
DESCRIPTION WRITE-ONCE INFORMATION RECORDING MEDIUM, INFORMATION
RECORDING METHOD, INFORMATION RECORDING DEVICE, INFORMATION REPRODUCTION
METHOD, INFORMATION REPRODUCTION DEVICE AND METHOD FOR MANUFACTURING
INFORMATION RECORDING MEDIUM TECHNICAL FIELD [0001]The present invention relates to a
write-once information recording medium, which includes bitmap information indicating whether each
area has already been recorded or has not been recorded yet and on which a random write operation
can be performed, and also relates to a method and apparatus for reading and/or writing from/to such
a recording medium. BACKGROUND ART 



[0002]Recently, various removable information recording media with huge storage capacities and disc
drives for handling such media have become immensely popular. Examples of known removable
information recording media with big storage  capacities include optical discs such as DVDs and
Blu-ray Discs (which will also be referred to herein as "BDs"). An optical disc drive performs a
read/write operation by making tiny pits (or marks) on a given optical disc using a laser beam, and
therefore, can be used effectively to handle such removable information recording media with huge
storage capacities. Specifically, a red laser beam is used for DVDs, while a blue laser beam, having a
shorter wavelength than the red laser beam, is used for BDs, thereby making the storage density and
storage capacity of BDs higher and greater than those of DVDs. As for a BD-R, for example, a
maximum storage capacity of as much as 27 gigabytes (GB) per recording layer has been realized.
[0003]For example, there is an optical disc that uses a phase change type recording material for its
recording layer. A phase change type optical disc is irradiated with a laser beam and the atomic
bonding state of a thin-film substance, which has been deposited on its recording layer, is locally
varied with the energy injected, thereby writing information there. Also, when irradiated with a laser
beam with much  lower power than the one used for recording, the optical disc has its reflectance
varied due to such a difference in physical condition. And if the magnitude of such a variation in
reflectance is detected, the information stored there can be read out. [0004]Phase change type optical
discs include rewritable 



optical discs, on which information can be rewritten a number of times by using a phase change type
recording material for its recording layer, and write-once optical discs, on which information can be
written only once. If a mark edge write operation is performed on such a write-once optical disc, the
disc is irradiated with a laser beam that has been modulated into a multi-pulse train to vary the
physical condition of the recording material, thereby recording marks there. And information is read out
from such a write-once optical disc by sensing a variation in reflectance between those recorded
marks and spaces left between the marks. [0005)However, as an optical disc is a removable
information recording medium, probably there will be some defect on its recording layer due to the
presence of dust or a  recording medium, the more easily the recording medium will be affected by
defects. That is why it has become a more and more common measure to take to carry out a defect
management on not just rewritable optical discs (such as a BD-RE) but also write-once optical discs
(such as a BD-R) as well to ensure the reliability of the data read or written (see Patent Document No.
1, for example). [0006]FIG. 1 shows the arrangement of various areas on a write-once information
recording medium (e.g., a dual-layer BD-R in this case). [0007]Hereinafter, the arrangement of areas
will be 



described with the dual-layer BD-R shown in FIG. 1 taken as an example. [0008]On a BD-R, a
read/write operation is performed on the basis of a block, which is an error correction unit and which is
also called a "cluster". One cluster consists of 32 sectors (each of which includes user data of 2048
bytes). Sectors are sometimes called "data frames", too. [0009]A write operation on a BD-R may be
performed in  either of the following two modes.One of the two is a sequential recording mode in which
the write operation is performed continuously in a direction in which addresses increase from a certain
point to which some data needs to be added. The other mode is a random recording mode in which
the write operation is performed on arbitrary locations (i.e., unrecorded clusters). In the following
example, however, the write operation is supposed to be performed in the random recording mode.
[0010]Each recording layer consists of an inner zone, a data area and an outer zone, which are
arranged in this order from the inner edge of the BD-R toward its outer edge. In the following
description, one of the two recording layers that has a lead-in area will be referred to herein as "LO
layer" and the other recording layer with a lead-out area as "Li layer". In a BD-R, the LO and Ll layers
are arranged in this order so that the LO layer is located more distant from the laser beam incident
surface than the other Ll layer. 



