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DESCRIPTION 

OPTICAL DISK 

5 TECHNICAL FIELD 

The present ~nvent!on relates to an optical disk, 

more specifically relates ta a data format on an optical 

disk having a rewritable area and a read-only area. 

10 BACKGROUND ART 

Optical disks are classified into a read-only 

type which only allows for reproduction of recorded data 

and a rewritable type which all.owe the user ~o record 

data thereon. A read-only optical disk has tracks formed 

15 in a spiral or concentric shape on a disk substrate. An 

array of concave and convex portions (pi ts) are physical­

ly £armed along the tracks in accordance with information 

to be recorded. A rewritable optical disk has grooves 

formed in a spiral or concentric shape on a disk sub-

20 strata and a recording film formed over the grooves. The 

grooves define tracks. When the user is to record data 

on the disk, the disk is irradiated with a laser beam 

along the tracks, and the intensity of the laser beam is 

modulated in accordance with the data to be recorded so 

25 as to form regions with different optical properties 

(recording marks) on the recording film. 
t 

In an optica1 disk, generally, one track corre­

sponding to one rotation of the optical disk is divided 

30 into a plurality of sectors as units for recording and 

reproducing data (data units) so as to manage the posi-· 

tions of necessary data on the optical disk and realize 

high-speed data retrieval. 
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A read-only optical disk and a rewritable optical 

disk have dif fe:rent data formats and modulation codes 

from each other. In order to aiiow the user to record 

data every sector, the data format of the rewri tab1e 

5 optical disk requires to have, for example, a region for 

setting the laser power at the head of a recording region 

of each sector and a region for absorbing a variation of 

the rotation of a spind1e motor at the end of the record-

ing region. In the case of the read-only optical disk 

10 where-no data is rewritten by the user, information has 

been recorded on the optica1 disk at the production of 

the optical disk with high precision, and no extra region 

for data recording by the user is required. 

15 Figure 21 shows a conventional optical disk 301 

having a rewritable area and a read-on1y area. The 

opt~ca1 disk 301 has a recording film formed on a disk 

substrate so that the user can ~ecord and reproduce data 
. ~ . 

on and from the optical disk. Referring to Figure 21, 

20 the optical disk 301 includes read-only areas 302 and 303 

25 

iocated on the cuter and inner portions thereof, respec­

tive1y, and a rewritable area 305 located between the 

read-only areas 302 and 303. 

In the read-on1y areas 302 and 303, information 

and data have been previous1y recorded by forming physi-
' . 

cal concave and convex shaped pit arrays 304. In the 

rewritable area 305, groove-shaped guide tracks 306 have 

been previously formed so that the user can record and 

30 reproduce information and data by tracking the grooves cf 

the tracks (groove tracks) or lands · between adjacent 

grooves (land tracks). 
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Figure 22 is a block diagram showing a conven­

tional optical disk recording/reproducing appa~atus 300 

for recording/reproducing data on/from· the optical 

disk 301 shown in Figure 21. Referring to Figure 22, the 

5 optica1 disk recording/reproducing apparatus 300 includes 

an optical head 307 for recording or reproducing data, a 

first signa1 process.ing section 320 for processing a 
reproduced signal supplied from the rewritable area 305, 

a second signal processing section 330 for processing a 

10 reproduced signal supplied from the read-only areas 302 

and 303, and a switch 308 for connecting the reproduced 

signal from the optical head 307 to either the first 

signa1 processing section 320 or the second signal 

processing section 330. The ·first signa1 processing 

15 sect~on 320 includes a first digitizing circuit 309, a 

first PLL (phase-locked loop) 310, a first timing genera­

tion circuit 311, and a first demodulator 312. Likewise, 

the second signal processing section 330 includes a 

second c:lig:l ti zing circuit 313, a second PLL 314, a second 

20 timing generation circuit 315, and a second demodulat­

or 316. 

When data recorded on the rewritable area 305 is 

to be reproduced, the switch 308 is switched to a termi-

25 nai A to be connected with the first signal processing 

section 320. The reproduced signal is first converted 
• 

into a digital signal by the first digiti~ing cir-

cuit 309, and clocked by the first PLL 310. The first 

timing generation circuit 311 generates a gate signal for 

30 reading user data, and the user data is demodulated into 

binary data by the £irst demodulator 312. The demodulat­

ed data is output from a first output terminal 317. 
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In a conventional optical disk 301, different 

data formats and modulation codes are used in the 

rewritable area 305 and the read-only areas 302 and 303 

as described above. Accordingly, the second signal. 

5 processing section 330 for the read-only areas is sepa­

rately required when data recorded on the read-only 

area 302 or 303 is to be reproduced. When data an the 

read-only area 302 or 303 is to be reproduced, there­

fore, the switch 308 is switched to a terminal B to be 

10 connected w~th the second signal processing section 330. 

As in the first signal processing section 320 descri~ed 

above, the reproduced signai is first converted into a 

digital signa1 by the second digitizing circuit 313, and 

clocked by the second PLL 314. Then, the second timing 

15 generation circuit 315 generates a gate signal for 

reading user data, and the user data is demodu1ated into 

binary data by the second demodulator 316. The demodu­

lated data is output from a second output ~erminal 318. 

20 Figure 23 schematically illustrates a data format 

of a sector 400 on the con~entional rewritable optical 

disk 301. 

Referring to Figure 23, the sector 400 includes 

25 a sector identification. data region 401 at the head 

thereof, fallowed by a gap region 402, a VFO region 403, 
I 

an information data region 450. and a buffer region 409 

:tn this order. The sector identification data region 401 

stores address information and the like for management of 

30 the sector. The gap region 402 absorbs signal distur­

bance at the· start of data recording and sets a laser 

power for recording. Data stored in the information data 

region 45Q is divided into a plurality of data 
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blocks 405a, 405b, ••• with data synchronous series 404a, 

404b, ••. prefixed to the respective data blocks. Each 

of the data synchronous series 404 ( 404a, 404b, ••• ) 

stores a specific code pattern which does not appear in 

5 data in the other regions obtained PY.~Odulating with a 

recording code. The VFO region 403 stores a repetition 

pattern of codes with ·a single period to stabilize the 

clocking at the reproduction. The VFO region 403 stores 
a repetition pattern of codes with a single period to 

10 stabilize the clocking at the reproductio~. The buffer 

region 409 absorbs a variation of the rotation at the end 

of recording. 

Using the data format with the above configura-

15 tion, the reproduction is conducted in the following 

manner. First, the clocking at the PLL circuit is stabi­

lized by the repetition pattern stored in the VFO re­

gion 403. After the clock has been suffi9iently stabi­

lized, the data synchronous series 404a is detected and 

20 recognized to be the head of the information data re­

gion 450. Upon recognition, the first data block 405a is 

reproduced. Subsequent1y, the next data synchronous se­

ries 404b is det~cted to reproduce the next data 

b1ock 405b. By repeating this operat1on, the data on the 

25 information data reg1on 450 can be stably reproduced. 

With the data synchronous series 404 prefixed to 

the respective data blocks 405, even if the data repro­

duction at one data block becomes out of synchron1zation 

30 due to an error such as dropout, the synchronizat1on can 

be resumed from the next data block, allowing the data 

reproduction to be continued. 
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In the conventional optical disk, however, the 

data formats and moduiation codes used in the rewritable 

area and the read-only area are different from each other 

as described above. The conventional record-

s ing/reproducing apparatus for such an optical .disk needs 

to ha~e two separate signal processing circuits for the 

rewritable area and the read-only areas, which compli­

cates and enlarges the circuit s~%e of the apparatus. 

10 DISCLOSURE OF THE INVENTION 

In view of the above-described problem, the 

object of the present invention is to provide an optical 

disk having a rewritable area arid a read-oniy area and 

capable of reducing the circuit size of a record-

15 ing/reproducing apparatus using the optical disk and 

providing stable reproduction. 

The opticai disk of this example has a re~ritab1e 

first recording area and a read .. only second recording 

20 area of this example, wherein the first recording area 

includes first tracks composed of groove tracks consist­

ing of grooves and land tracks consisting of spaces 

between adjacent grooves, the groove tracks and the 1and 

tracks being formed on an optical disk substrate alter-

. 25 nately in a spirai or concentric shape, each of the first 

tracks being divided into a plurality of first sectors, 
I • 

each of the first sectors including a first header region 

having identification data for identifying the first 

sector and a first data region for recording user data by 

30 forming recording marks by changing optical characteris­

tics 0£ a recording film, the second recording area 

includes second tracks formed with phys~cal pit rows 

arranged on the optical disk substrate in a epira1 or 
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concentric shape, each of the second tracks being divided 

~nto a plurality of second sectors, each of the second 

sectors incl.uding a second header region havii:ig 

identificat~on data for identifying the second sector and 

5 a ·second data region having read-only data recorded as 

the pit rows, the first header region includes a physical 

first pit row, each p~t of the first pit row having a 

width in a radial direction of the optical disk substan­

tially equal. to a width of the groove track and being 

10 wobbled outward or inward from a center line of the 

groove track by about a quarter of a pitch of the groove 

track, and the second header region includes a physical 

second pit row, each pit of the second pit row having a 
width in the radial. direction of the optical disk smaller 

15 than the width of the groove track and being formed 

substantially along the center line of the second track. 

In one embodiment of the inven;tion, a data 

sequence of the first header region and a data sequence 

20 of the second header region are modulated with a same 

modulation code, and a data sequence of the first data 

region and a data sequence of the second data region are 

modu1ated with a same modulation code. 

25 In another embodiment of the invention, the 

identification data of the first header region and the 
I 

identification data of the second header region have data 

formats.with a same data sequence and a same data capaci­
ty, and the first data region and the second data region 

30 have data formats with a same data sequence and a same 

data capacity. 

In still another embodiment of the invention, a 
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I 

data bit interval between the first header region and the 
first data region in the first recording area is substan­
tially equai to a data bit intervai between the second 
header region and the second data region in the second 

5 · recording area. 

In still another embodiment of the invention, in 
the rewritable first recording area, each of the first 
sectors includes a mirror mark region, a gap region, and 

10 a first dummy data region which are formed between the 

first header region and the first data region and a guard 
data region and a buffer region which are formed between 
the f i~st data region and a first header region of a next 
first sector, and in the second recording area, each of 

15 the second sectors includes a second dummy data region 
formed between the second header region and the second 
data region and a third dummy data region formed between 
the second data region and a second header region of a 
next second sector • 

. 20 

In still another embodiment of the in"<Tention, 
each of the first dummy data region, the second dummy 
data region, and the third dunnny data region have a 
specific sequence pattern 0£ a modulation code used for 

25 modulat~on of data to be recorded. 

Alternatively, the optical disk of this example 
has a rewritable first recording area and a read-only 
second recording.area, wherein the first recording area 

30 includes first tracks composed of groove tracks consist­

ing of grooves and land tracks consisting of spaces 
between adjacent grooves. the groove tracks and the land 
tracks be1ng formed on an opt~cal disk substrate alter-
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nateiy in a spiral or concentric shape, each of the first 

tracks being divided into a plurality of first sectors, 

each of the first sectors including a first header region 

having identification data for. identifying the first 

5 sector and a first data region for recording user data as 

recording marks by changing optica1 characteristics of a 

recording film, the second recording area includes second 

tracks formed with physical concave and convex shaped pit 

rows arranged on the optical disk substrate in a spiral 

10 or concentric shape, each of the second tracks being 

divided into a plura1ity of second sectors, each of the 

second sectors including a second header region having 

identification data for identifying the second sector and 

a second data region having read-only data recorded as 

15 the pit rows, data series of the first and second 

recording areas are modulated with a same modulation 

code, the first and second sectors have a same data 

capacity, the first and second header regio~s have a same 

data sequence, and the first and second data regions have 

20 a same data sequence and a same data capacity. 

In one embodiment of the invention, each of the 

first sectors includes a first dummy data region formed 

between the first header region and the first data 

25 region, each of the second sectors incl.udes a seconcl 

dummy data region formed between the second header region 
' and the second data region and a third dummy data region 

forrned'between the second data region and a second header 

region of a next second sector, and each of the second 

30 and third dununy data regions includes in at least a 

portion thereof data of a data series different from a 

data series 0£ a corresponding dummy data region on an 

inward or outward adjacent track on the optical disk 
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substrate. 

In another embodiment of the invention, each of 
the second and third dummy data regions includes in at 

5 least a portion thereof a random data series with sub­

stantially no correlation with a data series provided on 

a corresponding dummy data region on an adjacent track. 

In still another embodiment of the invention, the 
10 random data series is a data series generated by an M­

series sequence. 

In still another embodiment of the invention. 
each of the second and third dummy data regions includes 

15 in at least a portion thereof a random data series with 
substantially no correlation with a data ser~es formed on 

a corresponding dummy data region on an adjacent track 
and a specific sequence pattern inc1uded i~ a modulation 

code provided following the random data series. 
20 

In stil.l another embodiment of the invention, 
each of the second and third dummy data regions includes 

in at least a portion thereof a data synchronous series 
for specifying a start timing position of the second data 

25 region. 

In still another embodiment of the invention, the 
data synchronous series included in the second and third 
dummy data regions are p~ovided so that a pattern of the 

30 data synch~onous series is switched every track among a 

plurality of different data synchronous patterns. 

In still another embodiment of the invention, 
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I 

each of the second and third dummy data regions has in at 

least a portion thereof a pattern generated by scrambling 

a predetermined data based on address information in the 

sector identification data and by modulating the scram-

5 bled data with the modulation code. 

In still another embodiment of the invention, one 

error correction block includes a predetermined number k 

(k is an integer) of the first or second sectors, and 

10 data is recorded on the number of sectors equal to a 

multiple of k, dummy data being recorded on remaining 

sectors of less than k. 

Alternatively, the optical disk of this invention 

15 has a rewritable first recording area and a read-only 

second recording area, wherein the first recording area 

includes first tracks composed of groove tracks consist­

ing of grooves and land tracks consist~ng of spaces 

between adjacent grooves, the groove tracks and the land 

20 tracks being formed on an optical disk substrate alter­

nately in a spiral or concentric shape, each of the first 

tracks being divided into a plurality of first sectors, 

each of the first sectors including a first header region 

having identification data for identifying the first 

25 sector and a first data region for recording user data by 

forming recording marks obtained by changing optical 
I 

characteristics of a recording film, the second recording 

area inciudes second tracks formed with physical pit rows 

arranged on the optical disk substrate in a spiral or 

30 concentric shape, each of the second tracks being divided 

into a piurality of second sectors, each 0£ the second 

sectors including a second header region having identifi­

cation data for identifying the second sector and a 
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second data region having read-only data recorded as the 
pit rows, at J.east one of the first and second data 
regions includes; a first data synchronous ser.ies provid­
ed at a head of the data region for specifying a et~rt 

5 timing position of the data· region; a second data 
synchronous series preceding the first data synchronous 
series for specifying a start timing position of the data 
region: and a third data synchronous series preceding the 
second data synchronous series and hav:i.ng a specific 

10 repetition sequence pattern of a modulation code in the 

data region. 

In one embodiment of the invention, the data 
region is divided into a plurality of data blocks, the 

15 first data synchronous series is provided at a head of 
each of the data blocks, and the second data synchronous 
series precedes the first data synchronous series provid­
ed at a head of a first one of the plur~l:i.ty of data 
blocks. 

