , the 

20 reproduced signal fo:rmat) using the sector synchrOniza­
tion pulse 31 supplied from the address demodulation oir­
cui t 30 of the reproduction system 16 as the reference. 
These signals are suppl..ied to the reproduct:Lon perm! t 
circuit 32 of the reproduction system 16 as described 

25 above (Figure 11) • 

Figure 13 :Ll.l.ustrates exempiary waveforms of the 
sector synchronization pulse 31, the reproduction gate 
signa1 33, the address gate signal 35, and the data gate 

30 signal. 37 to show the re1ationship between these signa1s. 

Referring to FiQ'tire 13, the reproduced eigna1 
format conforms to the information recording format shown 
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in Figure 58. The header region 2, the gap region 3, and 
the data recording region 4 of a recording sector lA are 
called a heaaer region 2e, a gap region 3a, and a data 
recording region 4a. Likewise, the header region 2, the 

5 gap region 3, and the data recording region 4 of a 

recording sector 18 fol.lowing the recording sector la are 
called a header region 2b, a gap region 31>, and a data 
recording region 4b. 

10 In the recording sector lA, when the address 
information is correctly reproduced from the header 
region 2a, the sector synchronization pulse 31 becomes 
11 1 11 (high 1evel) somewhere in the range from the end of 
the header region 2a through the gap region 3a. The 

15 reproduction gate signal 33 becomes 11 1 1
• over the range at 

least covering the data recording region 4a of the 
recording section lA and the header region 2h of the next 
recording sector lB. The address gate signal 35 becomes 
11 1 11 over the range at least covering the header region 2b 

20 of the next record.ing sector 18.. The data gate signal 37 

becomes "1 11 over the range substantiall.y covering the 
data recording region 4a of the recording sector lA. 

The system control 18 may be constructed so as to 

25 first examine the contents of the address information 40 

together with the sector synchronization pulse 31 and 

determine whether or not the recording sectors lA and lB 
have address information to be recorded or reproduced 
before setting the respective gate signals to "l" in 

30 accordance with the timing descr~bed above. 

Figure 14 illustra~es exemplary wavef orme of the 
VFO detection pulse 26,: the sector synchronization 
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pulse· 31, the reproduction gate signal 33, the clock 

reprod.uot.ion permit eigna1 34, the address gate. sig­

nal. 35, the address reproduot~on permit signa1 36, the 

data gate signal 37, and the data reproduction permit 

5 signal 38, shown in correspondence with the signal 

format. 

Referring to Figure 14, it is assumed that an 

information address is first correctly reproduced from 

10 the recording sector lA and that the data recording re­

g~ons 4& and 4b of the recording sectors lA and lB have 

no data recorded thereon but a data recording region 4c 

of a ne¥t ·recording sector le has data thereon. Also 

assumed is that the beginning of the data recording re-

15 gion 4c includes a sequent.ial. pattern sUbstantial.J.y equal 

to that on the VFO xegion, wh~ch is COlllposed of 4-bit 

long marks and spaces appearing alternately. 

The clock reproduction perm1 t signal 34 :Ls "1" 

20 for a predetermined time period after the VFO detection 

pulse 26 of "1" appears. The clock reproduction permit 

signal 34 is also "1" over the time period when the 

reproduction gate signal 33 :Ls "1". The above predeter­

mined time period is at least equal to the time period 

25 requi.red to read the address marks AM and the address 

information regions IDl, ID2, ID3, and ID4 of the header 

region 2. As a result, when the VFO detection pulse 26 

becomes 11 1" for the respective VFO regions of the record­

ing sector lA, the clock reproduction permit e~gnal 34 

30 remains "1 11 until. at least the end of the header re­

gion 2a. When the address information has been correct1y 

reproduced in the recorc:fa.ng sector 1A and the sector 

synchron:Lzation pul.ae 31 1s output, the ciook reproduc-
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tion permit signal. 34 becomes "1" for the header re­
gion 2h of the next recording sector lB without fail. 
Likewise, when the address information has been correctly 
reproduced .in the recoroing sector lB and the sector 

5 synchronization pu1se 31 is output, the o1ook reproduc­
tion permit signal 34 becomes H 1 11 for the header re­
gion 2c of the next recording sector le without fail. 

The address reproduction permit signal 36 is "l" 
10 for a predetermined time period after the VFO detection 

pulse 26 becomes 11 l" and. for a time period when the 
address gate.signal 35 is 11 1 11

• The above predetermined 
time period is set to at least equal to the total time 
per.iod required to read information from the address 

15 marks AM and the address information regions IDl, ID2, 
ID3, and ID4. As a result, when the VFO detection pulse 
becomes 11 l '' for the respective VFO J:egions of the :record­
ing sector lA, the address reproduction permit signal. 36 
remains 11 1 11 until. at J.east the end of the header re-

20 gion 2a. When the address information has been correctly 
reproduced in the recording sector lA and the sector 
synchronization pulse 31 :ls output, the address reproduc­
tion permit s.ignal 36 becomes 11 l" for the header re­
gion 2b of the next recording sector lB without fail. 

25 Likew.ise,. when the address information has been correctly 
reproduced in the record.:Lng sector lB and the sector 
synchronization pulse 31 is output, the address reproduc­
tion permit signal. 36 becomes "l 11 for the header re­
gion 2c of the nezt recording sector lC without fail.· 

30 

The data reproduction permit signal 38 becomes 
"l" if the data gate signal 37 is 111 11 when the VFO 
detection pulse 26 rises .to 11 l 11 , and remains "l 11 until 
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the data gate signal 37 becomes "0". 

tion permit signal 38 remains "o 11 

The data reproduc­

if the data gate 

eignai 37 is "O" when the VFO detection pulse 26 rises to 

"1". As a result, since the VFO detection pulse 26 does 

5 not become "l" for the date recording regions 4a and 4b 

where no data has been recorded, the data reproduction 

permit signal 38 remains "O 11 
• For the data recording 

region 4c where data has been recorded, the VFO detection 

pulse becomes "1" at the header portion thereof. Accord-

10 ingly, the date reproduction perini t signal 38 becomes 11 l 11 

at a predetermined timing. 

Thus, by using the VFO detection circuit 25 and 

the reproduction permit circuit 32, the c1ock reproduc-

15 tion and the repro~uction of the address information are 

permitted in the header region 2 so tha.t the clock signa1 

and the address information can be read. As described 

above, the sector synchronization pulse 31 is output 

after the address informat:l.on is reproduced from the 

20 header region 2 (see Figure 13) • According to the 

present invention, therefore, the address information of 

the recording sector can be read even in the state where 

the time reference by the sector synchronization pulse 31 

is not available. 

25 

Also, by using the system control 18, the address 

demodulation circuit 30, and the reproduction permit 

circuit 32, once address information has been reproduced 

from one recording sector (e.g. , the recording sector lA) 

30 without an error, the clock reproduction and the repro­

duction of the address information in the header region 2 

is permitted for the recbrciing sector lA and the next 

recording sector 1B, and the clock reproduct~on and the 
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reproduction of the data in the corresponding data 
recording regions 4 are permi. tted. Accordingly, once 

address inf ormati.on has been reproduced from one record­
ing sector, the address information and the data can be 

5 read in a more secured manner using the sector synchroni­
zation pulse 31 as the reference. 

In the above example, the system control 18 

generates three types of gate signals using the sector 
10 synchronization pulse 31, while the reproduction permit 

ci.rcuit 32 generates three types of permit signais using 
the VFO detection pulse 26 and the three types of gate 
signals. Alternatively, the system control 18 may have 
the function of the reproduction permit circuit 32 so 

15 that the system control 18 can directly generate the 
three types of permit signais. 

Figure 15 is a f lowohart showing an example of a 
process performed when, after the switching-on of the 

20 optical disk device 100 (Figure 10) , the system cont­
rol 18 outputs the clock reproduction permit signal 34 
and the address reproduction permit signal 36 using the 
VFO · detection pulse 26 and the sector synchronization 
pulse 31. 

25 

When the optical disk device 100 is switched on, 
the system control 18 first performs a boosting process­
ing (step 1). The boosting processing includes the 
control of the rotation of the spindle motor 7 by the 

SO servo system 50, the control of the movement of the 

head 8, the control of the power of the semi.conductor 
laser of the head 8, the iocusing control of the optical 
system, the tracking control, and the like. In the 
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boosting processing, both the clock rep:r:oduction periM.t 
signal 34 and the address reproduction permit signal 36 

are reset to "O". 

Once the head 8 is positioned above a predeter­
mined track of the optical disk la by tracking, the VFO 

region is detected in the manner described above 

(step 2). When the "1" level of the VFO detection pulse 

is detected, the clock reproduction permit signa1 34 is 

10 set at "1" (step 3) • Subsequently, the address reproduc­

tion permit signal 36 is set at "1" (step 4). After the 
lapse of a predetermined time period, the address repro­

duction permit signal 36 and the clock reproduction 
permit signal 34 are reset to "0" again (step 5), and the 

15 sector synchronization pulse 31 is detected (step 6). 

The sector synchronization pulse 31 becomes "l" 
when the address demodulation circuit 30 reads address 
information correctly. In synchronization with this 

20 pulse signal, the address information 40 output from the 

add:r;ess demodulation circuit 30 is read, so as to deter­

mine whethe:r: or not 1 t indicates a target recording 

sector (step 7) • If the read address information 40 
indicates the target recording sector, the process 

25 proceeds to the control for record~ng/reproduction 

(step 8). If the read address information 40 does not 
indicate the target recording sector, the process pro­
ceeds to the seek control (step 9). 

30 If the address demodulation circuit 30 fails to 

read the address information, the sector synchronization 
pulse 31 will not become .. , "1" for a predetermined time 

period at step 6. In such a case r the process returns to 
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step 2 for the VFO detection. 

With the process along the flow described above, 
the clock reproduction permit signal 34 and the address 

5 reproduction permit signal 36 are generated at the timing 
as shown in Figure 14. Thus, smooth reading"of address 
information is possible even in the state observed before 
address information is reproduced immediately after the 
switching-on of the device, where the time reference by 

10 the sector synchronization pulse 31 has not yet been 
provided. 

Figure 16 is a flowchart showing an example of a 
process performed by the system control 18 for switching 

· 15 the processing mode between the initial mode and the 
normal mode. The initial mode as used herein corresponds 
to the time period from the switchi.ng-on of the device or 
a track jump to perform a seek and the like until the 
address information is first reproduced. The normal mode 

20 corresponds to the time period after a predetermined 
address information has been read until. a next track jump 
is generated. 