[0011]On the innermost zone of the LO layer, there is a control information area (which is called a
"permanent  information and control data (PIC) area).That control information area is defined as a
read-only area while the disc is being manufactured. In the control information area, may be stored the
type of that information recording medium (which may be BD-R or a BD-RE, for example), the number
of recording layers included, disc's storage capacelated information (including the first and last
physical addresses of the data area of each recording layer, the channel bit length, and the nominal
writing speed) and other kinds of disc information.  [0012]The data area of each recording layer
consists of a user data area to write user data on and spare areas to provide a replacement for any
defective part of the user data area. [0013]Two spare areas are allocated to form inner and 



outer parts of the data area. One spare area that forms the inner part of the data area is called an
"inner spare area (ISA)", while the other spare area that forms the outer part of the data area is called
an "outer spare area (OSA)".  [0014]As shown in FIG. 1, TDMAs (including TDMA2, TDMA3, TDMA4
and TDMA5 in this case), which store disc management  information and are sometimes called
"additional temporary disc management areas (ATDMAs)", may be allocated to the ISAs and OSAs. In
the following description, however, such an ISA or USA with an =MA will be regarded herein as
forming together a single spare area. [0015]The spare area may have any arbitrary size, which is set
during formatting (initialization) processing, thereby determining the layout of the disc (i.e., the
respective sizes of the user data area and the spare areas). [0016]In addition, four disc management
areas (DMAs) to store management information are arranged in total for the inner and outer zones. 



[0017]FIG. 12 shows the arrangement of a DMA of the dual- layer BD-R. [0018]As shown in FIG.
12(A), each of DMA1 through DMA4 consists of 64 blocks ( = 32 blocks X 2 layers).Also, to ensure
compatibility between BD-Rs and BD-REs, DMA1 through DMA4 are arranged at the same set of
locations in both of these two types. [0019]The first eight blocks of each DMA form an area to  store
disc management information, including the disc's layout information and information about recording
statuses. On the other hand, the other 56 blocks thereof form an area to store defect management
information including information about the locations of defects and their replacements. [0020]In the
dual-layer BD-R,four pieces of disc 



management information, each consisting of a disc definition structure (DDS) including disc's layout
information (i.e., information about its format and status) and a space bitmap (SBM) indicating the
recording status of the user data area, are arranged on a block-by-block basis in the first four blocks of
each DMA. [0021]All of these four DDSs store the same piece of information. As for the SBMs, on the
other hand, LO layer SBM and Li layer SBM are stored alternately to manage the recording statuses of
the user data areas on a recording layer basis. [0022]To ensure compatibility with BD-REs, the
remaining four blocks (i.e., the fifth through eighth blocks) are reserved and unrecorded (see Patent
Document No. 2 and Patent  Document No. 3. [0023]In a sequential recording mode, the recording 



Ft jhLJses are managed by reference to sequential recording range information (SRRI) instead of the
SBMs. Each user data area is divided into more than one sequential recording range (SRR). And by
reference to the SRRI, the start address and the last recorded address of each SRR are managed as
SRR entries, thereby managing the recording status of the user data area. In that case, the same
piece of disc management information consisting of the DDS and the SRRI is written on each of those
four blocks (i.e., the same number of blocks as that of the blocks with the SBMs) repeatedly on a
block-byblock basis. [0024]On the other hand, the same piece of defect management information (that
forms a defect list) is written seven times on an eight block basis. [0025]The same information is
written on each of DMA1 through DMA4 (see FIG. 1).This is because if no management information
could be retrieved from the DMAs, the read/write operation could not be carried out. That is why with
the same  piece of information written there multiple times, even if management information cannot be
retrieved from any of those DMAs due to the presence of some defect such as dust or dirt,
management information can still be retrieved from another one of the DMAs. 



[0026]The same disc management information and the same defect management information are
written a number of times for quite the same reason. [0027]FIG. 13 shows the data structure of the
DDS of the dual-layer BD-R. [0028]The DDS is master information for use to manage a disc and is one
sector of information including what needs to be used to define the arrangement of areas on the disc
and to control the management information (i.e., slave information) such as the defect management
information and SBMs. [0029]Examples of those pieces of information that define the arrangement of
areas on the disc include pieces of information about the sizes 1303, 1304 and 1305 of the spare
areas, the logical last sector address 1302 of the user data area, and the ATDMA's sizes 1307, 1308
and 1309. On the other  