20 

In another embodiment of the invention, a digital 
summing vaiue which is obtained by converting 11 l" and "0'' 
in the second data synchronous series into 11 1 11 and "-1", 
respective1y, and by summing all vaiues is substantially 

25 zero. 

In stiil another embodiment of the invent:i.on, the 
second data synchronous series satisfies a maximum length 
and. a minimum length as limit values under a modulation 

30 code rule of a mark length ( '' l '' or "O" level) and a space 
length ("0 11 or 11 1 11 level) of the data region. 

In stiii another embodiment of the invention, an 
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average of the mark length and the space length of the 

second data synchronous series is larger than the mark 

length and the space length of the third data synchronous 

series. 

In-still another embodiment of the inqention, the 

second data synchronous series is a data series composed 

of a combination of a plurality of any of 4-hit code 

.symbols, ''0100", "0010", "1000", "0001", 11 0000". 

In still another embodiment of the invention, the 

second data synchronous series is a data series including 

a code series, 11 0000 0100 0100 1000 0010 0001 0010 0000 

1000 0010 0001 0000" 

Thus, the invention described herein makes 

possible the advantage of providing an optical disk 

having a rewritable area and a read-only ~rea which can 

reduce the circuit size of a recording/reproducing 

20 apparatus using the optical disk and provide stable 

reproduction. 

These and other advantages of the present inven­

tion will become apparent to those skilled in the art 

25 upon reading and understanding the following deta~led 

description with reference to the accompanying figures. 
I 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a view . illustrating an exemplary 

30 arrangement of a rewritable area and read-only areas of 

an optical disk according to the present invention. 

Figures 2A to 2H are views illustrating data 
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formats and reproduced signals used in an optical disk of 

one example accordi.ng to the present invention. 

Figure 3 is a view illustrating a reproduced 

5 signal processing section for reproducing data from the 

optical disk according to the present invention. 

Fi.gures 4A to 4H are views il1ustrating data 

formats and reproduced signals used in another optical 

10 disk according to the present invention. 

15 

Figure 5 is a view.illustrating the principie of 

tracking control by a phase error detection method. 

Figure 6 is a view illustrating waveforms of 

tracking error signals obtained when same data series are 

recorded on adjacent tracks. 

Figure 7 is a view illustrating waveforms of 

20 tracking error signais obtained when different data 

series are recorded on adjacent tracks. 

Figures 8A to SD are views illustrating data 

formats of dummy data regions of one example according to 

25 the present invention. 

30 

Figure 9 is a view illustrating an optical disk 

where dummy data for sector control is recorded in on 

example according to the present invention. 

Figures lOA and lOB are views illustrating a data 

format in the rewritable area in one example according to 

the present invention. 
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Figures 11A and 11B are views iiiuatrating a data 

format in the read-only areas in one example according to 

the present invention. 

Figure 12 is a view illustrating a configuration 

of a circuit for generating scrambled data in one example 

according to the present invention. 

Figure 13 is a view showing an example of a 

10 conversion table of modulation codes. 

Figures· 14A and 14B are views illustrating data 

formats in the rewritable area and the read-only areas of 

an optical disk of one example according to the present 

15 invention. 

20 

25 

Figure 15· is a view illustrating the comparison 

of the properties 0£ patterns of a second;data synchro­

nous series in the example. 

Figure 16 is a view illustrating a configuration 

of a detection circuit for the second data synchronous 

series. 

Figure 17 is a view illustrating a detection 

method and a detection range for the second data synchro-
' 

nous series. 

Figures 18A to 18C are views illustrating shifts 

30 in a slice level for conversion to binary codes. 

Figures 19A and 19B. are views il1ustrating 

autocorrelation functions of pattern 1 and pattern 4 

----
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obtained when a reproduced signal includes no error. 

Figures 20A and 20B are views illustrating 
autocorrelation functions of pattern 1 and pattern 4 

5 obtained when edge shift occurs at one to three posi­
tion( a) within a synchronous pattern detection window. 

Figures 20C and 20D a~e views illustrating 
autocorrelation functions of pattern 1 and pattern 4 

10 obtained when the slice level is shifted. 

15 

Figure 21 illustrates a conventional optical 
disk. 

Figure 22 is a view il.l.ustrating a reproduced 
s~gnal processing circuit for reproducing data from the 
conventional optical disk. 

Figure 23 is a view illustrating a data format of 
20 the conventional optical disk. 

25 

BEST MODE FOR CA:ElRYING OUT THE INVENTION 
The present invention will be described by way of 

example with reference to the relevant drawings. 

(Example 1) 
I 

An optical d1sk of this example has a recording 
film formed on a disk substrate so as to allow the user 
to record and reproduce data on and from the optical 

30 disk. Referring to F~gure 1, an opticai disk 1 of this 
example includes read-only areas 2 and 3 located on the 
outer and inner portions thereof, respectively, and a 
rewritable area 5 located between the read-only areas 2 
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and 3. 

In the read-on1y areas 2 and 3, concave and 
convex shaped pit rows physically formed ~n a spiral or 

5 . concentric shape form tracks. The length and position of 
each pit in the pit rows have been determined in accor­
dance with read-only data recorded on the read-only 
areas 2 and 3. In the rewritable area 5, guide grooves 
(guide tracks) 6 are formed in a spiral or concentric 

10 shape on a disk substrate. Information and data are 
recorded along groove tracks which are groove portions of 
the guide grooves or land tracks between adjacent 
grooves. liereinbelow, the groove tracks and the land 
tracks are collective1y referred to as information 

15 tracks. In Figure 1, spiral tracks are shown on either 
area. 

Each of the information tracks in ~he rewritab1e 
area 5 is divided into a plurality of sectors. Each 

20 sector includes a first header region having identif ica­
tion data for identifying the sector and a first data 
region for storing user data by forming recording marks 
by changing the optical properties of the r~cording film. 
Likewise, each track in the read-only areas 2 and 3 is 

25 divided into a plurality of sectors. Each sector in­
c1udes a second header region having identification data 

I 

for identifying the sector and a second data region 
having read-only data recorded thereon in the form of the 
pit rows. In this way, by dividing each track 

30 corresponding to one rotation of the optical disk into a 
plural! ty of sectors (data uni ts), management of the 
positions of necessary data on the optical disk and high­
speed data retrieval can be realized. 
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Figures 2A to 2H are views illustrating date 

formats of the optical disk 1 of this e~ample. A data 

format in the rewritable area 5 will be ~irst described. 

Fi.gure 2A shows an exemplary aata format of each sec-

5 tor 10 in the rewritable area 5, and Figure 2C shows a 

corresponding physical configuration of the information 
track. Figure 2A shows data formats of two information 

tracks in correspondence with their physical configure-

tion £or comparison with Figure 2C. As shown in Fig-

10 ure 2A, the groove portion of the guide track 6 corre­

sponds to the groove track 7, while the inter-groove 

portion corresponds to the land track 8. Accordingly, 

the groove track 7 and the land track 8 alternately 
appear in the rewritable area 5 of the optical disk 1. 

15 The user can record desired information (user data) on 
both the groove track 7 and the land track 8 by tracking 
the groove track 7 and the land track 8 separately. 

Referring to Figure 2A~ the sector 10 includes a 
20 first header region 11 (sector identification data PIDl 

and PID2) and an information region 20.. A mirror mark 12 
( M) and a gap region 13 (GAP a and GAPb) are formed 

between the first header region 11 and the information 
region 20. The information region 20 includes a first 

25 dummy data region 15 (VFO region (VFOa and VFOb)), a 
first data region 17 (DATAa and DATAb), and a guard data 

I 

region 18 (GDa and GDb) as wi11 be described later in 
. -

detail.. A buffer region 19 (BUFa and BUFb) is formed 

between - the information region 20 and a first header 
30 region 11' of a next sector 10' . The affix a of the 

above abbreviated codes (e.g., VFOa and DATAa) indicates 

that the regions are formed on the groove track 7, whi1e 
the affix b (e.g., VFOb and DATAb) indicates that the 
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regions are formed on the land track 8. This is also 
applicable in the £ollowing description unless otherwise 
specifi.ed. 

Referring to Figure 2C, the first header re­
gion 11 includes a physice1ly formed concave and convex 
shaped pit row 21 (21a and 21b). The width of each pit 
of the pit row 21 in the radial direction of the optical 
disk is substantially equal to the width of the guide 

10 groove 6 (groove track 7) • The pit rows 21a and 2lb a:t"e 

displaced outward and inward from the center line of the 
guide groove 6, i.e., wobbled, by about a quarter of the 
pitch of the guide groove 6 (i.e., groove pitch Tp). In 
this ekample, the first header region 11 is divided into 

15 a former hal.f lla and a latter half llb. The pit row 21a 
corresponding to the former half lla is displaced outward 
to the periphery of the optical disk 1, while the pit 
row 21b corresponding to the latter half llb is displaced 
inward. 

20 

With this displacement of the pit rows 2la and 
2lb from the center line of the guide groove 6 (groove 
track 7), the first header· region 11 can be commonly used 
for servo tracking of both the groove track 7 and the 

25 land track 8. Thus, separate exclusive header regions 
for the groove track 7 and the land track 8 are not 

I 

required. 

If exclusive header regions are required for the 
30 groove track 7 and the land track 8, a technique of 

forming pit rows with a width smaller than the width of 
the guide groove 6 so that the respective pit rows on the 
groove track 7 and the land track 8 do not overlap each 
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other. Such a narrow pit may be formed by using a light 
beam different from a light beam for cutting·the guide 
groove 6. lt is difficult, however, to keep stable the 
positional precision between the two beams. 

In this example, a light beam for cutting the 
guide groove 6 is wobbled rightward and left~ard from the 
center line of the guide groove 6 (groove track 7) using 
an AO modulator and the like so as to form the f !rst 

10 header region ll {the pit row 21) on the optical disk 1 
easily with high precision without using another beam for 
cutting. 

The mirror mark region 12 f o1lowing the header 
15 region 11 is used to determine which track, the groove 

track 7 or the land track 8, is being tracked. 

The gap region 13 (13a and l3b) is1 formed on the 
groove track (13a) and the land track (13b) to avoid a 

20 head 14 of the information region 20 from overlapping the 
mirror mark region 12 or the first header region 11 when 
a jitter occurs due to the rotation of the optical 
disk 1. 

25 The information region 20 is a region where the 
user can record desired data and includes the first dwnmy • 
data region 15 (VFOa and VFOb), the first data region i7 
(DATAa and DATAb), and the guard data region 18 (GDa and 
GDb) as described above (see Figure 2A). Information is 

30 recorded on the ~nformation region 20 by irradiating the 
recording film fo:rmed on the optical disk 1 with a laser 
beam to change the optical properties (reflectance) of 
the recording film. Fer example, an irradiated port1on 
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of the recording film may be changed from a crystalline 
state to an amorphous state so as to form a recording 
mark with a reflectance different from the other por­
tions. As shown in Figure 2C, a recording mark array 22a. 

5 is formed on the groove track 7, while a recording mark 
array 22b is formed on the land track 8. 

The first dummy data region 15 is a VFO region 
where a specific pattern is recorded so as to promptly 

10 stabilize the cl.ocking of the PLL 0£ the circuit . for 
processing the reproduced signal from the optical disk 1. 
More specifically, a specific pattern (a specific bit 

length) of modulation codes used for data modulation is 
sequentially recorded on the dummy data region 15. 

15 Desired user data inc1uding an error correction code is 

recorded on the first data region 17. The guard data 
region 18 is formed at the end of the first data re­
gion 17 to ensure the stability of the reproduced signal 
processing circuit. 

20 

The buffer region 19 includes no data but is 

formed to avoid the end of the information region 20 from 
overiapping the header region 11 1 of the next sector 10' 
when a jitter occurs due to the rotation of the optical 

25 disk 1, as in the case of the· gap region 13. 

30 

Thus, in the rewritable area 5, data is recorded 
on the groove track 7 and the land track 8 in accordance 
wit~ the data formats described above. 

Then, a data format in the read-only areas 2 and 
3 will be described with reference to Figures 2B and 2D. 
Figure 2B shows an exemplary data format of each sec-
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to:r: 10 of the read-only areas 2 and 3, and Figure 2D 

schematically illustrates a physical configuration of the 

track corresponding pit ar:r:ay. 

In the read-only areas 2 and 3, a track 9 is 
composed of a pre-recorded pit row 29 (a pre-pit row). 

As shown in Figure 2D. the pit rows are formed in accor­

dance with the same physical format over the entire data 

:r:egion in the read-only areas 2 and 3. More specifical-

10 ly, the_ width of the pit row 29 in the radial direction 

of the optical disk 1 (pit width) is smaller than the 

width (groove width) of the guide groove 6 (groove 

track 7) formed in the :rewritable area 5, and all the 

pits are lined substantially along the center line of the 

15 track. 

Like the rewritable area 5. each track in the 

read-only areas 2 and 3 is divided into a plurality of 

eecto:r:s 30 for data recording so as to manage the posi-
20 tions of necessary information data on the optical disk 

and real.ize high-speed data retrieval. It will be 

preferable at practical information record- . 

ing/reproduction i£ the sectors ~n the read-only areas 2 

and 3 and the rewr1tahle area 5 can be managed in a same 
25 manner and the processing such as sector retrieval are 

unified. To realize this unified processing, in this 
I 

example, the length of each sector and the lengths of the 

header region and the data region of each sector in the 

read-only area 2 and 3 are made equal to the length of 
30 each sector and the lengths of the header region and the 

data region of each sector in the rewritable area 5, to 

match the data format in the read-only area with the data 

format in the rewritable area. 
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A specific data format in the read-only areas 2 

and 3 will be described as an example. Ref erring to 

Figure 2B, the sector 30 includes a second header re­

gion 31 (sector identification data PIDl and PID2) and a 

seconCl data region 37. A seconCl dummy data region 35 

(VFOl) is formed between the second he~der region ai and 

the seconCl ~ata region 37. A third dummy data region 38 

(VF02) is formed between the second data region 37 and a 

second header region 31' of a next sector 30'. 

Referring to Figure 2D, the pit row 29 of the 

second header region 31 ~s lined substantially along the 

center line of the t:r:ack 9, not displaced outward or 

inward as in the first header region 11 in the rewritable 

15 area 5. The wi.dth of the pit row 29 in the read-onl.y 

areas 2 or 3 (the pit width in the radial direction of 

the optical. disk 1) is smaller than the groove width 

unlike the width of the pit row 21 in t:he rewritable 

area 5 which ~s substantially equal to the groove w1dth. 

20 

25 

In the second data region 37, also, the concave 

and convex shaped pit row has been previously formed 

substantial1y along the center l~ne of the track 9 on the 

optical disk 1 in accordance with the data. for recording. 

As is observed from Figures 2A and 2B, the first 

header region 11 in the rewritable area 5 and the second 

header region 31 in the read-only areas 2 and 3 are the 

sa.me in the data capacity, the data format (signal 

30 sequence), and the modulation codes. 

Also, the first data region 17 in the rewritable 

area 5 and the second data region 37 in the read-only 
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areas 2 and 3 are the same in the data capacity, the data 

forma~ (signal sequence), and the modulation codes. 

