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The present invention is to realize a proper inner zone layout
in an optical disk having at least three layers. A test area is
provided in the inner zone (inner circumference side area) in
each of recording layers. The test areas of each layer are so
disposed as to be prevented from overlapping with each other
in the layer direction. Furthermore, the number of manage-
ment information recording/reproduction areas overlapping
with the test area in the layer direction at a position closer to
the laser-incident surface than this test area is set equal to or
smaller than one in each test area of each recording layer. The
management information recording/reproduction areas are
each so disposed as to be prevented from overlapping with the
test areas in the respective recording layers in the layer direc-
tion on the disk substrate side of the test areas.
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RECORDABLE OPTICAL DISK, RECORDING
DEVICE, RECORDING METHOD, AND
REPRODUCTION DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a recordable optical
disk such as a write-once disk and a rewritable disk, a record-
ing device capable of dealing with a recordable optical disk,
a recording method, and a reproduction device.

BACKGROUND ART

[0002] Optical recording media such as the Blu-ray Disc
(registered trademark) are known. In the optical recording
media, recording and reproduction of information by use of a
semiconductor laser are performed.

[0003] The recording to an optical disk by use of a semi-
conductor laser is greatly affected by variation in the laser
power attributed to the temperature and change over time,
various kinds of skews and offsets attributed to an adjustment
error at the time of the manufacturing, and a recording con-
dition gap in the drive control. Therefore, particularly for
recordable optical disks such as a write-once disk and a
rewritable disk, variation in the laser drive circuit and the
optical element is suppressed and precise light-emission
waveform control is carried out.

[0004] In an actual information recording device, in gen-
eral, immediately before data recording, the optimum laser
power is sought and the recording laser power and strategy are
adjusted to optimize the recording condition by using the test
write area (optimum power control (OPC) area) disposed in
each recording layer.

[0005] In the trial writing process (test write) for this
recording laser power adjustment, removal of the above-de-
scribed perturbations, optimization of the recording power,
and optimization of the laser drive pulse need to be carried out
in the state in which the optimum recording condition is
unclear.

[0006] In the seeking of the optimum condition, the test
write area is irradiated with laser light having excessively-
high energy and the laser irradiation is performed with an
improper width of the laser drive pulse (laser emission time)
depending on the case. Thus, serious damage is possibly
given to the test writing area in the recording layer.

[0007] Furthermore, in a so-called multi-layer optical disk,
in which plural recording layers are formed over a disk sub-
strate, recording/reproduction of a certain recording layer is
affected by another recording layer.

[0008] For example, change in the transmittance of a
recording layer attributed to recording occurs, which possibly
precludes light irradiation of the intended recording layer
with a proper amount of light.

[0009] Moreover, the transmittance change has a depen-
dency on the recording power. Therefore, the transmittance
change, i.e. the degree of the influence on the other recording
layers, cannot be controlled in a place where recording is
performed with variation in the recording power like the OPC
area.

[0010] These facts lead to a problem that the desired OPC
control cannot be realized and derivation of the accurate
optimization condition is difficult depending on the recording
statuses of the other recording layers.

[0011] Specifically, in the case of performing trial writing
in the OPC area in a certain recording layer and adjusting the
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laser power, this trial writing is affected by the test write area
that is in another recording layer and disposed at the same
position in the planar direction (disk radial direction) as that
of this OPC area (i.e. such a position as to overlap with this
OPC area in the thickness direction (=layer direction)).
[0012] To address this problem, as the related arts, there
have been devised a method in which the test writing areas in
different recording layers are mutually shifted along the
radial direction of the recording layer and a method in which
the same radial position is not used for trial writing between
the trial writing areas in different recording layers, as is seen
in Patent Document 1 shown above, for example.

[0013] Also in the double-layer standard of the existing
Blu-ray Disc, it is prescribed that the test writing areas of the
respective recording layers, disposed in the lead-in zone on
the disk inner circumference side, are so disposed as to be
shifted from each other along the radial direction of the
recording layer.

PRIOR ART DOCUMENTS
Patent Document

[0014] Patent Document 1: PCT Patent Publication No.
WO05/034110 brochure

[0015] Patent Document 2: Japanese Patent Laid-open No.
2004-295940

SUMMARY OF INVENTION

[0016] By the way, for the information recording media,
increase in the recording capacity thereof is always required.
For example, in the case of the Blu-ray Disc, it is envisaged
that further increase in the number of recording layers will be
advanced for a triple-layer structure and a quadruple-layer
structure and significant increase in the capacity will be real-
ized.

[0017] In the development of an optical disk including at
least three layers, it is difficult to design the OPC areas in the
respective recording layers and design the areas where vari-
ous kinds of management information are recorded and
reproduced.

[0018] One of the reasons therefor is as follows. Because
transmittance change occurs due to operation of recording to
a recording layer as described above, OPC operation and
recording/reproduction operation are affected by another
layer. Therefore, the areas need to be designed in view of this
point.

[0019] Moreover, due to the dependency of the transmit-
tance change on the recording power, the degree of the influ-
ence on the other layers is indefinite and the transmittance
change cannot be predicted. This is also included in the rea-
sons.

[0020] Furthermore, in the design of the OPC areas and the
management information areas, compatibility with the exist-
ing single-layer disk and double-layer disk is also taken into
consideration. Thus, all the necessary areas need to be prop-
erly arranged in the predetermined limited radial range (e.g.
in the lead-in area).

[0021] There is a need for the present invention to consider
the above-described points and propose an area arrangement
suitable for a recordable multi-layer optical disk.

[0022] According to an embodiment of the present inven-
tion, there is provided a recordable optical disk as a plural-
layer disk including: at least three recording layers configured
to be provided over a disk substrate; and an optically-trans-



US 2011/0194393 Al

parent layer configured to be formed on a laser-incident sur-
face side. In this recordable optical disk, a test area for laser
power control is provided in an inner circumference side area
closer to an inner circumference than a data zone in which
user data is recorded in each of the recording layers, and the
test areas in the recording layers are so disposed as to be
prevented from overlapping with each other in a layer direc-
tion.

[0023] Further, a management information recording/re-
production area for recording and reproduction of manage-
ment information is provided in the inner circumference side
area in each of the recording layers, and the management
information recording/reproduction areas are so disposed
that, for each of the test areas in the recording layers, the
number of management information recording/reproduction
areas overlapping with the test area in the layer direction at a
position closer to a laser-incident surface than the test area is
equal to or smaller than one.

[0024] Still further, the management information record-
ing/reproduction areas are each so disposed as to be prevented
from overlapping with the test areas in the recording layers in
the layer direction on a disk substrate side of the test areas.
[0025] According to another embodiment of the present
invention, there is provided a recording device for a record-
able optical disk as a plural-layer disk that includes at least
three recording layers provided over a disk substrate and an
optically-transparent layer formed on a laser-incident surface
side. The recording device includes a controller configured to
dispose a test area for laser power control about a respective
one of therecording layers in an inner circumference side area
closer to an inner circumference than a data zone in which
user data is recorded in the respective one of the recording
layers of the recordable optical disk in such a way that the test
areas are prevented from overlapping with each other in a
layer direction, the controller carrying out control to perform
information recording after laser power adjustment by use of
the disposed test area.

[0026] According to still another embodiment of the
present invention, there is provided a recording method for
above-described recordable optical disk. The recording
method includes the step of disposing a test area for laser
power control about a respective one of the recording layers in
an inner circumference side area closer to an inner circum-
ference than a data zone in which user data is recorded in the
respective one of the recording layers of the recordable opti-
cal disk in such a way that the test areas are prevented from
overlapping with each other in a layer direction, and perform-
ing information recording after laser power adjustment by use
of the disposed test area.

[0027] According to further embodiment of the present
invention, there is provided a reproduction device for a
recordable optical disk as a plural-layer disk that includes at
least three recording layers provided over a disk substrate and
an optically-transparent layer formed on a laser-incident sur-
face side. In the recordable disk, a test area for laser power
control is provided in an inner circumference side area closer
to an inner circumference than a data zone in which user data
is recorded in each of the recording layers, and the test areas
in the recording layers are so disposed as to be prevented from
overlapping with each other in a layer direction. And, the
reproduction device includes a controller configured to rec-
ognize a management information recording/reproduction
area that is so disposed in the inner circumference side area in
each of the recording layers that, for each of the test areas in
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the recording layers, the number of management information
recording/reproduction areas overlapping with the test area in
the layer direction at a position closer to a laser-incident
surface than the test area is equal to or smaller than one, and
the management information recording/reproduction area is
prevented from overlapping with the test areas in the record-
ing layers in the layer direction on a disk substrate side of the
test areas, the controller reproducing management informa-
tion from the management information recording/reproduc-
tion area and controlling reproduction of user data based on
management information.

[0028] In these embodiments of the present invention, first
the test area (OPC area) is formed in the inner circumference
side area in each of at least three recording layers. The test
areas in the respective recording layers are so disposed as to
be prevented from overlapping with each other in the layer
direction. This is to prevent the test area in each recording
layer from being affected by transmittance change due to
recording in the test area in another layer and the dependency
of the transmittance change on the laser power.

[0029] Furthermore, the number of management informa-
tion recording/reproduction areas overlapping with the test
area in the layer direction at a position closer to the laser-
incident surface than this test area is set equal to or smaller
than one, to thereby minimize the influence of the transmit-
tance change due to recording and reproduction in the man-
agement information recording/reproduction area on the
OPC operation in the test area and achieve compatibility with
the existing double-layer disk.

[0030] The management information recording/reproduc-
tion areas are each so disposed as to be prevented from over-
lapping with the test areas in the respective recording layers in
the layer direction on the disk substrate side of the test areas.
Thereby, recording/reproduction in the management infor-
mation recording/reproduction area is prevented from being
affected by transmittance change of the test area and the
dependency of the transmittance change on the laser power.

[0031] The embodiments of the present invention offer an
advantage that, in a recordable multi-layer optical disk such
as a triple-layer disk and a quadruple-layer disk, proper
arrangement in the inner circumference side area can be real-
ized and proper OPC operation and recording/reproduction of
management information are allowed.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 1 is an explanatory diagram of the area struc-
ture of a disk according to an embodiment of the present
invention.

[0033] FIG. 2 is an explanatory diagram of a DMA in the
disk of the embodiment.

[0034] FIG. 3 is an explanatory diagram of the contents of
a DDS in the disk of the embodiment.

[0035] FIG. 4 is an explanatory diagram of the contents of
a DFL in the disk of the embodiment.

[0036] FIG. 5 is an explanatory diagram of defect list man-
agement information inthe DFL, and a TDFL inthe disk of the
embodiment.

[0037] FIG. 6 is an explanatory diagram of alternation
address information in the DFL and the TDFL in the disk of
the embodiment.

[0038] FIG. 7 is an explanatory diagram of a TDMA in the
disk of the embodiment.

[0039] FIG. 8 is an explanatory diagram of a space bitmap
in the disk of the embodiment.
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[0040] FIG.9isan explanatory diagram of the TDFL in the
disk of the embodiment.

[0041] FIG.10is an explanatory diagram of a TDDS in the
disk of the embodiment.

[0042] FIG. 11 is explanatory diagrams of the layer struc-
ture of the disk of the embodiment.

[0043] FIG. 12 is an explanatory diagram of the inner zone
configuration of an existing double-layer BD-R.

[0044] FIG. 13 is an explanatory diagram of the inner zone
configuration of a novel triple-layer BD-R.

[0045] FIG. 14 is an explanatory diagram of the positions of
the respective areas in the inner zone of the novel triple-layer
BD-R.

[0046] FIG. 15 is explanatory diagrams of the tolerance of
the respective recording layers in a novel triple-layer disk.
[0047] FIG. 16 is an explanatory diagram of the inner zone
configuration of a triple-layer BD-RE of the embodiment.
[0048] FIG. 17 is an explanatory diagram of the inner zone
configuration of a quadruple-layer BD-R of the embodiment.
[0049] FIG. 18 is an explanatory diagram of the positions of
the respective areas in the inner zone of the quadruple-layer
BD-R of the embodiment.

[0050] FIG.19 is an explanatory diagram of OPC pairs in a
quadruple-layer disk of the embodiment.

[0051] FIG. 20 is explanatory diagrams of OPC arrange-
ment in the pair in the quadruple-layer disk of the embodi-
ment.

[0052] FIG. 21 is explanatory diagrams of the tolerance of
the respective recording layers in the quadruple-layer disk of
the embodiment.

[0053] FIG. 22 is an explanatory diagram of the inner zone
configuration of a quadruple-layer BD-RE of the embodi-
ment.

[0054] FIG. 23 is a block diagram of a disk drive device of
the embodiment.

[0055] FIG. 24 is flowcharts of processing by the disk drive
device of the embodiment.

[0056] FIG.251s a flowchart of OPC processing by the disk
drive device of the embodiment.

[0057] FIG.261s a flowchart of OPC processing by the disk
drive device of the embodiment.

MODE FOR CARRYING OUT THE INVENTION
[0058] An embodiment of the present invention will be
described below in the following order.

[1. Disk Structure]
[2. DMA]
[3. TDMA]

[4. Plural-layer Disk/Inner Zone of Existing Double-layer
Disk]

[5. Inner Zone of Triple-layer Disk of Embodiment]

[6. Inner Zone of Quadruple-layer Disk of Embodiment]
[7. Disk Drive Device]

[1. Disk Structure]

[0059] First, the outline of an optical disk of the embodi-
ment will be described. This optical disk can be implemented
as a write-once disk (BD-R) or a rewritable disk (BD-RE) in
the category of a high-density optical disk system referred to
as the so-called Blu-ray Disc.
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[0060] One example of the physical parameters of the high-
density optical disk of the present embodiment will be
described.

[0061] As the disk size of the optical disk of the present
example, the diameter is 120 mm and the disk thickness is 1.2
mm. That is, from these points, this optical disk is the same as
a disk of the CD (Compact Disc) system and a disk of the
DVD (Digital Versatile Disc) system in terms of the external
form.

[0062] A so-called blue laser is used as the laser for record-
ing/reproduction, and a high NA (e.g. 0.85) is set for the
optical system. Furthermore, a narrow track pitch (e.g. 0.32
um) and high linear density (e.g. the recording linear density
is 0.12 um) are realized. Based on these features, about 23 to
25 gigabytes (GB) is realized as the user data capacity in the
12-cm-diameter disk. Furthermore, it is considered that
capacity of about 30 GB is also permitted by higher-density
recording.

[0063] Inaddition, a so-called multi-layer disk having plu-
ral recording layers has also been developed. In the multi-
layer disk, the user data capacity is multiplied by the number
of layers substantially.

[0064] FIG. 1 shows the layout (area configuration) of the
entire disk.
[0065] As the areas on the disk, the inner zone, the data

zone, and the outer zone are disposed from the inner circum-
ference side.

[0066] InFIG. 1, the disk is shown with a structure includ-
ing one recording layer (single-layer structure). In this case,
the inner zone serves as the lead-in area, and the outer zone
serves as the lead-out area.

[0067] The disk of the embodiment is a triple-later disk or
a quadruple-layer disk as described later. In this disk, the
inner zone of the first layer (layer L.0) serves as the lead-in
area. Finally, any of the outer zone of the first layer (layer L0)
and the subsequent zones (the inner zones and the outer zones
of layers L1, L2, and 1.3) is employed as the lead-out area
depending on user data capacity recorded thereon.

[0068] For convenience of description, the inner circumfer-
ence side areas of the respective recording layers, including
the lead-in area of'the first layer (layer L0), will be referred to
collectively as the inner zone. Furthermore, the outer circum-
ference side areas of the respective recording layers will be
referred to collectively as the outer zone.

[0069] Interms of the area configuration relating to record-
ing and reproduction, the area on the innermost circumfer-
ence side, of the inner zone (lead-in area), is used as the
reproduction-only area, and the area from the middle of the
inner zone to the outer zone is used as the recordable area.
[0070] Inthereproduction-only area, a BCA (Burst Cutting
Area) and PIC (pre-recorded information area) are provided.
However, in the inner zone structure of a multi-layer disk
having two or more layers, the PIC is provided only in the first
layer (layer L.0) and the part of the same radius as that of the
PIC serves as the recordable area in the second layer (layer
L1) and the subsequent recording layers, as described in
detail later.

[0071] In the recordable area in the inner zone, OPC,
TDMA, INFO (including DMA and so forth), a reserve area
RSV, etc., which will be described later, are formed for
recording of management/control information and so forth.
[0072] In the reproduction-only area and the recordable
area, the recording track based on a wobbling groove (serpen-
tine trench) is formed into a spiral shape. The groove is used
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as the guide of the tracking in tracing by a laser spot, and data
recording/reproduction is performed with this groove used as
the recording track.

[0073] The present example is based on the assumption of
an optical disk in which data is recorded in the groove. How-
ever, the embodiment of the present invention is not limited to
an optical disk of such a groove recording system but may be
applied to an optical disk of a land recording system, in which
data is recorded in the land between the grooves. Further-
more, it can be applied also to an optical disk of a land-and-
groove recording system, in which data is recorded in the
groove and the land.

[0074] The groove used as the recording track has a serpen-
tine shape corresponding to a wobble signal. Therefore, in a
disk drive device for the optical disk, the wobble signal can be
reproduced by detecting both edge positions of the groove
from reflected light of the laser spot emitted onto the groove
and extracting a fluctuation component of both edge positions
in the disk radial direction while the laser spot is moved along
the recording track.

[0075] Inthis wobble signal, address information (physical
address, other pieces of additional information, etc.) of the
recording track at the recording position thereofis modulated.
Thus, in the disk drive device, address control and so forth in
data recording/reproduction can be carried out by demodu-
lating the address information and so forth from this wobble
signal.

[0076] The inner zone shown in FIG. 1 is the area inside the
position of radius 24 mm for example.

[0077] In the PIC (pre-recorded information area) in the
inner zone, disk information such as the recording and repro-
duction power conditions, information on the areas on the
disk, information used for copy protection, etc. are recorded
in advance as reproduction-only information by the wobbling
of the groove. These pieces of information may be recorded
by embossed pits or the like.

