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DESCRIPTION

OPTICAL DISK

TECHNICAL FIELD

The present invention relates to an opﬁical disk,
more specifically relates to a data format on an optical
disk having a rewritable area and a read-only area.

BACKGROUND ART

Optical disks are classified into a read-only
type which only allows for reproduction of recorded data
and a rewritable type which allows the user to record
data thereon. A read-only optical disk has tracks formed
in a spiral or concentric shape on a disk substrate. An
array of concave and convex portions (pits) are physical-
ly formed 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-
sStrate and a recording film formed over the grooves. The
grooves defins 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
as to form regions with different optical properties
(recording marks) on the recording £ilm.

In an optical disk, generally, one track corre-
spbnding to one rotation of the optical disk is divided
into a plurality of sactors 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 digk and a rewritable optical
disk have different data formats and modulation codes
from each other. In order to allow the user to recoxrd
data every sector, the data format of the rewritable
optical disk reguires to have, for example, a region for
getting the laser power et the head of a recording region
of each sector and a region for absorbing a variation of
the rotation of a spindle motor at the end of the record-
ing region. In the case of the read-only optical disk
where no data is rewritten by the user, information has
been recorded on the optical disk at the production of
the optical disk with high precision, and no extra region
for data recording by the user is required.

Figure 21 shows a conventional optical disk 301
having a rewritable area and a read-only area. The
optical disk 301 has a recording film formed on a disk
gsubstrate so that the user can record and reproduce data
on and from the optical disk. Referring to Figure 21,
the optical disk 301 includes read-only areas 302 and 303
located on the outer and inner portions thereof, respec-
tively, and a rewritable area 305 located between the
read-only areas 302 and 303.

In the read-only areas 302 and 303, information
and.data have been previously 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
reproduce information and data by tracking the grooves of

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 apparatus 300
for recording/reproducing data on/from  the optical
disk 301 shown in Figure 21. Referring to Figure 22, the
optical disk recording/reproducing apparatus 300 includes
an optical head 307 for recording or reproducing data, a
first signal processing section 320 for processing a
reproduced signal supplied from the rewritable area 305,
a second signal processing section 330 for processing a
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
signal processing section 320 or the second signal
processing section 330. The first signal processing
saction 320 includes a first digitizing circuit 309, a
first PLL (phase-locked loop) 310, a first timing genera-
tion circuit 311, and & first demodulator 312. Likewise,
the second signal processing section 330 includes a
second digitizing circuit 313, a second PLL 314, a second

timing generation circuit 315, and a second demodulat-
or 316.

When data recorded on the rewritable area 305 is
10 be reproduced, the switch 308 is switched to a termi-
nal A to be connected with the first signal processing
section 320. The reproduced signal is first converted
into a digitel signal by the first digitizing cir-
cuit 309, and clocked by the first PLL 310. The first
timing generation circuit 311 generates a gate signal for
reading user data, and the user data is demcdulated into
binary data by the first 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
processing section 330 for the read-only areas is sepa-
rately regquired when dJdata recorded@ on the read-only
area 302 or 303 is to be réproduced. When data on the
read-only area 302 or 303 is to be reproduced, there-
fore, the switch 308 is switched to a terminal B to be
connected with the second signal processing section 330.
As in the first signal processing section 320 described
above, the reproduced signal is first converted into a
digital signal by the second digitizing circuit 313, and
clocked by the second PLL 314. Then, the second timing
generation circuit 315 generates a gate signal for
reading user data, and the user data is demodulated into
binary data by the second demodulator 316. The demodu-
lated data is output from a second output ?erminal 318.

Figure 23 schematically illustrates a data format

of a sector 400 on the conventional rewritable optical
disk 301.

Referxing to Figurs 23, the sector 400 includes
a sector identification. data region 401 at the head
therecf, followed by a gep region 402, a VFO region 403,
an Enformation data region 450, and a buffer region 409
in this order. The sector identification data region 401
stores address information and the like for management of
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 450 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
data in the other regions obtained by modulating 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 peried to
stabilize the clocking at the reproduction. The buffer

region 409 absorbs a variation of the rotation at the end
of recording.

Using the data format with the above configura-
tion, the reproduction is conducted in the following
manner. First, the clocking at the PLL circuilt is stabi-
lized by the repetition pattern stored in the VFO re-
gion 403. After the clock has been sufficiently stabi-
lized, the data synchronous series 404a is detected and
recognized to be the head ¢of the information data re-
gion 450. Upon recognition, the first data block 405a is
reproduced. Subsequently, the next data synchronous se-
ries 404b is detected to reproduce +the next data
block 405b. By repeating this operation, the dats on the
information data region 450 can be stably reproduced.

‘ With the data synchronous series 404 prefixed to
the regpective data blocks 405, even if the data repro-
duction at one data block becomes out of synchronization
due to an exrror such as dropout, the synchronization 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 modulation codes used in the rewritable
area and the read-only area are different from each other
as described above. The conventional record-
ing/reproducing apparatus for such an optical disk needs
to have two separate signal processing circuits for the
rewritable area and the read-only areas, which compli-
cates and enlarges the circuit size of the apparatus.

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 and a read-only area and
capable of reducing the circult size of a record-

ing/reproducing apparatus using the optical disk and
providing stable reproduction.

The optical disk of this example has a rewritable
first recording area and a read-only second recording
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 land
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
sector and a first data region for recording user data by
forming recording marks by changing optical characteris-
tics of & recording £ilm, the second recording area
includes second trscks formed with physical pit rows
arranged on the optical disk substrate in a spiral or
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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, the first header region includes a physical
first pit row, each pit 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
wobbled outward or inward from a center line of the
groove track by about a gquarter of a pitch cof 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
than the width o0f the groove track and being formed
substantially along the center line of the second track.

In one embodiment of the invention, a data
sequence Oof the first header region and a data segquence
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
modulated with a same modulation code.

In another embodiment of the invention, the
identification data of the first header region and the
idehtification 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

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

header region and the second data region in the second
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
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 first data region and a first header reglon 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.

In still another embodiment of the invention,
each of the first dummy data region, the second dummy
data region, and the third dummy data region have a
specific sequehce pattern of a modulation code used for
modulation of data toc 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
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 being formed on an optical disk substrate alter-
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nately in a gspiral 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
sector and a first data region for recording user data as
recording marks by changing optical 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
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 zrows, data series of the first and second
recording areas are modulated with a same modulation
code, the first and second sectors have & same data
capacity, the first and second header regions have a same
data seguence, and the first and second data regions have
a same data sequence and a same data capacity.

In one embodiment of the invention, each of the
firgt sectors includes a first dummy data reglion 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 therecof data of a data series different from a
data series of a corresponding dummy data region on an
inward or outward adjacent track on the optical disk



10

15

20

25

30

P14635
- 10 -

substraté.

In ancther embodiment of the invention, each of
the second and third dummy data regions includes in at
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
random data gseries 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
in at least a portion thereof a random data series with
substantially no correlation with a data series formed on
a corresponding dummy data region on an adjacent track
and a speclfic sequence pattern included in a modulation
code pfovided following the random data series.

In still 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 gpecifying a start timing position of the second data
region.

In still another embodiment of the invention, the
data synchronous series included in the second and third
dunmy data reglons are provided so that a pattern of the
data synchronous series is switched every track among a
plurality of different data synchronous patterns.

In still another embodiment of the invention,
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each of the second and third dummy data regions has in at
least a portion thereof a pattern generated by scrambling
& predetermined data based on address information in the
sector identification data and by modulating the scram-
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
data is recorded on the number of sectors equal to a

multiple of k, dummy data being recorded on remaining
sactors of less than K.

Alternatively, the optical disk of this invention
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 consisting of spaces
between adjacent grooves, the groove tracks and the land
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
sector and a first data region for recording user data by
fon‘ning recording marks obtained by changing optical
characteristics of a recording f£ilm, the second recording
area includes second tracks formed with physical pit rows
arranged on the optical digk substrate in a spiral or
concentric shape, each of the second tracks being divided
into a plurality of second sedtors, each of the second
sectors including a second header region having identifi-
cation date for identifying the second sector and a
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second data region having read-only data recorded as the
pit rows, at least one of the first and second data
regions includes: a first data synchronous series provid-
ed at a head of the data region for 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 specific

repatition 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
first data synchronous series 1s provided at a head of
each of the data blocks, and the second data synchronous
series precedes tha first data synchroncus series provid-

ed at a head of a first one of the plurglity of data
blocks.

In another embodiment of the invention, a digital
summing value which is obtained by converting "1" and "QO°
in the second data synchronous series into "1" and "-1%,

respectively, and by summing all values is substantially
zero.

In still another embodiment of the invention, the
second data synchronous series satisfies a maximum length
and. a minimum length as limit values under a mecdulation
code rule of a mark length ("1" or "0" level) and a space
length ("0" or "1" level) of the data region.

In still 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 invention, the
second data synchronous series is a data series composed
of a combination of a plurality of any of 4-bit code

symbels, "0100", "0010", "“1000","OOO1", "0OO0O".

In still another embodiment of the invention, the
second data synchronous series is a data series including

a code series, "0000 0100 0100 1000 0010 0001 0010 0000
1000 0010 Q001 CO00O"

Thus, the invention described herein makes
possible the advantage of providing an optical disk
having a rewritable area and a read-only area which can
reduce the clrcuit size of a recording/reproducing

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
upon reading and understanding the following detailed
desgription with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a view .illustrating an exemplary
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 according to the present invention.

Figure 3 i1is a view illustrating a zreproduced
signal processing section for reproducing data from the
optical disk according to the present invention.

Figures 4A to 4B are views illustrating data
formats and reproduced signals used in another optical
disk according to the present invention.