land, examples of those pieces of information to control the management information include pieces of
information about the recording mode 1306, DFL location information 1310 and 1311 indicating the
locations where the DFLs are stored, and SBM location information 1312 and 1313 indicating the
locations where the SBMs are stored. [0030]As for the sizes of the spare areas, the sizes of three
different kinds of areas, namely, the LO layer inner spare area, outer spare areas, and Ll layer inner
spare area, can be set. Specifically, the LO layer inner spare area size 1303 indicates the size of ISA
(see FIG. 1), the outer spare area size 1304 indicates the size of OSA and OSA1, and the Li layer
inner spare area size 1305 indicates the size of ISAl.  [0031]Just like the sizes of the spare areas, the
sizes of three different kinds of ATDMAs, namely, the LO layer inner ATDMA, outer ATDMAs, and Li
layer inner ATDMA, can be set. Specifically, the LO layer inner ATDMA size 1307 indicates the size of
TDAM2 (see FIG. 1), the outer ATDMA size 1308 indicates the size of TDMA3 and TDMA4, and the Li
layer inner ATDMA size 1309 indicates the size of TDMAS.  [0032]On the other hand, the size of the
user data area can be determined by pieces of information about the storage capacity of the disc,
including the first and last physical addresses of the respective recording layers' data areas that are
stored in the PIC and the logical last sector address 1302 of the user data area that is stored in the
DDS, and by the spare areas' sizes 1303, 1304 and 1305 that are also stored in the DDS. [0033]In
some cases, not all of those spare areas and 



ATDMAs can be defined only by formatting processing.Then, zeros will be stored in their sizes in the
DDS. [0034]Each DFL consists of eight blocks.And to manage the location information of each of
those eight blocks, eight pieces of DEL location information are stored. Meanwhile, since the SBMs
are managed on a recording layer basis, two pieces of SBM location information are stored for the LO
and Li layers, respectively (see Patent Document No. 4, for example). [0035]And the DDS header
1301 includes an identifier for use to determine whether this is a DDS or not.  [u036]FIG. 2 illustrates
the data structure of each SBM. [0037]The SBM 200 includes an SBM header 201 and bitmap 



information 202 indicating the recording status of the user data area. The SBM 200 is a piece of
information to be stored in combination with a DDS of one sector and consists of 31 sectors.
[0038]The bitmap information 202 can be used to manage the recording status of the user data area
by handling one block of the user data area as one bit and indicating a recorded block as one and an
unrecorded block as zero, respectively (see Patent Document No. 2, for example). [0039]The SBM
header 201 includes layer information to indicate what recording layer this SBM is intended to
manage. The SBM header 201 further includes the first physical address of the area to be managed by
reference to the bitmap information 202 and the size of the bitmap information so as to indicate the
size of the effective bitmap information and the range of the user data area to be managed by
reference to that bitmap information. In addition, the SBM header further includes an identifier
indicating whether this is an SBM or  not. [0040]And when finalize(also called "disc close") processing
is carried out to prohibit the user from newly adding any further piece of information to the disc and
make the disc a read-only one, management information indicating the latest state of the disc is written
on the DMA. 



[0041]FIG. 14 shows the arrangement of areas in a temporary disc management area (TDMA) on the
dual-layer BD-R. [0042] In the TDMA, the respective data structures of its SBMs, DDSs and DEL
themselves are identical with those of the DMA. In the TDMA, however, the DEL is stored in a different
number of blocks, each DDS is stored at the last sector of its associated block, and a DDS is also
added to the DEL being written, which are some of the differences between the TDAM and the DMA.
[0043]A TDMA is an area that is provided to get defect management done on a BD-R, of which the
DMAs cannot be overwritten. That is why by adding management information to the TDMA and
updating it while the disc is being finalized, defects and the recording status of the disc can be
managed.  possible and avoid using the area up, nothing but required information is written on the
TDMA. Therefore, if there are only a few defects and the DFL needs to cover just four blocks, the
information will be written on only those four blocks. [0045]The DDS is written on the last sector of
each block so that the latest DDS never fails to be stored on the sector that is located just before the
boundary between the recorded and unrecorded areas of the TDMA. In that case, just by searching for
the boundary between the recorded and unrecorded areas of the TDMA and scanning the sector that
is located just before the boundary that has been found, the latest DDS can be obtained. Likewise,
when the DFL is updated, the DDS is written for quite the same reason (see Patent Document No. 1,
for example). [0046]In this manner, defect management can get done on a 



BD-R. [0047]Recently, the storage capacities of optical discs have been further increased year by
year.To increase the  overall storage capacity of an optical disc, the storage density per recording
layer can be increased by shortening marks and spaces to record and the track pitch.Or the overall
storage capacity can also be increased by increasing the number of recording layers to be stacked in a
disc. [0048]However, if the storage capacity per recording layer is increased by raising the storage
density, the size of the user data area should be increased, too.In the sequential 



recording mode, the SRRI, which is used to manage the recording status of the user data area and
which will be stored along with the DDS, is supposed to be managed with the start address and the
last recorded address of the SRR. And therefore, the SRRI does not depend on the size of the user
data area and the size of the DDS and the SRRI combined is one block. CITATION LIST  PATENT
LITERATURE [0049] Patent Document No. 1: Japanese Patent Publication No.  4224391 Patent
Document No. 2: Japanese Patent Application Laid-Open Publication No. 2007-42277 Patent
Document No. 3: PCT International Application Japanese National Phase Publication No.
2007-509453 Patent Document No. 4: Japanese Patent Application Laid-Open Publication No.
2008-293571 SUMMARY OF INVENTION 