[0078] The BCA is provided closer to the inner circumfer-
ence than the PIC. The BCA is made by recording the unique
1D specific to the disk recording medium by e.g. a recording
system of burning out the recording layer. Specifically,
recorded data in a bar-code manner is formed by forming
recording marks aligned in the form of concentric circles.
[0079] Furthermore, in the inner zone, a predetermined
area format having a TDMA (Temporary Defect Manage-
ment Area), an OPC (Optimum Power Control area: test write
area), an INFO (Information area: management information
area), a reserve area RSV, a buffer area BUF, and so forth is
set.

[0080] The OPC is used for e.g. trial writing in setting the
data recording/reproduction condition such as the laser power
at the time of recording/reproduction. That is, it is the area for
adjustment of the recording/reproduction condition.

[0081] The INFO includes a DMA (Defect Management
Area) and a control data area.

[0082] In the control data area, e.g. the disk type, the disk
size, the disk version, the layer structure, the channel bit
length, BCA information, the transfer rate, data zone position
information, the recording linear velocity, and information on
the recording/reproduction laser power are recorded.

[0083] The DMA is provided in the INFO. In general, in the
field of the optical disk, alternation management information
for defect management is recorded in the DMA. However, in
the disk of the present example, management/control infor-
mation for realizing not only alternation management for a
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defect place but also data rewriting in this write-once disk is
recorded in the DMA. In this case in particular, management
information of ISA and OSA to be described later is recorded
in the DMA.

[0084] To allow data rewriting by utilizing alternation pro-
cessing, the contents of the DMA also need to be updated
responding to the data rewriting. The TDMA is provided for
this updating.

[0085] The alternation management information is addi-
tionally recorded to the TDMA and updated. In the DMA, the
last (latest) alternation management information recorded in
the TDMA finally is recorded.

[0086] The details of the DMA and the TDMA will be
described later.
[0087] The INFO including the DMA and so forth is the

definitive management information area in which the latest
management information is finally stored. The INFO (defini-
tive management information area) is disposed separately
from each other by at least the distance equivalent to the
allowable defect size in all the recording layers.

[0088] On the other hand, the TDMA is the temporary
management information area in which management infor-
mation is additionally stored on an as-needed basis. The
TDMA (temporary management information area) is dis-
posed in each recording layer almost evenly for example. In
some cases, it is disposed in the plural recording layers except
the recording layer closest to the disk substrate almost evenly
as described later for an example of the quadruple-layer disk.
[0089] The area closer to the outer circumference than the
inner zone, specifically e.g. the area corresponding to the
radius range 0of 24.0 to 58.0 mm, is used as the data zone. The
data zone is the area where user data are actually recorded and
reproduced. The starting address ADdts and ending address
ADdte ofthe data zone are indicated by the data zone position
information in the above-described control data area.

[0090] In the data zone, an ISA (Inner Spare Area) is pro-
vided on the innermost circumference side of the data zone
and an OSA (Outer Spare Area) is provided on the outermost
circumference side of the data zone. The ISA and OSA are
used as an alternation area for a defect and data rewriting
(overwriting).

[0091] TheISA is formed from the start position of the data
zone with a size equivalent to a predetermined number of
clusters (one cluster=65536 bytes).

[0092] The OSA is formed from the end position of the data
zone toward the inner circumference with a size equivalent to
apredetermined number of clusters. The sizes of the ISA and
OSA are described in the above-described DMA.

[0093] The leg sandwiched between the ISA and OSA in
the data zone is used as the user data area. This user data area
is the normal recording/reproduction area used for recording
and reproduction of user data normally.

[0094] The position of the user data area, i.e. a starting
address ADus and an ending address ADue, are described in
the DMA.

[0095] The area closer to the outer circumference than the
data zone, specifically e.g. the area corresponding to the
radius range of 58.0to 58.5 mm, is used as the outer zone (e.g.
lead-out zone). Management/control information is recorded
also in the outer zone. Specifically, INFO (control data area,
DMA, buffer area) is formed in a predetermined format.
[0096] In the control data area, various kinds of manage-
ment/control information are recorded similarly to the control
data area in the inner zone for example. The DMA is prepared
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as the area in which management information of the ISA and
OSA is recorded similarly to the DMA in the inner zone.
[0097] The present embodiment has features regarding the
structure of the inner zone of a triple-layer disk and a qua-
druple-layer disk. The layout of the respective areas in the
inner zone will be described later, including an existing
double-layer disk.

[2. DMA]

[0098] The structure of the DMA recorded in the inner zone
and the outer zone will be described below. FIG. 2 shows the
structure of the DMA.

[0099] Here, an example in which the size of the DMA is 32
clusters (32x65536 bytes) is shown. The cluster is the mini-
mum unit of data recording.

[0100] Of course, the DMA size is not limited to 32 clus-
ters. In FIG. 2, 32 clusters are given cluster numbers 1 to 32 to
thereby indicate the data position of each of the contents in the
DMA. Furthermore, the size of each of the contents is indi-
cated as the number of clusters.

[0101] Inthe DMA, in the leg of four clusters with cluster
numbers 1 to 4, detailed information on the disk is recorded as
the disk definition structure (DDS).

[0102] The contents of this DDS will be described later
with FIG. 3. The DDS has a size of one cluster and is repeat-
edly recorded four times in this four-cluster leg.

[0103] The leg of four clusters with cluster numbers 5 to 8
serves as the first recording area for a defect list DFL
(DFL#1). The structure of the defect list DFL will be
described later with FIG. 4. The defect list DFL is data having
a size of four clusters, and individual pieces of alternation
address information are listed therein.

[0104] The leg of four clusters with cluster numbers 9 to 12
serves as the second recording area for the defect list DFL
(DFL#2).

[0105] Furthermore, the recording areas for the third and
subsequent defect lists DFL#3 to DFL#6 are prepared by each
group of four clusters, so that the leg of four clusters with
cluster numbers 29 to 32 serves as the seventh recording area
for the defect list DFL (DFL#7).

[0106] Thatis, in the DMA composed of 32 clusters, seven
recording areas for the defect lists DFL#1 to DFL#7 are
prepared.

[0107] In the case of a BD-R (write-once optical disk),
processing of closing needs to be executed to record the
contents of this DMA. In this case, all of seven defect lists
DFL#1 to DFL#7 written in the DMA include the same con-
tents. The written contents are equal to the contents of the
latest TDMA.

[0108] Ina BD-RE (rewritable optical disk), the TDMA is
not provided. This is because the DMA may be rewritten
every time recording is performed.

[0109] The contents of the DDS recorded at the beginning
of the DMA of FIG. 2 are shown in FIG. 3.

[0110] As described above, the DDS has a size of one
cluster (=65536 bytes).

[0111] In FIG. 3, the “byte position” shows byte 0 as the
beginning byte of the DDS composed of 65536 bytes. “The
number of bytes” indicates the number of bytes of each of the
data contents.

[0112] In two bytes at byte positions 0 and 1, a DDS
identifier="DS” for recognition that this cluster is a cluster of
the DDS is recorded.
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[0113] In one byte at byte position 2, the DDS format
number (version of the format) is indicated.

[0114] In four bytes at byte positions 4 to 7, the number of
times of updating of the DDS is recorded. In the present
example, the DMA itself is not updated, but alternation man-
agement information is written thereto at the time of closing.
The alternation management information is updated in the
TDMA. Therefore, when the closing is finally carried out, the
number of times of updating of the DDS (TDDS: temporary
DDS) in the TDMA is recorded at these byte positions.
[0115] In four bytes at byte positions 16 to 19, the starting
physical sector address of the drive area in the DMA (AD
DRV) is recorded.

[0116] In four bytes at byte positions 24 to 27, the starting
physical sector address of the defect list DFL in the DMA
(AD DFL) is recorded.

[0117] Four bytes at byte positions 32 to 35 indicate the
beginning position of the user data area in the data zone, i.e.
the position at which the LSN (logical sector number: logical
sector address) is “0,” by the PSN (physical sector number:
physical sector address).

[0118] Four bytes at byte positions 36 to 39 indicate the end
position of the user data area in the data zone by the LSN
(logical sector address).

[0119] Infourbytes at byte positions 40 to 43, the size of the
ISA (ISA of a single-layer disk or ISA in layer 0 of a double-
layer disk) in the data zone is indicated.

[0120] Infourbytes atbyte positions 44 to 47, the size of the
OSA in the data zone is indicated.

[0121] Infourbytes at byte positions 48 to 51, the size of the
ISA (ISA in layer 1 of a double-layer disk) in the data zone is
indicated.

[0122] In one byte at byte position 52, an alternation area
availability flag indicating whether or not data can be rewrit-
ten by using the ISA or OSA is indicated. When the whole of
the ISA or the OSA has been used, the alternation area avail-
ability flag indicates that.

[0123] The byte positions other than the above-described
positions are regarded as reserves (undefined), and 00h is set
at all of these byte positions.

[0124] Asjustdescribed, the DDS includes the addresses of
the user data area, the sizes of the ISA and the OSA, and the
alternation area availability flag. That is, the DDS is used as
management/control information for area management of the
ISA and the OSA in the data zone.

[0125] Next, the structure of the defect list DFL is shown in
FIG. 4.
[0126] As described with FIG. 2, the defect list DFL is

recorded in the recording area of four clusters.

[0127] In FIG. 4, the data position of each of the data
contents in the defect list DFL composed of four clusters is
shown as the “byte position.”” The relationship of one clus-
ter=32 sectors=65536 bytes holds, and one sector=2048
bytes.

[0128] “The number of bytes” indicates the number of
bytes as the size of each of the data contents.

[0129] The beginning 64 bytes in the defect list DFL are
used as defect list management information.

[0130] In this defect list management information, infor-
mation for recognition that these clusters are clusters of the
defect list, the version, the number of times of updating of the
defect list, the number of entries in the defect list, etc. are
recorded.
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[0131] At byte position 64 and the subsequent byte posi-
tions, pieces of alternation address information ati each com-
posed of eight bytes are recorded as the contents of the entries
in the defect list.

[0132] Immediately after the last effective alternation
address information ati#N, terminator information that is
composed of eight bytes and serves as the alternation address
information termination is recorded.

[0133] Inthis DFL, O0Oh is set in all the bytes from the byte
subsequent to the alternation address information termination
to the last of the clusters.

[0134] The defect list management information composed
of 64 bytes is as shown in FIG. 5.

[0135] Intwo bytes from byte position 0, a character string
“DL” is recorded as the identifier of the defect list DFL.
[0136] One byte at byte position 2 indicates the format
number of the defect list DFL.

[0137] Four bytes from byte position 4 indicate the number
of'times of updating of the defect list DFL. This number is the
value following the number of times of updating of a tempo-
rary defect list TDFL to be described later.

[0138] Four bytes from byte position 12 indicate the num-
ber of entries in the defect list DFL,, i.e. the number of pieces
of the alternation address information ati.

[0139] Four bytes from byte position 24 indicate the size of
the free area in each of alternation areas ISA0, ISA1, OSA0,
and OSA1 by the number of clusters.

[0140] The byte positions other than the above-described
positions are used as reserves, and 00h is set at all of these
byte positions.

[0141] FIG. 6 shows the structure of the alternation address
information ati. Specifically, the alternation address informa-
tion ati indicates the contents of the entry resulting from
alternation processing.

[0142] The maximum total number of pieces of the alter-
nation address information ati is 32759 in the case of a single-
layer disk.

[0143] One piece of the alternation address information ati
is composed of eight bytes (64 bits). The respective bits are
represented as bits b63 to b0.

[0144] Inbitsb63 to b60, status information (status 1) of the
entry is recorded.

[0145] In the DFL, the status information is set to “0000,”
which indicates a normal alternation processing entry.
[0146] The other status information values will be
described later in description of the alternation address infor-
mation ati in the TDFL in the TDMA.

[0147] In bits b59 to b32, the starting physical sector
address PSN of the alternation-subject cluster is indicated.
Specifically, the cluster replaced due to a defect or rewriting
is indicated by the physical sector address PSN of the begin-
ning sector of the cluster.

[0148] Bits b31 to b28 are used as a reserve. Alternatively,
another piece of status information (status 2) of the entry may
be recorded therein.

[0149] Inbits b27 to b0, the starting physical sector address
PSN of the alternative cluster is indicated.

[0150] Specifically, if a cluster is replaced due to a defect or
rewriting, the cluster as the alternative thereto is indicated by
the physical sector address PSN of the beginning sector of the
cluster.

[0151] The above-described alternation address informa-
tion ati is regarded as one entry, and the alternation-subject
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cluster and the alternative cluster relating to one round of
alternation processing are indicated.

[0152] Such entries are registered in the defect list DFL
having the structure of FIG. 4.

[0153] Inthe DMA, alternation management information is
recorded with the above-described data structure. However,
as described above, the time to record these pieces of infor-
mation in the DMA is when closing of the disk is carried out.
At this time, the latest alternation management information in
the TDMA is reflected.

[0154] Alternation processing for defect management and
data rewriting and updating of the alternation management
information in response to the alternation processing are car-
ried out in the TDMA to be described next.

[3. TDMA]

[0155] The TDMA provided in the inner zone will be
described below. The TDMA (temporary DMA) is used as the
area in which alternation management information is
recorded as with the DMA. However, the TDMA is updated
through additional recording of the alternation management
information therein in response to the occurrence of alterna-
tion processing for data rewriting or detection of a defect.

[0156] FIG. 7 shows the structure of the TDMA.
[0157] The size of the TDMA is e.g. 2048 clusters.
[0158] As shown in the diagram, in the first cluster given

cluster number 1, a space bitmap for layer 0 is recorded.
[0159] The space bitmap is made by allocating one bit to
each of'the clusters of the data zone serving as the main data
area and the inner zone and the outer zone, which are the areas
in which management/control information is recorded. The
space bitmap is used as writing-presence/absence presenting
information that is so configured as to indicate whether or not
writing has been completed in the respective clusters by the
one-bit values.

[0160] Although one bit is allocated to each of all the clus-
ters from the inner zone to the outer zone in the space bitmap,
this space bitmap can be configured with a size of one cluster.
[0161] The cluster of cluster number 1 is used as the space
bitmap forlayer L0 (first layer). The cluster of cluster number
2 is used as the space bitmap for layer L1 (second layer).
Although not shown in the diagram, in the case of a triple-
layer disk and a quadruple-layer disk, the space bitmaps for
layer L2 (third layer) and layer L3 (fourth layer) are prepared
in clusters of predetermined cluster numbers. For example,
cluster numbers 3 and 4 are allocated to these space bitmaps.
[0162] Inthe TDMA, a TDFL (Temporary Defect List) is
additionally recorded in the beginning cluster of the unre-
corded area in the TDMA if alternation processing is
executed because of change of data content or the like. There-
fore, in the case of a double-layer disk, the first TDFL is
recorded at the position of cluster number 3 as shown in the
diagram. In the case of a single-layer disk, the first TDFL is
recorded at the position of cluster number 2 because the space
bitmap for layer L1 is unnecessary. From then on, in response
to the occurrence of alternation processing, the TDFL is addi-
tionally recorded at the cluster positions with the intermedi-
ary of no unrecorded area between the recorded clusters.

[0163] The size of'the TDFL is in the range of one cluster to
four clusters.
[0164] Because the space bitmap is information indicating

the writing status of each cluster, it is updated responding to
the occurrence of data writing. In this case, the new space
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bitmap is recorded from the beginning of the free area in the
TDMA similarly to the TDFL.

[0165] Thatis, inthe TDMA, the space bitmap orthe TDFL
is additionally recorded on an as-needed basis.

[0166] As described next about the configurations of the
space bitmap and the TDFL, a TDDS (temporary DDS (tem-
porary disc definition structure)) as detailed information of
the optical disk is recorded in the rearmost sector (2048 bytes)
of one cluster used as the space bitmap and the rearmost
sector (2048 bytes) of one to four clusters used as the TDFL.
[0167] FIG. 8 shows the configuration of the space bitmap.
[0168] As described above, the space bitmap is a bitmap
that represents the recorded/unrecorded state of one cluster
on the disk by one bit, and in which e.g. “1” is set to the
corresponding bit if the cluster is in the unrecorded state. FIG.
8 shows a space bitmap for the case of a double-layer disk as
an example of the bitmap that holds information independent
on a layer-by-layer basis. In the case of a triple-layer disk and
a quadruple-layer disk, this bitmap is expansively treated.
[0169] In FIG. 8, 32 sectors in one cluster are shown as
sectors 0 to 31. The “byte position” is shown as the byte
position in the sector.

[0170] In the beginning sector 0, management information
of the space bitmap is recorded.

[0171] Intwo bytes from byte position 0 of sector 0, “UB”
is recorded as the space bitmap ID (Un-allocated Space Bit-
map Identifier).

[0172] In one byte at byte position 2, the format version
(format number) is recorded and e.g. “00h” is set therein.
[0173] Infour bytes from byte position 4, the layer number
is recorded. Specifically, whether this space bitmap corre-
sponds to layer L0 or layer L1 is indicated.

[0174] In 48 bytes from byte position 16, bitmap informa-
tion (Bitmap Information) is recorded.

[0175] The bitmap information is composed of pieces of
zone information corresponding to a respective one of the
inner zone, the data zone, and the outer zone (Zone Informa-
tion for Inner Zone) (Zone Information for Data Zone) (Zone
Information for Outer Zone).

[0176] Each ofthe pieces of zone information is composed
of 16 bytes. Specifically, in each of the pieces of zone infor-
mation, four bytes are allocated to each of the start position of
the zone (Start Cluster First PSN), the start position of the
bitmap data (Start Byte Position of Bitmap data), the size of
the bitmap data (Validate Bit Length in Bitmap data), and a
reserve.

[0177] In the start position of the zone (Start Cluster First
PSN), the start position of the zone on the disk, i.e. the start
address in turning the zone into the bitmap, is indicated by the
PSN (physical sector address).