Figure 5 is a view illustrating the principle 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 & view illustrating waveforms of
tracking error signals obtained when different data
series are recorded on adjacent tracks.

Figureg 8A to 8D are views i1llustrating data

formats of dummy data regions of one example according to
the present invention.

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 10A and 10B are views illustrating a data

format in the rewritable area in one example according to
the present invention.
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Figures 1l1lA and 11B are views illustrating 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 datza in one example
according to the present invention.

Figure 13 is a view showing an example of a
conversion table of modulation codes.

. Figures 148 and 14B are views i1llustrating data
formats in the rewritable area and the read-only areas of

an optical disk of one example according toc the present
invention.

Figure 15 is a view illustrating the comparison

of the properties of patterns of a second.data synchro-
nouvs 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 wview illustrating a detection

method and a detection range for the second data synchro-
nous series.

Figures 18A to 18C are views i1llustrating shlfts
in a slice level for conversion to binary codes.

Figures 194 and 19B are views illustrating
autocorrelation functions of pattern 1 and pattern 4
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obtained when a reproduced signal includes no exxror.
Figures 20A and 20B are views illustrating

autocorrelation functions of pattern 1 and pattern 4

ocbtained when edge shift occurs at one to three posi-

tion(s) within a synchronous pattern detection window.

Figures 20C and 20D are views illustrating

. autocorrelation functions of pettern 1 and pattern 4

obtained when the slice level is shifted.

Figure 21 illustrates a conventional optical
disk.

Figure 22 is a view illustrating a reproduced

signal processing circuit for reproducing data f£rom the
conventional optical disk.

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

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described by way of
example with reference to the relevant drawings.

(Ex§mple 1)

An optical disk 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
disk. Referring to Figure 1, an optical digk 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-only areas 2 and 3, concave and
convex shaped pit rows physically formed in a spiral or
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
(gulde tracks) 6 are formed in a spiral or concentric
shape on a disk substrate. Information and data are
recorded along groove tracks which are groove portions of
the gulde grooves or land tracks between adjacent
grooves. Hereinbelow, the groove tracks and the land
tracks are collectively referred to as information

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

Each of the information tracks in the rewritable
area 5 1s divided into a plurality of sectors. Each
sector includes a first header region having identifica-
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 recording film.
Likewise, each track in the read-only areas 2 and 3 is
divided into a plurality of sectors. Each sector in-
clu?es a second header region having identification data
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
corresponding to one rotation of the optical disk into a
plurality of sectors (data units), management of the

positions of necessary data on the optical disk and high-
speed data retrieval can be realized.
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Figures 28 to 2H are views illustrating data
formats of the optical disk 1 of this example. A data
format in the rewritable area 5 will be first described.
Figure 2A shows an exemplary data format of each sec-
tor 10 in the rewritable area 5, and Figure 2C shows a
corresgponding physical configuration of the information
track. Figure 24 shows data formats of two information
tracks in correspondence with their physical configura-
tion for comparison with Figure 2C. As shown in Fig-
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 0f the optical disk 1.
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
first header region 11 (sector identification data PID1
and PID2) and an information region 20. A mirror mark 12
(M) and a gap region 13 (GAPa and GAPb) are formed
between the first header region 11 and the information
region 20. The information region 20 includes a first
dummy data region 15 (VFO re_zgion (VFOa and VFDOb)), a
firg:t data region 17 (DATAa and DATAb), and a guard data
region 18 (GDa and GDb) as will be described later in
detail. A buffer region 19 (BUFa and BﬁFb) is formed
between - the information region 20 and a first header
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, while
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 following description unless otherwise
specified.

Referring to Figure 2C, the first header re-
gion 11 includes a physically formed concave and convex
shaped pit row 21 (2la 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
groove 6 (groove track 7). The pit rows 21la and 21b are
displaced outward and inward from the center line of the
guide groove &, i.e., wobbled, by about a quarter of the
pitch of the guide groove 6 (i.e., groove pitch Tp). 1In
this example, the first header region 11 is divided into
a former half lla and a latter half 11lb. 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 1llb is displaced
inward.

With this displacement of the pit rows 2la and
21b 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

land track 8. Thus, separate exclusive header regions

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

If exclusive header regions are required for the
groove track 7 and the land track 8, a technigque of
forming pit rows with a wildth 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. It 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 leftward from the
center line of the guide groove 6 (groove track 7) using
an AO modulator and the like so as to form the first
header region 11 (the pit row 21) on the optical disk 1

easily with high precision without using another beam for
cutting.

The mirror mark region 12 following the header
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 13b) is: formed on the
groove track (1l3a) and the land track (13b) to avoid a
head 14 of the information region 20 from overlapping the
mirror mark region 12 or the first header region 11 when

8 jitter occurs due to the rotation of <the optical
disk 1.

The information region 20 is a region where the
user can record desired data and includes the first dummy
data region 15 (VFOa and VFOb), the first data region 17
(DATAa and DATAb), and the guard data region 18 (GDa and
GDbh) as described above (see Figure 2A). Information is
recorded on the information region 20 by irradiating the
recording film formed on the optical disk 1 with a laser
beam to change the optical properties (reflectance) of

the recording film. For example, an irradiated portion
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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
is formed on the grocve track 7, while a recording mark
array 22b is formed on the land track 8.

The f£irst dummy data region 15 is a VFO region
where a specific pattern 1s recorded so as to promptly
stabilize the clocking of the PLL of 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 zregion 15.
Desired user data including 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-

gilon 17 to ensure the stability of the reproduced signal
processing circuit.

The buffer region 19 includes no data but is
formed to avoid the end of the information region 20 from
overlapping the header region 1l1' of the next sector 10!
when a jitter occurs due to the rotetion of the optical
disk 1, as in the case of the gap region 13.

' Thus, in the rewritable area 5, data is recorded

on the groove track 7 and the land track 8 in accordance
with 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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tor 10 of the read-only areas 2 and 3, and Figure 2D

schematically illustrates a physical configuration of the
track correspondiﬁg pit array.

In the read-only areas 2 and 3, a track 8 :I.g
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
region in the read-only areas 2 and 3. More specifical-
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 slong the center line of the
track.

Like the rewritable area 5, each track in the
read-only areas 2 and 3 is divided into & plurality of
sectors 30 for data recording sSo as to manage the posi-
tions of necessary information data on the optical disk
and realize high-speed data retrieval. It will bse

preferable at practical information record- .

ing/reproduction if the sectors.in the read-only areas 2
and 3 and the rewritable area 5 can be managed in a same
manner and the processing such as sector retrieval are
unified. To realize this unified processing, in this
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
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 exampls. Referring to
Figure 2B, the sector 30 includes a second header re-

gion 31 (sector identification data PID1 and PID2) and a

second data region 37. A second dummy data region 35
{VFOl) is formed between the second header region 31 and
the second data region 37. A third dummy data region 38
{(VFO2) 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 reglon 31 is lined substantially along the
center line of the track 9, not displaced outward or
inward as in the first header region 11 in the rewritable
area 5. The width of the pit row 29 in the read-only
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 the rewritsable
area 5 which is substantially equal to the groove width.

. In the second data region 37, also, the concave
and convex shaped pit row has been previously formed
substantially along the center line 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

same in the data capacity, the data format (signal
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
format (signal sequence), and the modulation codes.

Further, as shown in Figures 2A and 2B, a head
(start timing) 16 of the first data region 17 in the
rewritable area 5 and a head (start timing) 36 in the
sacond data region 37 in the read-oﬁly areas 2 and 3 are
matched with each other.

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-only areas 2 and 3, one
reproduced signal processing circuit can be shared by

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
discontinuation of tracking error signals which may occur
if no pit row is formed between the second header re-
gion 31 gnd the second data region 37. The second dummy
data reglon 35 includes, for example, & specific data
pattern of the same modulation code as that used for the
first dummy data region (VFO region) 15 in the rewritable
area 5. With this arrangement, it is possible to prompt-
ly and stably clock the PLL of the reproduced signal
processing circuit. Random data or any other data may
also be used to stabilize the sexrvo tracking. '

.The third dummy data region 38 is formed to
prevent the serve tracking from becoming unstable due to
discontinuation of tracking error signals, a&s in the
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second dummy data region 35.

As described abdve, in the read-only areas 2 and
3, the pit rows both in the second header region 31 and
the second data region 37 are lined substantially along
the center line 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 date region 37
of the sector 30 and the space between the second data
region 37 of the sector 30 and the second header re-
gion 31' 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.

Thug, 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, separyate exclusive

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

Since the first header region 11 can be easily

"and precisely formed on the optical disk by wobbling a

light beam for cutting the guide groove 6 (groove
track 7) rightward and leftward from the track center, a
sep§rate exclusive light source for forﬁing the first
header region is not required. Thus, the preformat in
the rewriteble area 5 of the optical disk 1 of this
example can be easily formed by use of a single light
source for cutting, reducing the circuit size of the
recording/reproducing apparatus for this optical 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 recoxd-
ing/reproducing data on/from the optical disk 1 of this
example having the above-described data format. Refer-
ring to Figure 3, the reproduced signal processing
section of the optical disk recording/repioducing appara-
tus 100 includes a 2-part opticel detector 110, a summing
amplifier 111, a differentigl amplifier 112, a switch
circuit 113, a digitizing circuit 114, a PLL (phase-
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
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 1light from the track 9 (ths pit
row 29) in the read-only areas 2 and 3, and converts the
reflected light into a reproduced signal.

The summing amplifier 111 generates a sum sig-
nal Sl indicating the sum of two detection signals
obtained from the two parts 110a and 110b of the 2-part
opt?cal detection circuit 110 to supply to the switch
circuit 113. The differential amplifier 112 generates a
difference signal S2 representing the difference between

the two detection signals to supply to the envelope
detection circuit 120.