TECHNICAL PROBLEM [0050]However, the SBM manages the user data area by handling one block
of that area as one bit.That is why if the size of the user data area to be managed by the SBM
increases, then that of the bitmap information of the SBM also increases. [0051]The SBM can manage
as many as 16,384 blocks with the bitmap information of only one sector. If the SBM header has a size
of one sector, for example, one block of the disc management information, consisting of the SBM and
the DDS, can be used to manage 491,520 blocks. That is why if the  storage capacity per recording
layer exceeds approximately 32.2 GB, then two or more blocks should be used to store the bsc
management information. [0052]In addition, the user data area to be managed by 



the SBM is defined by removing the spare areas from the data area. That is why the size of the user
data area depends on the sizes of the spare areas. That is to say, the size of the SBM is also variable
with the sizes of the spare areas.  [0053] Suppose the storage capacity per recording layer is 35 GB
and the maximum sizes of the spare areas ISAO, OSAO/1 and ISA1 are 1 GB, 15 GB and 2 GB,
respectively. In that case, if the size of the user data area were maximized (i.e., if the size of every
spare area were set to be zero), the user data area would have a size of 35 GB on both of the LO and
Li layers and the disc management information would have a size of 2 blocks on both of the LO and Li
layers. [0054]On the other hand, if the size of the user data area were minimized (i.e., if the size of
every spare area were maximized), then the user data area would have a size of 19 GB on the LO
layer and a size of 18 GB on the Ll layer and  the disc management information would have a size of 1
block on both of the LO and Li layers. [0055]Furthermore, if 1 GB were allocated to each of ISAO,
SAO and OSA1 and 2 GB were allocated to ISA1, then the user data area would have a size of 33 GB
and the disc management information area would have a size of 2 blocks on the LO layer. On the Li
layer, on the other hand, the user data area would have a size of 32 GB and the disc management
information would have a size of 1 block. 



[0056]In this manner, the size of the disc management information varies with the size of the user data
area (or those of the spare areas) and is sometimes different between the LO and Li layers.
[0057]That is to say, the size of the disc management information does depend on the size of the user
data area (or those of the spare areas). [0058]However, nobody in the pertinent art has ever proposed
a method for controlling the disc management information in such a situation where the size of the
bitmap information does vary with that of the user data area (or those of the spare areas) and where
the size of the SBM exceeds one block. [0059]It is therefore an object of the present invention to
provide a write-once disc information recording medium that can still obtain disc management
information even in a situation where the storage capacity per recording layer has increased so much
that the size of the SBM varies with those of the spare areas. Another object of the present invention is
to provide a method for performing a read/write operation on such a write-once information recording
medium. 



SOLUTION TO PROBLEM [0060]An information recording medium according to the present invention
is a write-once information recording medium on which a read/write operation is performed on a
block-by-block basis.The information recording medium has ls' through nrecording layers (where n is
an integer that satisfies n=:=1). The 1st through nth recording layers have 1st through nth user data
areas to write user data on. At least one of the 1st through nth recording layers has a disc 



management area to store disc management information about the information recording medium. The
disc management information includes a disc definition structure for use to manage the data structure
of the information recording medium and 1st through nth space bitmaps for use to manage the
recording statuses of the 1st through nth user data areas. Each of the 15t through nth space bitmaps
includes bitmap information for use to manage the recording status of its associated one of the Pt
through nth user data areas on a block-by-block basis. If in a situation where the largest space is
allocated to an ith user data area (where i is an integer that falls within the range 1 , the number of
blocks to use to store the ith space bitmap is NI (where N, is an integer that satisfies N, =1=2) and if
the number of blocks to use to store the ith space bitmap for the user data area of an actual size is M,
(where M, is an integer that satisfies 1==M114,N1) and if M is equal to or greater than two, then the
space bitmap is divided into the 1st through M,th space bitmaps, each of which has a size that is still
equal to or smaller than one block even when combined with the disc definition structure, and  stored
in an associated one of the M, blocks in the disc management area. [0061]In one preferred
embodiment, the disc definition structure is recorded on the first sector of each of the M, blocks.
[0062]In this particular preferred embodiment, the MI blocks are consecutive blocks. [0063]In a specific
preferred embodiment, n is equal to 



or greater than two.And Miil blocks, including the (i+l)th space bitmap for use to manage the recording
status of the (i+l)th user data area, start to be written on the block after (N1-M1) blocks that follow the
M, blocks. [0064]In this particular preferred embodiment, the disc definition structure is recorded on
the first sector of the (N1-N1) blocks. [0065]In a more specific preferred embodiment, in the (N1-N1)
blocks, data of all zeros has been written on every sector except for the sector on which the disc
definition structure is recorded. [0066]Inanotherpreferredembodiment,thedisc  definition structure
includes N1, N2, ..., Ni, ... and Nfl pieces of space bitmap location information indicating the respective
locations of blocks on which the lst through nth space bitmaps are storable. As for a block with no
space bitmaps, invalid location information is stored as the space bitmap location information. 