[0178] In the start position of the bitmap data (Start Byte
Position of Bitmap data), the start position of the bitmap data
relating to the zone is indicated by the number of bytes as the
relative position from the Un-allocated Space Bitmap Identi-
fier at the beginning of the space bitmap.

[0179] Inthe size of the bitmap data (Validate Bit Length in
Bitmap data), the size of the bitmap data of the zone is
indicated by the number of bits.

[0180] From byte position 0 of the second sector (=sector 1)
of the space bitmap, actual bitmap data (Bitmap data) are
recorded. The size of the bitmap data is one sector per 1 GB.
[0181] The area from the byte subsequent to the last bitmap
data to the byte previous to the final sector (sector 31) is used
as reserves and “00h” is set therein.
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[0182] Inthe final sector (sector 31) ofthe space bitmap, the
TDDS is recorded.

[0183] Management by the above-described bitmap infor-
mation is as follows.

[0184] First, a description will be made about the case of a
space bitmap in which layer L0 is indicated as the layer
number at byte position 4, i.e. a space bitmap corresponding
to layer L0 of a single-layer disk or a multi-layer disk.
[0185] In this case, information on the inner zone in layer
L0, 1i.e. the lead-in zone, is indicated by Zone Information for
Inner Zone.

[0186] By the start position of the zone (Start Cluster First
PSN), the PSN of the start position of the inner zone (in this
case, the lead-in zone) is indicated as shown by a full-line
arrowhead.

[0187] By the start position of the bitmap data (Start Byte
Position of Bitmap data), the position of the bitmap data
corresponding to the inner zone in this space bitmap (infor-
mation indicating byte position 0 in sector 1) is indicated as
shown by a dashed line.

[0188] By the size of the bitmap data (Validate Bit Length
in Bitmap data), the size of the bitmap data for the inner zone
is indicated.

[0189] In Zone Information for Data Zone, information on
the data zone in layer L0 is indicated.

[0190] By the start position of the zone (Start Cluster First
PSN), the PSN of the start position of the data zone is indi-
cated as shown by a full-line arrowhead.

[0191] By the start position of the bitmap data (Start Byte
Position of Bitmap data), the position of the bitmap data
corresponding to the data zone in this space bitmap (informa-
tion indicating byte position 0 in sector 2) is indicated as
shown by a dashed line.

[0192] By the size of the bitmap data (Validate Bit Length
in Bitmap data), the size of the bitmap data for the data zone
is indicated.

[0193] By Zone Information for Outer Zone, information
on the outer zone in layer L0 (e.g. the lead-out zone of a
single-layer disk) is indicated.

[0194] By the start position of the zone (Start Cluster First
PSN), the PSN of the start position of the outer zone is
indicated as shown by a full-line arrowhead.

[0195] By the start position of the bitmap data (Start Byte
Position of Bitmap data), the position of the bitmap data
corresponding to the outer zone in this space bitmap (infor-
mation indicating byte position 0 in sector N) is indicated as
shown by a dashed line.

[0196] By the size of the bitmap data (Validate Bit Length
in Bitmap data), the size of the bitmap data for the outer zone
is indicated.

[0197] Similar management is carried out also in the space
bitmaps about the second and subsequent recording layers
such as layer 1. For example, in the space bitmap about layer
L1, management of the inner zone, the data zone, and the
outer zone about layer L1 is carried out as shown by the
one-dot chain lines.

[0198] Next, the configuration of the TDFL (temporary
DFL) will be described. As described above, the TDFL is
recorded in the free area subsequent to the space bitmap in the
TDMA, and is additionally recorded at the beginning of the
free area in response to every updating.

[0199] FIG. 9 shows the configuration of the TDFL.
[0200] TheTDFL is composed of one to four clusters. As is
apparent from comparison with the DFL of FIG. 4, the con-
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tents of the TDFL are the same as those of the DFL in that the
beginning 64 bytes are used as defect list management infor-
mation and pieces of alternation address information ati each
composed of eight bytes are recorded at byte position 64 and
the subsequent byte positions, and in that eight bytes subse-
quent to the last alternation address information ati#N are
used as the alternation address information termination.
[0201] However, in the TDFL composed of one to four
clusters, a temporary DDS (TDDS) is recorded in 2048 bytes
as the last sector thereof, differently from the DFL.

[0202] In the case of the TDFL, O0h is set in the area to the
byte previous to the final sector of the cluster to which the
alternation address information termination belongs. The
TDDS is recorded in the final sector. If the alternation address
information termination belongs to the final sector of the
cluster, O is set in the area to the byte previous to the final
sector of the next cluster, and the TDDS is recorded in the
final sector.

[0203] The defect list management information composed
of 64 bytes is similar to that in the DFL described with FIG.
5.

[0204] However, as the number of times of updating of the
defect list by four bytes from byte position 4, the serial num-
ber of the defect list is recorded. Due to this feature, the serial
number of defect list management information in the latest
TDFL indicates the number of times of updating of the defect
list.

[0205] Furthermore, values at the timing of updating of the
TDFL are recorded as the number of entries in the defect list
DFL, i.e. the number of pieces of the alternation address
information ati, by four bytes from byte position 12 and the
size (the number of clusters) of the free area in each of the
alternation areas ISA0, ISA1, OSA0, and OSA1 by four bytes
from byte position 24.

[0206] The structure of the alternation address information
atiinthe TDFL is also similar to that of the alternation address
information ati in the DFL shown in FIG. 6. The alternation
address information ati is regarded as one entry and the alter-
nation-subject cluster and the alternative cluster relating to
one round of alternation processing are indicated. Such
entries are registered in the temporary defect list TDFL hav-
ing the structure of FIG. 9.

[0207] However, as status 1 of the alternation address infor-
mation ati in the TDFL, “0101” or “1010” is often set besides
“0000.

[0208] “0101”or “1010” is set as status 1 when physically-
consecutive plural clusters are collectively subjected to alter-
nation processing and alternation management (burst transfer
management) for these plural clusters is collectively carried
out.

[0209] Specifically, if status 1 is “0101,” the starting physi-
cal sector address of the alternation-subject cluster and the
starting physical sector address of the alternative cluster in the
alternation address information ati indicate the alternation-
subject and the alternative about the beginning cluster of
physically-consecutive plural clusters.

[0210] If status 1 is “1010,” the starting physical sector
address of the alternation-subject cluster and the starting
physical sector address of the alternative cluster in the alter-
nation address information ati indicate the alternation-subject
and the alternative about the last cluster of physically-con-
secutive plural clusters.

[0211] Therefore, in the case of carrying out alternation
management for physically-consecutive plural clusters col-
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lectively, the alternation address information ati does not
need to be recorded as an entry for every one of all the plural
clusters, but it is enough that two pieces of the alternation
address information ati about the beginning cluster and the
end cluster are recorded as entries.

[0212] As described above, the TDFL basically has the
same structure as that of the DFL but has characteristics that
the size thereof can be extended to four clusters, the TDDS is
recorded in the last sector, burst transfer management is per-
mitted as the alternation address information ati, and so forth.
[0213] In the TDMA, the space bitmap and the TDFL are
recorded as shown in FIG. 7. As described above, the tempo-
rary disk definition structure (TDDS) is recorded in 2048
bytes as the last sector of the space bitmap and the TDFL.
[0214] The structure of this TDDS is shown in FIG. 10.
[0215] The TDDS is composed of one sector (2048 bytes)
and includes the same contents as those of the DDS in the
above-described DMA. Although the size of the DDS is one
cluster (65536 bytes), the area where substantial contents are
defined in the DDS is the area to byte position 52 as described
with FIG. 3. That is, the substantial contents are recorded in
the beginning sector of one cluster. Therefore, the TDDS can
encompass the contents of the DDS although the size thereof
is one sector.

[0216] As is apparent from comparison between FIG. 10
and FIG. 3, the TDDS has contents similar to those of the
DDS at byte positions 0 to 53. However, in the TDDS, the
TDDS serial number is recorded from byte position 4. The
starting physical address of the drive area in the TDMA is
recorded from byte position 16. The starting physical address
of'the TDFL in the TDMA (AD DFL) is recorded from byte
position 24.

[0217] Atbyte position 1024 and the subsequent byte posi-
tions in the TDDS, information that is absent in the DDS is
recorded.

[0218] In four bytes from byte position 1024, the physical
sector address PSN of the outermost circumference of the
data-recorded area in the user data area is recorded.

[0219] In four bytes from byte position 1028, the starting
physical sector address of the latest space bitmap for layer L0
in the TDMA (AD BP0) is recorded.

[0220] In four bytes from byte position 1032, the starting
physical sector address of the latest space bitmap for layer L1
in the TDMA (AD BP1) is recorded.

[0221] In one byte at byte position 1036, a flag to control
the use of the overwriting function is recorded.

[0222] Thebytes other than those at these byte positions are
used as reserves, and all the contents thereof are 00h.

[0223] However, for example in the case of a triple-layer
disk, predetermined byte positions in the reserves are
decided, and the starting physical sector address of the latest
space bitmap for layer L2 in the TDMA (AD BP2)is recorded
at these positions.

[0224] Inthe case of a quadruple-layer disk, predetermined
byte positions in the reserves are decided, and the starting
physical sector address of the latest space bitmap for layer 1.2
in the TDMA (AD BP2) and the starting physical sector
address of the latest space bitmap for layer L3 (AD BP3) are
recorded.

[0225] Furthermore, at any positions regarded as the
reserve in FIG. 10, the next OPC operation executable
addresses (Next available Ln OPC Address) about the OPC
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areas in the respective layers are each recorded by four bytes.
That is, the addresses of the parts to be used next for the OPC
operation are recorded.

[0226] For example, in the case of a triple-layer disk, the
starting addresses of the unused parts (parts where the OPC
operation has not yet been carried out) in the respective OPC
areas provided in layers [.0, L1, and .2 as described later are
each described by four bytes as the address of the part to be
used next in general.

[0227] In the case of a quadruple-layer disk, the starting
addresses of the unused parts in the respective OPC areas
provided in layers L0, L1, .2, and L3 as described later are
each described by four bytes as the address of the part to be
used next in general.

[0228] However, as described later for an example of FIG.
26, “Next available Ln OPC Address™ as the address of the
part to be used next is often changed to the address of the
position that is not at the beginning of the unused part.
[0229] As justdescribed, the TDDS includes the address of
the user data area, the sizes of the ISA and the OSA, and the
alternation area availability flag. That is, the TDDS is used as
management/control information for area management of the
ISA and the OSA in the data zone. The TDDS is the same as
the DDS in this point.

[0230] Moreover, the TDDS has the information indicating
the positions of the latest effective space bitmaps (AD BP0,
AD BP1 (in addition, AD BP2, AD BP3)), and has the infor-
mation indicating the position of the latest effective tempo-
rary DFL (TDFL) (AD DFL).

[0231] In addition, the TDDS has the next OPC operation
executable addresses (Next available Ln OPC Address) indi-
cating the unused parts of the OPC areas in the respective
layers.

[0232] This TDDS is recorded in the final sector of the
space bitmap and the TDFL. Therefore, a new TDDS is
recorded every time the space bitmap or the TDFL is added.
Thus, in the TDMA of FIG. 7, the TDDS in the last added
space bitmap or TDFL is the latest TDDS, and the latest space
bitmap and the TDFL are indicated therein.

[0233] A simple description will be made below about
updating of the TDMA.

[0234] Alternation processing by use of the ISA and the
OSA shown in FIG. 1, which serve as alternation areas, is
executed in the following manner. The case of data rewriting
is taken as an example. For example, suppose that a request
for data writing to a cluster in which data has been already
recorded in the user data area, i.e. a request for rewriting, is
issued. In this case, writing to this cluster is impossible
because the disk is a write-once disk. Therefore, this rewriting
data is written to a certain cluster in the ISA or the OSA. This
is the alternation processing.

[0235] This alternation processing is managed as the entry
of the above-described alternation address information ati.
Specifically, one piece of the alternation address information
ati is recorded as an entry that indicates the address of the
cluster in which data has been originally recorded as the
alternation-subject and indicates the address of the cluster in
which the rewriting data is written in the ISA or the OSA as
the alternative.

[0236] That is, in the case of data rewriting, rewriting data
is recorded in the ISA or the OSA, and the alternation of the
data position due to this rewriting is managed by the alterna-
tion address information ati in the TDFL in the TDMA.
Thereby, despite the write-once disk, data rewriting can be
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substantially realized (from the viewpoint of e.g. the OS of a
host system and the file system).

[0237] Similar operation is carried out also in the case of
defect management. If a certain cluster is regarded as a defect
area, data that should be written therein is written in a certain
cluster in the ISA or the OSA by alternation processing. For
management of this alternation processing, one piece of the
alternation address information ati is recorded as an entry.
[0238] Furthermore, in response to recording operation
(cluster consumption), updating of the space bitmap is also
performed.

[0239] In this manner, in the TDMA, the space bitmap and
the TDFL are updated on an as-needed basis in response to
data rewriting and alternation processing. At the time of clos-
ing, the contents of the latest TDMA are recorded in the DMA
in the INFO, so that the management information is settled.
[0240] Inamulti-layer disk such as a triple-layer disk and a
quadruple-layer disk, the TDMA is disposed in all or part of
the respective recording layers as described later. These
TDMAs are used for updating of the TDFL/space bitmap in
such a manner as to be exhausted in turn. Due to this feature,
the TDM As in the respective recording layers are collectively
used as one large TDMA, and thus the plural TDMAs can be
efficiently used.

[0241] Furthermore, the effective TDFL/space bitmap can
be grasped by merely seeking the last recorded TDDS irre-
spective of the TDMAs in the respective layers.

[0242] Moreover, although not shown in FIG. 7, for deter-
mination of the latest TDMA, a first predetermined number of
clusters in the TDMA are used as a TDMA access indicator
only in the beginning TDMA (e.g. TDMA#1 to be described
later).

[0243] Supposing that 12 TDMAs, TDMAO to TDMAI11,
are provided in the entire disk, the first 12 clusters in the
beginning TDMAQO are used as the TDMA access indicator
and each represent information of recording of a respective
one of TDMAs 1 to 11 and the DMA.

[0244] During the use of the beginning TDM A0, no data is
recorded in the TDMA access indicator. When the whole of
TDMAO has been used and the use of TDMAL is started, e.g.
“00h” data is recorded in the whole of the first cluster (cor-
responding to TDMA1) of the TDMA access indicator. When
the whole of TDMA1 has been used and the use of TDMA2 is
started, e.g. “0O0h” data is recorded in the whole of the second
cluster (corresponding to TDMAZ2) of the TDMA access indi-
cator. If the TDMA access indicator is used in this manner, the
following advantage is achieved. Specifically, e.g. at the time
of'loading of the disk, the disk drive device can get to know
the TDMA in which the TDMA data that is the latest at this
timing is recorded by accessing the first TDMAO and reading
the TDMA access indicator. If “00h™ has been already
recorded in all of 12 clusters of the TDMA access indicator,
the disk drive device can get to know that data is recorded in
the DMA.

[4. Plural-Layer Disk/Inner Zone of Existing Double-Layer
Disk]

[0245] The layer structures of multi-layer disks will be
described below with FIG. 11.

[0246] FIG. 11(a) schematically shows the layer structure
of an existing double-layer disk, and FIGS. 11(4) and 11(c)
schematically show the layer structure of a triple-layer disk
and a quadruple-layer disk of the embodiment, respectively.
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[0247] Each of the disks of FIGS. 11(a), 11(b), and 11(c)
has a disk substrate 201 having a thickness of about 1.1 mm.
The disk substrate 201 is shaped by e.g. injection molding of
a polycarbonate resin. A stamper is set in a mold for the
injection molding, and thereby the disk substrate 201 to
which a groove shape is transferred is formed.

[0248] In the case of the double-layer disk, as shown in
FIG. 11(a), the first layer (layer L.0) is formed on the substrate
201, and the second layer (layer 1) is formed with the
intermediary of an intermediate layer 204. Furthermore, an
optically-transparent layer 203 is formed on the second layer
(layer L1).

[0249] The surface of the optically-transparent layer 203
serves as the laser-incident surface.

[0250] Theoptically-transparent layer 203 is formed for the
purpose of protecting the optical disk. Recording and repro-
duction of an information signal are performed by e.g. focus-
ing of laser light on layer LO or L1 through the optically-
transparent layer 203.

[0251] The optically-transparent layer 203 is formed by
e.g. spin-coating of a UV-curable resin and curing thereof by
UV irradiation. Alternatively, it is also possible to form the
optically-transparent layer 203 by using a UV-curable resin
and a polycarbonate sheet or an adhesive layer and a polycar-
bonate sheet.

[0252] The optically-transparent layer 203 has a thickness
of'about 100 um. When it is combined with the substrate 201
having a thickness of about 1.1 mm, the thickness of the entire
optical disk is about 1.2 mm.

[0253] The triple-layer disk of FIG. 11(b) includes three
recording layers, i.e. layers .0, L1, and L.2.

[0254] Also in this disk, layers L0, L1, and [.2 are formed
over the substrate 201 with the intermediary of the interme-
diate layers 204.

[0255] The quadruple-layer disk of FIG. 11(c¢) includes
four recording layers, i.e. layers [0, L1, L2, and [.3. Also in
this disk, layers 1.0, L1, [.2, and [.3 are formed over the
substrate 201 with the intermediary of the intermediate layers
204.

[0256] Each of the intermediate layers 204 in FIGS. 11(a),
(), and (¢) is formed by e.g. rotational coating of an optically-
transparent material having UV-photosensitivity by a spin-
coating method and curing thereof by UV irradiation.
[0257] Inthe case of performing recording/reproduction of
an information signal to/from a multi-layer optical disk
recording medium, the arrangement and film thickness of this
intermediate layer 204 are designed for the purpose of sup-
pressing inter-layer crosstalk.

[0258] In the triple-layer disk, layer .2 is provided at a
position distant from the laser-incident surface by about 50
um. In the quadruple-layer disk, the thickness of the interme-
diate layers 204 is adjusted and layer L3 is provided at a
position distant from the laser-incident surface by about 50
pm.