The switch circuit 113 switches between the sum
signal 81 and the difference signal S2 to supply either
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gignal to the digltizing circuit 114. The envelope
detection circuit 120 detects an envelope in the
difference signal S2. When an amplitude exceeding a
predetermined threshold is observed in fhe difference
signal 82, a control signal 83 is supplied to the switch
circuit 113 to force the switch circuit 113 to switch to
ocutput the difference signal $2 as an outpﬁt signal S4.

In the case of using the data formats shown in
Figures 2A to 2D, the difference signal 82 is obtained
only when the reproduced signal is obtained from the
first header region 11l in the rswritable area 5, as will
be described later in detail. Accordingly, the control
signal S3 output £from the envelope detection circuit 120
bacomes high only when the first header region 11 in the
rewritable area 5 1s detected (Figure 2E). The output
signal 84 from the switch circuit 113 is therefore egual
to the difference signal S2 only in the first header
region 11. The output signal 84 from the switch cir-
cuit 113 is equal to the sum signal S1 in the information

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

The output signal S84 from the switch circuit 113
(the sum signal 81 or the difference signal $2) is
dig}tized by the digitizing circuit 114 intoc & binary
signal. For example, +the digitizing circuit 114
digitizes the signal 84 in accordance with a threshold
set for each of the sum signal S1 and the difference sig-
nal 82, and outputs a digital signal S5 to the PLL 115,

The PLL 115 extracts a reproduction clock from
the digital signal S5 and outputs the reproduction clock
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to the PID 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
the head 36 of the recording data shown in Figure 28) for
reading the user data recorded on the data regions 17 and
37 based on the sector identification signal from the PID
generation circuilt 116, to initiate the demodulator 118
by supplying a contreol signal 86. The demodulator 118
demodulates the user data and outputs the results.

Hereinbelow, the waveforms of the signals o©b-
tained when recorded data on the information track in the
rewritable area 5 (i.e., user data prerecorded on the
information region 20) is reproduced until it is convert-
ed Into a binary signel will be described. Figure 2G is
an output waveform of the sum gignal $1 obtained from the

rewritable area 5, and Figure 2F is an output waveform of
the difference signal S2.

Az shown in Figure 2¢, the portion of the sum
signal 81 corresponding to the first header region 11 in
the rewritable area 5 is not detected by the digitizing
circuit 114 because an amplitude 41 thereof 1s smaller
than a predetermined threshold 40 for digitizing. The
reagson why the amplitude is small is that the pit row of
the first header region 11 is slightly displaced outward
(11a) or inward (11lb) from the center line of the groove
track. This causes light (a light beam from the optical
head) to be diffracted by the pit rows 2la and 21b 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 81 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
the center line of the information track. The sum signal
is therefore detected by the digitizing circuit 114, and
the reproduced signal is obtained.

Figure 2F shows an output of the difference
signal 82 obtained from the rewritable area 5. Since the
pit row 2la in the region 1la of the first header re-
gion 11 in the rewritable area 5 is displaced outward, a
larger amount of reflected light is diffracted to the
outward part 110a of the 2-part optical detection cir-
cuit 110. Accordingly, the difference signal S2 output
from the 2-part optical detection circuit 110 has an
amplitude 5la which exceeds a positive threshold 50a for
digitizing as shown in Figure 2F. The difference signal
is therefore detected by the digitizing circuit 114, and
the reproduced signal is cobtained.

Likewise, since the pit row 21b in the region llb
of the first header region 11 is displaced inward, a
larger amount of reflected light is diffracted to the
inward part 110b of the 2-part optical detection cir-
cui}: 110. Accordingly, the difference signal S2 output
from the 2-part coptical detection circuit 110 has an
amplitude 51b which exceeds a negative threshold 50b for
digitizing as shown in Figure 2F. The difference sig-
nal 82 1s therefore detected by the digitizing cir-
cuit 114, and the reproduced signal is obtained.

On the contrary, in the information region 20 in
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the rewritable 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 110a and 110b of +the 2-part - optical dJdetection
circuit 110 are'substantially the same. Therefore, an
amplitude 52 of the difference signal $2 is too small to
reach the threshold 51a (51b) for digitizing as shown in
Figure 2F. Likewise, in the read-only areas 2 and 3,
since the pit row 29 is formed along the center line of
the track 9, the light amounts received by the outward
and inward parts 110a and 110b of the 2-part optical
detection cilrcuit 110 are substantially the same. The
difference signal S$Z2 is substantially not output.
Therefore, in the regions other than the first header
region 11, the difference signal S2 is not detected by
digitizing, and thus no reproduced signal is obtained.

Figure 2H shows an output waveform of the sum
signal S1 obtained f£rom the read-only areas 2 and 3.
Referring to Figure 2H, since the pit row 29 is formed
along the center line of the track 89 for servo tracking
in the read-only areas 2 and 3, the sum signal S1 has an
amplitude 43 sufficiently large to be detected by dig-
itizing. Therefore, signals from all the regions in the
reproduction-only areas 2 and 3 including the second
header region 31 and the second data region 37 can be
converted into binary signals by use of the sum sig-

nal S81. 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 rewritable area and
the reproduction-only area are not required, but a common
signal processing section can be used. This reduces the
circuit size of the optical disk recorxrding/reproducing
apparatus, and realizes a reprocduced signal processing

circuit with a simpler circuit configuration and higher
reliability.

(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
Example 1. The same components are denoted by the same
reference numerals, and the description thereof is
ocmitted here. In this example, also, one track corre-
sponding to one rotation of the optical disk is divided
into & plurality of sectors. Each sector starts with a
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.

Figure 4A 1s an exemplary data format oOf each
secFor 10 in the rewritable area 5, and Figure 4C shows
a corresponding physical configuration. As sghown in
Figure 4C, the groove portion of the groove-shaped guide
track 6 constitutes the groove track 7, and the inter-
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 example, as shown in Figure 4A, the
greove 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 11 is divided
into the former half lla (sector identification da-
ta PIDl) and the latter half 1llb (sector identification
data PID2). The physical concave and convex shaped pit
rows 2la and 21b are formed in correspondence with the

former half l1la and the latter half 11ib, xespectively
(Figure 4C).

As shown in Figure 4C, the width of each pit of
the pit rows 2la and 21b in the radial direction of the
disk is substantially equal to the width, of the guide
groove 6 (groove track 7). The pit rows 21 are displaced
(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). 1In this example, the pit row 2la is

displaced inward, while the pit row 21b is displaced
outward.

Thug, by displacing the pit rows 21la and 21b from
the center line of the guide groove 6 (the groove
track 7), the first header region 11 is commonly used to
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 to Figure 4A, the mirror region 12 (M)
follows the first header region 1l1. The mirror region 12
is flat with no groove or pit formed thereon and used to
determine an offset of the servo tracking.

The gap region 12 (GAP) follows the mirror re-
gion 12. The gap region 13 (GAP) 1is formed on the
information track 6' to avoid a head 24 of the informa-
tion region 20 from overlapping the mirror region 12 or
the first header region 11 when a jitter occurs due to
the rotation of the optical disk 1.

The information regidn 20 which stores informa-
tion and data includes a first guard data region 23
(GD1), the first dummy data region 15 (VFO), the first
data region 17 (DATA), and a second guard data region 18
(GD2). The buffer region 19 (BUF) is formed between the

information region 20 and the first heedex; region 11' of
the next sector 10°'.

The first guard data region 23 i1s 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)
of the modulation code used for modulation of data is
sequentially recorded to promptly and stably clock the
PLL of the reptdduced signal processing circuit. Desired
user data including &n error correction code is recorded
on the first .data region 17. The second guard data
region 18 is formed following the first data region 17 to
ensure the stability of the production signal processing
circuit. The buffer region 18 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 optical
disk 1, like the gap region 13.

Information is recorded on the information
region 20 by irradiating the recording film formed on the
disk substrate of the optical disk 1 to change the
optical properties (reflectance) of the recording film.,
For example, an irradiated portion of the recording £ilm
may be changed from a crystalline state to an amorphous
state so as to form a recording mark with a reflectance
different from that of the other portions. As shown in
Figure 4C, the recording mark array 22a is formed on the
groove track 7, while the recording mark array 22b is
formed on the land track 8.

Thus, in the respective regions of the rewritable
area 5, the groove track 7 and the langd track 8 are
formed in accordance with the above-described data format
to record data in the area.

Referring to Figures 4B and 4D, a data format in
the read-only arezs 2 and 3 will be described. In this
example, as in Example 1, the data format in the read-
only areas is matched with the dJdata format in the
rewFitable area. Figure 4B shows an exemplary data
format of each sector 30 in the read-only areas 2 and 3,
and Figure 4D schematically 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 ere formed in accordance with a uniform physical

- format a@s in Example 1. More specifically, the width

{pit width) of the pit row 29 in the radial direction of
the optical disk 1 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 sub-

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

Referring to Figure 4B, the sector 30 in the
read-only areas 2 and 3 includes the second header
reglon 31 (sector identification data PID1 and PID2) and
the second data region 37 (DATA). A second dummy data
region 33 (DMYl) is formed bhetween the second header
region 21 and the second data region 37. A third dummy
data region 34 (DMY2) is formed between the second data

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 PID1 and PID2 of the first header
region 11, so that the length of the second header
region 31 becomes substantially the same as that of the
first header region 1l. However, the concave and convex
shaped pit row of the second header region is not wobbled
as the pit rows 21la and 21b of the first header re-
gion 11, but is lined substantially along the center line
of the track 9 for serve tracking.