Referring to Figure 16, the processings from 
25 step 1 through step 9 are the same as corresponding 

processings in Figure 15. The descri.pti.on thereof i.s 

therefore omitted here. 

As shown in Figu:r:e 16, at step 10, whether the 
30 mode is the initial. mode or the normal mode ie deter­

mined. When the address information has been correctly 
read and recording/reproddction at the target recording 
sector has been performed in the preceding proceesings~ 
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the mode is determined to be the normal mode. The mode 
is determined to be the initial mode after the boosting 
processing (step 1), after the reading of the address 
informat:lon is unsuccessful at step 6, or aftex- the 

5 address information which has been successfu11y read is 
determined not to be the target recording sector at 
step 7 and the seek controi is performed (step 9). 

In the normal mode, the VFO detection processing 
10 (step 2) is not performed, but the processings of 

steps 3, 4, and 5 are performed using the timing at which 
the sector synchronization pulse 31 becomes "l" as the 
reference. In the initial. mode, the VFO detection 
processing (step 2) is first performed, followed by the 

15 processinge of steps 3, 4, and 5 using the timing at 
which the VFO detectj_on puise 26 becomes "l" as the 
reference. 

With the above processings, address information 
20 can be read smoothly after the switching-on of the device 

or after a track jump, and, after the reproduction of the 
address information, the address information and the data 
can be read in a more ensuring manner using the sector 
synchron~zation pulse 31 as the reference. 

25 

Thus, · in the first example, the method for 
recording/reproducing data on/from the optical disk la 
having the signa1 format shown in Figures 58 and 5C by 
use of . the optical disk device 100 having the block 

30 construction shown in Figure 10, especially, the method 

for reading address information, was describeo. 

In the first example, the (2, 10) modulation code 



- 45 -

is used as the modulation code for the address informa­

tion regions XD of the header region 2 and the date 

recording region 4. It wil1 be appreciated, however, 

that the modulation code is not restricted to the above, 

5 and any type of run length 1imi t c;::ode having a fixed 

maximum inversion interval may be used. The pattern of 
the address mark AM may be determined eo that the above 

cond:i. ti.one for the maximum inversion interval T.- are 

satisfied. 

10 

ln the first example,. the information recorded on 

the VFO regions has been described to be a pattern 

composed of sequential 4-bit long marks/spaces shown in 

Figure 6. It is appreciated, however, that the pattern 

15 for the VFO regions is not restri.cted to this pattern, 

and any pattern may be ueed in which the length of each 

mark or space is equal to or more than the m:Lnimum 

inversion interval T1111n and less than the maximum inver­

sion interval Tmmr. of the modulation code (run length 

20 limit code) used for the recording on the address infor­

mation region ZD. As described a~e, however, since a 

shorter mark/space pattern having a length closer to the 

minimum inversion interval T min is more preferable since 

the number of repetition periods per unit length is 

25 larger and thus a faster clock reproduction is obtained. 

In this example, the patterns shown in Figures 7A 

to 7C, F~gures BA to SD,. and Figure 9 were described as 

exampl.es of the address marks AM. The pette:r:ne of the 

30 address marks AM are not restricted to these patterns. 

The detection of the address marks AM is poesible if the 

pattern includes two repe.titions of a pattern having a 
length of 3 or more bits added to the maximum inversion 
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interval Tmaz of the modulation code (run length l.im:i.t 
code) used for the recording of the address information 

regions ID. 

In this example, the header region 2 is composed 
of four address regions. The header region 2 is not 
restricted to this construction. · For example, the 
reproduction of address information is possible by the 
construction of the header region which includes only one 

10 address region. However, the reliability of the reading 
of the address information can be improved by forming a 
plurality of address regions ID where substantially the 
same address information is stored. As described above, 
in consideration of the error rate for the address 

15 ~nfor~ation and the allowance of the number of unrecog­
nizable recording sectors, it is preferable to form four 
or mo~e address regions for one header region 2. Fur­
thermore, in view of the practical. al.lowance and the 

maximum securement of the data recording regions 4, it i.s 

20 more preferable for the header to include four address 
regions ID as described in the first example. 

(Sxmnple 2) 

Figure 17A is a view i11uetrating a format of a 

25 recording sector 51 of an optical disk of the second 
example according to the present invention. As shown in 

Figure 17A, the recording sector 51 starts with a header 
reg~on 52 where addressing information for reading 

address information is prerecorded. A gap region 53, a 

30 data recording region 54, a postamble PAO. and a buffer 
region 55 respectively follow the header region 52 in 
this order. 
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The gap.region 53 has no data recorded thereonr 
but is used for power control of a sem~conductor 1aser 
used for data recording/reproduction and the like, for 
example. The data recording region 54 is used to record 

5 user data. Redundant data such as an error correction 
code is added to the user data, to form digital data. 
The digitai data is modulated using a run length 1imit 
code generated by use of a state machine.· The modulated 
data is recorded on the data recording region 54 using 

10 the mark length recording. This run length ~imi t code is 

called a state modulation code. The postamble PAO 
follows the end of the data recording region 54. The 
pattern of the postamble PAO is determined based on the 
modulation results of the data recording region 54. The 

15 buffer x-egion SS is provided to absorb a rotational shift 

of the optical disk and the like. In the header re­
gion 52, information may be recorded as pits in a concave 
and convex shape on the recording surfacer or as marks 
optically recorded in substantially the same manner as 

20 thai; used in the recording on the data recording region. 

As shown in Figure 17B, the header region 52 is 

div~ded into four address regions 56a, 56b, 56c, and 56d. 
Each of the address reg:l.one includes a VFO region, an 

25 address mark AM, an address information reg:l.on J:D, and a 

postamb1e PA. For . example, the address region 56a 

inc1udes a VFO region VFOl, an address mark AM, an 
address information region J:Dl, and a postamble PAlr 

while the address region 66b includes e VFO region vro2, 
30 an address mark AM, an address information region XD2, 

and a postamble PA2. The address information re­
gions ZDl, ZD2, ZD3, and in4 wi.ii hereinafter be col1ec­
tively referred to as the;address informat~on region zn. 
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Also, the postambles PAl, PA2, PA3, and PM w.ill herein­

after be collectively referred to as the postamble PA. 

In this example, 88 in the first exampl.e, no 

5 sector mark is recorded on each header region 52, but the 

four address ~egions similar to one another, each com­
posed of the VFO region, the address mark AM. the address 

information region J:D, and the postamble PA,, are recorded 
sequentialJ.y. 

10 

The VFO regions VFOl, VF02,, VF03, and VF04 are 

used 80 that an optical disk device can obtain clock 
reproduction from a reproduced signal. As in the first 

example, each VFO region has a sequential pattern that 
15 includes marks and spaces 0£ a fixed length (e.g., 4-bi.t 

length) appearing alternately. for example. The VFO 

regions may have the same length or different lengths. 
For example, if the head VFO region VFOl is made longer 

than the other VFO regions, stable clock reproduction is 

20 obtained at the beginning of the header region 52. 

Each address mark AM is provided so that the 

optical. disk. device can identify the position of the 
subsequent address informat~on reg~on ID. For example, 

25 1ike the address mark AM used in the first example, a 
pattern 1nol.uding two repetitions of a pattern having a 

length of 3 bits added to the maximum inversion inter­
val T._ cf the state modulat~on code ~s recorded. 

30 On the address information region I.D, digital 
data composed of data including address information such 

as the track number and the sector number with a prede­

termined error detection code added thereto are recorded 
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using the mark length recording, after the digital data 

are modulated using the state modulation code. 

Figui;-es 18A to 18C are conceptual views for 

5 explaining the mcoul.etion method. and the oemodul.at:lon 

method of the state modulation code used in this example. 

The state modulation code is a modulation code which 

converts an B-bit binary data unit into a 16-bit code 

sequence. A 16-bit output code sequence Yt for an 8-bit 

10 input data Dt at a time t is determined based on a 

state St at the time t. Figure 18A shows an exempl.ary 

construction of a state modulation circuit 60. As shown 

in Figure 18A, the state moduiation circuit 60 includes 
a conversion table 56 and a D flipflop 57. The data Dt 

15 and the state St at the time t are input into the conver­

sion table 56, and the code sequence Yt; and a state Sf;f-1 at 

a next time t+1 (hereinafter, referred to as a next 

state) are output therefrom. The next state St+l output 

from the conversion tabl.e 56 is input into the D 

20 flipflop 57 to be used for the next modulation. 

Figure 18B shows part of the content of the 

conversion tab1e 56. The state St at the time t inc1udee 

a total of four states from st-1 to 4, and d~fferent code 

25 sequences Yt are allocated to the respective states. The 

state St and the data nt at the time t determine the next 

state St+i• The 16-bit sequences allocated as the output 
code sequences Yt .1n the tabl.e are al.l the run l.ength 

.11mit codes where the zero run is limited to the range of 

30 2 to 10. Moreover, the next state St+1 has been deter­

mined so that the zero run is still limited to the range 

of 2 to 10 when the sequen~es at the two sequential times 

are connected. 
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Among the 16-bit eequences a11ocated in the table 

as the output code sequences Yt:, those of which next 
state st+1 is 1 or 2 are determined so that the last zero 
run thereof is 5 or 1ess. 

There is a case where the same output sequence Yt 
is allocated to different input data un~ts Dt, like pat­
terns pl and p2 shown by the underlines in the table. In 
such a case, the next states for these output sequences 

10 are determined to be either state 2 or state 3 so as to 
be different from each other. In this case, for example, 
the pattern pl has the next state 2, while the pattern p2 
has the next state 3. Except for such a case, no double 
a11ocation of the same output sequence Y~ will be found. 

15 

The code sequences Yt allocated to state 2 and 
state 3 have the follow.ing features. The output se­
quence Yt: allocated. to state 2 has "O"e at the first and 

thirteenth bits from left. The output sequence Yt 

20 allocated to state 3 has 11 l 11 s at either the first bit or 
the th.:Lrteenth bit from left. 