[0259] The triple-layer disk of FIG. 11(b) is manufactured
through the following procedure (ST1 to ST7) for example.
(ST1) The disk substrate 201 to which the groove pattern of
layer L0 is transferred is fabricated by injection molding with
use of a stamper for layer L0.

(ST2) A recording film is deposited on the groove pattern for
L0 by sputtering or the like to form layer L0.

(ST3) A resin is extended on layer L0 by spin-coating and the
resin is cured while a stamper for layer L1 is pressed against
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the resin. Thereby, the intermediate layer 204 to which the
groove pattern of layer L1 is transferred is formed.

(ST4) A recording film is deposited on the groove pattern for
L1 by sputtering or the like to form layer L1.

(ST5) A resin is extended on layer L1 by spin-coating and the
resin is cured while a stamper for layer L2 is pressed against
the resin. Thereby, the intermediate layer 204 to which the
groove pattern of layer [.2 is transferred is formed.

(ST6) A recording film is deposited on the groove pattern for
L2 by sputtering or the like to form layer [.2.

(ST7) The optically-transparent layer 203 is formed by a
technique such as spin-coating and curing, or sheet bonding.
[0260] Through the above-described steps, the triple-layer
disk is manufactured.

[0261] Inthe case of the quadruple-layer disk, the steps for
layer L3 are added, so that it is manufactured through the
following procedure (ST11 to ST19) for example.

(ST11) The disk substrate 201 to which the groove pattern of
layer L0 is transferred is fabricated by injection molding with
use of a stamper for layer L0.

(ST12) A recording film is deposited on the groove pattern for
L0 by sputtering or the like to form layer L0.

(ST13) A resin is extended on layer L0 by spin-coating and
the resin is cured while a stamper for layer [.1 is pressed
against the resin. Thereby, the intermediate layer 204 to
which the groove pattern of layer L1 is transferred is formed.
(ST14) A recording film is deposited on the groove pattern for
L1 by sputtering or the like to form layer L1.

(ST15) A resin is extended on layer L1 by spin-coating and
the resin is cured while a stamper for layer [.2 is pressed
against the resin. Thereby, the intermediate layer 204 to
which the groove pattern of layer .2 is transferred is formed.
(ST16) A recording film is deposited on the groove pattern for
L2 by sputtering or the like to form layer [.2.

(ST17) A resin is extended on layer [.2 by spin-coating and
the resin is cured while a stamper for layer [.3 is pressed
against the resin. Thereby, the intermediate layer 204 to
which the groove pattern of layer L3 is transferred is formed.
(ST18) A recording film is deposited on the groove pattern for
L3 by sputtering or the like to form layer [.2.

(ST19) The optically-transparent layer 203 is formed by a
technique such as spin-coating and curing, or sheet bonding.
[0262] Through the above-described steps, the quadruple-
layer disk is manufactured.

[0263] For comparison with the triple-layer disk and the
quadruple-layer disk of the embodiment to be described later,
the layout of the inner zone of an existing double-layer disk
will be described below with FIG. 12.

[0264] The inner zone is set in the radial position range of
21.0 mm to 24.0 mm.

[0265] The BCA is formed from a radial position of 21.0
mm.

[0266] In each of layers .0 and L1, a protection zone PZ1
is provided from a radial position of 22.2 mm for the purpose
of separating the BCA from the area where recording/repro-
duction of management information is performed.

[0267] In layer L0, the PIC, in which reproduction-only
management information is recorded by the wobbling groove
as described above, is formed in the radial position range of
22.5 mm to about 23.1 mm.

[0268] Inlayer L0, the area to this PIC serves as the repro-
duction-only area.

[0269] In the area from the PIC toward the outer circum-
ference to a radial position of 24.0 mm, a protection zone PZ2,
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a buffer area BUF, INFO#2, OPC(L0), TDMA#1, and
INFO#1 are sequentially disposed.

[0270] Inlayer L1, in the radial position range of 22.5 mm
to about 24.0 mm, the buffer area BUF, OPC(L.1), the reserve
area RSV, INFO#4, TDMA#2, the reserve area RSV, and
INFO#3 are sequentially disposed.

[0271] The buffer area BUF is an area that is not used for
recording/reproduction of management information. The
reserve area RSV is an area that is not used currently but will
be possibly used for recording/reproduction of management
information in the future.

[0272] The OPC area as the test write area is provided in
each layer. In the description of the areas in the inner zone,
representation “OPC(Lx)” refers to “the OPC area existing in
layer Lx.”

[0273] Although the TDMA and the INFO are shown with
symbols #1 to #n, they are collectively used as one TDMA
area and one INFO area as a whole irrespective of the layers
in which they are disposed.

[5. Inner Zone of Triple-Layer Disk of Embodiment]

[0274] The inner zone of the triple-layer disk of the
embodiment will be described below.

[0275] This triple-layer disk realizes capacity of about 33
GB per one layer due to increase in the recording density. An
inner zone layout proper for this case is necessary.

[0276] First, points P1 to P6 to which attention is paid in the
development of the triple-layer disk will be described.

(P1) The Anchor Positions are Fixed.

[0277] In view of the existing double-layer disk, consider-
ation is given to the usability and compatibility of the inner
zone for the disk drive device. For this purpose, the positions
indicated by arrowheads F in FIG. 12, i.e. the BCA termina-
tion (radial position 22.2 mm), the termination of the protec-
tion zone PZ1 (radial position 22.5 mm), and the inner zone
termination (radial position 24.0 mm), are fixed.

[0278] That is, the PIC, the OPC, the TDMA, and so forth
are arranged in the radial position range of 22.5 mm to 24.0
mm. However, slight variation in the radial position occurs
due to the difference in the data linear density among the
double-layer disk, the triple-layer disk, and the quadruple-
layer disk.

(P2) The OPC areas in the respective layers are prevented
from overlapping with each other in the layer direction.
[0279] This point is to properly carry out the OPC opera-
tion. When recording to a recording layer is performed,
change in the transmittance of the recording layer occurs, and
the transmittance change has a dependency on the recording
power. Thus, a variety of transmittance changes occur in the
place where recording is performed with variation in the
recording power like the OPC area. If a certain OPC area
overlaps with another OPC area in the layer direction, possi-
bly proper OPC operation cannot be carried out in the OPC
arearemoter from the laser-incident surface (closerto the disk
substrate 201).

[0280] For example, suppose that OPC(L0) overlaps with
OPC(L1). Due to OPC operation with variation in the laser
power in OPC(L.1), the transmittance of OPC(L1) varies on a
part-by-part basis. After this, laser irradiation with the
intended power for OPC(L.0) remoter from the laser-incident
surface is impossible due to the influence of the transmittance
change in OPC(L1). Furthermore, laser irradiation with
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excessive power is often performed for the OPC area, and thus
the recording layer is often damaged.

[0281] For these reasons, overlapping of the OPC areas in
the layer direction causes an obstacle to operation in the OPC
area closer to the disk substrate 201. Thus, the OPC areas in
the respective layers need to be prevented from overlapping
with each other in the layer direction.

(P3) The management information capacity of the existing
double-layer disk is followed.

[0282] The PIC is written fivefold as with the existing
single-layer disk and double-layer disk, and it is enough that
it exists in at least one recording layer.

[0283] For example, as the PIC in the double-layer disk
shown in FIG. 12, the same information is repeatedly
recorded five times for safety of information and sureness of
readout. This scheme is followed also in the triple-layer disk.
Therefore, the radial range of the PIC depends on the amount
of data corresponding to five times of recording.

[0284] Furthermore, the following characteristics are also
followed: the size of the TDMA is 2048 clusters per one layer,
and the size of the OPC area in each layer is also 2048
clusters. This is to avoid change in the usability of the TDMA
and the OPC.

[0285] Thus, in the triple-layer disk, 2048x3=6144 clusters
are ensured for the TDMA in total. For the OPC area, 2048
clusters are ensured in each layer.

[0286] Updating of the TDMA accompanies recording
operation. Therefore, e.g. in the case of a device in which the
recording laser power is adjusted in the OPC area immedi-
ately before recording operation, the OPC area is similarly
consumed through frequent TDMA updating accompanying
disk eject operation and so forth. Thus, the capacity of the
TDMA is disposed as evenly as possible in the respective
layers in which the TDMA can be disposed.

(P4) The management information recording/reproduction
area is not so disposed as to overlap with the OPC area at a
position closer to the disk substrate 201 than this OPC area.
[0287] The “management information recording/reproduc-
tion area” is the generic term of the areas where recording/
reproduction of management/control information is per-
formed in the inner zone. That is, the INFO, the TDMA, and
the reserve area RSV are equivalent to the management infor-
mation recording/reproduction area. Because the reserve area
RSV will be possibly used for recording/reproduction of
management information in the future, it is included in the
management information recording/reproduction area.
[0288] Because the PIC is a reproduction area, it is not
included in the management information recording/repro-
duction area. Furthermore, the buffer area BUF and the pro-
tection zone PZ2 are not included in the management infor-
mation recording/reproduction area because recording and
reproduction are not performed therein.

[0289] Preventing the management information recording/
reproduction area from overlapping with the OPC area at a
position closer to the disk substrate 201 than this OPC area is
for the purpose of proper recording and reproducing in the
management information recording/reproduction area.
[0290] As described above, transmittance variation indeter-
minately occurs in the OPC area. Because of the influence
thereof, if the management information recording/reproduc-
tion area overlapping with the OPC area exists at a position
closer to the disk substrate 201 than this OPC area, laser
irradiation with a proper amount of light for this management
information recording/reproduction area is impossible and
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recording/reproduction operation therein is unstable. To
avoid this problem, the management information recording/
reproduction area such as the TDMA is not disposed on the
disk substrate 201 side of the OPC area.

(P5) Only one management information recording/reproduc-
tion area is permitted to exist at a position closer to the
laser-incident surface than the OPC area.

[0291] As described above, transmittance variation occurs
due to recording/reproduction to/from the recording layer.
Therefore, for accurate OPC operation, it is preferred that an
area where recording is performed does not exist at a position
closer to the laser-incident surface than the OPC area. How-
ever, the existence of such an area is permitted in the existing
double-layer disk. For example, in FIG. 12, TDMA#2 is
disposed at a position closer to the laser-incident surface than
OPC(L0).

[0292] This is because of the following reason. In the man-
agement information recording/reproduction area, recording/
reproduction is performed with proper laser power, and there-
fore the accompanying transmittance variation falls within
the predicted range. Thus, this transmittance variation does
not have much influence on the test write in the OPC area on
the back side of the management information recording/re-
production area.

[0293] However, a multi-layer disk such as a triple-layer
disk and a quadruple-layer disk involves a possibility that two
or more management information recording/reproduction
areas are disposed at positions closer to the laser-incident
surface than the OPC area. If plural management information
recording/reproduction areas overlap with the OPC area and
each of these areas is in the recorded state or unrecorded state,
the transmittance of these areas from the viewpoint of the
OPC area on the back side of these areas is unpredictable.
[0294] To avoid this problem, two or more management
information recording/reproduction areas are not so disposed
as to overlap with the OPC area at positions closer to the
laser-incident surface than this OPC area.

(P6) Two INFOs in one layer are separated from each other by
at least 150 pm.

[0295] Because it is prescribed that two INFOs in one layer
are separated from each other by at least 150 um, which is the
allowable defect size, the triple-layer disk also obeys this
prescription.

[0296] The inner zone layout developed for the triple-layer
disk (BD-R) with attention paid to the above-described points
P1 to P6 is as shown in FIG. 13. FIG. 14 shows the start radial
position and the number of clusters of each area.

[0297] Inlayer L0, subsequent to the BCA and the protec-
tion zone PZ1, the PIC is disposed on the outer circumference
side. The PIC has the size corresponding to the data capacity
for fivefold writing in accordance with the above-described
point P3. The BCA, the protection zone PZ, and the PIC serve
as the reproduction-only area.

[0298] Subsequent to the PIC, the protection zone PZ2, the
buffer area BUF, INFO#2, OPC(L0), TDMA#1, and INFO#1
are disposed along the direction toward the outer circumfer-
ence.

[0299] In layer L1, only the BCA and the protection zone
PZ1 serve as the reproduction-only area. Subsequent to the
protection zone PZ1, the buffer area BUF, OPC(L1), the
reserve area RSV, INFO#4, TDMA#2, the reserve area RSV,
and INFO#3 are disposed along the direction toward the outer
circumference.
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[0300] Also in layer L2, only the BCA and the protection
zone PZ1 serve as the reproduction-only area. Subsequent to
the protection zone PZ1, the buffer area BUF, OPC(L.2), the
reserve area RSV, INFO#6, TDMA#3, the buffer area BUF,
and INFO#5 are disposed along the direction toward the outer
circumference.

[0301] The radial position and the number of clusters of
each area will be apparent from reference to FIG. 14.

[0302] For this inner zone layout of FIG. 13, the above-
described points P1 to P6 are taken into consideration.
[0303] As point P1, the BCA, the protection zone PZ1, and
the inner zone termination are fixed. Based on this feature, the
PIC, the OPC, the TDMA, the INFO, and so forth are
arranged in the radial position range of 22.5 mm to 24.0 mm.
[0304] As point P3, the PIC capacity, the TDMA capacity,
and the OPC size are followed.

[0305] Aspoint P6, separation by at least 150 um is ensured
between INFO#1 and INFO#2 in layer L0, between INFO#3
and INFO#4 in layer L1, and between INFO#5 and INFO#6
in layer [.2.

[0306] As point P2, overlapping of the OPC areas in the
layer direction is avoided.

[0307] AsshowninFIG. 13, OPC(L2) and OPC(L.1) havea
gap distance G1 therebetween along the radial direction to
thereby be prevented from overlapping with each other.
[0308] Furthermore, a gap distance G2 is set between OPC
(L1) and INFO#2 in layer L0. Thus, OPC(LL1) and OPC(L.0)
are also prevented from overlapping with each other by the
intermediary of the gap distance G2 or longer along the radial
direction.

[0309] The gap distances G1 and G2 are 222 pum in the
example of the radial position setting of FI1G. 14.

[0310] A description will be made below about why the
arrangement setting with the gap distances G1 and G2 can
avoid overlapping of the OPC areas in the layer direction.
[0311] Asdescribed above, the groove patterns for forming
the tracks in layers L0, L1, and 1.2 are each shaped by a
corresponding one of the stampers at the time of the fabrica-
tion of the disk substrate 201 and at the time of the formation
of the intermediate layer 204. Thus, it is difficult to make the
center points of the groove patterns serving as the tracks
completely match each other, and a predetermined tolerance
is permitted.

[0312] As shown in FIG. 15(a), a maximum of 75 pm is
permitted as the amount of eccentricity of each recording
layer. Furthermore, as the radial position accuracy, a maxi-
mum of 100 pm in the absolute value is permitted as the error
of the position of the radius 24 mm of each recording layer.
For example, it is enough that, on the basis of the position of
the radius 24 mm in layer L0, the error of the position of the
radius 24 mm in the other layers is smaller than 100 pm.
[0313] In this case, the mutual positional offset among the
respective recording layers is 175 pm in the worst case.
[0314] However, defocus needs to be also taken into con-
sideration. As shown in FIG. 15(b), layer 1.2, which is the
recording layer closest to the laser-incident surface in the
triple-layer disk, is separate from layer .0 by a distance
slightly shorter than 50 um. Suppose that this distance is 46.5
um for example. In this case, when recording to layer L0 is
performed with focus on layer L0, the laser irradiation range
of'layer [.2 is a range of radius 29 pm.

[0315] In consideration of the above-described character-
istics, the possibility of overlapping of the OPC areas arises
unless a gap distance of about 200 pum or longer is ensured.
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[0316] Inthe present example, 222 pum is ensured as each of
the gap distances G1 and G2 by arranging the respective areas
as shown in FIG. 13 and FIG. 14.

[0317] Thus, OPC(L.2) and OPC(L.1) do not overlap with
each other in the layer direction even when layers [.1 and [.2
are formed with the maximum offset in the allowable range.
Similarly, OPC(L1) and OPC(L0) also do not overlap with
each other even in the worst case.

[0318] Therefore, the condition of point P2 can be com-
pletely satisfied, which can ensure proper OPC operation in
each OPC area.

[0319] The condition of point P4, i.e. the condition that the
management information recording/reproduction area is not
so disposed as to overlap with the OPC area at a position
closer to the disk substrate 201 than this OPC area, is also
satisfied.

[0320] As shown in FIG. 13, on the disk substrate 201 side
of OPC(L.2), the buffer area BUF in layer L1 and the PIC in
layer L0 are disposed and thus no management information
recording/reproduction area exists.

[0321] Furthermore, on the disk substrate 201 side of OPC
(L1), the PIC, the protection zone PZ2, and the bufter area
BUF in layer [0 are disposed and thus no management infor-
mation recording/reproduction area exists. Even if the maxi-
mum offset within the above-described tolerance occurs
between layers L1 and 1.0, INFO#2 is never located on the
disk substrate 201 side of OPC(IL1) because the gap distance
G2is 222 pm.

[0322] Consequently, no management information record-
ing/reproduction area is disposed on the back side (on the disk
substrate 201 side) of the OPC area. This avoids a problem
that the recording/reproducing operation in the management
information recording/reproduction area is unstable depend-
ing on the recording status of the OPC area.

[0323] The condition of point P5, i.e. the condition that
only one management information recording/reproduction
area is permitted to exist at a position closer to the laser-
incident surface than the OPC area, is also satisfied.

[0324] This point becomes a matter of concern when the
arrangement in layers [.1 and [.2 from the viewpoint of OPC
(L0)in layer L0 is considered. This is because it is impossible
that two or more management information recording/repro-
duction areas are disposed at positions closer to the laser-
incident surface than OPC(L1) and OPC(L2).

[0325] At positions closer to the laser-incident surface than
OPC(L0), TDMA#2 in layer L1 and the buffer area BUF in
layer 1.2 are disposed. Thus, the management information
recording/reproduction area closer to the laser-incident sur-
face than OPC(L.0) is only TDMA#2.