Further, as shown in Figures 2A and 2B, a head 

5 (start timing} 16 of the first data region 17 in the 

rewritable area 5 and a head (start timing) 36 in the 

second data region 37 in the read-on1y areas 2 and 3 are 

matched with each other. 

10 Thus, by using the same formats (signal sequenc-

es) for the first and second header regions 11 and 31 and 

for the first and second data regions 17 and 37 in the 

rewritable area 5 and the read-oniy areas 2 and 3, one 

reproduced $ignal processing circuit can be shared by 

15 both types of areas, and thus the circuit size can be 

reduced. 

The second dummy data region 35; is formed to 

prevent the servo tracking from becoming unstable due to 
20 discontinuation of tracking error signals which may occur 

if no pit row is formed between the second header re­

gion 31 and the second data region 37. The second dummy 

data region 35 includes, for exampl.e, a specific data 

pattern of the same modulation code as that used for the 

25 first dummy data region (VFO region) 15 in the rewritable 
area 5. With this arrangement, it is possible to prompt-

' 

30 

ly and stably cl.eek the PLL of the reproduced signal 

processing circuit. Random data or any other data may 

a1so be used to stabilize the servo tracking. 

. The third dummy data region 38 is formed to 

prevent the servo tracking from becoming unstable due to 

discontinuation of tracking error signals, as in the 
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second dummy data region 35. 

As described above, in the read-only areas 2 and 

3, the pit rows both in the second header region 31 and 

5 the second data region 37 are lined substantially along 

the center l.ine of the·. track 9. Further, the second and 
third dummy data regions 35 and 38 fill the space between 
the second header region 31 and the second data region 37 

of the sector 30 and the space between the second data 

10 region 37 of the sector 30 and the second header re­

gion 3l.' of the next sector 30 ' • As a result, the 

physical arrangement of the pit row 29 is uniform along 

the track over the entire read-only areas 2 and 3. 

15 Thus. according to the data format of the optical. 

disk 1 of this example, the first header region 11 is 

commonly used for the tracking of both of the groove 

track 7 and the land track 8. Thus, sepa~ate exclusive 

header regions for the groove track 7 and the land 
20 track 8 are not required. 

Since the £irst header region 11 can be easi1y 

· and precisely formed on the optical. disk by wobbling a 

light beam for cutting the guide groove 6 (groove 
25 track 7) rightward and leftward from the track center, a 

s~parate exc1usive light source for forming the first 
• 

header region is not required. Thus, the preformat in 

the rewritable area 5 of the optical disk 1 of this 

example can be easily formed by use of a single light 

30 source £or cutting, reducing the circuit size of the 

recording/reproducing apparatus for this opticai disk 1. 

Figure 3 is a block diagram schematically showing 

-·· ···--
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a reproduced signal processing section of an optical disk 
recording/reproducing . apparatus 100 for record­
ing/reproducing data on/from the optical disk l of this 
example having the above-described data format. Refer-

s ring to Figure 3, the reproduced signal process~ng 

section of the optical disk recording/reproducing appara­
tus 100 includes a 2-part optical detector 110, a summing 
amplifier 111, a different.1.a1 amplifier 112, a switch 
circuit 1131 a digitizing circuit 114, a PLL (phase-

10 locked loop) 115, a PID generation circuit 116, a timing 
generation circuit 117, a demodulator 118, and an enve­
lope detection circuit 120. 

The 2-part optical detection circuit 110 ( 110a 
15 and 110b) which is disposed in an optical head (not 

shown) receives reflected light from the groove track 7 
and the land track 8 (the recording mark arrays 22 and 
the pit rows 21) in the rewritable area 5 of the optical 
disk 1 and reflected light from the track 9 (the pit 

20 row 29) in the read-on1y areas 2 and 3, and.converts the 
reflected light into a reproduced signal. 

The summing amplif~er 111 generates a sum sig­
nal Sl indicating the sum of two detection signa1s 

25 obtained from the t~o parts llOa and llOb of the 2-part 
optical detection circuit l.10 to supply to the switch 

I 

circuit 113. The differential ampl~fier 112 generates a 
difference signal S2 representing the difference between 
the t'(,Jo detection signals to supply to the envelope 

30 detection circuit 120. 

The switch circuit 113 switches between the sum 
signal Sl and the difference signal S2 to supply either 

-·-·-
··- --·-·-----
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signal to the digitizing circuit 114. The envelope 
detection circuit 120 detects an envelope in the 

difference ·signal 82. When an amplitude exceeding a 
predetermined thresho1d is observed in the difference 

5 signai S2, a control signal S3 is su~plied to the switch 

circuit 113 to force the switch circuit 113 to switch to 

output the difference s1gnal S2 as an output signal S4. 

In the case of using the data formats shown in 
10 Figures 2A to ·2D, the difference signal S2 is obtained 

only when the reproduced signal is obtained from the 

first header region 11 in the rewritable area 5, as will 
be described 1ater in detail. Accordingly, the control 
signal S3 output from the envelope detection circuit 120 

15 becomes high only when the first header region 11 in the 

rewritable area 5 is detected (Figure 2E). The output 
signal ·s4 from the switch circuit 113 is therefore equal 

to the difference signal S2 only in the; first header 

:t"egion 11. The output signal S4 from the switch cir-

20 cui t 113 is equal to the sum signal Sl j_n the information 

region 20 in the rewritable area 5 and the entire read-­
only areas 2 and 3. 

The output signal S4 £rom the switch circuit 113 
25 C the sum signal Sl or the difference signal S2) is 

digitized by the digitizing circuit 114 into a binary 
I 

signal. For example, the digitizing circuit 114 
digitizes the signal $4 in accordance with a threshold 

set £or each of the·sum signal Sl and the difference sig-

30 nal 82, and outputs a digital signal SS to the PLL 115. 

The PLL 115 extracts a reproduction clock from 
the digital signal SS and outputs the reproduction clock 
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to the PIO generation circuit 116 which reproduces a 
sector identification signal from the header region. The 
timing generation circuit 117 determines the start timing 
(the head 16 of the recording data shown in Figure 2A and 

5 the head 36 of the recording data shown in Figure 2B) for 
reading the user data recorded on the data regions 17 and 
37 based on the sector identification signal from the PID 
generation circuit 116, to initiate the demodulator 118 
by supplying a control signal S6. The demodulator 118 

10 demodulates the user data and outputs the results. 

Hereinbelow, the waveforms of the signals ob­
tained when recorded data on the information track in the 
rewritable area 5 (i.e •• user data prerecorded on the 

15 information region 20) is reproduced unti1 it is convert­
ed into a binary signa1 will be described. Figure 2G is 
an outp~t waveform of the sum signa1 S1 obtained from the 
rewritable area 5, and Figure 2F is an output waveform of 
the difference signal S2. 

20 

As shown in Figure 2G, the portion o:f the sum 
signal Sl corresponding to the £irst header region 11 in 
the rewritable area 5 is not detected by the digitizing 
circuit 1i4 because an amplitude 4i thereof is smaller 

25 than a predetermined threshold 40 for digitizing. The 
reason why the amplitude is small is that the pit row of I 

the first header region 11 is slightiy displaced outward 
(1la) or inward (llb) from the center line 0£ the groove 
track. This causes 1ight (a light beam from the optica1 

30 head) to be d1ffracted by the pit rows 21a and 2lb and 
thus reduces the light amount received by the optical 
detection circuit 110. 
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On the contrary, an amplitude 42 of the sum 

signal Sl corresponding to the information region 20 

where data has been recorded exceeds the threshold 40 for 

digitizing because the recording mark 22 is formed along 

5 the center li.ne of the information track. The sum signal 

is therefore detected by the digitizing circuit 114, and 

the reproduced signai is obtained. 

Figure 2F shows an output of the difference 

10 signal S2 obtained from the rewritable area 5. Since the 

pit row 21a in the region lla of the first header re­

gion 11 in the rewritable area 5 is displaced outward, a 

iarger amount of reflected 1ight is diffracted to the 

outward part 110a of the 2-part optical detection cir-

15 cuit 110. Accordingly, the difference signa1 S2 output 

from the 2-part opticai detection circuit 110 has an 

ampiitude 51a which exceeds a positive threshold 50a for 

digitizing as shown in Figure 2F. The dif;erence signai 

is therefore detected by the digitizing circuit 114, and 

20 the reproduced signal is obtained. 

Likewise, since the pit row 21b in the region 1lb 

of the first header region 11 is disp1aced inward, a 

larger amount of reflected light is diffracted to the 

25 inward part 110b of the 2-part optical detection cir­

c~it 110. Accordingiy, the difference signal S2 output 
I 

from the 2-part optical detection circuit 110 has an 

amplitude 51b which exceeds a negative threshold 50b for 

digitizing as shown in Figure 2F. The difference sig-

30 nal. S2 is therefore detected by the dig! tizing cir­

cuit 114, and the reproduced signal is obtained. 

On the contrary, in the information region 20 in 
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the rewritabie area 5~ since the recording mark array 22 

is formed along the center line of the information track. 

the light amounts received by the outward and inward 

parts llOa and 110b of the 2-part· optical detection 

5 circuit 110 are substantially the same. Therefore, an 

amplitude 52 of the difference signal S2 is too small to 

reach the threshold Sla (51b) for digitizing as shown in 

Figure 2F. Likewise. in the read-only areas 2 and 3. 

since the p~t row 29 is formed along the center line of 

10 the track 9, the 1ight amounts received by the outward 

and inward parts 110a and llOb of the 2-part optical 

detection circuit 110 are substantially the same. The 

difference signal S2 is substantially not output. 

Therefore, in the regions other than the first header 

15 region 11. the difference signal S2 is not detected by 

digitizing, and thus no reproduced signal is obtained. 

Figure 2H shows an output wavefo;-m of the sum 

signal Sl obtained from the read-only areas 2 and 3. 

20 Referring to Figure 2H, since the pit row 29 is fanned 

along the center line of the track 9 for servo track~ng 

in the read-only areas 2 and 3, the sum signal Sl has an 

amplitude 43 sufficiently large to be detected by dig­

itizing. Therefore, signals from ail the regions in the 

25 reproduction-only areas 2 and 3 including the second 

header region 31 and the second data region 37 can be 
I 

30 

converted into binary signals by use of the sum sig­

nal Sl. It is not necessary, therefore. to switch the 

switch circuit 113 for the· read-only areas 2 and 3. 

. Thus, in the optical disk recording/reproducing 

apparatus 100 for reproducing information from the 

optical disk 1 with the above-described data formats, 
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unlike the conventional apparatus, separate reproduced 
signal processing circuits for the rewritabie area and 

the reproduction-only area are not required, but a common 

signal processing section can be.used. This reduces the 
5 circuit size cf the optical disk recording/reproducing 

apparatus, and realizes a reproduced signal processing 

circuit with a simpler circuit configuration and higher 
:reliability. 

10 (Example 2) 

Figures 4A to 4H show data formats of an optical 
disk of Example 2 according to the present .invention. 

The basic configuration of the optical disk of this 
example is the same as that of the optical. disk 1 of 

15 Example 1. The same components are denoted by the same 

reference numerals, and the description thereof is 

omitted here. In this example, also, one track corre­

sponding to one rotation of the optical d~sk is divided 

into a plurality of sectors. Each sector starts with a 
20 header region including sector identification data 

representing address information of the sector. In this 

example, the data format in the read-only area will 
mainly be described. 

25 Figure 4A is an exemplary data format 0£ each 
sector 10 in the rewritabie area 5, and Figure 4C shows 

I 

a corresponding physical. configuration. As shown in 
Figure 4C, the groove portion of the groove-shaped guide 

track 6 constitutes the groove track 7, and the inter-

30 groove portion constitutes the land track 8. Such groove 

tracks 7 and land tracks 8 alternately appear in the 

rewritable area 5 of the optical disk 1. The user can 
record desired information (user data) on both the groove 
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track 7 and the land track 8 by tracking the groove 
track 7 and the land track 8 separately. 

In this exampl.e, as shown in Figure 4A, the 
5 groove track 7 and the land track ·B are described collec­

tively as an information track 6'. The sector 10 in the 
rewritable area 5 includes the first header region 11 at 
the head thereof. The first header region ll is divided 
into the £armer half lla (sector identification da-

10 ta PIDl) and the latter half llb (sector ~dentification 
data PID2). The physica1 concave and convex shaped pit 
rows 21a and llb are formed in correspondence with the 
former half lla and the latter half llb, respectively 
( r' igu:re 4C ) • 

15 

As shown in Figure 4C, the width of each pit 0£ 

the pit rows 21a and 21b in the radial direction of the 
disk is substant~ally equal to the width; 0£ the guide 
groove 6 (groove track 7) . The pit rows 21 are displaced 

20 (wobbled ) outward or inward ( i.e. , in the opposite direc­
tions) from the center line of the guide groove 6 by 
about a quarter of the pitch of the guide groove 6 
_(groove pitch Tp) • In this example, the pit row 21a is 
displaced inward, while the pit row 21b is displaced 

25 outward. 

Thus, by displacing the pit rows 21a and 21b from 
the center line of the guide groove 6 (the groove 
track 7), the first header region 11 is commonly used to 

30 track either of the groove track 7 and the land track 8. 
Accordingly, separate exclusive header regions for the 
groove track 7 and the land track 8 are not required. 
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Referring ta Figure 4A, the mirror reg~on 12 (M) 

follows the first header region 11. The mirror region 1.2 

is flat with no groove or pit formed thereon and used to 

determine an offset of the servo tracking. 

The gap region 13 (-GAP) follows the mirror re­
gion 12. The gap region 13 (GAP) is formed on the 

information track 6' to avoid a head 24 of the informa­

tion region 20 from overlapping the mirror region 12 or 

10 the first header region 11 when a jitter occurs due to 

the rotation of the optical disk 1. 

The information region 20 which stores informa­

tion and data includes a first guard data r:egion 23 

15 (GD1), the first dummy data region 15 (VFO), the first 

data region 17 (DATA), and a second guard data region 18 

(GD2). The buffer reg1on 19 (BUF) is for:med between the 

information region 20 and the first header: region l.l.' of 

the next sector 10'. 

20 

The first guard data region 23 is formed to 

ensure the stability of the reproduced signal processing 

circuit. The first dummy data region 15 (VFO) is a VFO 

region where a specific pattern (a specific bit length) 
25 cf the modulation code used for modulation of data is 

sequentially recorded to promptly and stably ciock the 
- . 

PLL of the reproduced signal processing circuit. Desired 

user data including an error correction code is recorded 

on the first ·:data region 17. The second guard data 

30 region 18 is formed fol.low.ing the first data region 17 to 

ensure the stability of the production signai processing 

circuit. The buffer region 19 which includes no data is 

formed to avoid the end of the information region 20 from 
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overlapping the header region 11' of the next sector 10' 

when a jitter occurs due to the rotation of the apt~cal 

disk 1, like the gap region 13. 

Inf armation is recorded on the information 

region 20 by irradiating the recording film formed on the 

disk substrate of the optical. disk l to change the 

optical properties (reflectance) of the recording film. 

For ~xample, an irradiated portion of the recording film 

10 may be changed from a crystalline state to an amorphous 

state so as to form a recording mark with a reflectance 

different from that 0£ the other portions. As shown in 

Figure 4C, the recording mark array 22a is formed on the 

groove track 7, whi1e the recording mark array 22b is 

15 formed an the land track 8. 