[0067]An information recording method according to the present invention is a method for writing
information on a write-once information recording medium on which a read/write operation is
performed on a block-by-block basis.The information recording medium hasthroughrecording layers
(where n is an integer that satisfies n===1).The 1st throughrecording layers have Pt through n user
data areas to write user data on. At least one of the 1st through recording layers has a disc
management area to store disc 



management information about the information recording medium. The disc management information
includes a disc definition structure for use to manage the data structure of the information recording
medium, and lst through n space bitmaps for use to manage the recording statuses of the 1 through
nm  includes bitmap information for use to manage the recording status of its associated one of the lst
through flth user data areas on a block-by-block basis. If in a situation where the largest space is
allocated to an ith user data area (where i is an integer that falls within the range 1 i -n), the number of
blocks to use to store the ith space bitmap is Ni (where Ni is an integer that satisfies N1 2), and if the
number of blocks to use to store the ith space bitmap for the ith user data area of an actual size is Mi
(where Mi is an integer that satisfies 1 and if Mi is equal to or greater than two, then the information
writing method comprises the step of dividing the i'h space bitmap into the 1St through Mith space
bitmaps, each of which has a size that is still equal to or smaller than one block even when combined
with the disc definition structure, and storing each said space bitmap in an associated one of the Mi
blocks in the disc management area. [00681In one preferred embodiment, the method includes the
step of recording the disc definition structure on the first 



sector of each of the Mi blocks. [0069]In this particular preferred embodiment, the Mi blocks are
consecutive blocks. [0070]In a specific preferred embodiment, n is equal to or greater than two.And
Mill blocks, including the (i+l)th space bitmap for use to manage the recording status of the (i+l)th user
data area, start to be written on the block after (N1-M1) blocks that follow the Mi blocks. [0071]In this
particular preferred embodiment, the disc definition structure is recorded on the first sector of the
(Ni-Mi) blocks. 



[0072]In a more specific preferred embodiment, in the (N1-M1) blocks, data of all zeros is written on
every sector except for the sector on which the disc definition structure is recorded.
[0073]Inanotherpreferredembodiment,thedisc definition structure includes NI, N2, , Ni, ... and Nn
pieces of space bitmap location nfo ation indicating the respective locations of blocks on which the 1st
through nth space bitmaps are storable. As for a block with no space bitmaps, invalid  location
information is stored as the space bitmap location information. [0074]An information reproducing
method according to the present invention is a method for reading information from a write-once
information recording medium on which a read/write 



operation is performed on a block-by-block basis.The information recording medium hasthrough nth
recording layers (where n is an integer that satisfies n==1).The 1st throughrecording layers have lst
through nt user data areas to write user data on. At least one of the lst through nUnL recording layers
has a disc management area to store disc management information about the information recording
medium. The disc management information includes a disc definition structure for use to manage the
data structure of the information recording medium and lst through nth space bitmaps for use to
manage the recording statuses of the 1St through nth user data areas. Each of the 1st through nu
space bitmaps includes bitmap information for use to manage the recording status of its associated
one of the 15t through nth user data areas on a block-by-block basis. If in a situation where the  largest
space is allocated to an jLU user data area (where i is an integer that falls within the range 1 i n), the
number of blocks to use to store the ith space bitmap is NI (where Ni is an integer that satisfies NI
at.2), and if the number of blocks to use to store the ith space bitmap for the ith user data area of an
actual size is M, (where MI is an integer that satisfies 1 ";11]. NJ) and if Mi is equal to or greater than
two, then the ith space bitmap is divided into the 1st through Mith space bitmaps, each of which has a
size that is still equal to or smaller than one block even when combined with the disc definition
structure, and each said space bitmap is stored in an associated one of the M, blocks in the disc
management area. The information reading method includes the step of retrieving the It" space bitmap
from the M, blocks. [0075]In one preferred embodiment, the disc definition structure is recorded on the
first sector of each of the M, blocks. 