[0326] If the maximum offset within the allowable toler-
ance exists, INFO#4 and the reserve area RSV in layer [.1
possibly overlap with OPC(L.0) in the layer direction. How-
ever, because the gap distance G2 is 222 um, TDMA#3 in
layer [.2 never overlaps with OPC(LL0) in the layer direction.
Moreover, a gap distance G3 in FIG. 13 is 235 um in the
design of FIG. 14. Thus, INFO#5 in layer 1.2 also never
overlaps with OPC(L0) in the layer direction.

[0327] Consequently, even in the worst case within the
allowable tolerance, two or more management information
recording/reproduction areas never exist at positions closer to
the laser-incident surface than the OPC area.

[0328] As described above, the triple-layer disk of the
present embodiment is allowed to have a proper layout satis-
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fying the conditions of points P1to P6 by employing the inner
zone layout like that of FIG. 13 and FIG. 14 for example.
[0329] The main points of the triple-layer disk of the
present example are as follows.

[0330] This triple-layer disk is a recordable disk as a
plural-layer disk obtained by providing three recording
layers (layers L0 to L.2) over the disk substrate 201 and
forming the optically-transparent layer 203 on the laser-
incident surface side.

[0331] In each of the recording layers (layers L0 to 1.2),
the test area for laser power control (OPC(L0), OPC
(L1), OPC(L2)) is provided in the inner zone closer to
the inner circumference than the data zone, in which user
data is recorded.

[0332] 'The test areas (OPC(L0), OPC(L1), OPC(L2)) in
the respective recording layers (layers L0 to [.2) are so
disposed as to be prevented from overlapping with each
other in the layer direction.

[0333] In the inner zones of the respective recording
layers (layers L0 to [2), the management information
recording/reproduction areas where recording and
reproduction of management information are performed
are provided.

[0334] The management information recording/repro-
duction areas are so disposed that, for each of the test
areas (OPC(L0), OPC(L1), OPC(L2)) in the respective
recording layers, the number of management informa-
tion recording/reproduction areas overlapping with the
test area in the layer direction at a position closer to the
laser-incident surface than this test area is equal to or
smaller than one.

[0335] The management information recording/repro-
duction areas are so disposed as to be prevented from
overlapping with the test areas (OPC(L0), OPC(L1),
OPC(L2)) in the respective recording layers in the layer
direction on the disk substrate 201 side of the test areas.

[0336] The example of FIG. 13 is shown regarding the
BD-R, whichis a write-once disk. In the case of the BD-RE as
a rewritable disk, the inner zone layout can be designed as
shown in FIG. 16.

[0337] The layout of FIG. 16 is obtained by replacing the
TDMA in FIG. 13 by the reserve area RSV. The size of each
area is the same as that shown in FIG. 14. The position of the
TDMA in FIG. 14 can be treated as that of the reserve area
RSV.

[0338] As described above, the TDMA is used for sequen-
tial updating of the TDFL and the space bitmap and so forth
for data rewriting and alternation processing until final clos-
ing processing. In a rewritable disk allowing data rewriting,
the TDMA is unnecessary because the DMA in the INFO can
be rewritten directly.

[0339] Therefore, the layout shown in FIG. 16, obtained by
replacing the TDMA in FIG. 13 by the reserve area RSV, can
be employed. Of course, this layout satisfies the conditions of
points P1 to Pé6.

[0340] By such an inner zone layout, test write and record-
ing/reproduction of management information in the inner
zone can be properly performed also in the BD-RE.

[6. Inner Zone of Quadruple-Layer Disk of Embodiment]

[0341] The inner zone of the quadruple-layer disk of the
embodiment will be described below.
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[0342] This quadruple-layer disk realizes capacity of about
32 GB per one layer due to increase in the recording density.
An inner zone layout proper for this case is necessary.
[0343] The points to which attention is paid in the develop-
ment of the quadruple-layer disk of the embodiment are the
same as the above-described points P1 to P6. However, in the
quadruple-layer disk, satisfaction of the conditions of points
P1 to P6 cannot be simply achieved because of the following
reasons.

[0344] First, also in the quadruple-layer disk, the PIC, the
OPC, the TDMA, and so forth are disposed in the radial
position range of 22.5 mm to 24.0 mm for obedience to point
P1. Furthermore, in accordance with point P3, the capacity of
the OPC area, the TDMA, and so forth is ensured similarly.
[0345] Specifically, the size of the OPC area is set to 2048
clusters in each layer.

[0346] Thesize ofthe TDMA is 2048 clusters per one layer.
Therefore, although the arrangement positions thereof may
be in any recording layer, 2048x4=8192 clusters are ensured
as a whole. Furthermore, the TDMA is so disposed that the
capacity thereof is as even as possible in the recording layers
in which the TDMA can be disposed.

[0347] However, if the layout is based on this premise as it
is, the state in which the gap distances G1 and G2 between the
OPC areas are set to at least 200 um cannot be kept.

[0348] This possibly causes the situation in which the con-
dition of point P2 that the OPC areas do not overlap with each
other in the layer direction cannot be kept even when the
offset among the respective layers is within the tolerance.
That is, possibly the condition of point P2 is not satisfied.
[0349] Therefore, in the case of the quadruple-layer disk,
an idea of OPC pairs and an idea of tolerance reduction are
employed to address this problem.

[0350] First, the inner zone layout developed for the qua-
druple-layer disk (BD-R) of the present example will be
described with FIG. 17. The start radial position and the
number of clusters of each area are shown in FIG. 18.
[0351] Inlayer L0, subsequent to the BCA and the protec-
tion zone PZ1, the PIC is disposed on the outer circumference
side. The PIC has the size corresponding to the data capacity
for fivefold writing in accordance with the above-described
point P3. The BCA, the protection zone PZ, and the PIC serve
as the reproduction-only area.

[0352] Subsequent to the PIC, the protection zone PZ2, the
buffer area BUF, INFO#2, OPC(L.0), the buffer area BUF, and
INFO#1 are disposed along the direction toward the outer
circumference.

[0353] Inlayer L1, only the BCA and the protection zone
PZ1 serve as the reproduction-only area. Subsequent to the
protection zone PZ1, the buffer area BUF, OPC(L1),
INFO#4, TDMA#1, the buffer area BUF, and INFO#3 are
disposed along the direction toward the outer circumference.
[0354] Also in layer L2, only the BCA and the protection
zone PZ1 serve as the reproduction-only area. Subsequent to
the protection zone PZ1, the buffer area BUF, INFO#6,
TDMA#2, the buffer area BUF, OPC(L.2), TDMA#3, and
INFO#5 are disposed along the direction toward the outer
circumference.

[0355] Also in layer L3, only the BCA and the protection
zone PZ1 serve as the reproduction-only area. Subsequent to
the protection zone PZ1, OPC(L3), the buffer area BUF,
INFO#8, TDMA#4, and INFO#7 are disposed along the
direction toward the outer circumference.
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[0356] The radial position and the number of clusters of
each area will be apparent from reference to FIG. 18.

[0357] In this case, the inner zone layout obeys points P1,
P3, and P6.
[0358] As point P1, the BCA, the protection zone PZ1, and

the inner zone termination are fixed. Based on this feature, the
PIC, the OPC, the TDMA, the INFO, and so forth are
arranged in the radial position range of 22.5 mm to 24.0 mm.
[0359] As point P3, the PIC capacity, the TDMA capacity,
and the OPC size are followed.

[0360] The TDMA is so disposed that the capacity is even
among layers [.1, .2, and L3, in which the TDMA can be
disposed. This point will be described later as additional
points P7 and P8.

[0361] As point P6, separation by at least 150 um is ensured
between INFO#1 and INFO#2 in layer L0, between INFO#3
and INFO#4 in layer L1, between INFO#5 and INFO#6 in
layer [.2, and between INFO#7 and INFO#8 in layer 13.
[0362] A description will be made below about how to
satisfy the conditions of points P2 (the OPC areas do not
overlap with each other), P4 (the management information
recording/reproduction area is not disposed at a position
closer to the disk substrate 201 than the OPC area), and P5
(two or more management information recording/reproduc-
tion areas are not disposed at positions closer to the laser-
incident surface than the OPC area).

[0363] First, the idea of OPC pairs, i.e. a first OPC pair and
a second OPC pair shown in FIG. 17, will be described below.

[0364] FIG. 19 shows the OPC areas in the respective lay-
ers.
[0365] The quadruple-layer disk of the present example is

based on the assumption that the so-called opposite track path
is employed. This is such a track path that the traveling
direction of recording/reproduction (the traveling direction of
the address) is alternately reversed from layer to layer. Spe-
cifically, the traveling direction is from the inner circumfer-
ence toward the outer circumference in layer L0, from the
outer circumference toward the inner circumference in layer
L1, from the inner circumference toward the outer circumfer-
ence in layer [.2, and from the outer circumference toward the
inner circumference in layer [.3. In FIG. 19, the track path
direction is shown by arrowheads OTP.

[0366] Such a track path that the recording/reproduction
direction is from the inner circumference toward the outer
circumference in all the layers is referred to as the parallel
track path. The concept of the present embodiment to be
described below can be employed also for the parallel track
path.

[0367] As shown in FIG. 19, OPC(L0) and OPC(L2),
which are two OPC areas disposed closer to the outer circum-
ference in the inner zone, are defined as the first OPC pair.
[0368] Furthermore, OPC(L.1) and OPC(L3), which are
two OPC areas disposed closer to the inner circumference, are
defined as the second OPC pair.

[0369] Itis prescribed that the OPC area is consumed in the
opposite direction of the recording/reproduction direction
(track path). This is because of the following reason. In the
OPC area, test write is performed with very-high laser power,
and thus the OPC area is often partially damaged. Therefore,
if the addresses are used from the smaller address side, pos-
sibly the OPC execution position cannot be accessed at the
time of OPC operation.

[0370] Thus, in every test write, the OPC area is used from
the larger address side by a predetermined number of sectors
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used in the test write. Arrowheads OU in the diagram indicate
the consumption direction of the OPC area.

[0371] Therefore, in the case of the opposite track path,
OPC(L0) and OPC(L.2) are consumed from the outer circum-
ference side by the predetermined number of sectors sequen-
tially in every test write, whereas OPC(LL1) and OPC(L3) are
consumed from the inner circumference side by the predeter-
mined number of sectors sequentially in every test write.
[0372] The consumption direction OU is the same between
two OPC areas in the pair.

[0373] Regarding two OPC areas in each pair, the apparent
gap distance is considered. Specifically, a gap distance AB1
relating to OPC(LL0) and OPC(1.2) and a gap distance AB2
relating to OPC(L.1) and OPC(L3) are considered.

[0374] The apparent gap distances AB1 and AB2 are the
gap distance between the beginnings of the parts to be used
next in the OPC areas (the positions to be consumed in the
next OPC operation). In general, the apparent gap distances
AB1 and AB2 are the gap distance between the beginnings of
the unused parts that have not yet been consumed in the OPC
areas. The beginning of “the part to be used next” is equiva-
lent to the address indicated as the OPC operation executable
address (Next available L.n OPC Address) in the above-de-
scribed TDDS.

[0375] Ifitis supposed that the part indicated by the length
of'the arrowhead OU has been already consumed by the OPC
operation in each OPC area, the apparent gap distances AB1
and AB2 are as shown in the diagram.

[0376] If the apparent gap distances AB1 and AB2 are
ensured, such a virtual gap distance that the purpose of the
above-described point P2 (the OPC areas do not overlap with
each other) is fulfilled can be achieved depending on the way
of use of the OPC areas.

[0377] For example, if OPC(L.0) and OPC(L.2) are con-
sumed as shown by the arrowheads OU in the first OPC pair
in FIG. 19, the OPC positions to be used next do not overlap
with each other. However, if the maximum tolerance is taken
into consideration and for example the amount of consump-
tion of OPC(L.2) is significantly larger than that of OPC(L0),
possibly the OPC areas practically overlap with each other.
[0378] This point will be described below with FIG. 20 by
taking the first OPC pair as an example.

[0379] FIG. 20(a) shows the assumption of a layout in
which no gap distance is set between OPC(L.0) and OPC(L2)
along the radial direction.

[0380] The radial size of the OPC area composed of 2048
clusters is about 250 pm.

[0381] Evenifno gapdistance is setas shownin FIG. 20(a),
OPC(L0) and OPC(1.2) do not overlap with each other in the
layer direction in the ideal state.

[0382] However, if a tolerance of about 200 pum is permitted
as described above and the offset between layers L0 and [.2 is
the maximum, overlapping occurs in a range of about 200 pm
as shown in FIG. 20(5).

[0383] However, if the above-described apparent gap dis-
tance ABI1 is taken into consideration, the state in which the
positions to be used for OPC recording do not overlap with
each other can be achieved even when the overlapping in the
layer direction occurs as shown in FIG. 20(5). For example, if
OPC(L0) and OPC(L2) are always consumed almost evenly
as shown by the dashed-line arrowheads in the diagram, the
apparent gap distance AB1 is always ensured (the apparent
gap distance ABI1 is equivalent to the gap distance between
the tips of the respective dashed-line arrowheads).
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[0384] However, the amounts of consumption of the
respective OPC areas are not necessarily even. Although the
consumption of OPC(L.0) proceeds faster in many cases, the
consumption of OPC(L.2) often proceeds faster depending on
the case. In the case of FIG. 20(), if the amount of consump-
tion of OPC(L2) becomes twice that of OPC(L0), the appar-
ent gap distance AB1 becomes zero.

[0385] Thisisarare case occurring when the offset between
layers L0 and .2 is the maximum within the tolerance and the
balance of consumption between OPC(L.0) and OPC(L2)
becomes considerably low. However, the possibility of the
occurrence of such a situation should be as low as possible.
[0386] The tolerance will be reviewed below.

[0387] FIG. 21(a) shows the condition in which the maxi-
mum tolerance is set to about 200 pum in the above-described
triple-layer disk.

[0388] This condition will be reviewed. First, the amount of
eccentricity is a matter of the disk manufacturing and it is
difficult to set it smaller than 75 um. Furthermore, 29 pm as
the defocus can also not be changed.

[0389] Therefore, as shown in FIG. 21(b), the radial posi-
tion accuracy is so defined that the maximum error is 50 pm
in the relative value at the position of a radius of 24 mm. Inthe
case of the triple-layer disk, the absolute-value error from the
reference layer is employed. However, in practice, the offset
of the layers has a relative influence among the respective
layers. Thus, the allowable tolerance is changed. Specifically,
the offset among the layers is permitted as long as the offset at
the position of a radius of 24 mm between two layers having
the largest offset among four layers is within the range of 50
pm.

[0390] In this case, the maximum tolerance can be esti-
mated to be about 150 um. Therefore, the quadruple-layer
disk is based on the premise that the offset among the respec-
tive layers is equal to or smaller than 150 pm even in the worst
case.

[0391] In this case, when the offset between layers [0 and
L2 is the largest, overlapping occurs in a range of about 150
um as shown in FIG. 20(c). This state is better than the state
of FIG. 20(5). That is, the possibility that the apparent gap
distance AB1 becomes zero when the amount of consumption
of OPC(L2) becomes larger than that of OPC(L0) can be
decreased.

[0392] A consideration will be made below about how to
further decrease the possibility that the apparent gap distance
AB1 becomes zero.

[0393] First, the inter-pair gap distance between the first
OPC pair and the second OPC pair will be considered.
[0394] Because the maximum tolerance is set to 150 um, it
is enough that the gap distance between the pairs, i.e. a gap
distance Gp between the innermost circumference side of
OPC(L0) in FIG. 17 and the outermost circumference side of
OPC(L1), is at least 150 pm.

[0395] This is because, when the gap distance Gp is at least
150 um, OPC(L0) and OPC(LL1) do not overlap with each
other in the layer direction even if the offset between layers
L0 and L1 is the largest.

[0396] Inthe case ofthe arrangement shown in FIG. 17 and
FIG. 18, this gap distance Gp is 153 um.

[0397] The next consideration will be made below about
OPC(L3) in terms of point P4 (the management information
recording/reproduction area is not disposed at a position
closer to the disk substrate 201 than the OPC area).
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[0398] In FIG. 17, at positions closer to the disk substrate
201 than OPC(LL3), the buffer area BUF in layer [.2, the buffer
area BUF inlayer [L1, and the PIC in layer L0 are disposed and
thus no management information recording/reproduction
area exists.

[0399] However, in consideration of the offset of the layers,
INFO#6 in layer L2 needs to be sufficiently separate in the
radial direction. That is a gap distance Gf2 in FIG. 17.
[0400] Inthis case, the gap distance Gf2 needs to be at least
200 um if the maximum tolerance is set to 200 um. In contrast,
if the maximum tolerance is set to 150 um as described above,
it is enough that the gap distance G12 is at least 150 um. In the
case of the arrangement shown in FIG. 17 and FIG. 18, this
gap distance Gf2 is 153 pum.

[0401] Furthermore, attention will be paid to OPC(L0) in
terms of point P5 (two or more management information
recording/reproduction areas are not disposed at positions
closer to the laser-incident surface than the OPC area).
[0402] Only TDMA#1 in layer L1 is disposed as the man-
agement information recording/reproduction area closer to
the laser-incident surface than OPC(L0). However, if the
offset of the layers is taken into consideration, the positional
relationship between TDMA#1 in layer L1 and INFO#8 in
layer [.3 becomes a matter of concern. That is a gap distance
Gtfin FIG. 17.

[0403] Also in this case, the gap distance Gtf needs to be at
least 175 um if the maximum tolerance except for the error
due to defocus is set to 175 pum. However, if the maximum
tolerance except for the error due to defocus is set to 125 um,
it is enough that the gap distance Gtf'is about 125 pm. In the
case of the arrangement shown in FIG. 17 and FIG. 18, this
gap distance Gtfis 145 pm.