Thus, in the respective regions of the rewritab1e 

area 5. the groove track 7 and the lant;i track 8 are 

formed in accordance with the above-described data format 

20 to record data in the area. 

Referring to Figures 4B and 4D, a data format in 

the read-only areas 2 and 3 will be described. In this 

example, as in Example 1. the data format in the read-
25 only areas 1.s matched with the data format in the 

30 

rewritable area. Figure 4B shows an exemplary data 
I 

format of each sector 30 in the read-only areas 2 and 3, 

and Figure 4D schemat1cally shows a corresponding physi­

cal configuration of· the track composed of the pit row. 

In the read-only areas 2 and 3, the track 9 is 

composed of the pre-recorded pit row (pre-pit) • As shown 

in Figure 4D, all the pit rows in the read-only areas 2 
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and 3 are formed in accordance with a uniform physica1 
format as in Example l. More specifically, the width 

(pit width) of the pit row 29 in the radial direction of 
the optical. disk 1 is smaJ.l.er than the width (groove 

5 width) pf the guide groove 6 (groove track 7) formed in 

the rewritable area 5, and all the pits are lined sub­

stantially along the center line of the track for servo 
tracking. 

10 Referring to Figure 4B, the sector 30 in the 

read-onJ.y areas 2 and 3 includes the second header 

region 31 (sector identification data PIDl and PID2) and 
the second data region 37 (PATA). A second dummy data 
region 33 ( DMYl) is formed between the second header 

15 region 3i and the second data region 37. A third dummy 
data region 34 (DMY2) is formed between the second data 

20 

region 37 and the second header region 31' of the next 
sector 30'. 

The sector identification data PIDl and PID2 of 
the second header region 31 are repeatedly recorded on 

the former half and the latter half of the second header 
region 31, respectively, in compliance with the sector 
identification data PI.Dl and PID2 of the first header 

25 region 11, so that the length of· the second header 
region 31 becomes substantially the same as that of the 

' 
first header reg~on 11. However, the concave and convex 

shaped pit row of the second header region is not wobbled 
as the pit rows 21a and 21b of the first header re-

30 gion 11, but is lined substantially along the center line 
of the track 9 for servo tracking. 

The information amount recorded on the second 
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data region 37 of one sector 30 is made equal . to that 
recorded on one sector 10 in the rewritable area 5, and 
the same format as that in the rewritable area 5 is used 
for an add1 t.iona1 error correction code and the like. 

5 . With tl\;f.s arrangement the length of the second data 
region is substantially the same as that of the first 

data region 17. 

In general, data recording in the read-only area 
10 by embossing can be performed with high precision at the 

fabrication of the disk. In the read-only area, data is 
only reproduced and no arrangement to respond to rewrit­
ing by the user is required. Therefore, regions such as 
the gap region 13, the first guard data region 23, the 

15 second guard data region 18, and the buffer region 19 
formed in the rewritable area are not required in the 
read-only area. These regions should be deleted if the 
recording capacity of the opticai disk is cpnsidered with 
priority. However, if these regions are deleted, the 

20 data format in the read-only area becomes different from 
that in the rewritable area. This requ~res to provide 
two separate exclusive signal processing sections each 
inc1uding a timing generation circuit and a demodulator 
for the read-only area or the rewritable area, and s~itch 

25 the two p:t"ocessing sections appropriately, as in the 
conventional apparatus described above. If regions . I 

corresponding to the gap region 13, the first guard data 
region 23, the second guard data region 18, and the 
buffer region 19 in the rewritable area 5 are formed in 

30 the read-only area so as to synchronize the reproduction 
timing and no pit row is formed in these regions, the 
tracking error signal is discontinued at these regions, 
making the servo tracking in the read-only area unstabie. 



- 37 -

In order to overcome the above problems, in this 

example, the second dummy data region 33 is formed 

between the header region 31 and the data region 37 of 
each sector 30, and the third dummy region 34 is formed 

5 between the data region 37 and the header region 31' of 

the next sector 30'. 

A specific pattern of the modulation code used 

for modulation of data (a pattern of a specific bit 

10 length corresponding to a specific pulse width and pulse 

interval) as in the first dummy data region 15 (VFO) in 

the rewritable area 5, for example, can be sequentially 
recorded on the second and third dummy data regions 33 

and 34. Using such a specific pattern, prompt and stable 
15 clocking of the PLL of the reproduced signai processing 

circuit can be realized. 

A mirror region may be formed betw~en ·the header 

region 31 and the second dummy region 33 as in the 
20 rewritable area. 

When data recorded on the optical disk of this 
example is to be reproduced, the same procedure as that 

described in Example 1 with the optica1 disk record-
25 ing/reproducing apparatus 100 shown in Figure 3 can be 

employed. In this case, the waveforms of the envelope 
' 

detection signal, the difference signal obtained from the 
rewritable area, the sum signal obtained from the 

rewritable· area, and the sum signal obtained from the 
30 read-only area are as shown in Figures 4E to 4H, respec­

tively. 

Thus, in this example, the sector lengths and 
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main portions of the data formats of the rewritable area 
and the read-on1y areas are made substant~ally equal to 
each other. With this arrangement, the sectors 1n the 
read-only areas and the rewritable area can be managed in 

5 the same manner, and the processing such as sector 
retrieval can be unified. Thus, one reproduced signal 
processing circuit can be commonly used for the 
rewritable area and the read-only areas. This reduces 
the circuit size. 

10 

In this example, the first data region 17 in the 
rewritable area and the second data region 37 in the 
read-only area are arranged to start at the same timing 
as shown in Figures 4A and 4B. The unified sector 

15 management according to the present invention can also be 
realized in the case where these data regions are dis­
pl.aced with each other as long as they have the same 

length. 

20 (Example 3) 

The third example according to the present 
invention will be described. In this example, a data 
sequence which realizes stable servo tracking at the 
reproduction 0£ data recorded in the read-only area will 

25 be described. The data formats of an optical disk in 
this example are the same as those of the optical disk 

I 

described in Example 2 in both the rewritable area and 
the read-only areas. 

30 In general, the tracking control along a track of 
an optical disk can be performed by a variety of methods. 
For example, a phase difference detection method is 
employed as an effective tracking method for a track 
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consisting of the pit row 29 as shown in Figure 4D, for 
example. 

As described ~n Example 2, each of the second and 
5 third dummy data regions 33 and 34 shown in Figure 4B 

includes a specific repetition pattern of modulation 
codes used for modulation cf data {a pattern of a specif­
ic bit length corresponding to a specific pulse width and 
pulse interval.) • When such a specific repetition pattern 

10 is formed on adjacent tracks, however, the servo tracking 
by the phase difference detection method becomes unsta­
ble. 

The reason why the servo tracking becomes unsta-
15 ble will be described in detail as follows. 

Figure 5 is a view illustrating the principle for 
obtaining a tracking error signal by the ph~se difference 
detection method. A beam spot 57 tracks the convex and 

20 concave shaped pit row 29 constituting the track 9 in the 
read-only area. Light of the beam spot 57 is reflected 
by the pit row 29 and the reflected light is detected by 

a 4-part optical detection circuit 58. The 4-part 
optical detection circuit 58 converts the received light 

· 25 into an electric signai. The 4-part optical detection 
circuit 58 includes four parts A, B, c, and n. A sum • 
signal Sll corresponding to the sum of the parts A + c is 
generated by an· operational ampl.ifier 59, while a sum 
signal Sl2 corresponding to the sum of the parts B + D is 

30 generated by an operational ampJ.i£ier 60. A phase 
comparator 61 compares the phases . of the two sum sig­
nals Sll and S12 to generate a tracking error signal S13. 
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When the beam spot 57 is displaced outward from 
the center line of the track 9, the reflected light is 

diffracted at the edge of the pit row 29, and thus the 
phase cf the sum signai 611 cf the parts A + c proceeds. 

5 On the 'contrary, when the beam spot 57 is displaced 
inward from the center line of the track 9, the phase of 

the sum signal S12 cf the parts B + D proceeds. The 

phase difference between the sum signais Sll and 812 is 
detected by the phase comparator 61 and converted into an 

10 electric signal, so as to obtain the tracking error 

signal S13 representing a displacement of the beam 
spot 57 from the center line of the track 9. 

Figures 6 and 7 show tracking error signai~ 

15 obtained by the phase difference detection method when 
the beam spot 57 is displaced from the center line of the 
track. Figure 6 shows output waveforms of the sum 
signals Sll and S12 obtained when completely the same 
data pattern has been recorded on a targ~t track 9a (a 

20 pit row 29a) to be tra~ked and an adjacent track 9b (a 
pit row 29b) and the beam spot 57 deviates from the 
target track 9a. As shown in Figure 6, a path 64 of th~ 
beam spot 57 is displaced from the target track 9a. 

25 In the above case, light of the beam spot 57 is 
diffracted toward the parts A + B of the 4-part opticai 

I 

detection circuit 58 by the outward edge of the pit 
row 29a cf the target track 9a. At this time, however, 

since the adjacent track 9b has.the pit row 29b with the 
30 same pattern, the light of the beam spot 57 is simulta­

neously diffracted toward the parts c + D by the inward 
edge of the pit row 29b of the adjacent track 9b. As a 
result, as shown in Figure 6, no phase difference exists 
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between the sum signal Sll of the parts A + C and the sum 
signal Sl2 of the parts B + D. Thus, the output of the 
tracking error signal Sl3 ie zero though the beam spot 57 
is actually displaced from the target track 9a. 

As described above, when the tracks 9a and 9b 

adjacent to each other have pit rows with completely the 
same pattern, the tracking error signal 813 is not 
generated even when the beam spot deviates from the 

10 track. This makes the servo tracking unstable. 

Figure 7 shows output waveforms of the sum 
signals 811 and Sl2 when a data series different from 
that of the target track 9a has· been recorded on the 

15 adjacent track 9b which is adjacent to the target 
track 9a. As in Figure 6, the beam spot 57 tracks along 
the path 64 dispiaced from the target track 9a. 

In ·the above case, as in the case shown in 
20 Figure 6, light of the beam spot 57 is diffracted toward 

the parts A + B by the outward eage of the pit row 29a of 
the target track 9a. At this time, the .light of the beam 
spot 57 is also diffracted toward the parts C and D by 
the inward edge of the pit :row 29b 0£ the adjacent 

25 track 9b. In this case, however, the patterns of the pit 
rows are different between the target track 9a and the I 

adjacent track 9b. Accordingly, since edges of pits on 
the two adj a cent tracks do not coincide except for 
positions 65 and 66, a phase difference is generated 

30 between the sum signals S11 and Sl2, though at the 
positions 65 and 66 the outputs of the sum signals Sll 
and S12 are the same as in the case shown in Figure 6, 
generating no phase difference. 
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When patterns of the pit rows 0£ the target 

track 9a and the adjacent track 9b are random having no 

correlation with each other, the positions where edges of 

pits of adjacent tracks coincide as the positions 65 and 

5 66 shown in Figure 7 also appear randomly. The frequency 

where such edge coincidence occurs·is therefore suffi­

ciently small. Such random occurrence of the pit-edge 

coincidence hardly affects the generation of the tracking 

error signal. S13 in the frequency range used for the 

10 servo tracking. 

However, when the phase difference is not ob­

tained over the entire second or third dummy data re­

gion 33 or 34 as shown in Figure 6, for example, the 

15 . tracking error signal Sl3 is generated so little even 

when the beam spot deviates from the target track that 

the servo tracking control becomes unstable. 

Hereinbelow, data formats of the s~cond and third 

20 dummy data regions 33 and 34 which are effective to 

prevent the disturbance of servo tracking as described 

above will be described. 

Figure BA shows an exemplary format where the 

25 second and third dummy data regions 33 and 34 include M­

series random data regions 73 and 74, respective1y. By 
• 

setting different initial values of the M-series random 

data for at least adjacent two tracks, the patterns of 

pit :rows on the adjacent tra_cks have no correlation with 

30 each other, and thus the coincidence of pit edges between 

the adjacent tracks is made random. As a result, the 

servo tracking by the phase error detection method can be 

relatively stably controlled. 
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Figure BB sho'Wa an e.JC:emplary format where the 
second dummy data region 33.includes the M-series random 
data region '73 as shown in Figure SA and a specif.1.c 
pattern of the modulation code used for modul.ation of 

~ data as that used on the VFO region 15 in the rewritable 
area (see Figure 4A). 

By including the VFO region 75 (VFOl) in the 
latter portion of the second dummy data region 33 as 

10 shown in Figure SB, the cl.ocking of the PLL of the 
reproduced signal processing circuit for the subsequent 
data region 37 can be stabilized. The tracking error 
signal S13 is not generated from the VFO region 75. 

However, since the VFO region 75 constitutes a part of 
15 the dummy data region, the servo tracking can be stabi­

lized before and after the VFO region 75. Therefore, no 
practical problem arises. 

Figures BC and SD show e:itemplary ;formats where 
20 the second dummy data region 33 inc1udes data synchronous 

series 76 and 77, respectively, which can specify the 
timing of the start of the data region 37. Figures 8C 
and SD show sectors of an even track and an odd track, 
respectivel.y. 

25 

As descri.bed above, in order to secure stable 
servo tracking by the phase difference detection method, 
adjacent tracks need to have data series different from 
each other~ The different data synchronous series 76 and 

30 77 are therefore provided in the even track (Figure BC) 
and the odd track (Figure 8D). 

Referri.ng to Figure 8C, the data synchronous 
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series 76 of the even track counts up at an end value FF 

(HEX). With this arrangement, due to the regularity 

(counting up) of the data synchronous series 76, the 

timing can be detected real time until the start of the 

5 ·data region 37 by the second dummy data reg~on 33. This 

ensures the identification of the start of the data 

region 37. 

Referring to Figure SD, the data synchronous 

10 series 77 of the odd track counts down at an end value 00 

(HEX). With this arrangement, due to the regularity 

(counting down) of the data synchronous series 77, the 

t~ming can he detected rea1 time until the start of the 

data region 37 by the second dummy data region 33 as in 

15 the case of the even track. 

Thus, the exemplary formats· shown in Figures SC 

and 8D where different data synchronous series are 

provided in the second dummy data regiqns 33 of the 

20 adjacent tracks can stabilize the servo tracking and 

ensures the detection of the start of the data region 37. 

In this example, the servo tracking by the phase 

error detection method can be relativeiy stably con-

25 tro11ed by using random data series for the second dummy 

data regions 33 of adjacent tracks. A1so, by using 
I 

different data synchronous series for the second dununy 

data regions 33 of adjacent tracks, the detection of the 

start of the data region 37, as well as stable servo 

30 tracking, can be ensured. 

Data sequence suitable for servo tracking can be 

also used for the third dummy data region 34 in a manner 
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similar to that described above for the second dummy data 
region 33. In this example, the data reproduction (servo 
tracking) in the read-only area was described. The data 
reproduction in the rewritable area can be performed ~n 

5 the manner described ~n E~amp1e 1 with reference to the 
opt~cal disk recording/reproducing apparatus 100 (Fig­
ure 3). 