In the demodulation of the state modulation code, 
the 16-bit code sequence Yt must be converted into en 8-

25 bi. t binary data unit. Figure lBC is a block diagram for 
expJ.aining the oon&truction of a demodulat:Lon circuit 61. 
In the- demodu1ation circuit 61, the 16-bit code se­
quence Y~ at a t1me t and a first bit Y~JJ and e thi~­

teenth bit Yt+UJ of a code sequence Yt+1 at a next 
30 time t+l, i.e., a total of 18 bits, are input into an 

inverse conversion table 58. The output from the inverse 
·conversion table 58 at thS'time tis an 8Nb!t binary data 

unit Dt:• 
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The inverse conversion tabl.e 58 shown in Fig­
ure 18B basically corresponds to an inverse view of the 
conversion table 56. For patterns which have not been 
aliooated double among the code sequences Ye, the binary 

5 data uni. t Dt: as the demodul.ation result thereof i.s un1que­
ly determined. 

For a pattern which has been allocated double, 
l.ike the pat~ern pl and p2 in state 1 ~hewn in Fig-

10 ure 18B, the binary data unit De thereof cannot be 
uniquely determined. However, as described above, such 
a doubl.e allocation of the same code sequence Ye is 
limited to the case where the next state thereof is 

state 2 or state 3. Accordingly, by recognizing the 
15 difference between the code sequences of state 2 and 

s·tate 3, the original binary data unit Dt can he uniquely 
determined. ln other words, the binary data unit De is 

uniquely determ:Lned by observing the first and thirteenth 
bi~s of the code sequence at the time t+l which is the 

20 code sequence determined by the next state at the time t 
during the modulation. 

In the add~ees information region ID, data 
inc1uding the address information modul.ated in the 

25 modu1ation method as described above is recorded using 
the mark 1ength recording. 

The postamble PAO shown in Figure 17A indicate~ 
the end of the data recording region 54, and has a 

30 pattern determined based on the modulated results of the 
data recording region 54. 

The postambles PAl, PA2, PA3, and PA4 shown in 
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Figure 17B indicate the ends of the address regions 56a 

to 56d, respectivel.y, and have patterns determined based 

on the modulation results of the corresponding address 

information regions J:Dl, I.D2, I.D3, and J:D4 recorded 

5 :Lmmediately befo~e the poetambles. 

10 

Figures 19A and 198 show examples of patterns of 

the postambles. The next state shown in Figures 19A and 

19B indicates the next state obtained when the immediate-

l.y preceding data unit has been modulated. In other 

words, for the poetamble PAO, it indicates the next state 

obtained when the end data of the data recording re­

gion 54 has been modulated. For the postambles PAl, PA2, 

PA3, and PA4, it indicates the next states obtained when 

15 the end data of the address information regions I.Dl, l:D2, 

I.D3, and I.D4 have been modulated. In the case where the 

next state is state 1 er state 2, a pattern p3 shown in 

Figure 19A is selected as the poetamble. In the case 

where the next state is state 3 or state 4, a pattern p4 

20 shown in Figure 198 is sel.ected as the postamble. The 

selected pcstambles are recorded using the mark length 

recording. 

When the pattern p3 follows any of the code 

25 sequences where the nea:t state is state 1 or state 2, the 

zero run is still limited to the range of 2 to 10 at the 

coupling portion. When the pattern p4 follows any of the 

code sequences where the next state is state 3 or 

state 4, the zero run is still limited to the range of 2 

30 to 10 at the. coupling portion. Therefore, the run J.ength 

limit will not be broken by adding the postamble. The 

first and thirteenth bits :bf the pattern p3 are both "0", 

while the first bit cf th~ pattern p4 is "l". 
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By using the patterns p3 and p4 as the 

postembles,. patterns recorded at the end of the data 

recording region 54 and the address information re­

gions IDl, .ID2, ID3, and .ID4 can be uniquely demodul.ated. 

As another feature, the second, twelfth, and 

fourteenth bits of the pattern p3 which are bits adjacent 

to the specific bi ts for identifying the state (the first 

and th:i.rteenth bi ts) are a11 "0" • This prevents the 

10 state from being mistakeniy modulated by recognizing the 

thirteenth bit as "l" due to a b:l.t shift and the like. 

(Example 3) 

Figure 20A schematical1y illustrates an optical 

15 disk 201a of the third example according to the present 

J.nvention. Referring to Figure 20A, the optical. 

disk 20la has traok.s 201b formed on the surf ace thereof 

in a spiral shape. Each track 20lb is divided into 

recording sectors 201c in accordance with a predetermined 

20 physical format. As shown in Figure 20A, the recording 

sectors 201c are sequentially arranged in the 

cirqumferential. direction to form one track 201b. 

Figure 208 illustrates a format of each recording 

25 sector 201c of the optical disk 20la of the third example 

according to the present invention. Referring to Fig­

ure 20B, the recording sector 201c starts with a header 
region 202 where addressing information for reading 

address information is prerecorded. A gap region 203, a 

30 data recording region 204, and a buffer region 205 follow 

the header region 202 in this order. The gap region 203 

has no data recorded thiareon, but is used for power 

controi of a semiconductor laser used for data record-
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ing/reproduction and the like. The data recording 

region 204 is used. to record user data. Redundant data 
such as an error correction code is added to the user 
data, to form digital data. The digital data is modul.at-

5 ed us~ng a run length limit code where the zero run is 

limited to the range of 2 to 10, i.e., a (2,10) modula­

tion code. The modulated data ia recorded on the data 

recording region 204 using the mark length recording. 

The buff er region 205 is provided to absorb a rotational 

10 sh:Lft of the optioa1 diek and the 1ike. In the header 

reg:Lon 202, information may be recorded as pi ts in a 

concave and convex shape on the recording surface, or as 

marks optically recorded .:l..n substantially the same manner 
as that used in the recording on the data recording 

15 region. 

As shown in Figure 20C, the header region 202 is 

divided ~nto four address regions 206a, 206b, 206c, and 

206d. Each of the address regions includes a VFO region, 
20 an address mark AM, an address :Lnformation region I.D, and 

a postamble PA. For example, the address region 206a in­

olu~es a VFO region VFOl, an address mark AM, an address 

informat:lon region . .I:Dl, and a postamble PAl, while the 
address region 206b inc1udes a VFO region VF02, an 

25 address mark AM, an address information region I.D2, and 

a postamb1e PA2. The address information regions XD1, 

XD2, %D3, and XD4 are hereinafter collectively referred 
to as the add.ress information region ZD. Also, the 
postambles PAl, PA2, PA3, and PA4 are hereinafter col.lec-

30 t~vely referred to as the postamble PA. 

In this example, ··as in the above examples, no 

sector mark is recorded on each header region 202, but 
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the four address regions, each composed of the VFO 
region, the address mark AM, the address information re­
gion ID, and the poetembl.e PA, are recorded sequentially. 

The. VFO regions VF01, VF02, VF03, and VP04 are 
used so that an optical. disk device can obtain cl.eek 
reproduction from a reprodu~ signal. As in the first 
example, for example, each VFO region has such a sequen• 
tial pattern that includes marks and spaces of a fixed 

10 length (e.g., 4-bit length) appearing alternate1y. The 
VFO regions may have the same length or different 
lengths. For exampl.e. 1.f the head VFO regi.on VF01 is 
made l.onger than the other VFO regions, stable clock 
reproduction is obtai.ned at the begi.nning of the header 

15 region 202. 

Each address mark AM is provided so that the 
optical. disk device can identify the position of the 
subsequent address information region. For example, as 

20 in the address mark AM used in the first ex.ample, a 
pat~ern including twice repetition of a pattern having a 
1ength of 3 bits added to the maximum inversion inter­
val Tmaa of the modulation code (run length limit code) is 
recorded. 

25 

On the address information region :CD, digital 
data composed of data including address information such 
as the track number and the sector number with a prede­
termined error detection code added thereto·are recorded 

30 using the mark length recording, after the digital data 
is modulated using the state moduiation code. 

,. 
" 

Figure 21A shows .an arrangement of the address 
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regions of the header region 202 recorded on the record­
ing surface of the opt:Lca1 d:Lsk of this example. As 
shown ~n Figure 21&, ~n the optical disk, information is 

recorded on both groove tracks and land tracks. The 
5 reference nwnerals 210 and 212 denote the groove tracks, 

whi.le the reference numeral 211 denotes the lend track. 

Address regions 213 to 220 are formed so as to override 
the adjacent groove tracks and 1and tracks. The address 
regions 213 and 217 correspond to the address re-

10 gi.on 206a. The address regions 214 and 218 correspond to 
the address region 206b. The address regions 215 and 219 

correspond to the address region 206c. The address 
regions 216 and 220 correspond to the address re­
g~on 206d. The distance between the center line of the 

15 land track and t~ center 1ine of the groov-e track ~s a 
track pitch Tp. Each address region is displaced from 
the centerline of the track by T..f2 toward. .inside or 
outside of the disk. For example, the address re­

gions 213 to 216 are alternately arranged on both sides 
20 of the groove track 210 with respect to the centerline 

thereof. The reference numeral. 207 denotes. a 11.ght spot. 
During the reproduction, address informat~on is read from 
the address regions 213 to 216 along the groove 
track 210, and from the address regions 217r 214, 219, 

25 and 216 aiong the 1and track 211. By arranging· the 
address regions in the above manner, it is possible to 
read the address information from both the land tracks 
and the groove tracks. 

30 Here~nbelow, a method for forming a prototype for 
producing a stamper used for the fabrication of a disk 
substrate having convex:-ahaped. groove tracks and. the 
address regions as concave and convex shaped pi ts de-
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scribed above wi11 be described. The tracks and the 
address regions are formed by ix-radiating the rotating 
disk prototype w:lth 1ase.1" light £or cutting. By continu­
ous radiation of laser light, the groove track having one 

5 continuous groove is fo:rmed. By intermittent ON/OFF 
radiation of laser 1ight, portions irradiated with 1aser 

l.ight are formed as marks (pit data) in the address 
regions. The other portions which have not been irradi­
ated with the laser light are left as spaces (non-pit 

10 data). For example, a predetermined pattern as described 
in the above examples is recorded by a combination of the 
marks and the spaces. In this example, the address 
regions are arranged to be displaced inside and outside 
the center of the track (wobbling arrangement). Aecord-

15 ingly, the ON/OFF .radiation of l.aser iight is performed 
by shifting the center of the laser light for cutting.in 
the radial direction by a predetermined amount T.f 2 for 
every address region. Incidentally, at the production of 
the disk prototype, the cutting is performed from.the 

20 surface opposite the surface which is to be the reco~d.ing 
sur~ace at the reproduct~on operation. Therefore, the 

concave and"convex portions of the pits and the grooves 
at the production of the disk prototype are reverse to 
those as are viewed from the reproduction head at the 

25 reading operation. 