The information amount recorded on the second
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data region 37 of one sector 30 iz 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 additional error correction code and the like.
With this 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
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
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 optical disk is considered with
priority. Howaver, if these regions are deleted, the
data format in the read-only area becomes different from
that in the rewritable area. This requires to provide
two separate exclusive signal processing sections each
including a timing géneration circuit and a demodulator
for the read-~only area or the rewritable area, and switch
the two processing sections appropriately, as in the
conyentional apparatus described above. If regions
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
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 unstable.
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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

between the data region 37 and the header region 31' of
the next sector 30°'. '

A gpecific pattern of the modulation code used
for modulation of data (a pattern of a specific bit
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 regicns 33
and 34. Using such a specific pattern, prompt and stable

clocking of the PLL of the reproduced signal processing
circuit can be realized.

A mirror region may be formed between the header

region 31 and the second dummy region 33 as in the
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 optical disk record-
ing/reproducing apparatus 100 shown in Figure 3 can be
emp}oyed. 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

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-only areas are made substantially equal to
each other, WwWith this arrangement, the sectors in the
read-only areas and the rewritable area can be managed in
the same manner, and the processing such as sector
retrieval can be unified. Thus, one réprdduced signal
processing c¢ircuit can be commonly used for the

rewritable area and the read-only areas. This reduces
the circuit size.

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

management according to the present invention can also be
realized in the case where these data reglons are dis-

placed with each other as long as they have the same
length.

(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 of data recorded in the read-only area will
be described. The data formats of an optical disk in
thig example are the same as those of the optical disk

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

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 in Example 2, each of the second and
third dummy data regions 33 and 34 shown in Figure 4B
includes a specific repetition pattern of modulation
codes used for modulation of data (a pattern of a specif-
ic bit length corresponding to a specific pulse width and
pulse interval). When such a specific repetition pattern
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-
ble will be described in detail as follows.

Figure 5§ is a view illustrating the principle for
obtaining a tracking error signal by tha phase difference
detection method. A beam spot 57 tracks fhe convex and
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
into an electric signal. The 4-part optical detection
cirguit 58 includes four parts R, B, C, and D. A sum
signal S1ll1 corresponding to the sum of the parts B + C is
generated by an operational amplifier 59, while a sum
signal $12 corresponding to the sum of the parts B + D is
generated by an operational amplifier 80. A phase
comparator 61 compares the phases of the two sum sig-
nals S1l1 and 5§12 to generate a tracking error signal S13.
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When the beam spot §7 ie diasplaced 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 of the sum signal 8§11 of the parts A + C proceeds.
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 of the parts B + D proceeds. The
phase difference between the sum signals 8§11 and 812 is
detected by the phase comparator 61 and converted into an
electric signal, so &s to obtain the tracking error

signal S§13 representing a displacement of the bean
spot 57 from the center line of the track 9.

Figures 6 and 7 show tracking error signals
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 811 and 812 obtained when completely the same
data pattern has been recorded on a targét track %a (a
pPit row 29a) to be tracked and an adjacent track Sb (a
pit row 29b) and the beam spot 57 deviates from the

~ target track Ba. As shown in Figure 6, a path 64 of the

beam spot 57 is displaced from the target track 9a.

In the above case, light of the beam spot 57 is
diffracted toward the parts A + B of the 4-part optical
datection circuit 58 by the outward edge of the pit
row 29a of the target track 9a. At this time, however,
since the adjacent track 9b has the pit row 29b with the
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 $11 of the parts A + C and the sum
signal 812 of the parts B + D. Thus, the output of the
tracking exror signal 813 igs 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 8§13 is not
generated even when the beam spot deviates f£from the
track. This makes the servo tracking unstable.

Figure 7 shows output waveforms of the sum
signals S11i and 812 when a data series different from
that of the target track 9a hag - been recorded on the
adjacent track 9b which 1is adjacent to the target
track 9a. As in Figure 6, the beam spot 57 tracks along
the path 64 displaced from the target track 9a.

In the above case, as in the case shown in
Figure 6, light of the beam spot 57 is diffracted toward
the parts A + B by the outward edge 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 of the adjacent
track 9b. 1In this case, however, the patterns of the pit
rows are different between the target track 9a and the
adjacent track 9b. Accordingly, since edges of pits on
the two adjacent tracks do not coincide except for
positions 65 and 66, a phase difference is generated
between the sum signals 811 and $12, though at +the
positions 65 and 66 the outputs of the sum signals S$11

and 812 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 of the targét
track 9a and the adjacent track 9b are random having no
correlation with each other, the positions where edges oOf
pits of adjacent tracks coincide as the positions 65 and
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 ¢f the tracking

error signal S13 in the frequency range used for the
servo tracking.

However, when the phase difference 1s not ob-
tained over the entire second or third dummy data xe-
gion 33 or 34 as shown in Figure 6, for example, the

- tracking error signal 8§13 is generated so little even

when the beam spot deviates from the target track that
the servo tracking control becomes unstable.

Hereinbelow, data formatg of the second and third
dummy data reglons 33 and 34 which are effective to
prevent the disturbance of serve tracking as described
above will be described.

Figure BA shows an exemplary format where the
second and third dummy data regions 33 and 34 include M-
ser;Les random data regions 73 and 74, respectively. By
setting different initial values of the M-series random
data for at least adjacent two tracks, the patterns of
pit rows on the ad‘j acent tracks have no correlation with
each other, and thus the coincidence of pit edges between
the adjaeent tracks 1is 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 shows an exemplary format where the
second dummy data region 33 includes the M-series random
data region 73 as shown in Figure BA and a ' gpecific
pattern of the modulation code used for modulation 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
shown in Figure 8B, +the clocking of the PLL of the
reproduced signal processing circuit for the subsequent
data region 37 can be stabilized. The tracking exrror
signal 813 i{s not generated from the VFO region 75.
However, since the VFO region 75 constitutes a part of
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 8D show exemplary .formats where
the gsecond dummy date region 33 includes data synchronous
series 76 and 77, respectively, which can specify the
timing of the start of the data region 37. Figures 8C

and 8D show sectors of an even track and an odd track,
respectively.

As described above, in order to secure stable

servo tracking by the phase difference detection method,

adjacent tracks need to have date series different from
each other. The different data synchronous series 76 and

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

Referring to Figure 8C, the data synchronous
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series 76 of the even track counte up at an end value f’F
(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

- data region 37 by the second dummy data region 33. This

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

Referring to Figure 8D, the data synchronous
series 77 of the odd track counts down at an end value 00
(HERX). With this arrangement, due to the regularity
(counting down) of the data synchronous series 77, the
timing can be detected real time until the start of the
data region 37 by the second dummy data region 33 as in
the case of the even track.

Thus, the exemplary formats shown in Figures 8C
and 8D wha.re different data synchronous series are
provided in the second dummy data regions 33 of the
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 relatively stably con-
trolled by using random data series for the second dummy
dat.a regions 33 of adjacent tracks. Also, by using
different data synchronous series for the second dummy
data regions 33 of adjacent tracks, the detection of the

start of the deta region 37, as well as stable servo
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 déta
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 in
the manner described in Example 1 with reference to the

optical disk recording/reproducing apparatus 100 (Fig-
ure 3).

(Example 4)

In Example 3 above, the pattern of data (codes)
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 correlation between
dummy data recorded on adjacent tracks.

One value is initially determined as data to be
recorded on the dummy data region. This value is scram-
bled to generate data with little correlation. For
example, (FF), (00), and the like in the hexadecimal
notation consist of bits of 0 or 1. 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 initial value and calculating exclusive-OR between
this random data and data to be recorded. The method of

generating scrambled data will be described in detail in
a l9ter example.

In the case where the same data to be recorded
and the same initial values are used, data obtained after
the scrambling are the same. However, if the initial
values ere different while the data to be recorded are
the same, the correlation between two data obtained after
the scrambling can be reduced. Howaver, 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
between the dummy data regions of the adjacent tracks.
That ig, 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, the number of
continuous sectors having the same initial value should
be at least the minimum number of sectors included in one
track. Assume that the number of continucus sectors
having the same initiel value is M and the number of
initial values ig N. The actual values of M and N can be
conveniently determined based on sector address informa-
tion included in the sector identification data.

For example, 1if 3-byte data is used a&s the sector
address information, about 16,770,000 sectors can be
covered. If 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 described. N
initial values can be obtained in the following manner,
for example. First, the address information included in
the sector identification date is represented in the
binary notation, and 4-bit data corresponding to the
fif‘ph to eighth bits from the least significant bhit are
used. Using this 4-bit data, N = 16 initial values can
be obtained. The initial value is renewed every M = 16
sectors, and one track includes 256 sectors.

Since 16 continuous sectors have the same initial
value, 1t is ensured that thé initial wvalues for scram-

bling are different between adjacent sectors for tracks
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each having 16 to 256 sectors. Data to be raecorded is
scrambled using one of thesge initlial values, 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
adjacent tracks.

Thug, in this example, since random data series
can be efficiently obtained for the dummy data regions of
adjacent tracks, the servo tracking by the phase error

detection method can be ralatively stably controlled in
the read-only area.

(Example 5)

The third example according to. the present
invention will be described. In this example, data
series in the rewritable area or the fead—only areas for

reallzing efficient sector management will be described.

As described in the above example with reference
to Figures 4A and 4B, for example, data to be recorded on
theloptical disk is divided into paxrts 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
added to the data for each sector as described above.
Such an error correction code may be complete within each
sector, Alternativel&, 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 words, the ECC block is a unit for error
correction coding. When one ECC block is composed of k
sectors (e.g., kK = a set of 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-only areca are

‘multiples of the number of sectors in one ECC block. In

other words, the number of sectors which is a multiple of
k are recorded.