[0404] The reason why the error due to defocus can be
excluded from the maximum tolerance regarding the gap
distance Gtf is as follows. Referring to FIG. 15(5), even if
layer L1 and layer [.2 have been recorded from the left side
and the right side to the one-dot chain line in the diagram, the
influence on layer L0 is caused by one layer as a whole, i.e.
each of layer L1 and layer [.2 causes half of the influence.
[0405] As just described, the gap distances G2 and Gtf do
not need to be atleast 200 pm and 175 um, respectively, but it
is enough that the gap distances Gf2 and Gtf are at least 150
um and 125 pm, respectively. This means that each of the gap
distances Gf2 and Gtf can be decreased by 50 um by setting
the tolerance to 150 pm.

[0406] Inthis case, the marginofeach 50 pm can be applied
to gap distances Gil and Gi2 in the respective OPC pairs.
[0407] Because of the above-described characteristics, as
shown in FIG. 20(d), a gap distance of 50 um can be set in the
arrangement of OPC(LL0) and OPC(L.2) in the pair (this gap
distance is equivalent to the gap distance Gil in FIG. 17).
[0408] In this case, when the offset between layers L0 and
L2 is the largest, overlapping occurs in a range of about 100
um as shown in FIG. 20(e). This state is further better than the
state of FIG. 20(c).

[0409] Thatis, the possibility that the apparent gap distance
AB1 becomes zero is low even when the amount of consump-
tion of OPC(L2) becomes considerably larger than that of
OPC(L0).

[0410] In practice, even in the worst case, the disappear-
ance of the apparent gap distance AB1 can be mostly avoided.
[0411] Inaddition, itis possible that the use of the OPC area
is adjusted through processing of OPC(L.2) and OPC(L0) on
the recording device side so that the disappearance of the
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apparent gap distance AB1 can be prevented. This character-
istic will be described later with FIG. 25 and FIG. 26.

[0412] Based on the above-described characteristics, the
gap distance Gil is set between OPC(1.2) and OPC(L0) of the
first OPC pair, and the gap distance Gi2 is set between OPC
(L3) and OPC(L1) of the second OPC pair. In the case of the
arrangement shown in FIG. 17 and FIG. 18, the gap distances
Gi1=G12=57 um.

[0413] Due to this setting, the apparent gap distances AB1
and AB2 shown in FIG. 19 are ensured, and overlapping
between OPC(L2) and OPC(L0) and between OPC(L3) and
OPC(L1) in the layer direction are avoided virtually.

[0414] Furthermore, the gap distance Gp of 153 um is set
between the innermost circumference side of OPC(LL0) and
the outermost circumference side of OPC(LL1) as described
above. Thus, overlapping between OPC(L0) and OPC(L.1) in
the layer direction also never occurs even when the offset of
the layers is the largest within the tolerance.

[0415] Therefore, the layout of FIG. 17 and FIG. 18 satis-
fies the condition of point P2 (the OPC areas do not overlap
with each other) virtually.

[0416] Verification about point P4 (the management infor-
mation recording/reproduction area is not disposed at a posi-
tion closer to the disk substrate 201 than the OPC area) is as
follows.

[0417] For OPC(L3), the management information record-
ing/reproduction area is not disposed on the disk substrate
201 side thereof as described above.

[0418] As for OPC(L2), on the disk substrate 201 side
thereof, the buffer area BUF in layer L1 and the buffer area
BUF in layer L0 are located and thus no management infor-
mation recording/reproduction area exists. The areas that
should be considered in terms of the offset of the layers are
INFO#1 in layer 1.0 and INFO#3 in layer [.1. However, as is
apparent from the description made thus far, it is enough that
a gap distance G13 shown in FIG. 17 is at least 150 pm. In the
case of the arrangement shown in FIG. 17 and FIG. 18, the
gap distance Gi3 is 153 um. Thus, the management informa-
tion recording/reproduction area is never located on the disk
substrate 201 side of OPC(L.2).

[0419] As for OPC(L1), on the disk substrate 201 side
thereof, the PIC in layer L0 is located and thus no manage-
ment information recording/reproduction area exists. The
area that should be considered in terms of the offset of the
layers is INFO#2 in layer L0. However, it is enough that a gap
distance Gf1 is at least 150 um similarly to the above descrip-
tion. Inthe case of the arrangement shown in FIG. 17 and F1G.
18, the gap distance Gf2 is 153 um. Thus, the management
information recording/reproduction area is never located on
the disk substrate 201 side of OPC(L1).

[0420] From the above-described facts, the condition of
point P4 is also satisfied.

[0421] Verification about point P5 (two or more manage-
ment information recording/reproduction areas are not dis-
posed at positions closer to the laser-incident surface than the
OPC area) is as follows.

[0422] The subject of the verification is the positions of
OPC(L0) and OPC(L1) in the layer direction. For OPC(L0),
there is no problem as described above.

[0423] As for OPC(L.1), on the laser-incident surface side
thereof, INFO#6 and TDMA#2 in layer 1.2 and the buffer area
BUF in layer L3 exist. Thus, there is no problem.
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[0424] That is, the condition of point P5 is satisfied.
[0425] Asis apparent from FIG. 17 and FIG. 18, the TDMA
is not disposed in layer L0. This is a technique to satisfy the
conditions of point P4 and point P5 and ensure as long the gap
distances Gil and Gi2 as possible. As described above, the
TDMAs of the respective recording layers are collectively
used as one large TDMA, and therefore the TDMA does not
have to be disposed in all the recording layers.

[0426] Inconsideration of the layout of the quadruple-layer
disk, emphasis is placed on the overlapping of the OPC areas
in the layer direction and the TDMA is removed from the
recording layer closest to the disk substrate.

[0427] This is defined as additional point P7 for the qua-
druple-layer disk and reference thereto will be made herein-
after.

[0428] Furthermore, seeing FIG. 17 and FIG. 18 regarding
the TDMA will make it apparent that the sizes of the TDMAs
inlayers [1to L3 are almost equal to each other. [f the TDMA
is disposed in one recording layer, e.g. layer L3, in a concen-
trated manner, OPC(L3) is consumed by recording adjust-
ment for layer L3 for updating of the TDMA.

[0429] Therefore, it is preferable to allocate the TDMA to
the respective recording layers as evenly as possible so that
imbalance of the OPC area consumption can be prevented.
[0430] In the present embodiment, the TDMA can be
regarded as being almost evenly allocated if the TDMA allo-
cation size in the recording layer having the largest allocation
size is equal to or smaller than twice that in the recording layer
having the smallest allocation size.

[0431] This is defined as additional point P8 for the qua-
druple-layer disk and reference thereto will be made herein-
after.

[0432] As described above, the quadruple-layer disk of the
present example is allowed to have a proper layout satistying
the conditions of points P1 to P8 by employing the inner zone
layout like that shown in FIG. 17 and FIG. 18 for example.
[0433] The main points of the quadruple-layer disk of the
present example are as follows.
[0434] This quadruple-layer disk is a recordable optical
disk obtained by providing four recording layers (layers
L0 to L.3) over the disk substrate 201 and forming the
optically-transparent layer 203 on the laser-incident sur-
face side.

[0435] In the recording layers (layers [0 to L3), OPC
(L0), OPC(L1), OPC(L.2), and OPC(L.3) are provided as
the test area for laser power control in the inner circum-
ference side area (inner zone) closer to the inner circum-
ference than the data zone, in which user data is
recorded. Thus, the quadruple-layer disk has four test
areas.

[0436] Of four test areas, two test areas closer to the disk
outer circumference (OPC(LL0) and OPC(L2)) are
defined as the first OPC pair, and two test areas closer to
the disk inner circumference (OPC(L.1) and OPC(L3))
are defined as the second OPC pair. The test areas form-
ing the first OPC pair and the test areas forming the
second OPC pair are so disposed as to be prevented from
overlapping with each other in the layer direction.

[0437] Two test areas of the first OPC pair (OPC(L0) and
OPC(L2)) have the same consumption direction of the
test area. Furthermore, the respective test areas are so
disposed that the parts to be used next in the test areas are
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prevented from overlapping with each other in the layer
direction by the intermediary of the apparent gap dis-
tance AB1.

[0438] Two test areas of the second OPC pair (OPC(L.1)
and OPC(L3)) have the same consumption direction of
the test area opposite to the consumption direction of the
test area in the first OPC pair (however, they have the
same consumption direction as that of the test area in the
first OPC pair if the above-described parallel track path
is employed). Furthermore, the respective test areas
(OPC(L1) and OPC(L3)) are so disposed that the parts to
be used next in the test areas are prevented from over-
lapping with each other in the layer direction by the
intermediary of the apparent gap distance AB2.

[0439] In the above-described inner circumference side
area in each recording layer, the management informa-
tion recording/reproduction areas for recording and
reproduction of management information are provided.
Asthetotal size thereof, the size obtained by multiplying
the management information size of the existing single-
layer disk by the number of layers is ensured.

[0440] The management information recording/repro-
duction areas are so disposed that, for each of the test
areas (OPC(L0), OPC(L1), OPC(L2), OPC(L3)) in the
respective recording layers (layers L0 to [.3), the num-
ber of management information recording/reproduction
areas overlapping with the test area in the layer direction
at a position closer to the laser-incident surface than this
test area is equal to or smaller than one.

[0441] The management information recording/repro-
duction areas are so disposed as to be prevented from
overlapping with the test areas (OPC(L0), OPC(L1),
OPC(L2), OPC(L3)) in the respective recording layers
in the layer direction on the disk substrate 201 side ofthe
test areas.

[0442] Emphasis is placed on the overlapping of the OPC
areas in the layer direction and the TDMA is removed
from the recording layer (layer L.0) closest to the disk
substrate.

[0443] The TDMA is allocated to the recording layers in
which the TDMA is disposed with as even size as pos-
sible.

[0444] To be more specific for the practical arrangement,
the following main points can be cited.

[0445] The quadruple-layer disk of the present example
is an optical disk having a diameter of 12 cm. The
respective test areas (OPC(L0), OPC(L1), OPC(L2),
OPC(L3)) are formed with a radial width of about 250
um in the radial position range of 22.5 mm to 24.0 mm of
the optical disk.

[0446] The respective recording layers (layers L0 to [.3)
are so formed that the relative error in the radial position
of the layers is within the tolerance of about 150 pm.

[0447] The innermost circumference radial position of
the test areas forming the first OPC pair (the innermost
circumference side of OPC(L.0)) and the outermost cir-
cumference radial position of the test areas forming the
second OPC pair (the outermost circumference side of
OPC(LL1)) are disposed at positions that do not overlap
with each other in the layer direction but have the gap
distance Gp of at least about 150 pm along the radial
direction if the above-described relative error in the
radial position is considered as zero.
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[0448] Two test areas of the first OPC pair (OPC(L.0) and
OPC(L2)) are formed at positions that do not overlap
with each other in the layer direction but have the gap
distance Gil of at least about 50 um along the radial
direction if the above-described relative error in the
radial position is considered as zero.

[0449] Two test areas of the second OPC pair (OPC(L1)
and OPC(L3)) are formed at positions that do not over-
lap with each other in the layer direction but have the gap
distance Gi2 of at least about 50 um along the radial
direction if the above-described relative error in the
radial position is considered as zero.

[0450] The TDMA is not disposed in layer L0 but dis-
posed in layers L1 to L3 with even size.

[0451] The example of FIG. 17 is shown regarding the
BD-R, whichis a write-once disk. In the case of the BD-RE as
a rewritable disk, the inner zone layout can be designed as
shown in FIG. 22.

[0452] The layout of FIG. 22 is obtained by replacing the
TDMA in FIG. 17 by the reserve area RSV. The size of each
area is the same as that shown in FIG. 18. The position of the
TDMA in FIG. 18 can be treated as that of the reserve area
RSV.

[0453] As described above, the TDMA is used for sequen-
tial updating of the TDFL and the space bitmap and so forth
for data rewriting and alternation processing until final clos-
ing processing. In a rewritable disk allowing data rewriting,
the TDMA is unnecessary because the DMA in the INFO can
be rewritten directly.

[0454] Therefore, the layout shown in FIG. 22, obtained by
replacing the TDMA in FIG. 17 by the reserve area RSV, can
be employed. Of course, this layout satisfies the conditions of
points P1 to P8.

[0455] By such an inner zone layout, test write and record-
ing/reproduction of management information in the inner
zone can be properly performed also in the BD-RE.

[7. Disk Drive Device]

[0456] Next, a description will be made below about a disk
drive device (recording/reproduction device) capable of deal-
ing with the triple-layer disk and the quadruple-layer disk of
the present example as e.g. the BD-R and the BD-RE.

[0457] The disk drive device of the present example
executes format processing for a disk in which e.g. only the
above-described BCA and PIC are formed but no data is
recorded in the recordable area. Thereby, the disk layout in
the state described with FIG. 13 or FIG. 17 can be formed.
Furthermore, for such a formatted disk, the disk drive device
performs recording/reproduction of data to/from the user data
area. The disk drive device also performs recording/updating
of the TDMA, the ISA, and the OSA on an as-needed basis.

[0458] FIG. 23 shows the configuration of the disk drive
device.
[0459] A disk 1 is the triple-layer disk or the quadruple-

layer disk of the above-described embodiment. The disk 1 is
placed on a turntable (not shown) and is rotationally driven by
a spindle motor 52 at a constant linear velocity (CLV) at the
time of recording/reproduction.

[0460] An optical pick-up (optical head) 51 reads out man-
agement/control information as the ADIP address and pre-
recorded information embedded as the wobbling of the
groove track on the disk 1.

[0461] At the time of initialization format and at the time of
user data recording, management/control information and
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user data are recorded in the track in the recordable area by the
optical pick-up 51. At the time of reproduction, the recorded
data is read out by the optical pick-up 51.

[0462] Inthe optical pick-up 51, the following components
(not shown) are formed: a laser diode serving as the laser light
source; a photodetector for detecting reflected light; an objec-
tive lens serving as the output terminal of laser light; and an
optical system that emits the laser light to the disk recording
surface via the objective lens and guides reflected light of the
laser light to the photodetector.

[0463] In the optical pick-up 51, the objective lens is held
movably in the tracking direction and the focus direction by a
biaxial mechanism.

[0464] The whole of the optical pick-up 51 is permitted to
move in the disk radial direction by a sled mechanism 53.
[0465] Thelaser diodeinthe optical pick-up 51 is driven for
laser light emission by a drive signal (drive current) from a
laser driver 63.

[0466] Reflected-light information from the disk 1 is
detected by the photodetector in the optical pick-up 51, and is
converted to an electrical signal dependent on the amount of
received light to be supplied to a matrix circuit 54.

[0467] The matrix circuit 54 includes a current-voltage
conversion circuit, a matrix calculation/amplification circuit,
and so forth for the output current from plural light-receiving
elements as the photodetector, and generates the necessary
signal by matrix calculation processing.

[0468] For example, the matrix circuit 54 generates a high-
frequency signal equivalent to reproduction data (reproduc-
tion data signal), a focus error signal and a tracking error
signal for servo control, and so forth.

[0469] Furthermore, the matrix circuit 54 generates a push-
pull signal as a signal relating to the wobbling of the groove,
i.e. a signal to detect the wobbling.

[0470] The matrix circuit 54 is integrally formed in the
optical pick-up 51 in some cases.

[0471] The reproduction data signal output from the matrix
circuit 54 is supplied to a reader/writer circuit 55. The focus
error signal and the tracking error signal are supplied to a
servo circuit 61. The push-pull signal is supplied to a wobble
circuit 58.

[0472] The reader/writer circuit 55 executes binarization
processing, reproduction clock generation processing by a
PLL, and so forth for the reproduction data signal to repro-
duce the data read out by the optical pick-up 51 and supply the
data to a modulation/demodulation circuit 56.

[0473] The modulation/demodulation circuit 56 includes a
functional part serving as a decoder at the time of reproduc-
tion and a functional part serving as an encoder at the time of
recording.

[0474] At the time of reproduction, the modulation/de-
modulation circuit 56 executes demodulation processing of
the run-length limited code based on the reproduction clock,
as decode processing.

[0475] An ECC encoder/decoder 57 executes ECC encode
processing of adding the error correction code at the time of
recording, and executes ECC decode processing of perform-
ing error correction at the time of reproduction.

[0476] At the time of reproduction, the ECC encoder/de-
coder 57 captures the data resulting from demodulation by the
modulation/demodulation circuit 56 into the internal memory
and executes error detection/correction processing, deinter-
leaving processing, and so forth to obtain reproduction data.
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[0477] The data obtained by the decoding to the reproduc-
tion data by the ECC encoder/decoder 57 is read out and
transferred to connected apparatus such as an AV (Audio-
Visual) system 120 based on a command by a system con-
troller 60.

[0478] The push-pull signal output from the matrix circuit
54 as the signal relating to the wobbling of the groove is
processed in the wobble circuit 58. The push-pull signal as
ADIP information is demodulated into a data stream forming
the ADIP address in the wobble circuit 58 and is supplied to
an address decoder 59.

[0479] The address decoder 59 decodes the supplied data to
obtain an address value and supply it to the system controller
60.

[0480] Furthermore, the address decoder 59 generates a
clock by PLL processing by use of the wobble signal supplied
from the wobble circuit 58, and supplies the clock to the
respective units as e.g. an encode clock at the time of record-
ing.

[0481] Furthermore, as the push-pull signal output from the
matrix circuit 54 as the signal relating to the wobbling of the
groove, the push-pull signal as pre-recorded information
(PIC) is subjected to bandpass filter processing in the wobble
circuit 58 and then supplied to the reader/writer circuit 55.
Subsequently, the signal is binarized to be turned to a data bit
stream and thereafter subjected to ECC decode and deinter-
leaving in the ECC encoder/decoder 57, so that data as the
pre-recorded information is extracted. The extracted pre-re-
corded information is supplied to the system controller 60.
[0482] The system controller 60 can execute various kinds
of operation setting processing, copy protect processing, and
so forth based on the read pre-recorded information.

[0483] At the time of recording, recording data is trans-
ferred from the AV system 120. This recording data is sent to
a memory in the ECC encoder/decoder 57 and buffered
therein.

[0484] In this case, the ECC encoder/decoder 57 executes
error correction code addition, interleaving, and addition of a
subcode and so forth as encode processing for the buffered
recording data.