(Example 4) 
10 In Example 3 above, the pattern of data (codes) 

15 

recorded on the dummy data regions can be directly gener-
ated at the data reproduction. In this example, a 
modulation code is used to reduce the corre1ation between 
dununy data recorded on adjacent tracks. 

One value is init~ally determined as data to be 
recorded on the dummy data region. This value is scram­
bl.ed to generate data with little correlation. For 
example, (FF). ( 00), and the like in tlle heJtadecimal. 

20 notation consist of bi ts of 0 or l. Based on this value, 
data can be easily generated. Scrambling is realized by 
first generating random data such as an M series from a 
given in~tial value and calculating exclusive-OR between 
this random data and data to be recorded. The method of 

25 generating scrambled data wi11 be described in detail in 
a later example. 

I 

ln the case where the same data to be recorded 
and the same initia1 values are used, data obtained after 

30 the ~crambling are the same. However, if the initial 
values are different while the data to be recorded are 
the same, the correlation between two data obtained after 
the scramb1ing can be reduced. However, using different 
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initial values for all the sectors is difficult since a 

considerably large number of initial values must be held. 

In practice, however. using different initial values for 
adjacent sectors is enough to reduce the correlation 

5 between the dummy data regions of the adjacent tracks. 

That is, the same initial values can be used for sectors 

of the same track. In the case where the number of 
sectors included in one track varies r the number of 

continuous sectors having the same initial value should 

10 be at least the minimum number of sectors included in one 
track. Assume that the number of continuous sectors 
having the same initial value is M and the number of 

initial values is N. The actual values of M and N can be 

convenientiy determined based on sector address informa-

15 tion included in the sector identification data. 

For example. if 3-byte data is used as the sector 
address informatiQn, about 16, 770,000 sectors can be 

covered. If the values of M and N are; powers of 2, 
20 scrambled data. can he easily generated. I.n this example, 

the case of M = 16 and N - 16 will be descri.bed. N 
initial values can be obtained in the following manner, 

for example. First. the address information included in 
the sector identification data is represented in the 

25 binary notation, and 4-bi t data corresponding to the 
fifth to eighth bits from the least significant bit are 

I 

30 

used. Using thi.s 4-bit data, N ; l6 initial values can 
be obtained. The initial value is renewed every M m 16 
sectors, and one track includes 256 sectors. 

Since 16 continuous sectors have the same initial 
value, it is ensured that the initi.al values for scram­
biing are different between adjacent sectors for tracks 
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each having 16 to 256 sectors. Data to be recorded is 
scrambled using one of these initial ~alues, modulated 

with a recording code, and recorded on the dummy data 

region. 

In this way, by scrambling the same data using 

different initial values between adjacent tracks (corre­

sponding sectors), different data series can be recorded 

on the dummy data regions of the corresponding sectors of 
10 adjacent tracks. 

Thus, in this eaample, since random data series 

can be efficiently obtained for the dummy data regions of 

adjacent tracks, the servo tracking by the phase error 

15 detection method can be relatively stably control.led in 

the read-only area. 

(Example 5) 

The third example according to: the present 
20 invention will be described. In this exampl.e, data 

series in the rewritable area or the read-only areas for 

realizing efficient sector management w1ll be described. 

As described in the above example with reference 

25 to Figures 4A and 4B, for example, data to be recorded on 
the optical disk is div~ded into parts for a predeter-

' 
mined data capacity corresponding to the data region 17 
(the_ rewritable area) or the data region 37 (the read­

only area) of each sector. An error correction code is 

30 ... · .. added to the data for each sector as described above. 

Such an error correction code may be complete within each 

sector. Alternatively, error correction coding may be 

performed for a set of a plurality of sectors. Such a 
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block of a plurality of sectors is referred to as an ECC 

block. In other wo~ds, the ECC block is a unit for error 

correction coding. When one ECC block is composed of k 

sectors (e.g., k ~a set 0£ 16 sectors}, an error having 

a length of about one sector can be corrected. Using 

such an error correction code, the number of sectors in 

the rewritable area and that in the read-oniy area are 

·multiple~ of the number of sectors in one ECC block. In 

other words •. the number of sectors which is a multiple of 

10 k are reco~ded. 

On the other hand, in order to efficiently manage 

sectors of an optical disk, the sectors in the rewritable 

area and the read-only area are preferably managed with 

15 the track basis. However, the number of sectors included 

in one track is not necessarily a multiple of the number 

of sectors included in one ECC block. Accordingly, when 

data is recorded on a plurality of ECC blocks of sectors, 

the data is not necessaril.y compl.eted app~opriately at 

20 the end of one track, but often ends midway of one track. 

In the rewritabie a~ea, the tracking control. is posaib1e 

even i£ there are remained sectors with no data recorded 

thereon because the groove or land track has been formed 

as a guide track. In the read-on1y area, however, the 

25 pit row is discontinued by the sector with no data 

rec~rded thereon, and thus the tracking control becomes 

unstabl.e. 

In order to overcome the above problem, in this 

30 example, dummy data is recorded on sectors 1.eft unrecord­

ed after completion of recording data to fill the entire 

track w~th data so as tp realize sector management with 

the track basis. An example of such dummy data is a 
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specific repetition pattern of a modulation code (a 
specific pulse width and pulse interval) as in the VFO 
region 15 in the rewritable area. Using such a pattern 
as the dummy data, the PLL of the reproduced signal. 

5 processing circuit can be stab1y oper~ted for the sector 
where user data has not been recorded. 

In this example, M-series random data and a data 
synchronous series as in the second dummy data regi.on 

10 described in Example 3, as well as scrambled data as in 
Example 4, can be used. Figure 9 shows an optical disk 
1' of this example. As shown in Figure 9, dummy data is 
recorded on sectors 71 in the read-only area 3 at the 
junction between the inner :read-only area 3 and the 

15 rewritable area 5. Likewise, dummy data is recorded on 
sectors 72 in the read-anl.y area 2 at the junction 
between the outer read-only area 2 and the rewritable 
area 5. 

20 Thus, in this example, when data is recorded by 
every predetermined recording unit such as the er:ro:r 
correction black (ECC), a sector lef1: with no data 
recorded thereon is filled with dummy data. With this 
arrangement, the rewri.table area and the read-only areas 

25 always start at the head 0£ a track. This ensures 
efficient management of sectors on the optical disk • • 

(Example 6) 

In Example 6 according to the present invention, 
30 specifi.c examples of data formats of the sector 10 in the 

rewritable area and the sector 30 in the read-oniy areas 
will be described. 
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Figures lOA and lOB show a 1ayout of the sec­

tor 10 in the rewritable area, while Figures 11A and 11B 

show a layout of the sector 30 in the read-only areas. 

First, generation of data to be recorded on the first 

5 data region 17 of the sector 10 and the second data 

region 37 of the sector 30 will be described. 

Assume that the data amount recorded on one 

sector is 2048B (B denotes byte(s); this is also applica-

10 ble in the subsequent description) for both the sec­

tors io and 30. To this amount, 4B for data ID indicat­

ing the data region number (sector address), 28 for IED 

£or error detection of the data ID, 6B for RSV as spare, 

and 4B for EDC for error detection of the entire data are 

15 added. All of these data are collectivel.y referred to as 

a first data unit. The data length of the first data 

unit is thus 2048 + 4 + 2 ~ 6 + 4 ~ 2064(B). 

The information data portion ( 2Q48B) is then 

20 scrambled in the manner as described below which is the 

same as that used £or the dummy data region in Example 4. 

First, a shift register is constructed so that 

25 so-called M-series data can be generated, and an initial 

value is determined. This initial value is sequentially 
I 

shifted through the shift register in synchronization 

with the 1nformation data so as to generate pseudorandom 

data. Exclusive-OR is operated between the pseudorandom 

30 data and the information data to be recorded hit by bit 

thereby to reali~e scrambling. 

Since the information data is 2040B which is the 
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e1eventh power of 2, a primitive polynomina1 expression 

with the eleventh or higher power of 2 1s·required as the 

M series. The next higher degree in trinominal to 

qu~nquenominal expressions having a term of the eleventh 

5 or higher power of 2 among the pri.mitive polynomina1 

expressions co;structing the M series is fifteenth. In 

the following description, a primitive trinominal expres­

sion having a term of the fifteen th power of 2 ( X15 + X4 

+ 1 ) is used as a.n example. Figure l.:Z shows the 

10 realization of th~s primitive polynominal expression by 

use of a shift register 150. 

As shown in Figure 12, the length of the shift 

register 150 is 15 bits (entries r14 to rO)- The shift 

15 register 150 calculates exclusive-OR between the bit in 

the entry rl4 and the bit in the entry rlO and feeds back 

the result to the entry rO. A predetermined 15-bit 

initia1 value is set £or the shift register 150 and is 

sequentially shifted in response to a bit clock, so as to 

20 generate pseudorandom data. Then, exclusive-OR is 

calculated between the. eight least significant bits 

(entries r7 to rO) of the shift register 150 and eight 

bits (lB) of the information data every eight clocks, and 

this operation_ is repeated 2048 times. As a result, 

25 information data for one sector is scrambled. The shift 
register 150 is reset every sector to reset the initial 

• 

30 

value, so that the information data of each sector is 

independently scrambled (with no substantial correiation 
with one another). 

Assume that the number of continuous sectors 

having the same initial value is M and the number of 

initial values is N. The values of M and N can be 
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obtained from the sector address information included in 
the identification data. I£ the values of M and N are 
powers of 2, scrambled data can be easily generated. In 
this example, the case of M • 16 and N ""' 16 will be 

5 described. N initial values can be obtained in the . . 
following manner, for example. F.1.rst, the address 
information included in the sector identification data is 

represented in the binary notation (24 b:f.t length if the 
sector address is 3B), and 4-bit data corresponding to 

10 the fifth to eighth bits from the least significant bit 
is used. Using this 4-bit data, N ~ 16 initial values 
can be obtained. The corresponding relationship between 
the 4-bit val.ue and the initial value is previoua1y 
determined in the form of a corresponding table and the 

15 1.ike. The initial value is renewed every M "' 16 sectors, 
and one track incl~des 256 sectors. 

The scrambled first data units 0£ 16 sectors are 
put together to constitute error correc"Fion codes by 

20 Reed-Solomon coding. The data unit of one sector is 
arranged in an array of 172B x 12 rows and such units of 
16 sectors are put together to form an array of 1728 x 
192 rows. A l6B externa1 code is added to each column of 
this array, and a 10B internal code is added to each row 

25 of this array. A data block of 182B x 208 rows (378568) 
is thus formed, which is referred to as an ECC block. I • 

Then, the ECC block is interleaved so that the 
16B external code is included in each sector. The data 

30 of each sector is then 182B x 13 rows ..• 2366B. 

The data is then modulated with a recording code. 
A RLL (run 1ength limited) code where the run length 
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after modu1ation is limited is used as the recording 

code. In this example, a 8/16 conversion code for 

converting 8-bit data into 16 channel bits is us~d as the 

recording code. This conversion is performed in accor-

5 dance with a predetermined conversion table. This 

conversion table al1ows one 8-bit data to correspond to 

four types of 16-channel-bit data. The type is herein 

:referred to as the state. A state to be used for conver­

sion of next data is also predefined in this conversion 
10 tab1e. 

Figure 13 shows an example of such a conversion 

table. A 16-bit code series (Y") is obtained, for 

example, by converting first data (Dt) under a state l (St 

15 • 1). The next data is selected under a state ( St.1 ) 

specified in the preceding conversion. By controlling 

the select~on 0£ the state, a DC component cont3ined in 

the recording code can be suppressed, though the detaii 

of the method of this control is emitted ~ere. 

20 

At this time, the minimum and maximum bit lengths 

are limited to 3 channel bi ts and l l channel bi ts, 

respectively. Also, in order to synchronize the repro­

duction, a 28 synchronous code is inserted every 91B, 

25 i.e., a half of one row of 182B. As the synchronous 
code, several different 32-channel-bi t codes having a 

I 

30 .. 

pattern which normally does not appear in the 8/16 

conversion code are predefined. Thus, the data amount of 

one sector is 1868 x 13 rows • 2418B. 

The above-described data configuration is common­

ly employed in the rewritable area and the read-onl.y 

areas. The thus-obtained 2418B data is recorded on the 
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first data region 17 of the sector 10 in the rewritable 
area as shown in Figure lOA or on the second data re­
gion 37 of the sector 30 in the read-only areas as shown 
in Figure llA. 

Referring to Figure lOA, in the rewritable area~ 
a 1B. postamble region 45 (PA) follows the first data 
region 17. The B/16 converting code needs to have an end 
mark at the end of the recording code so that the data 

10 can be correctiy demodulated· at the reproduction. 

15 

Therefore, the postamble region 45 has a pattern obtained 
by demodulating a predetermined code in accordance with 
a conversion rule as the end mark. 

A presync region 44 (PS) precedes the first data 
region 17, where presync data is recorded in order to 
indicate the start of the first data region 17 and 
provide byte synchronization. The presync data is 
predetermined to be 3B (48 channel bit) long and consists 

20 0£ a code having a pattern with high autocorrelation. 

25 

For exampl.e, a pattern of 11 0000 0100 0100 1000 0010 0001 
0010 0000 1000 0010 0001 0000 11 as represented in NRZI 

code is used. 

The VFO region 15, the first guard data region 
23, the second guard data region 18, the gap region 13, 
the buffer region 19, and the mirror region 12 shown in 
Figure lOA are the same as the VFO region 15 (VFO), the 
first guard data region 23 (GDl), the second guard data 

30 region 18 ( GD2), the gap region 13 (GAP), the buffer 
region 19 (BUF), and the mirror region 12 (M) described 
with reference to Figure 4A. The guard data region 23, 
the VFO region 15, and the PS region 44 constitute a 
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first dummy data region 15'. In Figure lOA, the number 
shown under each region represents the byte length of the 
region. This also applies to Figures lOB, llA. and 11B. 

5 As shown in Figure 10A, in the first dununy data 
region 15', the VFO region 15 precedes the PS region 44. 
The VFO region 15 is a region which has a specific 
pattern recorded thereon for promptly and stabiy clocking 
the PLL of the reproduced signal processing circuit. For 

10 clocking of the PLL, it is better that the code includes 
more inversions (i.e., more "l"'s as represented in the 
NRZI code). For high-density recording, however, when 
the shortest bit length of a modulation code is repeated, 
both the amplitude of the reproduced signal and the C/N 

15 are reduced, making it difficult to obtain stable clock­
ing. Therefore, the repetition of a pattern with 4 
channel bits which is the second shortest bit length, 
i.e., " ••• 1000 1000 ••. " as represented in the NRZI code 
is used. The length of the VFO region 15 ~s 35B in order 

20 to ensure- the number of inversions and the clocking time 
required for stabie clocking. 

The first guard data region 23 precedes the VFO 
region 15 and the second guard data region 18 follows the 

25 postambl.e region 45 (PA) • As described in Example 4, 
when recording and erasure are repeated in a rewritable I 

optica1 disk, the degradation at the start and end of the 
recording portion due to a heat l.oad increases. The 
guard data regions are provided to prevent this degrada-

30 tion from influencing the regions from the VFO region to 
the PA region. 