[0076]In this particular preferred embodiment, the Mi blocks are consecutive blocks.  [0077]In a
specific preferred embodiment, n is equal to or greater than two. Mic blocks, including the (i+l)th space
bitmap for use to manage the recording status of the (i+l)th user data area, start to be written on the
block after (N,-M,) blocks that follow the M, blocks. And the (i+l)th space bitmap is retrieved from the
block after the (N,- I) blocks that follow the Mr blocks. [0078]In this particular preferred embodiment,
the disc definition structure is recorded on the first sector of the (N,- 1) blocks. [0079]In a more specific
preferred embodiment, in the  (N"-M,) blocks, data of all zeros is written on every sector except for the
sector on which the disc definition structure is recorded. 



[0080]In another preferred embodiment, information is retrieved without a break from all of NI, N2,NI, -
and Nn blocks in the disc management area. [0081]An information recording apparatus according to
the present invention is an apparatus for writing information on a write-once information recording
medium on which a  read/write operation is performed on a block-by-block basis. The information
recording medium has 1st through nth recording layers (where n is an integer that satisfies n==1).The
IS` 



throughrecording layers have 1st through nth user data areas to write user data on. At least one of the
1st through     recording layers has a disc management area to store disc management information
about the information recording medium. The disc management information includes a disc definition
structure for use to manage the data structure of the information recording medium and 1st through
nth space bitmaps for use to manage the recording statuses of the lst through nth user data areas.
Each of the 1st through nth space bitmaps includes bitmap information for use to manage the
recording status of its associated one of the 1St through nth user data areas on a block-by-block basis.
If in a situation where the largest space is allocated to an ith user data area (where is an integer that
falls within the range 1 i n), the number of blocks to use to store thespace bitmap is Ni (where Ni is an
integer that satisfies Ni2), and if the number of blocks to use to store the ith space bitmap for the
user data area of an actual size is Mi (where Mi is an integer that satisfies lfi-M,==NJ and if MI is equal
to or greater than two, then the information writing apparatus divides the ith space bitmap into the let
through Mith space bitmaps, each of which has a size that is still equal to or smaller than one block
even when combined with the disc definition structure, and stores each said space bitmap in an
associated one of the MI blocks in the disc management area.  [0082] An information reproducing
apparatus according to the present invention is an apparatus for reading information from a write-once
information recording medium on which a read/write operation is performed on a block-by-block basis.
The information recording medium has let through nth recording 



layers (where n is an integer that satisfies n:2=1).The let through recording layers have let through
user data areas to write user data on. At least one of the 1St through nth recording layers has a disc
management area to store disc management information about the information recording medium. The
disc management information includes a disc definition structure for use to manage the data structure
of the  information recording medium, and 1st through nm space bitmaps for use to manage the
recording statuses of the 1st through nm user data areas. Each of the 1st through nm space bitmaps
includes bitmap information for use to manage the recording status of its associated one of the lst
through nth user data areas on a block-by-block basis. If in a situation where the largest space is
allocated to an jth user data area (where i is an integer that falls within the range 1 i n), the number of
blocks to use to store the ith space bitmap is Ni (where Ni is an integer that satisfies Ni2), and if the
number of blocks to use to store thespace bitmap for the ith user data area of an actual size is N4
(where Mi is an integer that satisfies 1 LC-N1 Ni) and if Mi is equal to or greater than two, then the
space bitmap is divided into the 1st through Mith space bitmaps, each of which has a size that is still
equal to or smaller than one block even when combined with the disc definition structure, and each
said space bitmap is stored in an associated one of the Mi blocks in the disc management area. The
information reading apparatus retrieves the ith space bitmap from the Mi blocks.  [0083]An information
recording medium manufacturing 



method according to the present invention is a method of making a write-once information recording
medium on which a read/write operation is performed on a block-by-block basis. The method includes
the steps of: forming let through nth recording layers (where n is an integer that satisfies 111); defining
let through nth user data areas to write user data on in the let through nth recording layers; and
defining a disc management area to store disc management information about the information
recording medium on at least one of the let through nth recording layers. The disc management
information includes a disc definition structure for use to manage the data structure of the information
recording medium, and let through nth space bitmaps for use to manage the recording statuses of the
lst through nth user data areas. Each of the ltt through nth space bitmaps includes bitmap information
for use to manage the recording status of its associated one of the l through nth user data areas on a
block-by-block basis. If in a situation where the largest space is allocated to an ith user data area
(where i is an integer that falls within  t ile range 1 i n) , the number of blocks to use to store the
space bitmap is Ni (where Ni is an integer that satisfies Ni =2;2), and if the number of blocks to use to
store the ith space bitmap for the ith user data area of an actual size is Mi (where Mi is an integer that
satisfies l'5=M1S:N1) and if Mi is equal to or greater than two, then the ith space bitmap is divided into
the 1St through mith space bitmaps, each of which has a size that is still equal to or smaller than one
block even when combined with the disc definition structure, and each said space bitmap is stored in
an associated one of the Mi blocks in the disc management area. ADVANTAGEOUS EFFECTS OF
INVENTION [0084]According to the present invention, disc management information is read from, or
written on, a DMA based on the maximum number of blocks of the disc management information. That
is why even if the storage capacity per recording layer increases and the size of an SBM changes, the
disc management information can still be read or written without changing the size of the disc
management information itself to read or  write.That is to say, the read/write operation can be 