[0485] The dataresulting from the ECC encodeis subjected
to modulation of e.g. the RLL (1-7) PP system in the modu-
lation/demodulation circuit 56, and then supplied to the
reader/writer circuit 55.

[0486] As the encode clock serving as the reference clock
for the encode processing at the time of recording, the clock
generated from the wobble signal as described above is used.
[0487] The recording data generated by the encode pro-
cessing is subjected to recording compensation processing by
the reader/writer circuit 55. As the recording compensation
processing, the reader/writer circuit 55 carries out e.g. fine
adjustment of the optimum recording power dependent on the
characteristics of the recording layer, the spot shape of the
laser light, the recording linear velocity, and so forth and
adjustment of the waveform of the laser drive pulse. There-
after, the recording data is sent to the laser driver 63 as the
laser drive pulse.

[0488] The laser driver 63 gives the supplied laser drive
pulse to the laser diode in the optical pick-up 51 to carry out
laser light emission driving. Thereby, the pits corresponding
to the recording data are formed on the disk 1.

[0489] The laser driver 63 includes a so-called APC circuit
(Auto Power Control) and controls the laser output so that the
laser output may be kept constant irrespective of the tempera-
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ture and so forth while monitoring the laser output power
based on the output of a detector for laser power monitoring
provided in the optical pick-up 51. The target values of the
laser output in recording and reproduction are given from the
system controller 60, and the laser output level is so con-
trolled as to be at the target value in each of recording and
reproduction.

[0490] The servo circuit 61 generates various kinds of servo
drive signals for focus, tracking, and sled from the focus error
signal and the tracking error signal from the matrix circuit 54
to make the related components carry out servo operation.

[0491] Specifically, the servo circuit 61 generates a focus
drive signal and a tracking drive signal depending on the
focus error signal and the tracking error signal to drive a focus
coil and a tracking coil of the biaxial mechanism in the optical
pick-up 51. Thereby, a tracking servo loop and a focus servo
loop by the optical pick-up 51, the matrix circuit 54, the servo
circuit 61, and the biaxial mechanism are formed.

[0492] Furthermore, in response to a track jump command
from the system controller 60, the servo circuit 61 turns off
the tracking servo loop and outputs a jump drive signal to
thereby make the related components carry out track jump
operation.

[0493] In addition, the servo circuit 61 generates a sled
drive signal based on a sled error signal obtained as the
low-frequency component of the tracking error signal, access
execution control from the system controller 60, and so forth,
to drive the sled mechanism 53. The sled mechanism 53 has a
mechanism formed of a main shaft for holding the optical
pick-up 51, a sled motor, a transmission gear, and so forth,
although not shown in the diagram. The sled mechanism 53
drives the sled motor in accordance with the sled drive signal,
and thereby the requisite slide movement of the optical pick-
up 51 is performed.

[0494] A spindle servo circuit 62 carries out control to
cause the CLV rotation of the spindle motor 2.

[0495] The spindle servo circuit 62 obtains the clock gen-
erated by the PLL processing for the wobble signal as infor-
mation on the present rotational velocity of the spindle motor
52, and compares the information with predetermined CLV
reference velocity information to thereby generate a spindle
error signal.

[0496] At the time of data reproduction, the reproduction
clock (clock serving as the basis of decode processing) gen-
erated by the PLL in the reader/writer circuit 55 serves as the
information on the present rotational velocity of the spindle
motor 52. Thus, it is also possible for the spindle servo circuit
62 to generate the spindle error signal by comparing this
information with the predetermined CLV reference velocity
information.

[0497] The spindle servo circuit 62 outputs a spindle drive
signal generated depending on the spindle error signal to
cause the CLV rotation of the spindle motor 62.

[0498] In addition, the spindle servo circuit 62 generates
the spindle drive signal in response to a spindle kick/brake
control signal from the system controller 60 to thereby make
the spindle motor 2 carry out also operation of activation,
stop, acceleration, deceleration, etc.

[0499] Various kinds of operation of the above-described
servo system and recording/reproduction system are con-
trolled by the system controller 60 formed of a microcom-
puter.
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[0500] The system controller 60 executes various kinds of
processing in response to a command from the AV system
120.

[0501] Forexample, whena writing order (write command)
is issued from the AV system 120, first the system controller
60 makes the optical pick-up 51 move to the address to which
data should be written. Subsequently, the system controller
60 makes the ECC encoder/decoder 57 and the modulation/
demodulation circuit 56 execute the encode processing for
data (e.g. video data of any of various systems such as the
MPEG2 and audio data) transferred from the AV system 120
in the above-described manner. Subsequently, the laser drive
pulse from the reader/writer circuit 55 is supplied to the laser
driver 63, and thereby recording is performed.

[0502] For example when a read command for requiring
transfer of certain data (e.g. MPEG2 video data) recorded in
the disk 1 is supplied from the AV system 120, first the system
controller 60 carries out seek operation control with the aim
of'the indicated address. Specifically, the system controller 60
issues a command to the servo circuit 61 to make the optical
pick-up 51 carry out access operation with targeting on the
address specified by the seek command.

[0503] Thereafter, the system controller 60 carries out
operation control necessary to transfer data of the indicated
data leg to the AV system 120. That is, the system controller
60 performs data readout from the disk 1, and makes the
reader/writer circuit 55, the modulation/demodulation circuit
56, and the ECC encoder/decoder 57 execute decode/buffer-
ing and so forth to transfer the requested data.

[0504] At the time of recording/reproducing of these data,
the system controller 60 can control access and recording/
reproduction operation by using the ADIP address detected
by the wobble circuit 58 and the address decoder 59.

[0505] Furthermore, at a predetermined timing such as the
timing ofloading of the disk 1, the system controller 60 makes
the related units perform readout of the unique ID recorded in
the BCA of'the disk 1 and the pre-recorded information (PIC)
recorded in the reproduction-only area as the wobbling
groove.

[0506] Inthis case, first the system controller 60 carries out
seek operation control with the aim of the BCA and the PIC.
Specifically, the system controller 60 issues a command to the
servo circuit 61 to make the optical pick-up 51 carry out
access operation to the disk innermost circumference side.
[0507] Thereafter, the system controller 60 makes the opti-
cal pick-up 51 perform reproduction tracing to obtain the
push-pull signal as reflected-light information, and makes the
wobble circuit 58, the reader/writer circuit 55, and the ECC
encoder/decoder 57 execute decode processing. Thereby, the
system controller 60 obtains reproduction data as the BCA
information and the pre-recorded information.

[0508] The system controller 60 carries out laser power
setting, copy protect processing, and so forth based on the
BCA information and the pre-recorded information read out
in this manner.

[0509] In FIG. 23, a cache memory 60a is shown in the
system controller 60. This cache memory 60a is utilized for
e.g. holding and updating of the TDFL/space bitmap read out
from the TDMA in the disk 1.

[0510] When the disk 1 is loaded for example, the system
controller 60 controls the respective units to make them per-
form readout of the TDFL/space bitmap recorded in the
TDMA, and holds the read information in the cache memory
60a.
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[0511] Thereafter, when alternation processing due to data
rewriting or a defect is executed, the TDFL/space bitmap in
the cache memory 60a is updated.

[0512] For example, the TDFL or the space bitmap may be
additionally recorded in the TDMA in the disk 1 every time
alternation processing is executed due to data writing, data
rewriting, or the like and the space bitmap or the TDFL is
updated. However, this scheme consumes the TDMA in the
disk 1 fast.

[0513] To avoid this disadvantage, the TDFL/space bitmap
is updated in the cache memory 60a during the period until
the disk 1 is ejected from the disk drive device for example. At
the time of the ejection or the like, the final (latest) TDFL/
space bitmap in the cache memory 60a is written to the
TDMA in the disk 1. Thus, updating on the disk 1 is so
performed that a large number of times of updating of the
TDFL/space bitmap are put together. This can reduce the
consumption of the TDMA in the disk 1.

[0514] Inthe configuration example of the disk drive device
of FIG. 23, the disk drive device is connected to the AV system
120. However, the disk drive device according to the embodi-
ment of the present invention may be connected to e.g. a
personal computer.

[0515] Alternatively, it is also possible to employ a form in
which the disk drive device is not connected to another
device. In this case, the disk drive device is provided with an
operating unit and a display unit, and the configuration of the
interface part for data input/output is different from that in
FIG. 23. That is, recording and reproduction are performed in
accordance with the operation by the user, and a terminal part
for input/output of various kinds of data is formed.

[0516] Of course, a wide verity of other configuration
examples will also be possible. For example, an example as a
recording-only device or a reproduction-only device will also
be available.

[0517] FIG. 24 shows control processing examples of the
system controller 60 for the operation of the disk drive device.
[0518] FIG. 24(a) shows format processing.

[0519] When an unformatted disk 1 is loaded and the for-
mat processing is executed, first the system controller 60
performs disk discrimination to check the inner zone layout
and grasp the positions of the OPC areas.

[0520] A wide verity of methods are available regarding the
technique of the disk discrimination. Although not described
in detail here, the number of recording layers is determined
when the disk 1 as the Blu-ray Disc is loaded for example. The
following description will deal with processing when a triple-
layer disk or a quadruple-layer disk is loaded.

[0521] The system controller 60 holds, in its internal
memory, information on the area configuration of the inner
zone described with FIG. 13 and F1G. 14 regarding the triple-
layer disk and information on the area configuration of the
inner zone described with FIG. 17 and FIG. 18 regarding the
quadruple-layer disk.

[0522] In astep F101, the system controller 60 checks the
positions of the OPC areas in the loaded disk 1 (triple-layer
disk or quadruple-layer disk) from this information of the
area configuration.

[0523] In a step F102, the system controller 60 executes
OPC control processing. Specifically, the system controller
60 instructs the servo circuit 61 and the spindle circuit 62 to
make the optical pick-up 54 access the OPC area. Further-
more, the system controller 60 makes the reader/writer circuit
55 supply a signal as an OPC test patternto the laser driver 63,
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and makes the laser driver 63 perform test recording to the
OPC area. Moreover, the system controller 60 performs
reproduction from the OPC area in which the recording has
been performed and obtains the evaluation values about a
reproduction information signal, such as the jitter, the asym-
metry, and the error rate, to determine the optimum recording
laser power. Then the system controller 60 sets the laser
power to the optimum power.

[0524] Thereafter, in a step F103, the system controller 60
controls recording operation as the format processing.
[0525] For example, the system controller 60 controls
execution of e.g. recording operation of recording, in the
TDDS, the addresses of the space bitmap, the TDFL, and so
forth in the TDMA that is disposed in the recording layers in
which the TDMA can be disposed with as even capacity as
possible so that the structure of the TDMA can be grasped
from the information of the TDDS from then on.

[0526] By such format processing, the disk 1 having the
format of FIG. 13 or FIG. 17 is allowed to be used from then
on.

[0527] FIG. 24(b) shows processing at the time of record-
ing.

[0528] Inrecording operation for user data or management
information, first in a step F201, the system controller 60
checks information on the TDMA to grasp the necessary
items such as the TDDS, the defect list, the space bitmap, and
the OPC area that can be used next.

[0529] Next, inastep F202, the system controller 60 makes
the related units carry out OPC operation by using the OPC
area, and sets the optimum recording laser power from the
result of the OPC operation.

[0530] In a step F203, the system controller 60 makes the
related units carry out recording operation for user data or the
like.

[0531] After the recording, in a step F204, the system con-
troller 60 updates the TDMA.. Specifically, the system con-
troller 60 newly records the TDMA resulting from updating
of the necessary information among the pieces of informa-
tion, such as the TDDS, the defect list, the space bitmap, and
the OPC area that can be used next.

[0532] FIG. 24(c) shows processing at the time of repro-
duction.
[0533] Inastep F301, the system controller 60 grasps vari-

ous kinds of management information from read data such as
the TDMA and the file system.

[0534] In a step F302, the system controller 60 makes the
optical pick-up 51 access the intended address in accordance
with a read command from the AV system 120, and makes the
related units carry out reproduction operation in a step F303.
Specifically, the system controller 60 performs data readout
from the disk 1 and makes the reader/writer circuit 55, the
modulation/demodulation circuit 56, and the ECC encoder/
decoder 57 execute decode/buffering and so forth to transfer
the requested data to the AV system 120.

[0535] The above description relates to the format process-
ing, the recording processing, and the reproduction process-
ing executed by the disk drive device for a triple-layer disk
and a quadruple-layer disk.

[0536] Processing relating to the OPC operation when the
disk 1 is a quadruple-layer disk will be described below.
[0537] As described above, in the quadruple-layer disk, the
idea of the first OPC pair and the second OPC pair is intro-
duced for four OPC areas. Furthermore, the apparent gap
distance (gap distance between the beginnings of the parts to
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be used next) is ensured between two OPC areas in each pair,
to thereby prevent the parts used in the OPC operation from
overlapping with each other in the layer direction.

[0538] For example, in the above-described layout of FIG.
17 and FIG. 18, the apparent gap distances (AB1 and AB2 in
FIG.19) are usually ensured even when the offset of the layers
is the worst within the allowable tolerance. However, for
example regarding the first OPC pair, the possibility of the
disappearance of the apparent gap distance (AB1) is not zero
if the amount of consumption of OPC(L.2) is too larger than
that of OPC(L0). Thus, it is preferable that the disk drive
device side also have ingenuity relating to the OPC operation
processing for keeping the apparent gap distance.

[0539] FIG. 25 and FIG. 26 to be described next each show
a processing example of the disk drive device side for pre-
venting the occurrence of a situation in which the apparent
gap distance between the OPC areas in the pair disappears for
each of the first OPC pair and the second OPC pair.

[0540] First, the processing example of FIG. 25 will be
described below.

[0541] In FIG. 25, initially processing at the time of disk
loading is shown as steps F401 to F408. The processing of the
steps F401 to F408 is similarly executed also when the loaded
disk 1 is a triple-layer disk. This processing is executed prior
to the processing of FIGS. 24(a), (b), and (c) for example.

[0542] Inthestep F401, disk load is carried out. The system
controller 60 detects disk insertion to control a disk loading
mechanism (not shown in FIG. 23) and make the disk 1 enter
such a state as to allow recording/reproduction driving by the
optical pick-up 51 and the spindle motor 52 (chucking state).

[0543] In the step F402, servo adjustment is carried out.
Specifically, the system controller 60 controls the activation
of the spindle motor 52 and the servo start-up of the optical
pick-up 51. The system controller 60 controls the spindle
circuit 62 to obtain settlement to a predetermined rotational
velocity, and controls the servo circuit 61 to make it carry out
focus search, focus servo-on, tracking servo-on, and so forth,
to thereby achieve the reproducible state.

[0544] Upon the completion of the start-up operation
described so far, the system controller 60 makes the optical
pick-up 51 access the PIC area in the disk 1 in the step F403.
In the step F403, the system controller 60 makes the related
units reproduce data in the PIC area to thereby perform read
of PIC information such as the recording conditions of the
respective recording layers.

[0545] Next, in the step F405, the system controller 60
makes the optical pick-up 51 access the beginning TDMA.. As
described above, the TDMA access indicator is provided in
the beginning TDMA (e.g. TDMA#1 in FIG. 17). In the step
F406, by making the related units reproduce the TDMA
access indicator, the system controller 60 can discriminate the
in-use TDMA (hereinafter, TDMA_N), in which the latest
TDDS and so forth is recorded.

[0546] Subsequently, in the step F407, the system control-
ler 60 makes the optical pick-up 51 access TDMA_N. In the
step F408, the system controller 60 makes the related units
reproduce this TDMA_N to read the latest TDMA data (the
latest TDDS and so forth).

[0547] Theend ofthe step F408 is equivalent to the comple-
tion of the management information read at the time of disk
loading. From then on, the system controller 60 waits for a
command from the host apparatus (AV system 120).
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[0548] As an example in which the OPC processing is
executed in response to issuing of a write command, process-
ing of steps F501 to F511 will be described below.

[0549] An operation example is also possible in which the
OPC operation about the respective recording layers is car-
ried out after the management information read at the time of
disk loading even if the issuing of the write command is
absent.

[0550] The OPC processing example of the steps F501 to
F511 in FIG. 25 is an example in which the OPC operation is
carried out for each of the respective layers .0 to L3 in
response to the write command.

[0551] Upon the issuing of the write command, the system
controller 60 forwards the processing from the step F501 to
the step F502, where the system controller 60 grasps the
address ADD[n] at which the next OPC operation can be
carried out about the OPC areas in the respective layers. This
address ADDIn] is indicated as the OPC operation executable
address (Next available L.n OPC Address) in the above-de-
scribed TDDS.

[0552] About each of the respective OPC areas (OPC(L0),
OPC(L1), OPC(L2), OPC(L3)), the system controller 60
grasps the address ADD[n] from the latest TDDS from which
the address ADDJn], at which the next OPC operation can be
carried out, has been already read.

[0553] In the step F503, the system controller 60 sets a
variable X indicating the layer to 0. Subsequently, in the steps
F504 to F509, the system controller 60 makes the related units
carry out the OPC operation in the OPC areas in the respective
layers (OPC(L0), OPC(L1), OPC(L2), OPC(L3)).

[0554] Inthe step F504, the system controller 60 makes the
optical pick-up 51 access the address ADD|n] of the part to be
used next in the OPC area in layer L(X) (OPC(L(X))).

[0555] In the step F505, the system controller 60 checks
whether this address ADDI[n] is surely unrecorded (i.e.
whether the address ADD[n] can be used for the OPC opera-
tion). For example, the system controller 60 makes the related
units perform reproduction from the address ADD|n] to
check whether the recording is present or absent at this
address ADD|n]. If the part from this address ADD[n]| has
been used, the system controller 60 seeks an unused part and
causes movement to this unused part.

[0556] In the step F506, the system controller 60 instructs
the respective requisite units of the recording system (the
ECC encoder/decoder 57, the modulation/demodulation cir-
cuit 56, the reader/writer circuit 55, the laser driver 63, and so
forth) to execute test write in the part from the address ADD
[n]. For example, the system controller 60 makes these units
carry out data recording operation by a predetermined test
pattern, random data, or the like with stepwise variation in the
recording laser power.