A recording medium tends to · be increasingly 
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degraded when same data is re.peatedl.y recorded on the 

same position. To avoid this trouble, the recording 

position of the first data region 17 is shifted by 

elongating and shortening the first and second guard data 

5 :t"egions 23 and 18 preceding and following the data 

region ... 11, respeotive1y. It should be understood however 

that the total of the lengths of the first and second 

guard data regions 23 and 18 is unchanged. From the 

results of experiments, it has been found preferable that 

10 the lengths of the first and second guard data regions 23 

and 18 are (15+k}B and (45-k)B, respectively, and the 

shift amount is k • 0 to 7B. The total 0£ the lengths of 

the two guard data regions is fixed to 60B. The repeti­

tion of the 4-channel ... bi t pattern " • • • 1000 1000 •.• " 

15 used for the VFO region 15 is used as data to be recorded 

on the guard data regions, for example. 

Thus, the first guard data region 23, the VFO 

region 15, the p:t"esync region 44, the f~rst data re-

20 gion 17, the postamble region 45, and the second guard 

data region 18 constitute the information recording 

region where data is recorded with a data length of 

25178. 

25 The gap region 13 is used to set the laser power, -

and has a iength of lOB to secure the time required for 
I 

laser power setting. The buffer region 19 has no data 

recorded thereon to secure a region (time width) for 

preventing the end of the recording data from overlapping 

30 the next sector due to a va:t"iation of the rotation of a 

disk motor and an eccentricity of the disk. The buffer 

region 19 has a iength of 40B. The mirror region 12 has 

a length of 2B to secure the time required for determin-
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ing the offset of the servo tracking. 

Referring to Figure 11A, the sector 30 in the 
read-only areas wil.1 be described. As shown in Fig-

5 ure 11A, the sector 30 includes a header region 90, the 
second dummy data' region 33, the second data region 37, 
and the third dummy.data region 34. As described above, 
the data length of the second data region 37 is equal to 
the data length of the first data region.17, i.e., 241BB. 

10 As in the sector 10, a lB postamble region 47 (PA), a 
second pad region 85, and a postamble region 86 (PA) 

£o11ow the second data region 37 in this order. 

In this example, as in Example 2, the second 
15 dummy data region 33 is formed between the header re­

gion 90 and the second data region 37, while the third 
dummy data region 34 is formed between the data region 37 
and the head 0£ the next sector. As in the sector 10 in 
the rewritabl.e area, the second dummy ~ata region 33 

20 inc1udes a 35B VFO region 84 and a 3B presyna region 46 
(PS ) to secure the reliability at the reproduction of 
data from the data region 37. As shown in Figure llA, 
the second duinmy data region 33 further includes a 30B 
first pad region 82 and a postamble region 83 (PA). The 

25 third dummy data region 34 includes the postamble re­
gion 47, the second pa(i region 85, and the postambl.e 

I 

region 86. 

The patterns and lengths of data to be recorded 
30 on the.VFO region 84 and the presync region 46 are the 

same as those recorded on the VFO regi.on 15 and the 
presync region 44 shown in Figure lOA. As the data to be 
recorded on the second and third dummy data regions, data 
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series obtained by scrambling hexadecimal (FF} data using 

different initial values between adjacent sectors and 

modulating the results with the 8/16 conversion codes as 

described in Example 4 are used. The scrambling is 

5 performed in the same manner used for the data region 37. 

As the initial value, 4-bit data corresponding to the 

£ifth to eighth bits from the least· significant bit of 

the PID which will be described l.ater is used. The 

initial value corresponding to the 4-bit data is the same 

10 as that used for the data region 37. 

The 8/16 conversion coding starts from the 

state 4 in the conversion tabl.e shown in Figure 13, for 

example. The thus-generated data series is recorded on 

15 the first and second pad regions 82 and 85. The first 

pad region 82 corresponds to the gap region 13 and the 

first guard data region 23 shown in Figure 10A, while the 

second pad region 85 corresponds to the second guard data 

reg1on 18 and the buffer region 19 shown tn Figure 10A. 

20 

In the rewritable area, the lengths of the first 

and second guard data regions 23 and 18 are varied. In 

the read-only areas, the lengths of the pad regions are 

made to correspond to the average lengths of the corre-

25 sponding first and second guard data regions 23 and 18. 

Thus, the lengths of the first and second pad regions 82 
• 

and 85 are 288 and BOB, respectively. The lB postamble 

regions 83 and 86 follow the first and second pad re­

gions 82 and 85, respectively, to terminate the mcdula~ 

30 tion code. 

The header regions in the rewritable area and the 

read-only areas will be described. As described in 
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Example 2 with reference to Figure 4A, the header region 

11 in the rewritable area is divided into the former 

half ll.a (sector identification data PIDl} and the .latter 

half 11b (sector identification data PID2). The corre-

5 spending pit rows 2la and 21b are displaced in the radial 

directions from the center line of the groove track 7 

(the guide groove 6) by about a quarter of the groove 

pitch. Furthermore, the pit rows 21a and 2lb are ar­

ranged to displace in the opposite directions from each 

10 other. In this example, also. the header region 80 is 

formed in the same manner. 

Figure 10B shows a data format of the header 

region 80 of the sector 10 in the rewritable area. As 

15 shown in Figure lOB, the header region 80 is composed of 

four sets of sector identification data (PID) denoted by 

PIDl, PID2, PID3, and PID4 in the order of the arrange­

ment. The PIDl and PID2 constituting the 64B fonner hal.f 

is dispJ.aced outward, while the PID3 and; PID4 consti-

20 tuting the 64B l.atter half is displaced inward, for 

example. 

In each sector identification data PIO, 4B is 

allocated for a Pid region representing the sector 

25 address information, 3B for the sector number, and lB for 

various types of informat~on of the sector such as the 
I 

nu~er of the PID region. The address information 0£ the 

sector on the groove track 7, from which the header 

region is displaced with respect to the center line, is 

30 recorded on a P~d3· region 213 of. the PID3 and a Pid4 

region 218 of the PID4 in the latter half. The address 

information of the sector on the land track 8 outward 

adjacent to the groove track 7 is recorded on a Pidl 
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region 203 of the PIDl and a Pid2 region 208 of the PID2 
in the former half. 

Respective 2B error detection codes are added to 
5 the Pid regions and recorded on IED regions 204, 209, - . 

214, and 219. The data of the Pid regions and the IED 
regions are modulated with the above-described 8/16 
conversion code. This modulation is initiated at the 
head of each Pid region using the conversion table shown 

10 in Figure 13., for exampl.e, starting from the state 1. 
Respective lB postamhle regions 205, 210, 215., and 220 
foll.ow the corresponding IED regions to terminate the 
modulation code. 

15 AM regions 202, 207, 212, and 217 precede the 
corresponding Pid regions 203, 208, 213, and 218 and has 
an address mark indicating the start of the Pid regions 
and realizing byte synchronization. As the address mark, 
a pattern which does not appear in the 8'116 conversion 

20 code, e.g., a 3B (48 channel bit) long code is selected. 
For example, a pattern "0001 0001 0000 0000 0000 0100 
0100 0100 0000 0000 0001 0001 '' as represented in the NRZI 
code can be used. This pattern includes double a 14-
channel-bit pattern which is longer than the longest bit 

25 length, i.e • ., 11-channel-hit length, of the modulation 
code. Therefore, the possibility of erroneous detection 

I 

of the address mark at the reproduction of normal data 
reduces. 

30 . A VFO region is provided at the head 0£ each 
sector identification data PID. The VFO region has data 
of a specific pattern to promptly and stably clock the 
PLL of. the reproduced signal processi.ng circuit. For 
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example, the repetition of the 4-channel-bit pattern" ••• 
1000 1000 ••• 1' may be used as in the VFO region described 
in Example 2. As described above, the former half PIDl 
and PID2 as a set and the latter half PID3 and PID4 as a 

5 set of the header region 80 are displ.aced toward the 
radial opposite directions. The first VFO regions 201 

and 211 which are the heads of the sets 0£ the header 
region BO need to give another chance for bit synchron~­
zation to ensure the bit synchronization. Accordingly, 

10 the first VFO regions are made longer than the second VFO 
regions 206 and 216 which are used oniy for re-synchro­
nization and therefore can be short. In this example, 
the lengths of the first VFO regions 201 and 211 are 36B, 
while the lengths of the second VFO regions 206 and 216 

15 are BB. 

Thus, the PIDl, £or example, includes the VFO 
region 201 (VFOl), the AM region 202, the Pid region 203, 
the IED region 204, and the postamble regi9n 205 in this 

20 order from the head, and has a length of 46B. L~kewise, 

the PI02 includes the VFO region 206 (VF02), the AM re­
gion 207, the Pid region 208, the lED region 209, and the 
postamble region 210 in this order from the head, and has 
a length of 18B. The PID3 and the PID4 of the latter 

25 half have the simi1ar configurations to the above. 

. 30-

The data arrangement of the header region in the 
read-only areas wil.l. be described with reference to 
F:i.gures llA and 11B. As described in Example 2 (Fig­
ures 4A and 4B) , the data arrangement of the - header 
region 31 in the read-only areas is matched with the data 
arrangement of the header region 11 in the rewritable 
area, but the pit row on the header region 31 is lined 
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along the center line of the track 9. The header re-
gion 90 in this example is formed in the manner described 
in Example 2. That is, the data sequence and the length 
(bit length) of the header region 90 in the read-only 

5 areas are made equal to those of the header region 80 in 
the rewritabie area (Figure lOA). More specifically, as 

shown in Figure llA, the header region 90 with a length 
of 128B is composed of four sector identification data 
Pins (PIDl to PID4). As shown in Figure 118, the PIDl, 

10 for examp1e, includes a first VFO region 231 (VFOl), an 
AM region 232, a Pid region 233, an IED region 234, and 
a postamble region 235 in this order from the head, and 
has a length of 46B. L.ikewise, the PID2 includes a 
second VFO region 236 ( VF02), an AM region 237, a Pid 

15 region 238, an !ED region 239, and a postambl.e region 240 
in this order from the head, and has a length of 188. 
The PID3 and the PID4 of the latter half have the similar 
configurations to the above. 

20 Thus, in this example. different data series can 
be formed on the dummy data regions 33 or 34 on adjacent 
tracks in the read-only areas. This can be realized by 

scramb1ing predetermined fixed data (e.g., FF) in the 
same manner as that for data recorded on the data region 

25 · 37 and using different initial values between adjacent 
sectors. The resu1tant scrambled data is then modulated 
with the recording code used for the data on the data 
region 37 and recorded on the pad region 82.or 85. In 
this way, the servo tracking by the phase error detection 

30 method can be relatively stably controlled in the read­
only areas. A scrambling circuit and a recording coding 
circuit used for generating data to be recorded on the 
data region 37 can also be used for generating data to be 
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recorded on the pad regions 82 and 85. This simpli£ies 
the configuration of a recording signal processing 
circuit, and the circuit size can be reduced. 

5 In this example, the position 0£ t?e data region 
17 was shifted.by enlarging and shortening the first and 
second guard data regions 23 and 18 in the rewritable 
area. Alternatively, the gap region 13 and the buffer 
region 19 may be ·enl.argec.'l and shortened. The comb1.nation 

10 of the enlarging and shortening of these regions may also 
be used. 

(Example 7) 

In Example 6, exemplary data series on the 
15 sectors 10 and 30 in the rewritable area and the read­

only areas were described. As shown in Figures 10A and 
11A, the presync region 44 is formed following the VFO 
region 15 and preceding the data region 17 in the 
rewritable ar~a, while the presync regio~ 46 is formed 

20 following the VFO region 84 and preceding the data 
region 37 in the read-only areas. 

In the conventional optical disk as shown in 
Figure 23, for example, the data region 450 immediately 

25 fol.lows the VFO region 403. The data region 450 is 
composed of a plurality of data b1ocks 405a, 405b, 

' with the data synchronous series 404a, 404b, ••. preced-
ing the corresponding data blocks. 

30 In such a conventionaJ. data format~ at the 
reproduction, after stable clocking of the PLL circuit by 

the VFO region 403, the data synchron~us series 404a is 
detected. By the detection of the data synchronous 
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series 404a, the head of the data region 450 is identi­

fied to reproduce the first·data block 405a. 

The above conventional configuration has a 

5 drawback as follows. If the recox-ding film of the· 

optical. disk is damaged at the portion of the first data 

synchronous series 404a which specifies the start timing 

for the first data block 405a, for example, an error 

arises in the synchronous data to be read, failing to 

10 specify the start position of the first data block 405a. 

Moreover, when the start position of the first 

data biock 405a is failed to be specified, not only the 

first data block 405a but also the black number of the 

15 subsequent data block 405b cannot be specified. Errors 

therefore arise over the data region 450 of the entire 

sector, and reading of the data becomes impossible. 

However, according to the data fo~mat in Exam-

20 pl.e 6 described above, which has the presync region 

following the VFO region, the start timing of the first 

data block can be detected with high reiiability even if 

an error arises in the first data synchronous series of 
the data region. 

25 

In Example 7, the presyno region will be de-
I 

scribed in detail. 

Figure 14A shows a data format of one sector in 

30 the rewritable area of an optical disk of this example. 

F~gure 14B shows a data format of one sector in the read­

only areas of the optical disk of this example. In 

Figures 14A and 14B, the same components as those in the 
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p:r:evious examples are denoted by the same reference 

numerals. 

Referring to Figure 14A, the sector 10 includes 

5 the header region 80 ( secta~ identification data PID), 

the mirror region 12 (M), the gap region 13 (GAP), the 

first guard data region 23 (GDl), the VFO region 15, the 

presync region 44 (PSY), the first data region 17 (DATA), 

the postamble region 45 {PA), the second guard data re~ 

10 gion 18 (GD2), and the buffer region 19 (BUF). The first 

data r_egion 17 is divided into· a plurality of data 

blocks Sa, Sb, ••• with first data synchronous series 4a, 

4b, ••• preceding the respective data blocks. 

15 The mirror region 12 is a flat portion with no 

pit or groove formed thereon and used to obtain an offset 

of the tracking. The first and second guard data re­

gions 23 and 18 store predetermined data patterns for 

compensating a cycle degradation due to h~at load. The 

20 first guard data region 23 is located at the head of the 

recording data while the second guard data region 18 is 

located ·at the end of the recording data. The gap region 

13 absorbs signal disturbance at the start end of data 

recording and sets the recording laser power. The VFO 

25 region 15 includes a third data synchronous series where 

a predetermined code of a s~ngie period is sequentially 
I 

recorded •. The presync region 44 inc1udes a second data. 

synchronous series for specifying a start position of 

data reproduction, which will be described in this 

30 example. The postambl;.e region 45 terminates a modulation 

code and allows the reproduced signal processing to be 

shifted stably to a next sector. 
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Referring to Figure 14B, in the read-only areas, 
the sector 30 includes the pad region 82 (DMY) and the 
postamble region 83 (PA), in place of the gap region 
13 and the first guard data region 23 in the rewritable 

5 area, and the pad region 85 ( DMY) and the postamble 
region 86 (PA), in place of the second guard data re­
gion 18 and the buffer region 19 in the rewritable area, 
so as to stabili~e·the tracking. The other portions are 
the same as those of the sector 10 shown 1n Figure 14A. 