On the other hand, in order to efficiently manage
sectorsg of an optical disk, the sectors in the rewritable
area and the read-only area are preferably managed with
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 sactors,
the data is not necessarily completed appxropriately at
the end of one track, but often ends midway of one track.
In the rewritable area, the ‘tracking control is posasible
even if 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-only axea, however, the
pit row is discontinued by the sector with no data

recorded thereon, and thus the tracking control becomes
unstable.

In order tOo overcome the above problem, in this
example, dummy data is recorded on gectors left unrecord-
ed after completion of recording data to £ill the entire

track with data so as to realize sector management with

the track basis. An example of such dummy data is a



10

15

20

25

30

P14635
- 49 -

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
processing circult can be stably operated 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 region
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
rewritable area 5. Likewise, dummy data is recorded on
sectors 72 in the read-only area 2 at the Jjunction

between the outer read-only area 2 and the rewritable
area 5.

Thusg, in this example, when data is recorded by
every predetermined recording unit such as the exrror
correction block (ECC), a sector left with no data
recorded thereon is filled with dummy data. With this
arrangement, the rewritable area and the read-only areas
always start at the head of a track. This ensures
eff}cient management of sectors on the optical disk.

(Example 6)
In Example 6 according to the present invention,
specific examples of data formats of the sector 10 in the

rewritable area and the sector 30 in the read-only areas
will be descxribed.
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Figures 10A and 10B show a layout of the sec-
tor 10 in the rewritable area, while Figures 11lA and 11B
show a layout of the sector 30 in the read-only areas.
First, generation of data to be recorded on the first
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-
ble in the subsequent description) for both the sec-
tors 10 and 30. To this amount, 4B for data ID indicat-
ing the data region number (sector address), 28 for IED
for error detection of the data ID, 6B for RSV as spare,
and 4B for EDC for error detection of the entire data are
added. All of these data are collectively referred to as

a first data unit. The data length of the first data
unit is thus 2048 + 4 + 2 + 6 + 4 = 20684(B).

The information data portion (2Q4BB) is then
scrambled in the manner as described below which is the
same as that used for the dummy data region in Example 4.

First, a shift register is constructed so that
so-called M-series data can be gensrated, and an initial
valpe is determined. This initial value is sequentially
shifted through the shift register in synchronization
with the information data s0 as to generate pseudorandom
data. Exclusive-OR 1s operated between the pseudorandom
data and the information data to be recorded bit by bit
thereby to realize scrambling.

Since the information data 1s 2048B which is the
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eleventh power of 2, a primitive polynominal expression
with the eleventh or higher power of 2 is required as the
M series. The next higher degree in  trinominal to
quinquenominal expressions having a term of the eleventh
or higher power of 2 among the primitive polynominal
expressions coﬁétructing the M series ig fifteenth. 1In
the following description, a primitive trinominal expres-
sion having & term of the fifteenth power of 2 (X*® + X*
+ 1) i1is used as an example. Figure 12 shows the
realization of this primitive polynominal expression by
use of a shift registexr 150.

As shown in Figure 12, the length of the shift
register 150 ig 15 bita (entries rl4 to r0). The shift
register 150 calculates exclusive-OR between the bit in
the entry rl4 and the bit in the entry r1l0 and feeds back
the result to the entry r0. A predetermined 15-bit
initial value is set for the shift register 150 and is
sequentially shifted in response to a bit clock, 80 as to
generate pseudorandom data. Then, exclusive-0OR is
calculated between the..eight least significant bits
(entries r7 to r0) of the shift register 150 and eight
bits (1B) of the information data every eight clocks, and
this operation is repeated 2048 times. As a result,
information data for one sector is scrambled. The shift
reg;ster 150 is reset every sector to reset the initial
value, s0 that the information data of each sector is

independently scrambled {with no substantial correlation
with one another).

Assuma that the number of continuous sectors
having the same initial value is M and the number of
initial wvalues 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. If 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
described. 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 binary notation (24 bit length if the
sector address 1s 3B), and 4-bit data corresponding to
the fifth to eighth bits from the leasst significant bit
is used. Using this 4-bit data, N = 16 initial wvalues
can be obtained. The corresponding relationship between
the 4-bit wvalue and the initial value is previously
determined in the form of a corresponding table and the
like. The initial value is renewed every M = 16 sectors,
and one track includes 256 sectors.

The scrambled first data units of 16 sectors are
put together to constitute error correction codes by
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 172B x
182 rows. A 16B external code is added to each column of
this array, and a 10B internal code is added to each row
of this array. A data block of 182B x 208 rows (37856B)
is pbus formed, which is referred to as an ECC block.

Then, the ECC block is interleaved so that the
16B external code is included in each sector. The data
of each sector is then 182B x 13 rows .= 23668.

The data is then modulated with a recording code.
A RLL (zrun length limited) code where the run length
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after modulation ig limited is used as the recordi:ng
code. In this example, a 8/16 conversion code for
converting 8-bit data into 16 channel bits is used as the
recording code. This conversion is performed in accor-
dance with a predetermined conversion table. This
conversion table allows cne 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 alsc predefined in this conversion
table.

Figure 13 shows an example of such a conversion
table. A 16-bit code series (Y,) is obtained, for
exémple, by converting first data (D,) under a state 1 (S,
= 1). The next data is selected under a state (S,.;)
specified in the preceding conversion. By controlling
the selection of the state, a DC component contained in
the recording code can be suppressed, ‘though the detail
of the method of this control is omitted here.

At this time, the minimum and maximum bit lengths
are limited to 3 channel bits and 11 channel bits,
regpectively. Also, in order to synchronize the Tepro-
duction, a 2B synchronous code is inserted every 91B,
i.e., & half of one row of 182B. As the synchronous
ccdg, several different 32-channel-bit codes having a
pattern which normally does not appear in the 8/16

convergion code are predefined. Thus, the data amount of
one sector is 186B x 13 rows = 2418B.

The above-described data configuration is common-
ly employed in the rewritable area and the read-only
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 10A or on the second data re-

gion 37 of the sector 30 in the read-only areas as shown
in Figure 11A.

Referring to Figure 10a, in the rewritable area,
a 1B. postamble region 45 (PA) follows the first data
region 17, The 8/16 converting code needs to have an end
mark at the end of the recording code so that the data
can be correctly demodulated at +the reproduction.
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
of a code having a pattern with high =autocorrelation.
For example, a pattern of "0000 0100 0100 1000 0010 0001

0010 0000 1000 0010 0001 0000" as reprasented 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.buffar region 19, and the mirror region 12 shown in
Figure 10A are the same as the VFO region 15 (VFO), the
first guard data region 23 (GD1), the second guard data
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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firgt dummy data region 15'. In Figure 10A, the number
shown under each region represents the byte length of the
region. This also applies to Figures 10B, 11a, and 11B.

As shown in Figure 10A, in the first dummy 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 stably clocking
the PLL of the reproduced signal processing circuit. For
clocking of the PLL, it is better that the code includes
more inversions (i.e., more "1"'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
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 is 35B in order

to ensure the number of inversions and the clocking time
required for stable clocking.

The first guard data region 23 precedes the VFO
region 15 and the second guard data region 18 follows the
postamble region 45 (PA). Ag described in Example 4,
whep recording and erxasure are repeated in a rewritable
optilcal disk, the degradation at the start and end of the
recording portion due to a heat load increases. The
guard data regions are provided to prevent this degrada-

tion from influencing the regions frem the VFO ragion to
the PA region.

A recording medium tends to be increasingly
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degraded when same data i1s repeatedly 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
regions 23 and 18 preceding and following the data
region 17, respectively. 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
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 of the lengths of
the two guard data regions is fixed to 60B. The repeti-
tion of the 4-channel-«bit pattern "... 1000 1000 ..."
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 presync region 44, the firgt data re-
gion 17, the postamble region 45, and thé second guard
data region 18 constitute <the information recording

region where data is recorded with a data length of
25178,

The gap region 13 is used to set the laser power,-
and has a length of 10B to secure the time required for
lasér power setting. The buffer region 19 has no data
recorded therecn to secure a region (time width) for
pfeventing the end of the recording data from overlapping
the next sector due to a variation of the rotation of a
disk motor and an eccentricity of the disk. The buffer
region 19 has a length of 40B. The mirror region 12 has
& 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 will be described. As shown in Fig-
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., 2418B.
As in the sector 10, a 1B postamble region 47 (PA), a
second pad region 85, and a postamble region 86 (PA)
follow the second data region 37 in this order.

In this example, as in Example 2, the second
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 of the next sector. As in the sector 10 in
the rewritable area, the second dummy qéta region 33
includes a 35B VFO region 84 and a 3B presync region 46
(PS) to secure the reliability at the reproduction of
data from the data region 37. As shown in Figure 11A,
the second dummy data region 33 further includes a 30B
first pad region 82 and a postamble region 83 (PA). The
third dummy data region 34 includes the postamble re-

gion 47, the second pad regilon 85, and the postamble
region 86.

The patterns and lengths of data to be recorded
on the. VFO region 84 and the presync region 46 are the
same as those recorded on the VFO region 15 and the
presync region 44 shown in Figure 10A. 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 4initial values between adjacent sectors and
modulating the results with the 8/16 conversion codes as
described in Example 4 are used. The scrambling i=s
performed in the same manner used for the data region 37.
As the initial value, 4-bit data corresponding to the
fifth to eighth bits from the least significant bit of
the PID which will be described later is used. The

initial value corresponding to the 4-bit data is the same
as that used for the data region 37.

The B8/16 conversion coding starts £from the
state 4 in the conversion table shown in Figure 13, for
example. The thus-gencrated data series is recorded on
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
region 18 and the buffer region 19 shown in Figure 10A.

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-
sponding first and second guard data regions 23 and 18.
Thus, the lengths of the first and second pad regions 82
and'85 are 28B and 80B, respectively. The 1B postamble
regiong B3 and B6 follow the first and second pad re-

gions 82 and 85, respectively, to terminate the modula-
tion code.’