Figure 21B shows another arrangement of the 
address regions cf the header region 202 recorded on the 
recording surface of the optic~l disk of this example. 

30 Xn the optical disk shown in Figure 218, information is 

recorded on both groove tracks and land tracks. The 
reference numerals 210 and 212 denote the groove tracks, 
while the reference numer$1 211 denotes the 1and track. 



- 58 -

Address regions 213 to 220 are formed so as to override 
the adjacent groove tracks and 1and tracks. The address 
regions 213 end 217 correspond to the address re­
gion 206a. The address regions 214 and 218 correspond to 

5 the address region 206b. The address regions 215 and 219 
correspond. to the address region 206c. The address 
regions 216 an<! 220 correspond to the address re­
gion 206d. The di.stance between the centerline of the 
land track and the centerline of the groove track is a 

10 track pitch 'l'p. The two preceding address regions (213, 
214, 217, 218) are displaced outside the centerlines 230 
of the groove tracks by T,12. The two subsequent address 
regions (215, 216, 219, 220) are displaced inside the 
centerlines 230 of the groove tracks by T,J2. The 

15 reference numeral 207 denotes a 11.ght spot. Dur~ng the 
reproduction, address information is read from the 

address regions 213 to 216 along the groove track 210, 
and from the address regions 217, 218, 215, and 216 along 

the land track 211. 
20 

By arranging the address regi.ons 1.n the above 
manner, it is _possible to read the address information 
from both the land tracks and the groove tracks. 

25 Moreover, since every two address regions as a 
unit are alternately displaced inside and outside of the 
disk, the number of times at which the center of the 
iaser 1ight fo~ cutting is shifted in the radial direc­
tion by T,/2 during the production of the disk prototype 

30 reduces, compared w1. th the arrangement shown i.n Fi.g­
ure 21A, faci1i tating the cutting of the prototype of the . 
optical disk. 
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During the producti.on of the prototype of the 

optical disk, as shown in Figure 21& (Figure 218), the 

groove 210 and the address regions 213, 214. 215, and 216 

along the groove are first formed. Thereafter, a£ter one 
5 rotation of the disk prototype, the groove 212 and the 

address regions 217, 218, 219, and 220 along the groove 
are fonned. At this time, due to a variation in the 

rotational precision of the disk prototype and the like, 
the position of the address region 213 and the position 

10 of the address region 217 which corresponds thereto al.ong 

the radial direction of the optical. disk do not necessar­

i1y match with each other in the circumferential direc­
tion. If the ends of the address regions 213 and 217 are 

d.ispl.aced by Ax as shown in Figure 21& {Figure 21B), the 
15 end of the address region 217 (218) and the beginning of 

the address region 214 (215) overlap with each other by 
Ax when data on the land track 211 is reproduced. This 

may results in failure to reproduce address information 

correctly. 
20 

To overcome this problem, as shown in Figure 21C, 

it .:f:s arranged. so that no mark is recorded but a space is 
provided at the end of each address region and further­
more a space (AXl) longer than the rotationai precision 

25 (AX) at the cutting of the disk prototype is provided at 
the beginn~ng of the next address region. 

For example, the rotational. precision at the 
cutting of the disk prototype is about 20 ns/revolution 

30 when the number of revolutions of the disk prototype is 

700 rpm. Accordingly, in the case of an optical disk 
havi1).g a diameter of 120 ···mm, the value of Ax is about 

0.1 µm at maximum when converted into a length. 
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The operation in the above case will be de-

scribed. 

Figures 22A and 228 schematically illustrate the 

5 coupling portion of the two address regions 213 ( 214) and 

214 ( 2-15). In the data sequences of the address regions 

shown in Figures 22A and 22B, the end (the fina1 pattern) 

of the address region 213 (214) ino1udes a mark, and the 

head pattern of the subsequent address region 214 (215) 

10 also includes a· mark. Figure 22A shows an ideal mark 

shape expected for such a data arrangement. In other 

words, the . mark at the end of the address region 21g 

( 214) and the mark at the beginning of the address 

region 214. (215) have a predetermined length and are 
15 formed at a center positi.on of the respective address 

regions. In real! ty, however, when address pi ts are 

formed while shifting laser light for each address region 

in the cutting process of the disk prototype, if the 

marks oonsecuti vely appear in the coupling portion of the 

20 address region 213 (214) and the next address region 214 

( 215), the laser continues to emit .laser light for 

cutting while shifting in the radial direction. Accord­

ingly, in reality, the mark at the end of the address 

reg:ton 213 ( 214) and the mark at the beginning of the 

25 address regJ.on 214 ( 215) are consecutively formed as 

shown in Figure 228, forming an incorrect mark overriding 

the two address regions. As a result, correct data 

reproduction becomes difficult. 

30 Figure 23A and 23B ~liustrate the reading opera-

tion when a light spot 207 reproduces data from the land 
track 211. ~ 
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Figure 23A illustrates the case where the mark 
arrangement in the coupling portion of two adjacent 

address regions is not specifically considered. AB shown 
in Figure 23A, when the adjacent address· regions 214 

5 (215) and 217 (218) spatially overlap by a cutting preci­
s:l.on Ax, de.ta x-ead from the two address reg:Lons tempore.1-

ly overlap by an amount corresponding to AX. While the 
end of the address reg:Lon 217 (218) :Lnc1udee a space, the 

beginning of the address region 214 ( 215) includes a 
10 mark. As shown in Figure 23A, when the space at the end 

of the address region 217 ( 218) is overlapped by the mark 
at the beginning of the address region 214 ( 215), the end 

of the address region 217 ( 218) is regarded as havi.ng the 
mark. This causes a data error at the e.d4ress region 217 

15 (218). 

Figure 238 illustrates a data arrangement accord­

ing to the present invention for overcoming the above 
problem. As shown in Figure 23B, spaces are arranged at 

20 the end and the beginning of the adjacent address :re­
gions. With this arrangement, even if the space at the 
end of the address region 217 (218) ~a overlapped by the 

space at the beginning of the address region 214 (215), 
the over1apping portion is still a space, generating no 

25 data error on the address region 217 ( 218). Thie may 

result in faiiing to read correctiy the length of_ the 

space at the beginning of the address region 214 (215). 
However, the beginning of each address region includes 
the VFO region .and, generally, it is not necessarily 

30 required to read a11 data on the VFO region. Moreover, 

no problem arises in the reading operation of the address 
reg.ion as far as the s};nchronization of the address 
region is recovered by the address mark AM following the 
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VFO region so that the address information can be cor­

rectly recognized. 

Also, at the cutting of the disk prototype, a 

5 space is always arranged between adjacent address regions 
to prevent marks from being continuously formed. Accord­

ingl.y, the continuous x-adiation of laser light whi1e 
shi.ft~ng in the radial direction :ls prevented. Accord­
ingly, the formation of a defect mark as shown in Fig-

10 ure 22B is prevented. 

Thus, by arrang:lng spaces at the head and the end 
of each address region as shown .1.n F.1.gure 23B, the 

failure in :mark formation at the cutting of the disk 
15 prototype and the erroneous data reading due to the 

overlap of the address regions at the data reproduction 
from the address reg.ions in the case of the wohbl.ing 
arrangement of the address regions can be prevented. 

20 Hereinbelow, the case of applying the mark 
arrangement of the postamb1e PA in this example to the 
data arrangement using the state modul.ati.ng code de­

scribed in Example 2 (Figures 18& and 18B) wil.l. be 
described. Figures 24A to 24D illustra~e exemplary mark 

25 arrangements of the postemble PA in the case of using the 
s.tate modulation code. In Figures 24A to 24D, the next 
state indicates the next state obtained when the immedi­
ately preceding data has been modulated, in other words, 
the next state obtained when the data at the end of the 

30 correspond1ng address information region :ED has been 

modulated. 

Figure 24A shows t~e case where the next state is 
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either state 1 or state 2 (see Figure 188) and the end of 
the address information region :CD is a mark 240. In this 
case, a pattern p5 as shown in Figure 24A, 
{0010010010000000}, is selected and recorded ueing the 

5 mark length record.:l.ng. As described .in Exampl.e 2, s1.nce 
the last zero run in the code sequence of which next 
state is either state 1 or state 2 is 5 or less, when any 
of the code sequences of which n~xt state is either 
state 1 or state 2 is coupled with the pattern p5, the 

10 zero run at t~ coup1ing portion is stil1 limited to the 
range of 2 to 10. The first and thirteenth bits of the 
pattern p5 are both "0" • Also, by selecting the pat­
tern p5, the end of the postamble PA, i.e., the end of 
the add:r:ess region is always a space. 

15 

Accordingly, since both the head and the end of 
each address region are spaces, the failur:e in mark 
£ormation at the cutt~ng of the disk prototype and the 
erroneous data reading due to the over1ap 0£ address 

20 regions at the data reproduction of the address regions 
in the case of the wobbling arrangement of the address 
regions may be prevented. 

Moreover, by setting the pattern of the VFO 
25 region arranged at the beginning of each address region 

at a sequential pattern signal starting with 
{000100010001000 ••• }, the coupling portion of the adja­
cent address regions always incl.udes a 11-bit long space 
which is the maximum inversion interval. This makes it 

30 possible to increase the time for the movement of a laser 
beam at the cutting ~hile the limit of the zero run of 
the run length limit code~is maintained. 
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As a further feature of the pattern p5,. the 

second,. twelfth, and fourteenth bits which are bits 
adjacent to the specific bits for identifying the state 
(the first and thirteenth "0" bits) are all "0". This 

5 prevents the state from being mistakenly modulated by 

recognizing the thirteenth bit as "1" due to a bit shift. 

and the like. 

The pattern of the postamble PA is not iimited to 
10 the pattern p5 shown in this example. Any pattern can be 

used as far as the number of zeros in the zero run 
satisfies the limit of the run length limit code used for 
the address information region ID,. the state information 
is l or 2, the pattern is different from that of the 

· 15 address mark AM, and the pattern includes an odd number 
of "l"s. 