10 Hereinbelow. the second data synchronous series recorded 
on the presync region 44 of the sector 10 in the 
relllritable area and the presync region 46 of the sec~ 

tor 30 in the read-only areas wil.l he described · in 
detail. In the fol.I.owing description, the presync · 

15 region 44 of the sector 10 will be described as an 
ekample. It should be understood that the same is also 
applicable to the presync region 46 of the sector 30. 

As described above, the data fqrmat of this 
20 examp1e includes a data sequence of adding the second 

data synchronous series (the presyrtc region 44 or 46) 
between the first data synchronous series 4a as the head 
of the data region and the third data synchronous series 
(the VFO region 15 or 84). A predetermined pattern which 

25 has high autocorrelation and does not appear in the other 
data portions is used for the second data synchronous t 

series so that a spec1fic position can be detected ~n the 
code sequence. 

30 At the signal reproduction, the third data 
synchronous series (the VFO region 15) is first repro­
duced to allow the PLL circuit to be clocked and stabi­
lized by detecting the single-per~od repet~tion pattern. 
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After the sufficient stabilization 0£ the clocking, the 

position of the second data synchronous series (the 

presync region 44) is detected. From this detected 

pos.1. tian, the read start position of the first data 

5 synchronous series 4a located at t~e head of the data 

region can be specified. The synchronization with the 

data of the data region 17 is established by use of the 

first data synchronous series 4a, and thus the data can 

be reproduced at a further precise timing. 

10 

In the case where the data region 17 is divided 

into a pluraiity of data blocks as shown in Figure 14A, 

a plurality of first data synchronous series 4a, 4b, ••• 

are formed on the data region 17. This increases the 

15 redundancy, and therefore, in order to secure a suffi­

cient recording region for user data, each data synchro­

nous series ~hould be short. On the contrary, since onl.y 

one ·second data synchronous series ( PSY 44) exists in one 

sector, the second data synchronous seri~e can be made 

20 long. · 

Thus, in this example, the position of the 

relatively long second data synchronous series (PSY 44) 

can be detected without fail. From the detected position 

25 of the second data synchronous series (PSY 44), the read 

start position of the first data synchronous series 4a 
I ' • 

located at the head of the data region·17 can be identi-

fied. This allows the first data synchronous series 4a 

to be shortened without reducing stable detection there-

30 Of~ 

An exemplary code pattern of the second data 

synchronous series will be described. In this exampie, 
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as the recording code, the 8/16 code is used, which 
converts 8 bits of data into 16 channel. bits of the 

recording code having a bit length of 3 channel bits at 
minimum to ll channel bits at maximum. The interval of 

5 one channel bit is represented by T. The data is repre­
sented in the NRZI code where the signal level is invert­
ed at bit "1 11 while it 1.s not inve:t"ted at bit "0 11

• The 
second data synchronous series needs to satisfy the limit 
of the mark/space lengths of the recording code. 

10 

Accordingl.y, the shortest recording bit length is 
"lOQl'.. In order to ensure stable reproduction, the third 
data synchronous series (VFO region 15) needs to have a 
period longer than the shortest recording bit and include 

15 much edge information (level inversion) which ensures the 
cl.acking of the PLL. In this example, therefore, a code 
series composed of repetition of 11 1000 11 is used as the 
third data synchronous series to be recorded on the VFO 
region 15. The mark/space lengths of the NFO region 15 

20 are therefore 4T. 

Since the second data synchronous series of the 
presync region 44 is detected after the clock synchroni­
zation by the third data synchronous series of the VFO 

25 region 15 as described above, using the code capable of 
synchroni~ing every 4T further ensures the synchronous 

30 

I 

r~production. Consequently, it is effective to use a 
combination of 4-channel-bit patters as the second data 
synchronous series. 

In the case where the average of the mark/space 
lengths of the second data synchronous series is close to 

the period of the repetition pattern of the third data 
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synchronous series of the VFO region (hereinafter, 

referred to as the VFO pattern), symbols 11 1 11 represented 

in the NRZI code are located at similar positions between 
the two data synchronous series. This increases the 

5 probahility of mistakenly detecting the VFO pattern for 

the second data synchronous series. In th;i.s example, 

therefore, the inter-code distance between the second 

data synchronous series and the VFO pattern is made 

l.arge. However, in order to make the average 0£ the 

10 mark/space lengths of the second data synchronous series 

smaller than the period 4T of the VFO pattern, a pattern 

3T which is the shortest recording bit length needs to be 

included frequently. This reduces the stability at the 

9ata reproduction. In order to overcome this problem, 

15 the av~rage of the mark/space lengths of the second data 

synchronous series is made longer than the period 4T of 

the VFO pattern. 

The second data synchronous se~ies in this 

20 example is 4 bit long, and composed of a combination of 

plurality of code symbols including a code symbol having 

a single level inversion, i.e., 11 0001 11
, hOOlO", ,,0100", 

and 11 1000 11 and a code symbol having no level inversion, 

i.e., "0000". 

25 

A further specific exampJ.e of the code series 

constituting the second data synchronous series will be 

described. rn this example, the above-described 8/16 

conversi.on code is used. As will be described later, 

30 since a 2-byte code is used as the first data synchronous 

series, three bytes are used for the second data synchro-

nous series. When converted with the 8/16 conversion 

code, the second data synchronous series has a length of 
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48 bits as the recording channel. bits. That is, in terms 

of the above combination of 4-bit long code symbols, it 

has a length of 12 symbols. Hereinbe1ow, four specific 

examples of the code ser~es will be described. 

(1) F1rst example of code series (Pattern l) 
11 0100 0010 0100 0010 0010 0010 0100 0100 1000 

0010 0100 1000" 

Pattern 1 is the same as the pattern standardized 

10 in ISO/IEC 10089 and composed of three types.of symbols, 
11 0100 11

, "OOlO"r 11 1000 11
• 

(2) Second example of code series (Pattern 2) 

"1000 0100 0100 1000 0010 0001 0000 1000 0010 

15 0100 0100 0001" 

Pattern 2 is composed of five types of symbols, 

"0100", 11 0010 11
, "1000", "0001", 11 0000 11

• 

(3) Third example of code series (Pattern 3) 

20 "0000 0100 0100 1000 0010 0001 0010 0000 1000 

0010 0001 0001" 

Pattern 3 is composed of the same five types of 

symbols as Pattern 2. 

25 (4) Fourth example of code series (Pattern 4) 
11 0000 0100 0100 1000 0010 0001 0010 0000 1000 

0010 0001 0000·· 

Pattern 4 is also composed of the same five types 

of symbols as Pattern 2. This pattern has been uniquely 

30 found by the Inventors of the present invention, and 

exhibits resistance to errors and excellent detection 

resuits as the data series of the PSY region 44 inter­

posed between the VFO region 15 and the data region 17. 
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Figure 15 shows the comparison of the character­

istics of the above patterns 1 to 4 with respect to the 

average of the mark/ space lengths. the maximum and 

minimum of the mark/space lengths, the number of symbols 

5 constituting the pattern. and-the value of the digital 

summing value (absolute of DSV). 

As is observed from Figure 15, the maximum and 

minimum of the mark/space lengths generated in all 

10 patterns are 3T and 6T, respectively, satis£ying the 

limit vaiues for the modulation with the 8/16 moouiation 

code (maximum length llT. minimum length 3T). 

The averages of the mark/space lengths of pattern 

15 1 to 4 are preferabJ.y diffe:t:ent from the repetition 

period 4T of the third data synchronous series as de­

scribed above. As is observed from Figure 15, the 

average of the mark/space lengths o~ pattern l is 3.7T 

which is relatively close to 4T. This is pecause all of 

20 the three types of symbols constituting the code series 

25 

30 -

of pattern 1 i.nclude "1" among the four bits. 

pattern 1 does not include the symbol. "0000", 

Since 

it is 

di£ficu1t to obtain the average of the mark/space lengths 

larger than 4T. 

On the contrary, since the code series 0£ pat­

terns 2 to 4 are composed of five types of symbols 

including the symbol 11 0000 11 
, the average of the 

mark/space lengths can be made longer than 4T. 

The digital summing value (DSV) can be used as an 

indicator representing the characteristics of the record­

ing code. The DSV is obtained by converting 11 1 11 and "O" 
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as represented in the NRZ I code into "1 11 and 11 -1" , 

respecti:vely, and summing ail the bi ts of the code. When 

the digital summing va1ue is zero, the DC component 

inc1uded in the recording code is zero, and thus the DC 

5 component in the repro~uced signal does not vary. This 

makes it possible to stably convert the reproduced signal 

into a binary value. The digital summing value of each 

pattern is as shown in Figure 15. The DSV is 0 for pat­

tern 4. 
10 

The detection of the second data synchronous 

series (the PSY region) will be described. 

Figure 16 shows a PSY detection circuit 200 for 

15 detecting the second data synchronous series. Referring 

to Figure 16, the PSY detection circuit 200 includes a 

first shift register 91, a second register 92, a match 

number counter 93, a threshold circuit 94, a synchronous 

detection permission generating circuit 95, and an AND 

20 circuit 96. In this e~ample, as described above, the 

second data synchronous series is assumed to have 48 bits 

and 12 4-bit symbols constituting the second data 

synchronous series are denoted by Sa to 8 11.• The pattern 

of the second data synchronous series is therefore 

25 represented by a symbol sequence S0 , S 1 , S 2 , ••• S11 • 

First, the pattern of the second data synchronous 

series (symbol sequence) S0 , S1 , S2 , • • • S11 is held in the 

second register 92. Then, a reproduced signal for the 

30 PSY detection is input into the first shift register 91 

whi1e sequentia11y shifted. The second synchronous se­

ries S0 to 8 11 held in the second register 92 is then 

compared with the reproduced signal. every four bi ts, 
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1.e., every symbol. The nwnber of matched symbols is 

counted by the match number counter 93, and the count 

value is output to the threshold circuit 94. The thresh­

old circuit 94 has a preset threshold for determining 

5 whether·or not ~he second data synchronous series has 

been detected. When the count value output from the 

match number counter 93 exceeds the threshold, a detec­

tion signal is output from the threshold circuit 94. 

lO For example, assum~ng that the threshold is 

preset at 8, the threshold c~rcuit 94 outputs a detection 

signal when the input reproduced signal and the second 

synchronous series S0 to S11 match by eight symbols or 

more. As long as no error arises in the reproduced 

15 signal, all. of the 12 symbols should match with the 

signal value of the first shift register 91 when the 

second data synchronous series is exactly detected hy 

shifting each bit of the first shift register 91 one by 

one. The synch:r-onous detection permissipn generating 

20 circuit· 95 outputs a gate signal indicating the time 

period during wh1ch the second data synchronous series 

shou.ld be detected. When the threshold c1rcui t 94 

detects the second data synchronous ser1es during this 

detection t"ime period, the detection signal for the 

25 second data synchronous series is output from the AND 

circuit 96 to a system control circuit (not shown). 

In this example, the pattern match was performed 

every 4-bit symbol. The pattern match may also be 

30 performed for another number of bits, e.g., every bit. 

A specific example of the data format shown in 

Figure 14A (or Figure 14B) with a specific code pattern 
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a11ocated for each region will be described. Figure 17 
shows an example of part of the data format from the VFO 
region 15 to the first data b1ock Sa. 

Referring to Figure 17, the VFO region 15 has at 
least 64 hits of a repetition pattern of "1000" as the 
third data synchronous aeries. The first data synchro­
nous series 4a of the data region 17 fo1lowing the second 
data synchronous series of the PSY region 44 has a 32-bit 

10 pattern 4a-1 of "0001001001000100 000000000000010001" or 

15 

20 

a 32-b~t pattern 4a-2 of "0001001000000100 
0000000000010001 ''. The head portion of the data block Sa 
fo11owing the first data synchronous series 4a is assumed 
to be arbitrary 16 bits. 

Hereinbelow, the pattern match obtained in the 
PSY detection will be described using patterns 1 and 4 of 
the second data synchronous series described above 
(patterns 1 to 4). 

As shown in Figure 17, the detection of the 
second data synchronous series is performed using a 48 
bit wide detection window 97. A reference position is 
defined as the position where the match of all of the 12 

25 symbols should be obtained as long as no error ar~ses. 
At the detection, the detection window 97 is shifted in 

I 

the range of -64 bits to +48 bits from the reference 
position. Every four bits of the input signal are 
compared w~th each symbol of the second data synchronous 

30 series as described above, to obtain the number of 
pattern matches. The results are shown in Figures 19A 
and 19B. The graphs shown in Figures 19A and 198 gener­
ally referred to as autocorrelation function diagrams. 
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The threshold of the number of the pattern matches is 
preset at 8 symbols, and the position where eight symbois 
or more have matched is determined as a detection posi­
tion for the second data synchronous series. 

In order to consider the influence of the first 
data synchronous series 4a and the data block 5a at the 
detection of the second data synchronous series, the 
results shown in Figures 19A and 19B have been determined 

10 in the following manner. One of the patterns 4a-1 and 
4a-2 of the first data synchronous series is selected so 
that the seiected one gives the larger number of pattern 
matches at each time (i.e., the one which more adversely 
influences the detection of the second data synchronous 

15 series is selected). When the detection window 97 shifts 
rightward from the reference posit~on by about 40 bits or 
more, the data biock Sa following the first da~a synchro­
nous series 4a is included in the range of the detection 
window 97 as shown in Figure 17. In this case, the 

20 pattern of the data bl.eek Sa ( 16 bi ts) greatly influences 
the detection of the second data synchronous series. To 
prepare for the worst case, a pattern of the data 
biock 5a ( 16 bi ts) where the number of pattern matches is 
largest is used in this exampie. 

25 

As a result, as will be observed from Figures 19A 
and 19B, when the detection window 97 is shifted leftward 
from the reference position ( i. e, the position of bit 
shift 0), the maximum number of pattern matches is 5 for 

30 pattern 1, whiJ.e .. it is 4 for pattern 4. Also, when the 
detection window 97 is shifted rightward from the refer­
ence position within the range of 40 bi ts from the 
reference position, the maximum number of pattern matches 
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is 6 for pattern 1, while it is 4 for pattern 4. The 
number of pattern matches when the detect~on window 97 is 
shifted from the reference position is desirably as sma11 
es possible so as to prevent the second data synchronous 

5 series from being mistakenly detected. Accordingly, the 
autocorrelation characteristics with respect to the bit 
shift is better when pattern 4 is used. 

The autocorrelation of each pattern of the second 
10 data synchronous series when edge shift or slice level 

variation occurs has been examined. Herein, l-hit edge 
shift refers to the case, for example, where the repro­
duced signal which should be n 00100" is changed to 
"01000" or "00010". Figures 18A to 18C are graphs 

15 showing the slice level variation. A slice level. is used 
as a measure for digitizing a reproduced signal into a 
binary val.ue. When the value of a sampled reproduced 
signal is larger than the slice level, it is set at 11 l '' • 
The result of the digitized binary value ~s represented 

20 in the NRZI code. The slice level is normally set at the 
center of the amplitude of the reproduced signal as shown 
in Figure 18A. However r the slice l.evel may :rise as 
shown i.n Figure 18B or fall as shown in Figure 18C, 
varying the measure for digitizing into a binary vaiue. 