performed with mutual dependence between the DDS and the SBM eliminated. BRIEF DESCRIPTION
OF DRAWINGS [0085]       FIG. 1 shows the arrangement of various areas on a write-once information
recording medium. FIG. 2 illustrates the data structure of an SBM.       FIG. 3 illustrates an exemplary
TDMA data structure for an information recording medium with increased storage capacity.       FIG. 4
shows the data structure of a DDS according to a preferred embodiment of the present invention.
FIG.5illustrates an information reading/writing apparatus as a preferred embodiment of the present
invention. 



FIG. 6 is a flowchart showing how to perform a write operation on a DMA according to a preferred
embodiment of the present invention. FIG. 7 is a flowchart showing the procedure of generating  disc
managementinformation according to a preferred embodiment of the present invention.        FIGS. 8(A)
to 8(C) show how a memory changes its statuses when disc management information is generated in
a preferred embodiment of the present invention.        FIG. 9 is a flowchart showing the procedure of
writing disc management information on a DMA according to a preferred embodiment of the present
invention.        FIG. 10 shows the data structure of a DMA on which a write operation has been
performed by a method according to a preferred embodiment of the present invention.        FIG. 11 is a
flowchart showing how to perform a read operation on a DMA on which a write operation has been
performed by a writing method according to a preferred embodiment of the present invention. 



FIGS. 12(A) and 12(B) illustrate the arrangement of areas in a DMA of a conventional dual-layer BD-R.
FIG. 13 shows the data structure of the DDS of the conventional dual-layer BD-R. FIG. 14 shows the
arrangement of areas in a TDMA on the  conventional dual-layer BD-R.       FIGS. 15(A) to 15(C)
illustrate exemplary data structures for a DMA of an information recording medium with increased
storage capacity according to a preferred embodiment of the present invention. DESCRIPTION OF
EMBODIMENTS [0086]Hereinafter, preferred embodiments of the present invention will be
describedwith reference to the 



accompanying drawings. (EMBODIMENT 1) [0087]A write-once information recording medium 100 as
a first specific preferred embodiment of the present invention also has the same arrangement of areas
as what is shown in FIG. 1 and a detailed description thereof will be omitted herein. [0088]FIG. 1
illustrates a recording medium with two recording layers LO and Li just as an example. However, the
present invention is in no way limited to that specific preferred embodiment.Rather, the information
recording  medium may have 1st through nth recording layers (where n is an integer that is equal to or
greater than one). For example, the information recording medium may have n recording layers LO, Li,
and Ln-1 (where n is an integer that is equal to or greater than one), which are identified in this order
from one of them that is located most distant from the read/write light incident surface. [0089]Each of
the 1St through nth recording layers has a 



data area, which includes a user data area to write user data on and a spare area to provide a
replacement for any defective part of the user data area. At least one of the 1st through nth recording
layers has a disc management area (DMA) to store disc management information about the
information recording medium. [0090]The disc management information includes a disc definition
structure (DDS) for use to manage the data structure of the information recording medium. The disc
definition structure may include layout information of the information recording medium (such as
information about its format or status). The disc management information further  includes 1st through
nth space bitmaps (SBMs) for use to manage the recording statuses of the 1st through n user data
areas. And each of the 1st through nth space bitmaps includes bitmap information for use to manage
the recording status of its associated one of the 15t through nuser data areas on a block-by-block
basis.The bitmap information handles one block of the user data area as one bit and may regard a
recorded block as one and an unrecorded one as zero, thereby managing the recording status.
[0091]The DDS 400 further includes area information that 