Figure 248 illustrates the case where the next 
state is either state 1 or state 2 (see Figure 188) and 

20 the.end of the address information region XD is a space. 
In this case, a pattern p6 as shown in Figure 24B, 
{0000010010000000}, is seieoted and recorded using the 

mark length recording. When any of the code sequences of 
which next state is either state 1 or state 2 is coupled 

25 with the pattern p6, the zero run at the coupling portion 
is ~til1 lim1ted to the range of 2 to 10. The first and 
thirteenth bits of the pattern p6 are both "0". A1so, by 

selecting the pattern p6, the end of the postamble PA, 
i.e., the end of the address region is a space. Accord-

30 1ngly, both the head and the end of each address region 
are spaces. Therefore, the failure in mark formation at 
the cutt~ng of the disk prototype and the erroneous data 
reading due to the ove1'lap of address reg.ions at the data 
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reproduction of the address regions in the case of the 
wobbl.ing arrangement of the address regions may be 

prevented~ 

5 Moreover, by setting the pattern of the VFO 

region arranged at the begirming of each address region 

at a eequent.ia1 pattern signal starting with 
{000100010001000 ••• }, the ·coup1ing port~on of the adja­
cent address regions always includes a 11-bit long space 

10 wh.ich is the maximum inversion interval. This makes it 

possible to increase the time for the movement of a laser 
beam at the cutting while the limit of the zero run of 
the run length limit code is maintained. 

15 As a further feature of the pattern p6, the 
second, twe1fth, and fourteenth b.its which are bits 
adjacent to the specific bits for identifying the state 
(the first and thirteenth "O 11 bi ts) a:re a11 "0" • This 

prevents the state from being mistakenly modulated by 

20 mi.stakenl.y recognizing the thirteenth bit as "1" due to 
a bit shift and the like. 

The· pattern of the postamble PA is not limited to 

the pattern p6 shown in this example. Any pattern can be 

25 . used as far as the number of zeros in the zero run 
satisfies the limit of the run length limit code used for 
the address information region XD, the state information 
is 1 or 2, the pattern is different from that of the 
address mark AM, and the pattern inc1udes an even number 

30 of "l"s. 

F:l.gure 24C shows the case where the next state 1.s 
either state S or state 4 (see Fi.gure 188) and the end of 
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the address information region J:D is the mark 240. In 
this case, a pattern p7 as shown in Figure 24C, 

{1000010010000000}. is selected and recorded using the 

mark length recording.. When any of the code sequences of 
5 which next.state 1s e1ther state 3 or state 4 is coupled 

with the pattern p7, the zero run at the coupling portion 
is still limited to the range of 2 to 10. The first bit 
of the patte:cn p?' is "1". Also, by selecting the pat­
tern p7, the end of the poetamble PA, i.e., the end of 

10 the address region i.s al.ways a space. Accord:l.ngl.y, both 
the head and the end of each address region are spaces. 

Therefore, the fail.ore in mark formation at the 
cutting of the disk prototype and the erroneous data 

15 reading due to the.overiap of address regions at the data 
reproduction of the address ~egions in the case of the 
wobbling ar;rangement of the address regions may be 
prevented. 

20 Moreover, by setting the pattern of the VFO 
reg~on arranged at the beginning of each address region 
at a sequentia1 pattern signal starting with 
{000100010001000 ••• }, the coupling portion of the adja­
cent address reg~ons al.ways incJ.udes a 11-bit long space 

25 wh~ch is the maximum inversion interval. This makes it 

30 

possibl.e to increase the time for the movement of a iaser 
beam at the cutting while the limit of the zero run of 
the run length limit code is maintai.ned. 

The pattern of the postamble PA is not limited to 
the pattern p7 shown in this example. Any pattern can be 
used ae far as the number of zeros in the zero run 
satisfies the limit of the run length limit code used for 
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the address information region ID, the state information 

is 3 or 4, the pattern is different from that of the 

address mark AM, and the pattern includes an odd number 

of "l"e. 

Figure 24D shows the case where the next state is 

either state 3 or state 4 (see Figure lBB) and the end of 

the address information region ID is a space. In this 

case, a pattern p8 as shown in Figure 24D, 

10 {1000000010000000}, is selected and recorded using the 

mark length recording. When any of the code sequences of 

which next state.is either state 3 or state 4 is coupled 

with the pattern p8, the zero run at the coupling portion 

is still limited to the range of 2 to 10. The first bit 

15 of the pattern p8 is "1". Also, by selecting the pat­

tern p8, the end of the postamble PA, i.e., the end of 

the address region is always a space. Accordingl.y, both 

the head and the end of each address reg~on are spaces. 

Therefore, the failure in mark formation at the cutting 

20 of the disk prototype and the erroneous data reading due 

to the overlap of address regions at the data reproduc­

tion of the address regions in the case of the wobb1ing 

arrangement of the address regions may be prevented. 

25 Moreover, by setting the pattern of the VFO 

region arranged at the beginning of each address region 

at a sequential pattern signal starting with 

{000100010001000 ••• }, the ooup1ing portion of the adja­

cent address ~egions always includes a 11-bit long space 

30 which ~s the maximum inversion interval. This makes it 

possible to increase the time for the movement of a laser 
... 

beam at the cutting while· the limit of the zero run of 

the run length 1imit code.is maintained. 
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The pattern of the poetambl.e PA is not J.imi ted to 
the pattern p8 shown in this example. Any pattern can be 

used as far as the number of zeros in the zero run 
satisf:i.ee the limit of the run length limit code used for 

5 the address information region ID, the state information 

is 3 or 4, the pattern is different from that of the 

address mark AM, and the pattern includes an even number 
of "l"s. 

10 .Figures 24E to 24& il.iustrate al.ternative exam­

ples of mark arrangement of the postamble PA in the case 

of using the state modulation code. In Figures 24E to 
24H, the next state :i.ndicates the next state obtained 
when the immediately preceding data has been modulated, 

15 in other words, the next state obtained when the data at 
the end. of the corresponding address information re-
gion ID has been modulated. 

Figure 24:&: il.J.ustrates the case where the next 
20 state is either state l or state 2 (see Figure lBB) and 

the end of the address information region ID is the 
mark 240. In this case, a pattern pg as shown in Fig­
ure 24E, {0000010000010001), is selected and recorded 

using the mark iength recording. When any of the code 
25 sequences of which next state is either state 1 or 

state 2 is coupled with the pattern p9, the zero run at 
the coupling portion is still limited to the range of 2 
to 10. The first and thirteenth bits of the pattern p9 

are "0". Also, by s"lecting the pattern p9, the end of 
30 the postamble PA, i.e., the end of the address region is 

a space. 

Accordingly, both· the head and the end of each 
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address region are spaces. Therefore, the failure in 

mark formation at the cutting of the disk prototype and 

the erroneous data reading due to the overlap of address 

regions at the data reproduction of the address regions 

5 in the case of the wobbling arrangement of the address 

regions may be p:t"Bvented. 

Moreover, by setting the pattern of the VFO 

region arranged at the beginning of each address reg~on 

10 at a sequential pattern signal starting with 

{000100010001000 ••• }, the 4-bit long mark at the end of 

the postamb1e can be used as the VFO. 

Figure 24F i11uetratee the case where the next 

15 state :l.s either state l or state 2 (see Figure 188) and 

the end of the address information region :ID is a space. 

In this case, a pattern plO as shown in Figure 241', 

{0001000100010001}, is selected and recorded using the 

mark length recording. When any of the code sequences of 

20 which next state is either state l or state 2 is coup1ed 

with the pattern plO, the zero run at the coupling 

portion is still i~mited to the range of 2 to 10. The 

first and thirteenth bits of the pattern plO are "0". 

Also, by selecting the pattern plO, the end of the. 

25 postamble PA, i.e., the end of the address region is a 

space. 

Accordingly, both the head and the end of each 

address X"egion are spaces. Therefore, the fai1ure in 

30 mark formation at the cutting of the disk prototype and 

the erroneous data reading due to the overlap of address 

regions at the data reproduction of the address regions 

in the case of the wobbling arrangement of the address 
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regions can be prevented. 

Moreover, by _setting the pattern of the VFO 
region arranged at the beginning of each add~ss region 

5 at a sequential pattern signal starting w:l.1:h 

{000100010001000 ••• }, the 4-bit long mark at the end of 
the postamble can be used as the VFO. 

Figure 24G illustrates the case where the next 
10 state is either state 3 or state 4 (see Figure 188) and 

the end of the address information region .ID is the 
mark 240. In this case, a pattern pll as shown in 
Figure 24G, {1000100100010001), is selected and recorded 
using the mark length recording. When any of the code 

15 sequences of which next state is either state 3 o:t" 
state 4 is coupled w~th the pattern p11, the ~ero run at 
the coupling portion ~s sti11 limited to the range of 2 
to 10. The first bit of the pattern pl1 ia 11 1 11

.. Also, 
by seJ.ecting the pattern pll, the end of the 

20 postamble PA, i.e., the end of the address region is a 
space. 

Accordingly, both the head and the end of each 
address region are spaces. Therefore, the failure in 

25 mark formation at the cutting of the disk prototype and 
the erroneous data reading due to the overlap of address 
regions at the repX"Oduction of the address regions in the 
case of the wobbling arrangement of the address regions 
may be prevented. 

30 

region 
at a 

Moreover, by setting the pattern of the VFO 

arranged at the beginning of each address region 
sequential pattern signal starting with 
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{000100010001000 ••• }, the 4-bit long mark at the end of 
the postamble can be used as the VFO. 

F~gure 24H illustrates the case where the next 
5 state is either state 3 or state 4 (see Figure 188) and 

the end of the address info~mation region XD is a space. 
In this case, a pattern pl2 as shown in Figure 24B, 

{1000010000010001}, is selected and recorded using the 
mark length recording. When any of the code sequences of 

10 which next state is either state 3 or state 4 is coupled 
with ~he pattern p12, the zero run at the coupling 
portion is still limited to the ~ange of 2 to 10. The 
first bit of the pattern p12 is 11 1 11

• Also, by seJ.ecting 
the pattern p12, the end 0£ the postamble PA, i.e., the 

15 end of the address. region is a space. 

Accordingly, both the head and the end of each 
address region are spaces. Therefore, the failure in 
mark formation at the cutting of the disk prototype and 

20 the erroneous data reading due to the overlap of address 
reg~ons at the reproduction of the address regions in the 
case of the wobbling arrangement of the address regions 
can be prevented. 

25 

30 

Moreover, by setting the pattern of the VFO 
region arranged at the beginning of eaeh address region 
at a sequential pattern signal starting with 
{000100010001000 ••• }, the 4-bit long mark at the end of 
the postamble can be used as the VFO. 