The header reglions 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 4R, the header region
11 in the rewritable area is divided into the former
half l1lla (sector identification data PID1l) and the latter
half 11b (sector identification data PID2). The corre-
sponding pit rows 21a 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 2la and 21b are ar-
ranged to displace in the opposite directions from each
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
shown in Figure 10B, the header region 80 is composed of
four sets of sector identification data {PID) denoted by
PID1l, PID2, PID3, and PID4 in the order of the arrange-
ment. The PID1 and PID2 constituting the 64B former half
is displaced outward, while the PID3 and PID4 congti-

tuting the 64B latter half is displacea inward, for
example.

In each sector identification data PID, 4B is
allocated for a Pid region representing the sector
address information, 3B for the sector number, and 1B for
various types of information of the sector such as the
number of the PID region. The address information of the
sector on the groove +track 7, from which +the header
region is displaced with respect to the center line, is
recorded on a Pid3 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 1s recorded on a Pidl
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region 203 of the PID1 and a Pid2 region 208 of the PID2
in the former half.

Regpective 2B error detection codes are added to
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
in Figure 13, for example, starting from the state 1.
Respective 1B postamble regions 205, 210, 215, and 220

follow the corresponding IED regions t¢ terminate the
modulation code.

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 reglons
and realizing byte synchronization. As the address maxrk,
a pattern which does not appear in the 8/16 convexsion
code, e.g., a 3B (48 channel bit) long code is selected.
For example, a pattern "0C01 0001 0000 0000 0000 0100
0100 0100 0000 0000 0001 Q001" 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
length, 1.e., ll-channel-bit length, of the modulation
code. Therefore, the possibility of erroneocus detection

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

A VFO region is provided at the head of 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 processing circult. For
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example, the repetition of the 4-channel-bit pattern "...
1000 1000 ..." may be used as in the VFO region described
in Example 2. As described above, the former half PID1
and PID2 as a set and the latter half PID3 and PID4 as a
set of the header region 80 are displaced toward the
radial opposite directions. The first VFO regions 201
and 211 which are the heads of the sets of the header
region 80 need to give another chance for bit synchroni-
zation to ensure the bit synchronization. Accordingly,
the first VFO regions are made longer than the second VFO
regions 206 and 216 which are used only for re-synchro-
nization and therefore can be short. In this example,
the lengths of the first VFO regions 201 and 211 are 368,

while the lengths of the second VFO regions 206 and 216
are BB.

Thus, the PIDl, for example, includes the VFO
region 201 (VFOl), the AM region 202, the Pid region 203,
the IED region 204, and the postamble region 205 in this
order from the head, and has a length of 46B. Likewise,
the PID2 includes the VFO region 206 (VFO02), the AM re-
gion 207, the Pid region 208, the IED region 209, and the
postamble region 210 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.

' The data arrangement of the header region in the
read-only areas will be described with reference to
Figures 11A 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
areas are made equal to those of the header region 80 in
the rewritable area (Figure 10A). More specifically, as
shown in Figure 11a, the header region 90 with a length
of 128B 1z composed of four sector identification data
PIDs (PIDY1 to PID4). As shown in Figure 11B, the PIDI1,
for example, 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 2 length of 46B. Likewise, the PID2 includes a
second VFO region 236 (VF02), an AM region 237, a Pid
region 238, an IED region 239, and a postamble region 240
in this order from the head, and has a length of 18B.
The PID3 and the PID4 of the latter half have the similar
configurations to the above.

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
scrambling predetermined fixed data (e.g., FF) in the
same manner as that for data recorded on the data region
37 and using different initial values between adjacent
sectors. The resultant 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
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 simplifies
the conflguration ©f a recording signal processing
circuit, and the circuit size can be reduced.

In this exzample, the position of the 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 enlarged and shortened. The combination

of the enlarging and shortening of these reglons may also
be used.

(Example 7)

In Example 6, exemplary data series on the
sectors 10 and 30 in the rewritable area and the read-
only arecas 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 area, while the presync region 46 is formed
following the VFO zregion B84 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
follows the VF0O region 4'03. The data region 450 is
composed of a plurality of data blocks 405a, 405b, ...
with the data synchronous series 404a, 404b, ... preced-
ing the corresponding data blocks.

In éuch a conventional data format, at +the
reproduction, after stable clocking of the PLL circuit by
the VFO region 403, the data synchronous series 404a is
detected. By the detection of the data synchronous
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series 4042, the head of the data region 450 is identi-
fied to reproduce the firgt data block 405a.

The above conventional configuratidn has a
drawback as follows. If the recording 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 erroxr
arises in the synchronous data to be read, failing to
specify the start position of the first data block 405a.

Moreover, when the start position of the first
data block 405a is failed to be specified, not only the
first data bleck 405a but also the block number of the
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.

Howaver, according to the data format in Exam-
ple 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 relishility even if

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

In Example 7, the presync reglon will be de-
scribed in detail.

Figure 14A shows a data format of one sector in
the rewritable area of an opticel disk of this example.
Figure 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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previous examples are denocted by the same reference
numerals.

Referring to Figure 14A, the sector 10 includes
the header region B0 (sector identification data PID),
the mirror region 12 (M), the gap region 13 (GAP), the
first quard data reglon 23 (GD1), 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-~
gion 18 (GD2), and the buffer region 19 (BUF). The first
data region 17 is divided into 2 plurality of data
blocks 5a,'5b, ... with first data synchronous series 4a,
4h, ... preceding the respective data blocks.

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 heat locad. The
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
region 15 includes a third data synchronous series where
a pFedetermined code of a single periocd 1s seguentially
recorded. The presync region 44 includes a second data
synchronous series for specifying a start position of
data reproduction, which will be described 4in this
example. The postamble 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
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 regicn 19 in the rewritable area,
S0 as to stabilize the tracking. The other portions are
the same as those of the sector 10 shown in Figure 14A.
Hereinbelow, the second data synchronous series recorded
on the pfesync region 44 of the sector 10 in the
rewritable area and the presync region 46 of the sec-
tor 30 in the read-only areas will be described: in

detail. In the following dsscription, the presync:

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

As described above, the data format of this
example includes a data sequence of adding the second
data synchronous series (the presync region 44 or 46)
between the first date synchronous series 4a as the head
of the data region and the third data synchronous series
(the VFO regiocn 15 or 84). A predetermined pattern which
has high autocorrelation snd does not appear in the other
datg portions 1s used for the second data synchraonous

series so that a specific position can be detected in the
code sequence.

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 deteéting the single-period repetition pattern.
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After the sufficient stabilization of the clocking, the
position of the second date synchronous series (the
presync region 44) is detected. From this detected
position, the read start position of the first data
synchronous series 4a located at the head of the data
region can be apecified. 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.

In the case where the data regilon 17 is divided
into a plurality of data blocks as shown in Figure 143,

- a plurality of first data synchronous series 4a, 4b, ...

are formed on the data region 17. Thig increases the
redundancy, and therefore, in order to secure a suffi-
clent recording region for user data, each data synchro-
nous series ghould be short. On the contrary, since only
one ‘second data synchronous series (PSY 44) exists in one

sector, the second data synchronous serigs can be made
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
of the second data synchronous series (PSY 44), the read
start position of the first data synchronous series 4a
1océtéd at the head of the data region 17 can be 1denti-
fied. This allows the first data synchronous series 4a

to be shortened without reducing stable detection there-
of,

An exemplary code pattern of the second data
synchronous series will bée described. In this example,
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as the recording code, the B/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 11 channel bits at maximum. The interval of
one channel bit is represented by T. The data 1is repre-
sented in the NRZI code where the signal level is invert-
ed at bit "1" while it is not inverted at bit "0". The
second data synchronous series needs to satisfy the limit
of the mark/space lengths of the recording code.

Accordingly, the shortest recording bit length is
"100". 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
much edge information (level inversion) which ensures the
clocking of the PLL. In this example, therefore, a code
series composed of repetition of "1000" is used as the
third data synchronous series to be recorded on the VFO

region 15. The mark/space lengths of the VF0 region 15
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
region 15 as described above, using the code capable of
synghronizing avery 47 further ensures the synchronous
reproduction. Consequently, 1t 1s effective t0o 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 "1" represented
in the NRZI code are located at similar positions between
the two data synchronous series. This increases the
probability of mistakenly detecting the VFO pattern for
the second data synchronous series. In this example,
therefore, the inter~code distance between the second
data synchronous series and the VFO pattern is made
large. However, in order to make the average of the
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
data reproduction. In order to overcome this problem,
the average of the mark/spsce lengths of the second data

synchronous series is made longer than the period AT of
the VFO pattern.

The second data synchronous series din this
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., "0001", "0010", "0100",

and "1000" and a code symbol having no level inversion,
i.e., "0000".

' A further specific example of the code series
éonstituting the second data synchronous series will be
described. In this example, the above-described 8/16
conversion code is used. As will be described later,
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 & length of 12 symbols. Hereinbelow, four specific
examples of the code series will be described.

(1) First example of code series (Pattern 1)

"0100 0010 0100 0010 0C10 0010 0100 0100 1000
0010 0100 1000"

Pattern 1 is the same as the pattern standardized
in ISO/IEC 10089 and composed of three types of symbols,
"0100", "0010", "1000".

(2) Second example of code series (Pattern 2)
*1000 0100 0100 1000 0010 0001 0000 1000 0010
0100 0100 OOOL"

Pattern 2 is composed of five types of symbols,
"0100", "OOl1lO0“, "i000", "0001", "OOOO0".

(3) Third example of code series (Pattern 3)
"0000 0100 0100 1000 0010 €001 ©QC10 0000 1000
0010 0001 O001"

Pattern 3 is composed of the same five types of
symbols as Pattern 2.