[0557] After the end of the test write, in the step F507, the
system controller 60 makes the part in which the test write has
been executed be reproduced by the optical pick-up 51. At this
time, the system controller 60 measures the index values (e.g.
the jitter, the asymmetry, the error rate, and the SAM value)
corresponding to the respective values of the recording laser
power, and decides the optimum recording laser power.
[0558] The system controller 60 increments the variable X
in the step F508. If the variable X is equal to or smaller than
3 in the step F509, the processing returns to the step F504.
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[0559] Therefore, the steps F504 to F507 are carried out
with increment of the variable X. That is, the OPC operation
is carried out in OPC(L.0), OPC(L1), OPC(L2), and OPC(L3)
sequentially.

[0560] At the timing of the completion of the above-de-
scribed OPC operation in four OPC areas, the optimum
recording laser power has been decided for each of the respec-
tive layers L0 to [.3. At this timing, the processing proceeds
from the step F509 to the step F510.

[0561] Inthestep F510, the system controller 60 makes the
optical pick-up 51 access TDMA_N. In the step F511, the
system controller 60 updates the OPC operation executable
address (Next available Ln OPC Address) for each of the
respective layers 1.0 to L3. Specifically, because the OPC
operation of this time causes change of the address of the part
to be used next in each layer, the latest TDDS in which a new
“Next available Ln OPC Address” is described for each layer
is recorded in TDMA_N.

[0562] As above, the OPC operation is completed. There-
after, recording operation ordered by the write command is
carried out with the optimum recording laser power.

[0563] In the processing of FIG. 25, as one example for
description, actual data recording is performed after the
TDDS recording processing in the steps F510 and F511.
However, the actual updating of the TDDS on the disk 1 may
be performed at a timing after the end of data recording or the
timing of disk ejection, power-off, or the like. This is to
suppress unnecessary consumption of the TDMA area.
[0564] Thatis, the timing of'the TDDS updating on the disk
1 does not need to be the timing shown as the steps F510 and
F511. Thus, this processing of the steps F510 and F511 may
be regarded as processing in which the system controller 60
stores new TDDS information (in this case, “Next available
Ln OPC Address”) in the internal memory for at least TDDS
recording at a later timing.

[0565] The above-described OPC operation is one
example. In this example, the amounts of consumption of
OPC(L0), OPC(L1), OPC(L.2), and OPC(L3) are always
equal to each other because the OPC operation is carried out
for all the layers in response to the write command. Even
though the amounts are not equal to each other in a precise
sense because of the occurrence of OPC retry or the like
attributed to any error, the amounts can be regarded as being
almost equal to each other.

[0566] Thus, “catching up” of the amount of consumption,
by which the apparent gap distance disappears between two
OPC areas in the pair, never occurs.

[0567] For example, a consideration will be made below
about two OPC areas (OPC(L0) and OPC(L2)) in the pair
described with FIG. 20. The address of the part to be used next
(Next available Ln OPC Address) in OPC(L2), which is the
chaser side in the consumption direction, and the address of
the part to be used next (Next available Ln OPC Address) in
OPC(L0), which is the chased side, proceed toward the disk
inner circumference with almost equal amounts of consump-
tion. Therefore, it can be said that the possibility of the “catch-
ing up,” i.e. the possibility that the apparent gap distance AB1
becomes shorter than 150 um as the allowable tolerance of the
offset of the recording layers and disappears, is substantially
Zero.

[0568] The execution ofthe OPC operation for all the layers
in response to every write command can be regarded also as
unnecessary consumption of the OPC areas. Thus, e.g. the
following processing way will also be available. Specifically,
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the OPC processing like that of FIG. 25 is executed only at the
time of the first OPC operation after disk loading, and the
OPC operation is not carried out at a later write command
timing.

[0569] In this case, to address change over time, tempera-
ture change, and so forth, it will also be possible that the OPC
processing for all the layers is executed not in response to
every write command but e.g. after the elapse of a predeter-
mined time according to need.

[0570] Next, with FIG. 26, a description will be made
below about a processing example in which the OPC opera-
tion is carried out only for the layer in which recording will be
performed in response to a write command.

[0571] Steps F401 to F408 in FIG. 26 are steps of the same
processing at the time of disk loading as that in FIG. 25, and
therefore overlapping description thereof is omitted.

[0572] The following description will deal with processing
of steps F601 to F612 as an example in which the OPC
processing is executed in response to issuing of the write
command.

[0573] Upon the issuing of the write command, the system
controller 60 forwards the processing from the step F601 to
the step F602, where the system controller 60 grasps the
address ADD[n] at which the next OPC operation can be
carried out about the OPC areas in the respective layers. This
address ADDIn] is indicated as the OPC operation executable
address (Next available L.n OPC Address) in the above-de-
scribed TDDS.

[0574] About each of the respective OPC areas (OPC(L0),
OPC(L1), OPC(L2), OPC(L3)), the system controller 60
grasps the address ADD[n] from the latest TDDS from which
the address ADDJn], at which the next OPC operation can be
carried out, has been already read.

[0575] In the step F603, the system controller 60 discrimi-
nates the layer as the subject of the data recording ordered by
the write command of this time.

[0576] The processing diverges to different courses
depending on whether the subject layer is layer L0 or L1 or it
is layer L2 or L3.

[0577] Layer L0 or L1 is the layer in which the OPC area
(OPC(L0), OPC(LL1)) is the chased side in the pair in the
consumption direction.

[0578] Layer L2 or L3 is the layer in which the OPC area
(OPC(L.2), OPC(L3)) is the chaser side in the pair in the
consumption direction.

[0579] First, the case in which the subject layer of the
recording is layer .0 or L1 will be described below.

[0580] In this case, the system controller 60 forwards the
processing to the step F607, where the system controller 60
makes the optical pick-up 51 access the address ADD[n] of
the part to be used next in the OPC area in the subject layer.
For example, if layer L1 is the layer of the recording subject,
the system controller 60 makes the optical pick-up 51 access
the address ADD[n] in OPC(L1).

[0581] In the step F608, the system controller 60 checks
whether this address ADDI[n] is surely unrecorded (i.e.
whether the address ADD[n] can be used for the OPC opera-
tion). For example, the system controller 60 makes the related
units perform reproduction from the address ADD|n] to
check whether the recording is present or absent at this
address ADD|n]. If the part from this address ADD[n]| has
been used, the system controller 60 seeks an unused part and
causes movement to this unused part.
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[0582] In the step F609, the system controller 60 instructs
the respective requisite units of the recording system to
execute test write in the part from the address ADD[n]. For
example, the system controller 60 makes these units carry out
data recording operation by a predetermined test pattern,
random data, or the like with stepwise variation in the record-
ing laser power.

[0583] After the end of the test write, in the step F610, the
system controller 60 makes the part in which the test write has
been executed be reproduced by the optical pick-up 51. At this
time, the system controller 60 measures the index values (e.g.
the jitter, the asymmetry, the error rate, and the SAM value)
corresponding to the respective values of the recording laser
power, and decides the optimum recording laser power.
[0584] Inthestep F611, the system controller 60 makes the
optical pick-up 51 access TDMA_N. In the step F612, the
system controller 60 updates the OPC operation executable
address (Next available Ln OPC Address) for the layer in
which the OPC operation has been carried out. Specifically,
because the OPC operation of this time causes change of the
address of the part to be used next in the OPC area in this
layer, the latest TDDS in which a new “Next available Ln
OPC Address” is described for each layer is recorded in
TDMA_N.

[0585] Theend ofthe step F612 is equivalent to the comple-
tion of the OPC operation. Thereafter, recording operation
ordered by the write command is carried out with the opti-
mum recording laser power.

[0586] Similarly to the processing of FIG. 25, the actual
TDDS updating on the disk 1 does not need to be performed
at the timing of the steps F611 and F612. Thus, this process-
ing of the steps F611 and F612 may be regarded as processing
in which the system controller 60 stores new TDDS informa-
tion (in this case, “Next available Ln OPC Address” in the
subject layer) in the internal memory for at least TDDS
recording at a later timing.

[0587] As just described, the OPC processing is normally
executed in accordance with “Next available Ln OPC
Address” if the layer of the recording subject is layer L0 or L1
and the OPC area as the chased side in the pair (OPC(L0) or
OPC(L1)) is used in the OPC operation in this layer.

[0588] On the other hand, if the layer of the recording
subject is layer [.2 or L3 and the OPC area as the chaser side
in the pair (OPC(L2) or OPC(L3)) is used in the OPC opera-
tion in this layer, processing to prevent the occurrence of
“catching up” of the OPC area consumption is added.
[0589] This is processing of the steps F604 to F606.
[0590] Ifthelayer of therecording subjectis layer .2 or L3,
the system controller 60 forwards the processing from the
step F603 to the step F604.

[0591] In this step, the system controller 60 checks the
apparent gap distance in the pair.

[0592] The following description will deal with the case in
which the layer of the recording subject is layer [.2.

[0593] Atthetiming of'this step F604, the system controller
60 obtains the apparent gap distance AB1 in the pair shown in
FIG. 19. Specifically, the system controller 60 obtains the
address difference between the address ADD[n] in OPC(L2)
and the address ADD[n] in OPC(L.0) in the same pair, which
are checked in the step F602, and converts the address difter-
ence into the gap distance along the radial direction.

[0594] It is appropriate in terms of obtaining of the gap
distance AB1 after the OPC of this time that the address
ADD|n] in OPC(L.2) is not directly used as it is but the address
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obtained by address forwarding from the address ADD|[n] by
the predetermined number of sectors used in the OPC opera-
tion of this time is used.

[0595] The system controller 60 determines whether or not
a predetermined gap distance can be kept as the apparent gap
distance AB1 in this pair. Specifically, the system controller
60 determines whether or not a gap distance of at least 150
um, which is equivalent to the allowable tolerance of the
above-described layer overlapping error, is ensured.

[0596] If the gap distance AB1 equal to or longer than the
allowable tolerance is ensured, the system controller 60 for-
wards the processing from the step F605 to the step F607, and
carries out the OPC operation of this time from the address
ADDIn] in OPC(L2) in layer L2 (F607 to F610). Subse-
quently, in TDMA_N, the system controller 60 performs
TDDS writing (or storing for later TDDS writing) for updat-
ing the OPC operation executable address (Next available L.n
OPC Address) about layer 1.2, in which the OPC operation of
this time is carried out (F611, F612).

[0597] Thereafter, recording operation ordered by the pre-
determined write command for layer 1.2 is carried out with the
optimum recording laser power.

[0598] On the other hand, if it is determined in the step
F605 that the predetermined gap distance cannot be ensured
as the apparent gap distance AB1 in the pair, the system
controller 60 forwards the processing to the step F606, where
the system controller 60 executes processing of changing the
OPC operation executable address (Next available L.n OPC
Address) about OPC(L0) in layer [0, which is the counterpart
of the pair.

[0599] This is processing of forwarding the part to be used
next in OPC(L0) as the chased side in the consumption direc-
tion because the sufficient gap distance AB1 is lost when the
OPC area as the chaser side (OPC(L.2)) is used in the OPC
operation of this time. In the case of OPC(L.0), the OPC
operation executable address (Next available Ln OPC
Address) is forwarded toward the inner circumference by a
predetermined amount in this processing.

[0600] The system controller 60 newly sets the OPC opera-
tion executable address (Next available Ln OPC Address)
about OPC(L0) and stores it in the internal memory, followed
by processing forwarding to the step F607.

[0601] In the steps F607 to F610, the OPC operation for
layer L2 as the subject is carried out.

[0602] In the subsequent steps F611 and F612, the system
controller 60 executes processing for updating of the OPC
operation executable address (Next available Ln OPC
Address) about layer 1.2, in which the OPC operation is
carried out this time, and the OPC operation executable
address (Next available Ln OPC Address) changed about
layer L.0. That is, the system controller 60 performs TDDS
writing or storing for later TDDS writing.

[0603] Thereafter, recording operation ordered by the pre-
determined write command for layer 1.2 is carried out with the
optimum recording laser power.

[0604] In the above-described example, layer .2 is the
layer of the recording subject. Also when layer L3 is the
recording subject, the same processing is executed in the
relationship with layer 1.

[0605] As described above, in the example of FIG. 26, the
OPC operation for the subject layer is carried out in response
to a write command, and at this time the processing for
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keeping a gap distance of at least 150 um equivalent to the
allowable tolerance as the apparent gap distance in the pair is
executed.

[0606] Specifically, when the OPC area as the chaser side in
the pair is used, the system controller 60 determines whether
or not the necessary gap distance (at least 150 pm) dependent
on the allowable tolerance relating to overlapping of the
respective recording layers is ensured as the apparent gap
distance. If the necessary gap distance cannot be ensured, the
system controller 60 executes processing of changing the start
position of the part to be used next in the OPC area as the
chased side.

[0607] This processing prevents overlapping of the parts to
be used next in the OPC areas in the layer direction in the first
OPC pair and the second OPC pair even if the offset of the
recording layers is the maximum within the allowable toler-
ance.

[0608] Intheexample of FIG. 26, the apparent gap distance
is checked when the OPC area as the chaser side is used.
Alternatively, in the OPC operation, processing of checking
the apparent gap distance may be executed irrespective of the
OPC area to be used. Of course, also in this case, one OPC
operation executable address (Next available Ln OPC
Address) is changed according to need.

[0609] Inthe example of FIG. 26, the processing of chang-
ing the OPC operation executable address (Next available L.n
OPC Address) is executed when the OPC area as the chaser
side is used. Similarly, the processing of changing the OPC
operation executable address (Next available Ln OPC
Address) may be executed when the OPC area as the chased
side is used.

[0610] In the example of FIG. 26, the OPC operation
executable address (Next available Ln OPC Address) is
acquired from the TDDS in the step F602. Alternatively, it
will also be possible to seek the OPC operation executable
address through search for the unrecorded part in the OPC
area. Therefore, in the step F606, processing for regarding the
unrecorded part generated due to the processing of changing
the OPC operation executable address (Next available Ln
OPC Address) as the already-recorded area, or processing of
setting the length of the unrecorded area shorter than the
predetermined length may be added.

[0611] The disk of the embodiment of the present invention
and the disk drive device capable of dealing with the disk have
been described above. However, the present invention is not
limited to these examples but various modification examples
may be made without departing from the scope of the present
invention.

DESCRIPTION OF REFERENCE NUMERALS

[0612] 1: Disk, 51: Pick-up, 52: Spindle motor, 53: Sled
mechanism, 54: Matrix circuit, 55: Reader/writer circuit, 56:
Modulation/demodulation circuit, 57: ECC encoder/decoder,
58: Wobble circuit, 59: Address decoder, 60: System control-
ler, 60a: Cache memory, 61: Servo circuit, 62: Spindle servo
circuit, 63: Laser driver, 120: AV system, 201: Disk substrate,
203: Optically-transparent layer, 204: Intermediate layer

1. A recordable optical disk as a plural-layer disk compris-
ing:
at least three recording layers configured to be provided
over a disk substrate; and
an optically-transparent layer configured to be formed on a
laser-incident surface side, wherein
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a test area for laser power control is provided in an inner
circumference side area closer to an inner circumference
than a data zone in which user data is recorded in each of
the recording layers, and

thetest areas in the recording layers are so disposed as to be
prevented from overlapping with each other in a layer
direction.

2. The recordable optical disk according to claim 1,

wherein

a management information recording/reproduction area
for recording and reproduction of management informa-
tion is provided in the inner circumference side area in
each of the recording layers, and

the management information recording/reproduction areas
are so disposed that, for each of the test areas in the
recording layers, the number of management informa-
tion recording/reproduction areas overlapping with the
test area in the layer direction at a position closer to a
laser-incident surface than the test area is equal to or
smaller than one.

3. The recordable optical disk according to claim 2,

wherein

the management information recording/reproduction areas
are each so disposed as to be prevented from overlapping
with the test areas in the recording layers in the layer
direction on a disk substrate side of the test areas.

4. A recording device for a recordable optical disk as a
plural-layer disk that includes at least three recording layers
provided over a disk substrate and an optically-transparent
layer formed on a laser-incident surface side, the recording
device comprising

acontroller configured to dispose a test area for laser power

control about a respective one of the recording layers in
an inner circumference side area closer to an inner cir-
cumference than a data zone in which user data is
recorded in the respective one of the recording layers of
the recordable optical disk in such a way that the test
areas are prevented from overlapping with each other in
a layer direction, the controller carrying out control to
perform information recording after laser power adjust-
ment by use of the disposed test area.
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5. A recording method for a recordable optical disk as a
plural-layer disk that includes at least three recording layers
provided over a disk substrate and an optically-transparent
layer formed on a laser-incident surface side, the recording
method comprising the step of

disposing a test area for laser power control about a respec-
tive one of the recording layers in an inner circumfer-
ence side area closer to an inner circumference than a
data zone in which user data is recorded in the respective
one of the recording layers of the recordable optical disk
in such a way that the test areas are prevented from
overlapping with each other in a layer direction, and
performing information recording after laser power
adjustment by use of the disposed test area.

6. A reproduction device for a recordable optical disk as a
plural-layer disk that includes at least three recording layers
provided over a disk substrate and an optically-transparent
layer formed on a laser-incident surface side,

a test area for laser power control being provided in an
inner circumference side area closer to an inner circum-
ference than a data zone in which user data is recorded in
each of the recording layers, the test areas in the record-
ing layers being so disposed as to be prevented from
overlapping with each other in a layer direction,

the reproduction device comprising

a controller configured to recognize a management infor-
mation recording/reproduction area that is so disposed
in the inner circumference side area in each of the
recording layers that, for each of the test areas in the
recording layers, the number of management informa-
tion recording/reproduction areas overlapping with the
test area in the layer direction at a position closer to a
laser-incident surface than the test area is equal to or
smaller than one, and the management information
recording/reproduction area is prevented from overlap-
ping with the test areas in the recording layers in the
layer direction on a disk substrate side of the test areas,
the controller reproducing management information
from the management information recording/reproduc-
tion area and controlling reproduction of user data based
on management information.
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