E:xemplary arrangements of the above-described 
patteJ:ne of the postamble~ PA will be described. As an 
examp1e, postamblee having the patterns p5 to p8 shown in 
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Figures 24A to 24D may be used as the postembles PAl, 
PA2, PA3, and PA4 shown in Figure 20C. Alternatively, 
postamb1es having the patterns p9 to p12 shown in Fig­
ures 24E to 24H may be used ae the postambles PAl, PA2, 

5 PA3, and PA4 shown in Figure 20C. 

Alternatively, the postambles having the pat­
terns p5 to pB shown in Figures 24A to 24D may be used as 
the postambles PA2 and PA4 shown in Figure 20C, whi1e the 

10 postambles having the patterns p9 to p12 shown in Fig­
ures 24E to 24H may be used as the postambles PAl and PA3 

shown in :Figure 20C. In this case, when the address 
regions on the disk are arranged as shown in Figure 218, 
the ends of the address regions 213 and 215 can be used 

15 as the VFO regions between the address regions 213 and 
214 and between the address regions 215 and' 216, respec­
tively, where the shifting of the 1aser 1ight for cutting 
ie not required. Also, a 11-bi t long space can be 
secured between the address reg.tons 214 and 215 where the 

20 shifting of the laser light for cutting is required. In 
this way, both the merits of the two types of patterns 
can be obtained. Moreover, in this case, by setting the 
length of VFOl and VF03 1arger than the 1ength of VF02 
and VF04, stable clock reproduct1on is obtained at the 

25 heading address regions 213 and 215 in the wobbling 
arrangement. 

(Example 4) 

Figure 25A illustrates a format of a recording 
30 sector 61 of an optical disk of the fourth example 

acco~ding to the present invention. The recording sec­
tor 61 starts with a header region 62 where addressing 
information for reading a~ress information is prerecord-
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ed. A gap region 63, a data recording region 64, a 
postmnble 65, a guard data recording region 66, and a 
buffer region 67 follow the header region 62 in this 
order. The gap region 63 has no data recorded thereon, 

5 but is used for power control of a semi.conductor laser 
used for data recording/reproduction and the like, fo~ 

example. The data recording region 64 is used to store 
user data. Redundant data such as an error correction 
code is added to the user data, to form digita1 data. 

10 The digital data is modulated using a predetermined run 
length limit code,. and recorded on the data recording 
region 64 using the mark length recording. 

The postamble 65 indicates the end of the data 
15 recording region 6.4. The pattern of the postamble 65 is 

determined based on the modulation results of the data 
recording region 64. The postamble 65 includes informa­
tion used at the modulation of data, l..ike the state 
identification bit described in the second example. The 

20 guard_ data recording region 66 is provided to suppress a 

aegli'adation of the recording surface due to repeated 
record:f.ng of data on the same recording sector, and 
incl.udea dummy data which does not have spec.ific informa­
tion. The buffer regi.on 67 i.s prOV'i.(le(l to absorb a 

25 rotational shift of the optical disk and the like. 

Data is recorded on the data recording region 64, 

the postamhle 65, and the guard data region 66 by irradi­
ating the regions with a light spot having a predeter-

30 mined recording power to form optical marks on the 

recording surface. In general, the crystal structure of 
a thin film of the reoord1ng surf ace is changed into an 
amorphous state, to chang~ the reflection characteristic 
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of the mark portions. Thus, since a light spot having a 
oomparative1y large power is formed for the data record­
ing, the recording surface bears a heat load. This 
causes a degradation of the recording surface. 

:In particular, in each recording sector, the 
difference ~n the heat load is generated at the boundary 
between a region where data hes been recorded and a 

region where data has not been recorded. When data 
10 recording is repeated. the material of the recording fi1m 

shifts due to the difference in the heat 1oad. This may 
degrade the boundary region, thereby making it difficult 
to read data correctly. When such an optical disk that 
may be degraded at the recording surf ace due to repeated 

15 recording is used,. important data shOul.d preferably be 
prevented from being recorded in the vicinity of the 
boundary where the difference in the heat load may be 
generated. In this example, in order to overcome the 
above problem. the guard data recording region 66 is 

20 pro~ided. The guard data recording region 66 inc1udes 
dummy data, which provides substantially the same ievel 
of heat load as that generated at the record~ng of data 
on the data recording region 64 or the postamble 65. :In 
the data patterns written on the data recording region 64 

25 and the postamb1e 65, low-frequency components increase 
when the number of the marks or spaces appearing in the 
patterns exceeds majority. The 1.ncrease in the l.ow-
frequency components is not preferable because it varies 
the number of reproduced signal components in a servo 

30 band, affect1ng the servo system. Thus, the number of 
the low-frequency components in the patterns is desirably 
as small as possible. in many cases, therefore, the 

modulation is performed so that the tota1 number of bits 
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for marks and the total number of bits for spaces are as 
close as possible to each other. 

Accordingly, in the pattern of the dummy data 
5 recorded on the guard data recording region 66. also. the 

tota1 number of bi ts for marks is preferably equal to the 

total number of bits for spaces. With this arrangement, 
the heat load of the dummy data is in substantially the 
same level as the heat load generated at the recording of 

10 data on the data record.1.ng region 64 and the 
postamble 65. 

For example, a pattern where a k-bit long mark 
and a k-bit long space are alternately repeated for an 

15 even number of times may be used, wherein k is a natural 
number satisfying T1111n s k s Tmu:; Tm!n and Tmax are the 
~:l.nimum and maximum inversion intervals, respeoti vel.y, of 

the run length limit code. 

20 The guard data recording region 66 preferably has 

25 

a length of an integer number of data bytes because such 
a length fac:l.l.itates the processings of the modulation 

circuit, the demodulation circuit, and the like. 

F.igure 258 illustrates an example of a pattern 
recorded on the guard data recording region 66 when such 
a modulat:Lon code that modulates one data byte into 16 

bits· CTmin = 3, T111 .. = 11) as was described above with 

reference to Figure 188 is used. This pattern is com-
30 posed of a1 ternate repetition of 4-bi t long mark and 

space, and has a total length of 16 x n bits (n is a 
natura1 number). ~ 
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In Figure 25B, the dummy data starts with a mark. 

It wou1d be understood that the pattern mey a1eo start 

.w~th a space depending on the pattern at the end Of the 

postamble 65. 

Since the tota1 number of bite for the marks is 

equal to the total number: of bi ts for the spaces, the 

heat load of the pattern shown in Figure 25B is i.n 

substant~ally the same level as the heat load generated 

10 at the recording of data on the data recording region 64 

and the postamble 65. Therefore, the degradation of the 

recording film due to the difference in the heat load may 

be prevented. 

15 Si.nee the above pattern s~tisfies the condi.t:lons 

20 

for the minimwn inversion interval and the maximum 

inversion .interval of the modulation code (run length 

1imit code), it will not affect the reproduction of data 

from the header region and the data region. 

INDUSTRIAL APPLICABILITY 

As descri.bed above, i.n an opti.cal disk according 

to the present invention, address synchronous information 

25 and address information modulated using the run 1ength 

l.imi t code are recorded on the header regi.on of each 

recording sector. The pattern of the address synchronous 

signal includes two patterns having a length larger than 

the maximum inversion interval T..,.._ of the run length 

30 11mit coae by 3 bits or more. With this pattern, the 

reproduced signal of the address synchronous information 

.ts aistingu:Lshed from tile reproduced signa1 of other 

information, thereby preventing easy occurrence of 



- 71 -

erroneous detection of the address synchronous informa­
tion. This makes it possibl.e to perform stable bit 

synchronization for reproduction of address infonn&tion 

using the address synchronization information without the 

5 necessity of forming a sector mark in each recording 
sector. 

The address synchronous inf ormetion is recorded 
using first and second patterns which are different in 

10 either a physical shape or an optical characteristic of 

the recording su~face of the optical disk. For example, 
the first pattern is a convex portion (pit) formed 
physica11y on the recording surface thereof, and the 
second pattern is a concave portion formed physically on 

15 the recording surface of the opt~ca1 disk. Alternative­
ly, the first pattern is a recoroing mark formed by 

changing the reflection characterist~c of the recording 

surface of the optical disk, and the second pattern is a 

space on the recording surface. The address synchronous 
20 infarmat~on includes one first pattern having a length of 

(T __ + 3) bits or more and one second pattern having a 

length of CT_ + 3) bits or more, so that the address 

synchronous information can be distinguished from other 
data modu1ated by the run length limit code even when an 

25 error arises due to a bit shift and the 1ike. 

By equalizing the total bit length of the first 
pattern included in the header region and the total bit 
1ength of the.second pattern included therein, the amount 

30 of low-frequency components contained in the pattern may 

be reduced. This will prevent the stability of the servo 
system from be~ng lost du~ing the data reproduction from 
the header region. 
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The header region inc1udes four-time repetition 
of the address information and the address synchronous 
information. This reduces the number of defective 
recording sectors where address information is not 

5 . readable ~n the optical disk with high recording density 
in an allowable range. Thus, the present i.nvention 
provides a high-quality optical disk. 

In an optical disk according to the present 
10 invention, the header region of each recording sector 

includes address information for identifying the position 
of the corresponding recording sector, address synchro­
nous information for i~entifying the record~ng pos~t~on 
of the address information for bit synchronization, and 

15 clock synchronous .information for reproducing the clock 
signal. The address 1nformat~on has been modulated using 
a run length 1imit code of a minimum inversion interval 
of T.un bits and a maximum inversion interval of Tmax bite 
('I'- and T11111 are natural. numbers satisfying ormu > Tan>• 

20 The clock synchronous information is a sequential pattern 
of e.1 ter:nate repetition of d-bi t long mark and space 

(where d is a natu~al numbe~ satisfying T~n S d < Tmu>• 
The address synchronous information includes two patterns 
of which in'1ers.ion interva.l is {T._ + 3) bits or more, so 

25 that the reproduced signal of the address synchronous 
~nformation is distinguished from the reproduced signal 
of other information. Faster clock reproduction is 
possible by reading the sequentiai psttern of a1ternate 
repetition of the d-bit long mark and space. Aleo, 

30 stab1e bit synchronization for reproducing the address 
information is possible by reading the address synchro-
nous information. 
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J:n an optical disk according to the present 

invention, a patte:rn (sector mark) composed of a long 

mark for identifying the start of a recording sector is 

not recorded at the beginning of the recording sector. 

5 This reduces the overhead amount of data as a format. At 

the same time, as described above, both the detection of 

the beginning of the recording sector and the clock 

reproaucti.on· can be performed using the clock synchronous 

information. 