(4) Fourth example of code series (Pattern 4)

. “Q000 0100 0100 1000 0010 0001 C010 0000 1000
0010 0001 0000"

Pattern 4 is also composed of the same five types
of symbols as Pattern 2. This pattern has been uniguely
found by the Inventors of the present invention, and
exhibits resistance to esrrors and excellent detection
results 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 1lengths, +the maximum and
minimum of the mark/space lengths, the number of synbols
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
patterns are 3T and 6T, respectively, satisfying the
limit values for the modulation with the 8/16 modulation
code (maximum length 11T, minimum length 3T).

The averages of the mark/space lengths of pattern
1 to 4 are preferably different from the repetition
period AT of the third data synchronous series as de-
scribed above. As is observed from Figure 15, the
average of the mark/space lengths of pattern 1 is 3.77T
which is relatively close to 4T. This i1s because all of
the three types of symbols constituting the code series
of pattern 1 include "1" among the four bits. Since
pattern 1 does not include the symbol "0000", it is

difficult to obtain the average of the mark/space lengfhs
larger than 47. |

. On the contrary, since the code series of pat-
terns 2 to 4 are composed of five types of symbols
including the symbol "0000", 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 iz obtained by converting "1" and "O"
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as represented in the NRZI code into "1" and "-1",
regpectively, and summing all the bits of the code. When
the digital summing value is zero, +the DC component
included in the recording code is zero, and thus the DC
component in the reproduced 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.

The detection of the second data synchronous
series (the PSY region) will be described.

Figure 16 shows a PSY detection clrcuit 200 for
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
circuit 96. In this example, 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 5, to S;,. The pattern
of the second data synchronous series i1is therefore

reprasented by a symbol sequence 8,, 8;, 8;, ... S;u.

First, the pattern of the second data synchronous
series (symbol sequence) Sy, S;, 83, ... 8y is held in the
second register 92. Then, a reproduced signal for the

PSY detection is input into the first shift register 91

while sequentially shifted. The second synchronous se-

ries S, to 8;; held in the second register 92 is then
comparad with the reproduced signal every four bits,
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i.e., every symbol. The number of matched symbols is
counted by the match number counter 93, and the count '
value is output to the thfeshold circult 94. The thresh-
old circuit 94 has a preset threshold for determining
whether or not the second data synchrongus series has
been detected. When the count wvalue output from the
match number counter 93 exceeds the threshold, a detec-
tion signal iz output from the threshold circuit 94.

For example, assuming +that +the +threshold is
preset at 8, the threshold circuit 94 ocutputs a detection
signal when the input reproduced signal and the second
synchronous series 8; to S;; match by eight symbols or
more. As long as no error arises in the reproduced
signal, all of the 12 symbols should match with the
signal wvalue of the first shift register 91 when the
second data synchronous series is exactly detected by
shifting each bit of the first shift register 91 one by
one. The synchronous detection permission generating
circuit 95 outputs a gate signal indicating the time
period during which the second data synchroncus series
should be detected. When the threshold circuit 94
detects the second data synchronous series during this
detection time period, the dJdetection signal for the
second data synchronous series is output from the AND
cir.cuit 36 to a system control circuit (not shown).

In this example, the pattern match was performed
every 4-bit symbol. The ;Sattern match may also be
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 & specific code pattern
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allocated 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 block 5a.

Referring to Figure 17, the VFO region 15 has at
least 64 bits of a repetition pattern of "1000" as the
third data synchronous series. The first data synchro-
nous series 4a of the data region 17 following the second
data synchronous series of the PSY region 44 has a 32-bit
pattern 4a-1 of "0001001001000100 000000000000010001" or
a 32-bit pattern 4a-2 of "0001001000000100
0000000000010001". The head portion of the data block Sa

following 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 & 48
bit wide detection window 97. A reference position is
defined as the position where the match of all of the 12
symbols should be obtained as long as no error arises.
At Fhe detectidn, the detection window 97 is shifted in
the range of -64 bits to +48 bits from the reference
position. Every four bits of the i1nput signal are
compared with each symbol of the second data synchronous
serles 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 symbols
or more have matched is determined 2s a detection posi-

tion for the second data synchronous series.

In order to consider the influence of the first
data synchrorious series 4a and the data block 5a at the
detection of the second data synchronous series, the
results shown in Figures 19a and 198 have been determined
in the following manner. One of the patterns 4a-1 and
4a-2 of the first data synchronous series 1s selected so
that the selected 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
series is selected). When the detection window 97 shifts
rightward from the reference position by about 40 bits or
more, the data block 5a following the first data synchro-
nous series 4a is included in the range of the detection
window 97 as shown in Figure 17. In this case, the
pattern of the data block 5a (16 bits) greatly influences
the detection of the second data synchronous series. To
prepare for the worst case, a pattern of the data

block 5a (16 bits) where the number of pattern matches isg
largest is used in this example.

As a result, as will be observed from Figures 19A
and 198, 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
pattern 1, while 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 bits from the
refarence 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 small
as possible so as to prevent the second data synchronous
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
data synchronous series when edge shift or slice level
variation occurs has been examined. Herein, l-bhit edge
shift refers to the case, for example, where the repro-
duced signal which should be "00100" is changed to
"01000" oxr “00010". Figures 18A to 18C are graphs
showing the slice level variation. A slice level is used
as a measure for digitizing a reproduced signal into a
binary wvalue. When tha value of & sampled reproduced
signal is larger than fhe slice level, it is set at "1".
The result of the digitized binary value is represented
in the NRZI code. The slice level is normally set at the
center of the amplitude of the reproduced signal as shown
in Figure 18aA, However, the slice level may rise as
shown in Figure 1BB or fall as shown in Figure 18C,
varying the measure for digitizing into a binary value.
As a result, the signal series which should be reproduced
as "10001000" in the NRZI code as shown in Figure 18A is
rep;oduced as "100100C0" when the slice level 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 l1-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 pattern
matches obtained when, due to the rise of slice level,
the pattern of the VF0 region 15 changes from original
"10001000" to shifted "10010000*" and the second data
synchronous series of the PSY region is also subjected to
a similar change. Likewise, Figure 20D shows the results

of the pattern matches obtained when the slice level
falls,

As shoun in Figures 203 and 20B, as the number of
edge shifts increases by one, the number of pattern
matches increases by one at almost all the bit positions
as a whole. As a result, as is observed from Figure 20A,
in the case of pattern 1, when the edge shift occurs at
two positions, the number of pattern matches becomes 8
even at positiong outside the reference position of the
detection window 97. This may cause miss-detection. In
the case of pattern 4, howsver, the number of pattern
matches is 6 at maximum &t positions ocutside the refer-
ence position of the detection window 97 even when the
edge shift occurs at two positions. The probability of
migs-detection is therefore small.

As is observed from Figure 20C, in the case of
pattern 1, when the detection window 97 is shifted
lef%ward (toward the negative number in the figure) from
the reference position by 64 to 48 bits for detection,
l.e., when pattern match is performed with the signal
series of the VFO region 15 with the slice level varia-
tion, there exists a position where the number of pattern
matches abruptiy increases (the value is 8). This will
be mistaskenly detected as the second data synchronous



10

15

20

25

30

P14635
- 78 -

series. In the case of pattern 4, however, the number of
pattern matches i1s 5 at maximum at positions leftward the
reference position of the detection window 97 even when

the slice level varies. The possibility of miss~detec-
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
has a smaller possibility of miss-detection of a synchro-

nous signal due to an edge shift or a variation of the
slice level.

INDUSTRIAL APPLICABILITY

Thus, according to the optical disk of the
present invention, the sector identification data of the
first header region is reproduced when either of the
groove track and the land track is traced. This elimi-
nates the necessity of providing an exclusive header
reglon for each of the groove track and the land track.

Regarding the preformat of the rewritable area,
the first header region can be formed on the optical disk
easily with high precision by wobbling a light beam for
cutting and forming guide grooves (groove tracks) outward
and‘inward from the center line of the groove <tracks.
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



10

15

20

25

30

P14635
- 79 -

light scurce for cutting. This makes it possible to form
the preformat using a conventional cutting machine when
both the rewritable area and the read-only area are
formed on one optical disk.

According to the present invention, the sector
length, the length 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
header region, and the length of the data region in each
sector in the rewritable 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

rewritable area so as to unify the processing such as
sector retrieval.

According to the present invention, there are
provided the dummy data regions preceding ;and following
the information data region in the read-only area. With
this arrangement, the sector length, the length of 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
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 o0f the read-only area and

the rewritable area so as to unify the signal processing
such as sector retrieval.

According to the optical disk of the present
invention, separate reproduced signal processing circuits
for the rewrltable area and the read-only area are not
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necessary but one reproduced signal processing circﬁit
can be shared when the rewritable area and the read-only
area are formed on one optical disk. This makes it
possible to reduce the circuit size of an optical disk
recording/reproducing apparatus. Thus, a reproduced

signal procesg;ng circuit with a simpler circuit configu-
ration and higﬁer reliability can be realized.

According to the present invention, the tracking
error -8ignal can be stably detected even when the phase
error detection 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
can be stabilized and the start of the information data
region can be detected without fail.

According to the present invention, 8 sector in
the read-only area left with no data recor@ed thereon is
filled with dummy data. Wwith this £illing, the
rewritable 8srea can always start from the head of a
track, and thus effective sector management is realized.

According to the present invention, the second
data synchronous series with high autocorrelation is used
for the presync region. This makes it possible to detect
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
makes it possible to stably reproduce recorded data.