25 As a result, the signal series which should be reproduced 
as "10001000" in the NRZI code as shown in F:l.gure 18A :1.s 

30 

I 

reproduced as "10010000" when the slice leveJ. rises {Fig­
ure 18B) or reproduced as· "10000100" when the slice level. 
falls (Figure 18C). 

Figures 20A and 20B show the results of the worst 
values of pattern matches when 1-bit edge shift occurs at 
any one to three positions within the range of the detec-
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tion window 97 for detecting the second data synchronous 

series. Figure 20C shows the results of the pi;J.ttern 

matches obtained when. due to the rise of slice 1evel, 

the pattern of the VFO region 15 changes from original 

5 11 10001000 11 to shi.fted "10010000" and the second data 

synchronous series of the PSY region is also subjected to 

a similar change. Likewise, Figure 20D shows the resuJ.ts 

of the pattern matches obtained when the E!lice level 

fa1is. 

10 

As shown in Figures 20A and 20B, as the number of 

edge shifts increases by one, the number of pattern 

matches ~ncreases by one at almost ali the bit posit~ons 

as a whole. As a result, as is observed from Figure 20A, 

15 in the case of pattern 1, when the edge shift occurs at 

two positions, the number of pattern matches becomes 8 

even at positions outside the reference position of the 

detection window 97. This may cause miss-detection. In 

the case of pattern 4, however, the numb~r of pattern 

20 matches is 6 at maximum at positions outside the refer­

ence position of the detection window 97 even when the 

edge shift occurs at two positions. The probability of 

miss-detection is therefore small. 

25 · As is observed from Figure 20C, in the case of 

pattern 1, when the detection window 97 is shifted 
I 

leftward (toward the negative number in the figure) from 

the reference position by 64 to 48 bits for detection, 

i.e., when pattern match is performed with the signal 

30 series of the VFO region 15 with the slice level varia-

tion, there exists a position where the number of pattern 

matches abruptly increases (the value is 8). This will 

be mistakenly detected as the second data synchronous 
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series. In the case 0£ pattern 4, however, the number of 
pattern matches is 5 at maximum at positions leftward the 
reference position of the detection window 97 even when 
the sl~ce level varies. The possibil~ty of miss-detec-

5 tion is therefore small. 

Thus, pattern 4 is preferable as the second 
synchronous series to be recorded on the PSY region 
because it has good properties as the recording code and 

10 has a smaller possibility of m:Lss-detection of a synchro­
nous signal due to an edge shift or a variation of the 
slice level.. 

15 

INDUSTRIAL APPLICABILITY 

Thus, according to the optical disk of the 
pr~sent invention, the sector identification data of the 
first header region ~s reproduced when e1 ther of the 
groove track and the land track is traced. This elimi­
nates the necessity of providing an exqlusive header 

20 region for each of the groove track and the land track. 

Regarding the preforrnat of the rewritable area, 
the first header region can be formed on the optical disk 
easily with high, precision hy wobbl~ng a light beam for 

25 cutting and forming guide grooves (groove tracks) outward 
and inward from the center line of the groove tracks • 

30. 

. 
This eliminates the necessity of providing an additional 
exclusive light source for forming the header region in 
the rewritable area. 

Thus, according to the optical disk of the 
present invention, the preformat of the rewritable area 
can be easily formed with high precision using a single 
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light source for cutting. 'I'his makes it possible to form 

the pref ormat using a conventional cutting machine when 

both the rewr~ table area and the read-only area are 

formed on one optical disk. 

According to the present invention, the sector 

length, the 1ength of the header region, and the length 

of the data region in each sector in the read-only area 

are made equal to the sector length, the length of the 

10 header region, and the length 0£ the data region in each 

sector in the rewritabie area. As a result, the data 

format of the read-only area matches the data format of 

the rewritable area. This makes it possible to unify the 

sector managements of the read-only area and the 

. 15 rewritable area so as to unify the processing such as 

sector retrieval. 

According to the present invention, there are 

provided the qummy data regions preceding ;and following 

20 the information data region in the read-only area. With 

this arrangement, the sector length, the iength 0£ the 

header region, and the length of data to be recorded on 

the sector in the read-only area can be made substantial­

ly equal to the sector length, the length of the header 

25 region, and the length of data to be recorded on the 

sector in the rewritable area. This makes it possible to 

unify the sector managements of the read-only area and 

the rewritable area so as to unify the signal processing 

such as sector retrieval. 

30 

According to the optical. disk of the present 

invention, separate reproduced signal processing circuits 

for the rewritable area and the read-only area are not 
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necessary but one reproduced signal processing circuit 
can be shared when the rewritable area and the read-only 
area are formed on one optical disk. This makes it 
possi~le to reduce the circuit size of an optical disk 

5 recording/reproducing apparatus. Thus, a reproduced 
signal processing circuit with a simpler circuit configu-.. ·.·. 
ration and higher reliability can be realized. 

According to the present invention, the tracking 
10 error -signal can be stably detected even when the phase 

error detect~on method is employed for servo tracking, 
allowing for relatively stable servo tracking. Also, by 
using different data synchronous series for the second 
dummy data regions on adjacent tracks, the servo tracking 

15 can be stabilized and the start of the information data 
region can be detected without fail. 

According to the present invention, a sector in 
the read-only area left with no data recor~ed thereon is 

20 filled with dummy data. With this £iiiing, the 
rewritable area can always start from the head of a 
track, and thus effective sector management is realized. 

According to the present invention, the second 
25 data synchronous series with high autocorrelation .is used 

£or the presync regi.on. This makes it possible to detect 
I 

the presync region with high reliability. As a result, 
the position of the start of the data region following 
the presync region can be precisely specified. This 

30 makes it possible to stably reproduce recorded data. 

As the construction of the second data synchro­
nous series, the average of the mark/space lengths of the 
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second data synchronous series is made 1onger than that 
of the VFO region. This makes it d1.ffi.cu1t for the 
second data synchronous series to match the pattern of 
the data synchronous series used for the VFO region. 

5 This is effective even in the case where no error arises 
in the reproduced signal or in the.case where an edge 
shift occurs or the slice 1eV'el varies. Accordingly, 
such a second data synchronous series used for the 
presync region is resistive to errors and provides 

10 excellent detection results. 

By setting the digital summing value 0£ the 
second data synchronous series at substantially ~ero, the 
DC component does not vary, and thus the stabi1ity of the 

15 reproduced signal is not degraded due to the addition of 
the second data synchronous series. 

The second data synchronous series, which satis­
fies the limit value under the modulatipn code rule, 

20 prevents troubles such as waveform interference due to 
too small recording marks recorded on the optical disk 
and such as unstabl.e c1ock synchronization due to too 
l.ong inversion interval of the· signa1 resulting from too 
large mark. 
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CLAIMS 

l. An optical disk having a rewritable first recording 
area and a read-only second recording area, 

wherein the first recording area includes first 
tracks composed of groove tracks consisting of grooves 
and land tracks consisting of inter-groove portions, the 
groove tracks and the land tracks being formed. on an 
optical disk substrate alternately in a spiral or concen­
tric shape, each of the first tracks being divided into 
a plurality of first sectors, each of the first sectors 
including a first header region having identification 
data for identifying the first sector and a first data 
region for recording user data by forming recording marks 
by changing optical characteristics of a recording 
surface, 

the second recording area includes second tracks 
£armed with physical concave and convex shaped pit rows 
arranged on the optical disk substrate i~ a spirai or 
concentric shape, each of the second tracks being divided 
into a pluraiity of second sectors, each of the second 
sectors including a second header region having 
identification data £or identify~ng the second sector and 
a second data region having read-only data recorded as 
the pit rows, 

the first header region includes a physical 
concave and convex shaped first pit row, each pit of the 
first pit row having a width in a radial direction of the 
optical disk substantially equal to a width of the groove 
track and baing wobbled outward or inward from a center 
line of the groove track by about a quarter of a pitch of 
the groove track, and 

the second header region includes a physical 

.REPLACED SHEETS .SG 
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concave and convex shaped second pit row, each pit of the 

second pit row having a width in the radial direction of 

the optical disk smaller than the width of the groove 

track and being formed substantially aJ.ong the center 

1ine of the second track. 

2. An optical disk according to claim 1, wherein a data 

sequence of the first header region and a data sequence 

of the second header region are modu1ated with a same 
modulation code, and 

a data sequence of the first data region and a 

data sequence of the second data region are modulated 

w1th a same modulation code. 

3. An opt1cal. disk according to claim l, wherein the 

identification data of the first header region and the 
identification data of the second header region have data 

formats w1th a same data sequence and a same data capaci­

ty, and 

the first data region and the second data region 

have data formats with a same data sequence and a same 

data capacity. 

4. An optical disk according to claim 3, wherein a data 

b:it interval between the first header region and the 
first data region in the rewritable first recording area 

I 

is substantially equal to a data bit interval between the 

second header region and the second data region in the 

read-only second recording area. 

5. An optical disk according ta claim 3, wherein, in the 

rewritable first recording area, each of the first 

sectors includes: a mirror mark region, a gap region, and 
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a first dununy data region which are formed between the 

first header region and the first data region; and a 

guard data region and a buffer region which are formed 

between the first data region and a first header region 

of a next first sector, and 

in the second recording area, each of the second 

sectors includes: a second dummy data region formed 

between the second header region and the second data 

region; and a third dummy data region formed between the 

second data region and a second header region of a next 

second sector. 

6. An optical disk according to claim 5, wherein each of 

the first dummy data region, the second dummy data 

region, and the third dummy data region have a specific 

sequence pattern of a modulation code used for modulation 

0£ data to be recorded. 

7. An optica1 disk having a rewritable first recording 

area and a read-only second recording area, 

wherein the first recording area includes first 

tracks composed of groove tracks consisting of grooves 

and 1and tracks consisting of inter-groove portions, the 

groove tracks and the land tracks being formed on an 

optical disk substrate alternately in a spiral or concen­

tric shape, each of the first tracks being divided into 
I ' 

a plurality of first sectors, each of the first sectors 

including a first header region having identification 

data for identifying the first sector and a first data 

region for recording user data. as recording marks by 

changing optical characteristics of a recording surface, 

the second recording area includes second tracks 

formed with physical pit rows arranged on the optical 
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disk substrate in a spiral or concentric shape, each of 

the second tracks being divided into a plurality of 

second sectors, each of the second sectors including a 

second header region having identification data for 

identifying the second sector and a. second data region 

having read-only data recorded as the pit rows, 

data series of the first and second recording . 

areas are modulated with a same modu1ation coder 

the first and second sectors have a same data 
capacity, 

the first and second header regions have a same 

data sequence, and 

the £irst and second data regions have a same 

data sequence and a same data capacity. 

8. An optical disk according to claim 7, wherein each of 

the first sectors :lncludes a first dummy data region 

formed between the first header region and the first data 

region, 

each of the second sectors includes a second 

dummy data region formed between the second header region 

and the second data region and a third dummy data region 

formed between the second data region and a second header 

region of a next second sector, and 

each of the second and third dummy data regions 

includes in at least a portion thereof data of a data 
I 

series different from a data series of a corresponding 

dummy data region on an inward or outward adjacent track 
on the opticai disk substrate. 

9. An optical disk acco4ding to claim 8, wherein each of 

the second and third dummy data regions includes in at 

least a portion thereof a random data aeries with sub-
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stantially no correlation with a data series provided on 
a corresponding dummy data region on an adjacent track. 

10. An optical disk according to claim 9, wherein the 
random data series is a data series generated hy an M­

se:ries sequence. 

11. An optical disk according to claim 8 1 wherein each of 

the second and third dummy data regions includes in at 
least a portion thereof a random data series with sub­

stantial1y no correlation with a data series formed on a 

corresponding dununy data region on an adjacent track and 
a specific sequence pattern included in a modulation code 
provided following the random data series. 

12. An optical disk according to claim 8, wherein each of 
the second and third dununy data regions includes i.n at 
least a portion thereof a data synchronous series for 

specifying a start ti.ming position of the second data 
region. 

13. An optical d.:Lsk according to claim 12, wherein the 

data synchronous series included in the second and third 
dummy data regions are provided so that a pattern of the 
data synchronous series is switched every track among a 
plurality of d1fferent data synchronous patterns. 

I 

14. An optical disk accord~ng to claim 8, wherein each of 
the second and third dummy data regions has.in at least 

a port.:Lon thereof a pattern generated by scrambling a 

predetermined data based on address information in the 

sector identification data and by modulating the scram­
bled data with the modulation code. 
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15. An optical disk according to claim 7, wherein one 
error correction block includes a predetermined number k 
(k is an integer) of the first or second sectors, and 
data is recorded on the number of sectors equal to a 
multiple of k, dummy data being recorded on remaining 
sectors of less than k. 

16. An optical disk having a rewritable first recording 
area and a read-only second recording area, 

wherein the first recording area includes.first 
tracks composed of groove tracks consisting of grooves 
and land tracks consisting of inter-groove portions, the 
groove tracks and the land tracks being formed on an 
optical disk substrate alternately in a spiral or concen­
tric shape, each of the. first tracks being divided into 
a plurality of first sectors, each of the first sectors 
incl.uding a first header region having .identification 
data for identifying the first sector and a first data 
region for recording user data by forming ~ecording marks 
obtained by changing optical characteristics of a record­
ing surface, 

the second recording area includes second tracks 
formed with physica1 concave and convex shaped pit rows 
arranged on the optical disk substrate in a spiral or 
concentric shape, each of the second tracks being divided 
into a plurality of second sectors, each of the second 

t 

sectors including a second header region having 
identification data for identifying the second sector and 
a second data region having read-only data recorded as 
the pit rows, 

at least one of the first and second data regions 
comprises: 

a first data synchronous series provided at a 
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head of the data region £or specifying a start timing 
position of the data region; 

a second data synchronous series preceding the 
first data synchronous series for specifying a start 
timing position of the data region: and 

a third data synchronous series preceding the 
second data synchronous series and having a speci£ic 
repetition sequence pattern of a niodu1ation code in the 
data region. 

17. An optical disk according to claim 16, wherein the 
data region is divided into a plurality of data blocks, 

the first data synchronous series is provided at 
a head of each of the data blocks, and 

the second data synchronous series precedes the 
first data synchronous series provided at a head of a 
first one of the plurality 0£ data b1ocks. 

18. An optical disk according to claim ;t6, wherein a 
digital summ~ng value which is obtained by converting "l" 
and "O 11 in the second data synchronous series into "l" 
and "-1", respectively, and by summing all values is 
substantially zero. 

19. An optical disk according to claim 16, wherein the 
second data synchronous series satisfies a maximum length 

I 

and a minimum length as limit values under a modulation 
code rule of a mark length { 11 1" or 11 0" level) and a space 
length ( 11 0" or "1" level) of the data region. 

20. An optical disk according to cl.aim 16, wherein an 
average of the mark length and the space length of the 
second data synchronous .series is larger than the mark 
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length and the space iength of the third data synchronous 
series. 

21. An optical disk according to claim 16, wherein the 

second data synchronous series is a data series composed 

of a combinati.on of a plurality of any of 4-bit code 

symbols, 11 0100°, "0010", 11 100011
, "0000''. 

22. An optical disk according to claim 16, wherein the 

second data synchronous series is a data series including 

a code series, "0000 0100 0100 1000 0010 0001 0010 0000 

1000 0010 0001 0000" 