10 

ln an optical disk according to the present 

invention, each recording sector includes the header 

region and the postamble region following the end of the 

header region, and the postamble region includes a 

15 pattern determined based on the modul.ation result of data 

of the header region. Accordingly, in the case where the 

data of the header region has been modulated using a 

modulation code for performing a conversion in a table 

based on a state, for example, the postamble can include 

20 therein information for state identification. This 

allows for efficient aemodul.ation of data in the header 

region. 

In an optical disk according to the present 

25 1.nvention, each recording sector includes the header 

region. the data recording region, and the postamble 

region following the end of the data recording region, 

wherein the postamble region includes a pattern deter­

mined based on the modulation result of data on the data 

30 recording region. Accordingly, in the case where the 

date of the data recording region has been modulated 

using a modulation code £dr performing a conversion in a 

tab1e based on a state, for exempl.e, the postamble can 



5 

- 80 -

inc1ude therein information for state identification. 
This alao allows for ef f ioient demodu1ation of data in 
the data recording region. 

The recording sector further includes the guard 
data recording region following the postamble region for 
recording du~y data. The guard data recording region 
includes a pattern of alternate repetition of a k-bi t 
long optical mark and a k-bit long optical space, wherein 

10 k is a natural number satisfying 'l'111in S k S: 'l'-. 'l'his 
arrangement of the guard data region prevents the record­
ing surf ace from being degraded due to repeated record­
ing, as wel1 as preventing the reliability of recorded 
data from being lost. 

15 

In an optical disk according to the present 
invention, each recording sector includes the header 
region, and the header region inc1udes the address region 
having the postamble region at the end of the address 

20 region, and the postamble region has a pattern which ends 
with non-pit data or a space. The header region includes 
a plurality of address regions, and the VFO region at the 
beginning of each address region has a pattern which 
starts with non-pit data or ~ space. Alternatively, non-

25 pit data or a space having a l.ength of T... bi ts is 
provided between the address regions. With the above 
arrangement, in the case of recording the address. regions 
in the middle of the land tracks and the groove tracks, 
the f ormat1on of marks in the optica1 disk fabrication 

30 process is facilitated, and moreover erroneous reading of 
informat1on from the address regions may be prevented. 

An optical disk device according to the present 
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invention includes: means for reading a reproduced signa1 
from the optica1 disk; address ·reproduction means for 
obtaining the address :lnformati.on from the reproduced 
signal: detection means for detecting the sequential 

5 pattern of the clock synchronous information from the 
reproduced signal to output a detection signal; and 
address reproduction permit means for penni tting the 
address reproduction means to perform a read operation of 
the address information based on the detection signal. 

10 With this construction, stable and efficient reproduction 
of address information is possible for an optical disk 
which does not include a sector mark (a pattern composed 
of a long ma~k for identifying the start of a recording 
sector) at the beginning of each recording sector, by 

15 detecting the sequential. pattern of the cl.eek synchronous 
information. The conventiona1 opt:lcal disk inc1udes both 
a sector mark and clock synchronous information on the 
header. region. According to the present invention, since 
no sector mark is required, the date recording region can 

20 be increased. 

An optical disk device according to the present 
invention includes: clock generation means for generating 
a ciock signal from the reproduced signal: and clock 

25 reproduct~on permit signa1 for permitting the clock 
generation means to perform an operation of generating 
the clock signal based on the detection signal of the 
sequential pattern of the c1ock synchronous information. 
With this construction, stable and efficient reproduction 

30 of the clock signal 1s possib1e for an optical disk which 
does not include a sector mark at the beginning of each 
recording sector, by detecting the sequentia1 pattern of 
the clock synchronous information. 
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A reproduction method for en optica1 diek accord­

ing to the present invention includes the steps of: 

retrieving a reproduced signal from the optical disk; 

detecting the sequential pattern of the clock synchronous 

5 information from the reproduced signal; permitting 

reading of the address information if the sequential 

pattern is detected; reading the address information from 

the reproduced signal in response to the permission;.and 

terminating the step of reading the address information 

10 in a predetermined time period after the permission to 

return to the step of detecting the sequential pattern. 

With this method, stable reading of the address informa­

tion at the switching-on of the device or immediately 

after a track jump is possible for an optical disk having 

15 no sector mark bu~ having clock synchronous information 

of a predetermined sequential pattern. 

A reproduction method for an optica1 disk accord­

ing to the present invention includes the steps of: 

20 retrieving a reproduced signal from the optical disk; 

detecting the sequential pattern of the clock synchronous 

information from the reproduced signal' permitting 

reproduction of a clock signal if the sequential pattern 

is detected; and reproducing the c1ock signa1 from the 

25 reproduced signal in response to the permission. With 

this method, stable reproduction of the clock signal at 

the switching-on of the device or immediately after a 

track jump i.s possibl.e for an optioa1 disk having no 

sector mark for identifying the start of the recording 

30 sector, but having clock synchronous information of a 

predetermined sequential pattern. 
11, 

A reproduction method for an optical disk in-
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eludes the steps of: retrieving a reproduced signal from 

the opt:Lcal disk; determining a reproduction mode whether 

the reproduction mode is an initial mode during a time 

period from the switching-on of the device or a track 

5 jump until the address information is first read from the 

reproduced signa1 or a normal mode during a time period 

from the reading of the address information until a next 

track jump i.s generated; detecting the sequential pattern 

of the cl.oak synchronous information from the reproduced 

10 signal: permitting reading of the address information if 

the sequential pattern is detected in the initial. mode as 

a first permitting step; read:Lng the address information 

from the reproduced signal. 1.n response to the permiss~on; 

generating a sector pu1se :Lf the address information is 

15 correctl.y read; pe_rmitting reading of the address :Lnfor­

mat:Lon from the reproduced signal based on the sector 

pul.se 1.n the normal. mode as a second permitting step1 and 

~erminating the reading of the address· informati.on to 

return to the step of determining a reproduction mode if 

20 the address ~nformation fails to be read within a prede­

termined time period after either the first or second 

permission step. With this methOd, the processing after 

the sw1.tching-on of the device or a track jump until the 

address information is first reproduced and the process-

25 ing at the normal data reproduction can be switched 

therebetween. Thua, efficient and re1:Lab1e reading 0£ 

the address 1.nformation of each record:Lng sector is 

possible. 

30 By combining the optical disk according to the 

present invention with the optical disk device according 

to the present invention;- or by combining the optical 

d:i.sk of the present :Lnve.nt:Lon with the optical disk 
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reproduction method, further: stable and efficient read.ing 

of the address 1nf ormat~on is possibie even in the case 

where the recording dens;i ty of the optical. . diak is 

improved by the technique such as th-. mark length record-

5 ing and the lanO/groove record~ng • 

.. 
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CLAIMS 

1. An optical disk comprising a plurality of tracks each 

divided into a piuraiity of recordi~g sectors, each of 

5 the recording sectors includ1ng a header regi.on, 

wherein the header region includes address 

information for identifying a position of the correspond­

ing recording sector and address synchronous information 

for identifying a recording position of the address 

10 information for bit synchron1.zat1.on_, 

the address inf ormati.on has been modulated using 

a run length 1im:l.t code of a maximum inversion interval 

of Tm_ bits (Tua is a natural number), and 

the address synch~onous information includes two 

15 patterns of which inversion interva1 is ( Tmaz + 3) b.:l. ts or 

more, so that a reproduced signal of the address synchro­

nous information is distinguished from a reproduced 

signal of other information. 

20 2. ~ optical disk according to claim l, wherein the 

address synchronous information includes a first pattern 

and a second pattern which are different in either a 

physical shape or an optical characteristic of a record­

ing surface of the optical disk, and the address synchro-

25 nous information includes one first pattern having a 

length of (Tmaz + 3) bits or more and one second pattern 

having a length of (T_. + 3) bits or more. 

3. An optical disk according to claim 2, wherein the 

·30 first pattern is a conve:x portion (pit) formed physically 

on the recording surf ace of the optical disk, and the 

second pattern is a concaVe. portion formed physically on 

the recording surface of ~he optical disk. 

I 1111111 111111 11111 1111111 1111 
* C L M S * 



- 86 -

4. An optical. di.Bk accordi.ng to cl.ai.m 2, wherein the 

first pattern is a recording mark formed by changing a 

reflection characteristic of the recording surface of the 

optical disk, and the second pattern is a space on the 

5 recording surface. 

5. An optical disk according to claim 2, wherein a total 

bit 1ength of the first pattern included in the address 

synchronous information and a tota1 bit length of the 

10 second pattern i.ncl.uded in the address synchronous 

information are equal. to each other. 

6. An opt.i.cal. disk according to cl.aim 1, wherein the 

header region includes four-time repetition of the 

15 address information and the address synchronous informa­

tion. 

7. An optical disk compris.i.ng a plurality of tracks each 

divided into a pl.ural..i.ty of record.i.ng sectors, each of 

20 the recording sectors including a header region, 

wherein the header region includes address 

informat.i.on for identifying a position of the correspond­

ing recording sector, address synchronous information for 

identifying a recordi.ng poai.ti.on of the address informa-

25 tion for bit synchronization, and clock synchronous 

information for reproducing a clock signal, 

the address information has been mod.u1ated using 

a run length li.mit code of a minimum i.nvers.i.on interval 

of T-.1n bi ts and a maximum inversion interval of T
111

_ bi ts 

30 ( Tmaz and. 'l'mtn. are natural nwnbers satisfying T_. > Tmtn), 

the clock synchronous information is a sequential 

pattern 0£ alternate repB:tition of d-bit long mark and 

8i;>8C.e ( d is a natural nwnl:>er satisfying T111n :S d < T._) , 

11111111 llllll llllMllll I\ 1111 
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the address synchronous information includes two 

patterns of which inversion interval is (T_. + 3) bits or 

more, so that a reproduced signal of the address synchro-

5 nous information is distinguished from e. reproduced 

signa.1 of other information. 

8. An optical disk according to claim 7, wherein-each of 

the address synchronous information and the clock syn-

10 chronous information includes a first pattern and a 

second pattern which are different in either a physical 

shape or an optical characteristic of a recording surf ace 

of the optical disk, and 

the address synchronous information includes one 

15 first pattern having a length of CT.- + 3) bits or more 

and one second pattern having a length of (Tau: + 3) bits 

or more .. 

9. An optical. disk accorc;t.ing to c1~:dm 7, wherein the 

20 minimum inversion interval T11110 is 3, the maximum inver­

sion interval T111u is 11, and the value d is 3. 

10. An optical disk according to claim 7, wherein the 

minimum inversion interval. T1111n is 3, the maximum inver-

25 sion interval T_. is 11, and the value d is 4. 