As the construction of the second data synchro-
nous seriles, the average of the mark/space lengths of the
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second data synchronous series is made longer than that
of the VFO region. This makes i1t difficult for the
second data synchronous series to match the pattern of
the data synchronous series used for the VF0O region.
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 level varies. Accordingly,
such a second data synchronous series used for the

presync reglon is resistive to errors and provides
excellent detection results.

By setting the digital summing wvalue of the
second data synchronous series at substantially zexo, the
DC component does not vary, and thus the stability of the

reproduced signal is not degraded due to the addition of
the second data synchronous series.

The second data synchronous series, which satis-
fies the 1limit wvalue under the modulation code rule,
prevents troubles such as waveform interference due to
too small recording marks recorded on the optical disk
and such as unstable clock synchronization due to too

long inversion interval of the signal resulting from too
large mark.
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1. 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 slternately 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 @& first header region having identification
data for identifying the flrst sector and a first data
region for recording user data by forming recording marks
by changing optical characterigstics of a recording
surface,

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 or
concentric shape, each of the second tracks being divided

into a plurality of second sectors,
sectors including

each of the second
gsecond header region having
identification data for identifying the second sector and

& second data region having read-only data recorded as
the pit rows,

a

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 being wobbled outward or inward from a center
line of the groove track by about a guarter of a pitch of
the groove track, and

the second header region includes a physical
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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 along the center
line 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 modulasted with a same
modulation code, and

a data sequence of the first data region and a

data seguence of the second data region are modulated
with a same modulation code.

3. An optical disk according to claim 1, wherein the
identification data of the first header region and the
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

have data formats with a same data sequence and a same
data capacity.

4. An optical disk according to claim 3, wherein a data
bit interval between the first header region and the
firgt data region in the rewritable first recording area
is éubstantially 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 to claim 3, vwvherein, in the
rewritable first recording area, each of the first
sectors includes: a mirror mark region, a gap region, and

i
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a first dummy data region which are formed between fhe
first header reglon and the first data region: and a
guard date region and a buffer region which are formed
between the first data region and a fixst 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 reglon 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
of data to be recorded.

7. 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 piurality of first sectors, each of thaafirst 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 cptical 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 ildentification data for
identifying the second sector and a second data region
having read-only data recorded as the pit rows,

data seriegs of the first and second recording.
areas are modulated with a same medulation code,

the first and second sectors have & same data
capacity,

the first and second header regions have a same
data sequence, and

the first 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 includes 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 & portion thereof data of a data
series different from a data series of a corresponding

dummy data region on an inward or outward adjacent track
on the optical disk substrate.

9. An optical disk according te claim 8, wherein each of

the second and third dummy data regions includes in at
least a portion thereof a random data series 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 c¢laim 9, wherein the

random data series is a data series generated by an M-
series sequence.

1l1l. An optical disk according to claim 8, wherein each of
the second and third dummy data regions includes in at
least a portion thereof a random data series with sub-
stantially no correlation with a data series formed on a
corresponding dummy data region on an adjacent track and

a specific sequence pattern included in a meodulation code
provided following the random data series.

12. 2An optical disk according to claim 8, wherein each of
the second and third dummy data regions includes in at
least & portion thereof a data synchronous series for

specifying.a start timing position of the second data
region.

13. An optical disk 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
date synchronous series is switched every track among a
pluFality of different data synchronous patterns.

14. An optical disk according to claim B, wherein 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-
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 a2 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 aslternately 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 fgcording marks
obtained by changing optical characteristics of a record-
ing surface,

the second recording arsa includes second tracks
formed with physical 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
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 for 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

& third data synchronous series preceding the
second data synchronous series and having a specific

repetition sequence pattern of a modulation 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
2 head of each of the data blocks, and
the second data synchronous series precedes the
first data synchronous serles provided at a head of a
first one of the plurality of data blocks.

18. An optical disk accdrding to claim 16, wherein a
digital summing value which is obtained by éonverting i
and "0" in the second data synchronous series into "1

and "-1", respectively, and by summing all wvalues is
substantially zero.

19. An optical disk according to claim 16, wherein the
second data synchronous series satisfies a maximum langth
and @ minimum length as limit values under a modulation
code rule of a mark length ("1" or "O" level) and a space
length ("O" or "1" level) of the data region.

20. An optical disk according to claim 16, wherein an
average of the mark length and the space length of the
sacond data synchronous series is larger than the mark
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length and the space length 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 combination of a plurality of any of 4-bit code
symbols, "0100", "0010", "1000", "0000".

22. An optical disk according to claim 16, wherein the
second data synchronous series is a data series including

a code serieg, "0000 0100 0100 1000 0010 0001 0010 0000
1000 0010 0001 Q000"
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ABSTRACT

An optical disk has a rewritable first recording
area and a read-only second recording area. The first
recording area includes first tracks composed of groove
tracks and land tracks formed on an optical disk sub-
strate alternately in a spiral or concentric shape. Each
of the first tracks is divided into a plurality of first
sectors, and each of the first sectors includes 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 data
recording area includes second tracks formed with physi-
cal ‘concave and convex shaped pit rows arranged on the
optical disk substrate in a spiral or concentric shape.
Each of the second tracks is divided into a plurality of
second sectors, and each of the second sectors includes
a second header region having identification data for
identifying the second sector and a secoﬁd 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 has a width in a radial direction of the optical disk
substantially equal to a width of the groove track and is
wobbled outward or inward from a center line of the
groéve track by about a quarter of a pitch of the groove
track. The second header region includes a physical
concave and convex shaped second pit row. Each pit of
the second pit row has a width in the radial direction of
the optical disk smaller than the width of the groove

track and is formed substantially along the center line
of the second track.
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CLAIMS

14. An optical disk according to claim 8, wherein 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 scrambled
data with the modulation code.

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 Kk,
dummy data being recorded on remaining sectors of less than
k.

16. (Amended) 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 spaces between adjacent grooves,
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 firstltracks 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 obtained
by changing optical characteristics of a recording layer,

the second recording area includes second tracks
formed with physical 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 sectors including a second
header region having identification data for identifying
the second sector and a second data region having read-only
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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
head of the data region for specifying a stax:t 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 specific
repetition segquence pattern of a modulation code in the
data region, and

wherein the data region is divided into a plural-
ity 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 of data blocks.

17. (Deleted)

183. An optical disk according to claim 16, wherein a
digital summing value which is obtained by converting "1"
and "0" in the second data synchronous series into "1" and
"-1",'respectively, and by summing all values is.substan-
tially zero.

19. An optical disk according to claim 16, wherein the
second data synchronous series satisfies a maximum length
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and a minimum length as limit values under a modulation
code rule of a mark length ("1" or "0" level) and a space
length ("0O" or "1" level) of the data region.

20. An optical disk according to claim 16, wherein an
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. :

21. An optical disk according to claim 16, wherein the
second data synchronous series is a data series composed of
a combination of a plurality of any of 4-bit code symbols,
"0100", "0010", "1000", "0O0O00". '
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AMENDED CLAIMS

1. 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
formed with physical 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
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,

the first header région includes a physical
conéave 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 being 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

REPLACEMENT SHEETS SG
0O Description : paged ..7.. to paged .”=.
HClaim(s) : paged 9. to paged OR
O Drawing(s) : paged .”.. to paged .=
[ Abstract :paged..”. to paged ..

DATE OF RECEIPT..3\5/O..




3 AMAY 2001

ey

e ——— 1 - w1 %
3 i
8 -
:

]

I

[

4

i

R

»
b Vi ey b i e

- 2 -

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 along the center
line 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 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 modulated
with a same modulation code.

3. An optical disk according to claim 1, wherein the
identification data of the first header region and the
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

have data formats with a same data sequence and a same
data capacity.

4. An optical disk according to claim 3, wherein a data
bit interval between the first header region and the
first data region in the rewritable first recording area
is éubstantially 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 to 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 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 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
of data to be recorded.

7. 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 piurality 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 modulation code,

the first and second sectors have a same data

capacity,

the first and second header regions have a same
data sequence, and

the first 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 includes 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
series different from a data series of a corresponding

dummy data region on an inward or outward adjacent track
on the optical disk substrate.

9. An optical disk according to claim 8, wherein each of
the second and third dummy data regions includes in at

least a portion thereof a random data series 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 by an M-
series sequence.

11. An optical disk according to claim 8, wherein each of
the second and third dummy data regions includes in at
least a portion thereof a random data series with sub-
stantially no correlation with a data series formed on a
corresponding dummy 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 dummy data regions includes in at
least a portion thereof a data synchronous series for

specifying a start timing position of the second data
region.

13. An optical disk 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 different data synchronous patterns.
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14. An optical disk according to claim 8, wherein 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 scrambled
data with the modulation code.

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. (Amended) 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 spaces between adjacent grooves,
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 obtained
by changing optical characteristics of a recording layer,

the second recording area includes second tracks
formed with physical 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 sectors including a second

header region having identification data for identifying

the second sector and a second data region having read-only
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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

head of the data region for 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 specific

repetition sequence pattern of a modulation code in the
data region, and

wherein the data region is divided into a plural-
ity 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 of data blocks.

17. (Deleted)

——r———

18. An optical disk according to claim 16, wherein a

digital summing value which is obtained by converting "1"
and "0O" in the second data synchronous series into "1"
*-1", respectively,
tially zero.

and
and by summing all values is substan-

19. An optical disk according to claim 16, wherein the

second data synchronous series satisfies a maximum length
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and a minimum length as limit values under a modulation
code rule of a mark length ("1" or "0O" level) and a space
length ("0O" or "1" level) of the data region.

20. An optical disk according to claim 16, wherein an

average of the mark length and the space length of the
second data synchronous series 1is larger than the mark

length and the space length 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 combination of a plurality of any of 4-bit code symbols,
"0100", "0010", "1000", "0OO0O0".
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