11. An optical disk according to claim 7, wherein the 

header region inc1udes four-time repetition of the clock 

synchronous information, the address information, and the 

30 address synchronous information. 

12. An optical disk compri"sing a plural.ity of tracks each 

divided into a plurality 0£ recording sectors, 

111111111111111111111111111111 
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wherein each recording sector includes a header 
region and a postamb1e region following an end of the 
header region, and 

the postamble region includes a pattern deter­
s mined based on a modulation result of data of the header 

region. 

13. An optical disk according to c1aim 12, wherein the 
data on the header region is modulated using a modulation 

10 code for performing a conversion in a table based on a 
state, 

the postamble region inc1udes information for 
identifying the state. 

15 14. An optical disk .according to claim 13, wherein the 
information for identifying the state is . at least one 
specific bit having a predetermined value, and 

a bit 1ocated adjacent to the specific bit has 
substantia11y the same value as the predetermined value 

20 of the· specific bit. 

15. An optical disk comprising a plurality of tracks each 
divided into a plurality of recording sectors, 

wherein each recording sector includes a header 
25 region. a data recording region, end a postamble region 

following an end of the data recording region, and 

30 

the postamble region includes a pattern deter­
mined based on a modulation result of data of the data 
recording region. 

16. An opt~ca1 disk according to claim 15. wherein the 
data on the data recording region ie modulated using a 
modulation code for perfprming convers:lon in a table 

I 1111111111111 11111 1111111 1111 
* C L M S * 



- 89 -

based on a state, 
the postamble region includes information for 

identifying the state. 

5 17. An optical disk according to claim 16, wherein the 
information for identifying the state is at least one 
specific bit having a predetermined value, and 

a bit 1ocated adjacent to the specific bit has 
substantially the same value as the predetermined value 

10 of the specific bit. 

18. An optical disk according to claim 15, wherein the 
recording sector further ~ncludes a guard data recording 
region f o1lowing the postamble region for recording dummy 

15 data. 

19. An optical disk according to claim 18, wherein the 
data recording region includes data modulated using a run 
length limit code of a minimum inversion interval of T•tn 

20 bits and a maximum inversion interval of Tmaa bite (T.ax and 
T.1n are natural numbers satisfying 

the guard data recording 
T•ax > T•tn), and 
region includes a 

pattern of repetition of a k-bit long optical mark and a 
k-bit long optical space (k is a natural number satisfy-

25 ing T•tn S k ~ Tlllall). 

20. An optical disk comprising a plurality of tracks each 
divided into a plurality of recording sectors, 

wherein each recording sector includes a header 
SO region, and the header region includes an address region 

having a postamble region at an end of the address 
regj.on, and ., 

the postamb1e region has a pattern which ends 

---------

111111111111111111111111111111 
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with non-pit data or a space. 

21. An optical disk according to claim 20, wherein the 
header reg:l.on inc1udes a p1ura1ity of the addreaa re-

5 gions. 

10 

15 

22. An optical disk according to claim 20, wherein the 
address regions are located in the middle of groove por­
tions and land portions of the tracks. 

23. An optical.disk comprising a plurality of tracks each 

divided into a plurality of ~ecording secto:rs, 
wherein each recording sector includes a header 

region, 
the header.region includes a plurality of address 

regions, 
each of the address regions includes a VFO region 

at a beginning of the address region~ and 
·the VFO region has a pattern which starts with 

20 non-pit data or a space. 

24. An optical disk according to c1aim 23, wherein the 

address regi.on includes an address information region 
where address information is recorded using a mark length 

25 recording fo:r identifying a position of the corresponding 
recording sector, and the address information is modulat­
ed using a run length limit code of a minimum inversion 
interval of T.~ bits and a maximum inversion interval of 
T_ bi ts ( Tmu and T1111n are natural numbers satisfying 

30 T._ > Tmin), and 
non-pit data or a space having a length in a 

r.. range of T.1n bite or more and T_ bi ts or less is provided 
between the address regio~s. 

I lllllll llllll lllll lllll II llll 
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25. An optical disk according to cl.aim 24, wherein the 
address regions are located in the middle of groove por­
tions and land portions of the tracks. 

5 26. An optical disk device for an optical. disk incl.ud:Lng 
a pl.ura1.:l:ty of tracks each divided into a pl.urality 0£ 

reoord:l.ng sectors, each recording sector including a 
header region and a data region, the header region 
including address information for identifying a position 

10 of the corresponding recording sector, address synchro­
nous information for identifying a recording position of 
the address :Lnformation for bit synchronization, and 
clock synchronous information having a predetermined 
sequentia1 patte~n, the device comprising: 

15 means for .reading a reproduced s:l.gna1 from the 
optice.1 disk; 

address reproduction means for obta:Ln:Lng the 
address information from the reproduced signal; 

detection means for detecting the · sequential 
20 pattern of the clock synchronous information from the 

reproduced signal to output a detection signal; and 
address reproduction permit means for permitting 

the address reproduction means to perform a read opera­
tion of the address information based on the detectio~ 

25 signal.. 

27. An optical. disk device according to c1a:l.m 26, further 
comprising: 

clock generation means for generating a clock 
30 signal. from the reproduced signal; and 

clock reproduction permit signal for permitting 
the C1:ock genera.tic~ meaiis to perform an operation of 
generating the clock signal based on the detection 

' '"'"' """ Ill\\ '"" " \II\ * c L M S * 
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signal. 

28. An optical disk device accord.ing to c1aim 26, wherein 

the detection means ~omprises: 

5 bi.nary means for converting the reproduced signal 

into binary data to output the binary data; 

samp1ing means for samp1ing the binary data at a 

predetermined frequency to output digital data1 

parallel conversion means for converting the 

10 digital data into parallel data of at least m x n bits (m 

and n are natural numbers); and 

15 

a detection table for detecting a predetermined 

sequence composed of n-time repetition of an m-bit 

pattern from the paral1e1 data. 

29. An optical disk device for an optical disk including 

a plurality of tracks each d~vided into a plurality of 

recording sectors, each recor<ting sector including a 

header region and a data region, the header region 

20 including address information for identifying a position 

of the corresponding recording sector, address synchro­

nous information for identifying a recording position of 

the address information for bit synchronization, and 

cl.ock synchronous information having a predetermined 

25 sequential pattern, the device comprising: 

means for reading a reproduced signa1 £rom the 

optical disk: 

clock generation means for generating a clock 

signal from the reproduced signal; 

30 detect~on means for detecting the sequential 

pattern of the clock synchronous information from the 

reproduced signal to outpiit a detect~on eignalJ and 

clock reproductio~ permit means for permitting 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ ,,,\ 
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the clock generation means to perform an operation of 

generating the clock signal based on the detection 

signa1. 

5 30. An optical disk device according to claim 29, wherein 

the detection means comprises: 

binary means for converting the reproduced signal. 

into binary data to output the binary data' 

sampling means for sampling the binary data at a 

10 predetermined frequency to output digi.tal data; 

parallel conversi.on means for converting the 

digital data into parallel data of at least m x n bits (m 

and n are natural numbers); and 

a detection table for detecting a predetermined 

15 sequence composed of n-time repetition of an m-bit 

pattern from the parallel data. 

31. A reproduction method for an optical disk including 

a plurality of tracks each d~vided into· a plurali.ty of 

20 recording sectors, each recording sector including a 

header region and a data region, the header region 

including address information for identifying a position 

of the corresponding recording sector, address synchro­

nous information for identifying a recording pos~tion of 

25 the address information for bit synchronization, and 

clock synchronous information having a predetermined 

sequenti.al pattern, the method comprising the steps of: 

retrieving a reproduced signal from the optical 

30 

disk; 

detecting the sequential pattern of the clock 

synchronous information from the reproduced signal; 

permitting reading of the address information if 

the sequent~a1 pattern is,detected; 

I lllllll llllll lllll lll\1111111 
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reeding the address inf ormat:lon from the repro­
duced signai in response to the permi.ss~on; and 

terminating the step of reading the address 
information in a predetermined time period after the 

5 permission to return to the step of detecting the sequen­
tial pattern. 

10 

32. A reproduction method for an optical disk according 

to claim 31, further comprising the steps of: 
permitting reproduction of a clock signal if the 

sequential pattern is detected; and 
reproducing the clock signal from the reproduced 

signal in response to the permission. 

15 33. A reproduction method for an optical disk including 
a plurality of tracks each divided into a pluraiity of 
recording sectors, each recording sector including a 

header region and a data region, the header reg.ion 

including address information.for identifying a position 

20 of the corresponding recording sector, address synchro­

nous information for identifying a recording position of 

the address information for bit synchronization, and 

c1ock synchronous information having a predetermined 
aequentia1 pattern, the method comprising the steps of: 

25 retr~eving a reproduced signal from the opt~cal 

detecting the sequential pattern of the clock 
synchronous information from the ~eproduced signal; 

permitting reproduction of a clock signai if the 
30 sequential pattern is detected; and 

reproducing the clock signal from the reproduced 
signal in response to the ····permission. 

I lllllll llllll lllll lllll II llll 
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34. A reproduction method for an optical disk including 
a p1ura1:l.ty of tracks each divided into a plurality of 
recording sectors, each recording sector including a 
header region and a data region, the header region 

5 including address information for identifying a position 
of the corresponding recording sector, address synchro­
nous information for identifying a recording position of 
the address information for bit synchronization, and 
clock synchronous information having a predetermined . . 

10 sequential pattern, the method comprising the steps of: 
retrieving a reproduced signal from the optical 

disk; 

determining a reproduction mode whether the 
reproduction mode is an initia1 mode during a time period 

15 from sw.1 tching-on of the device or a track jump until the 
address information is first read from the reproduced 
signal or a normal mode during a time period from the 
reading of the address information until a next track 
jump is generated; 

20 

25 

detecting the sequential pattern of the cl.eek 
synchronous information from the reproduced signal; 

permitting reading of the address information if 
the sequential pattern is detected in the initiai mode as 
a first permitting step; 

reading the.address information from the repro­
duced signal in response to the permission; 

g~erating a sector puise if the address inf orma­
tion is correctly read; 

pe:rmi tting reading of the address information 
30 from the reproduced eigna1 based on the sector pu1se in 

the normal mode as a second permitting step: and 
" terminating the reading of the address informa-

tion to return to the atep of determ~ning a reproduction 
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mode if the address information fails to be read within 

a predetermined t~me period after either the first or 

second permission step. 
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