defines the respective sizes of the user data area and the spare area. When the arrangement shown
in FIG. 13 is adopted, for example, the area information includes the spare areas' sizes 1303, 1304
and 1305 and the user data area's logical last sector address 1302, for example. [0092]If the number
of blocks allocated to an ith user data area (where i is an integer that falls within the range 1 n) is the
largest (i.e., if the largest possible space is left for the user data area), the number of blocks to use to
store the ith space bitmap is supposed to be Ni (where Ni is  an integer that satisfies N12).
[0093]However, in the following detailed description, the size of the data area is supposed to be
defined so that if the widest space is allocated to the user data area, the disc management information
has a size of two blocks and that if the narrowest space is allocated to the user data area, the disc
management information has a size of one block. That is to say, if the widest space is allocated to the
user data area of each layer, the number of blocks NI to use to store the first space bitmap satisfies
N1=2 and the number of blocks N2 to use to store the second space bitmap satisfies N2 = 2.
Conversely, if the narrowest space is allocated to the user data area of each layer, the number of
blocks NI to use to store the first space bitmap satisfies N1=1 and the number of blocks N2 to use to
store the second space bitmap satisfies N2 =1. In this case, the LO and Li layers are supposed to
have the same data area size. [0094]In this first preferred embodiment of the present invention, one
block consists of 32 sectors, which will be referred to herein aslst,2nd,and 32nd sectors, 



respectively. [0095]FIG. 15 illustrates exemplary data structures for the DMA of a write-once
information recording medium with increased storage capacity. [0096]Specifically, FIG. 15(A)
illustrates a situation where the disc management information has a size of two blocks on each
recording layer. FIG. 15(B) illustrates a situation where the disc management information has a size of
two blocks on the LO layer but has a size of one block on the Ll layer. And FIG. 15(C) illustrates a
situation where the disc management information has a size of one block on each recording layer.
[0097]In each of FIGS. 15(A), 15(3) and 15(C), four blocks, which are the minimum required number of
blocks to store the space bitmap of all recording layers, are secured (i.e., NI-I-1\12 =4 is satisfied).
[0098]If the SBM provided for the LO layer cannot be 



stored in one block but needs to be stored in two blocks as in FIGS. 15(A) and 15(3), then the SBM for
the LO layer may be split into two SBMs (e.g., first and second SBMs for the LO  layer), each of which
has a size that is still less than one block even when combined with the DDS, and those two SBMs are
written on the two blocks 1501 and 1502, respectively. [0099]That is to say, in the information
recording medium of this preferred embodiment, if the number of blocks to use to store the SBM that is
provided for one recording layer Li-1 (where i is an integer that is equal to or greater than one) is MI
(which satisfies 1-1-;M1) and if Mi is equal to or greater than two, then the SBM is divided into the lst
through Mich SBMs, each of which has a size that is still equal to or smaller than one block even when
combined with the DDS and stored in an associated one of the Mi blocks. [0100]Specifically, FIG.
15(A) shows a situation where M1 =2 for the recording layer LO and M2=2 for the recording layer L1.
FIG. 15(B) shows a situation where M1==2 for the recording layer LO but M2=1 for the recording layer
Ll. And FIG. 15(C) shows a situation where MI = 1 for the recording layer LO and M2=1 for the
recording layer Ll. 



[0101]By securing a required number of blocks to store the space bitmaps of all recording layers,
splitting each SBM  into a number of blocks that need to be provided to store the SBM for each
recording layer and storing the split SBMs on those blocks in this manner, the disc management
information can still be stored on the DMA and managed even if the size of the bitmap information
varies with that of the user data area (i.e., the size of the spare area) and if the SBM cannot be stored
in one block. [0102]Also, as shown in FIG. 15, the DDS has been written at the first sector of each
block on which the SBM is stored. [0103]That is to say, in the information recording medium of this
preferred embodiment, if the number of blocks to use to store the SBM that is provided for one
recording layer Li-1 (where i is an integer that is equal to or greater than one) is M, (which satisfies
1.41) and if MI is equal to or greater than two, then the SBM is divided into the 1St through Mith SBMs,
each of which has a size that is still equal to or smaller than one block even when combined with the
DDS and stored in an associated one of the M, blocks.And at the first sector of each of those M,
blocks, stored is the DDS. 



[0104]According to this arrangement, the DDS is stored on  not only the first one of the Mi blocks but
also the other blocks that follow the first one, too. That is why even if the DDS cannot be retrieved from
the first block due to the presence of some defect such as dust or a scratch, the DDS can still be
obtained from another block. That is to say, the DDS that is an important piece of information to
perform a read/write operation can be written on a much greater number of blocks, and therefore, this
information recording medium can be protected more perfectly against some such as dust or a
scratch. [0105]As shown in FIGS. 15(A) and 15(B), the first SBM for the recording layer LO and the
second SBM for the recording layer LO have been written on two consecutive blocks. In the same
way, the first and second SBMs for the recording layer Li have also been written on two consecutive
blocks as shown in FIG. 15(A). [0106]That is to say, in the information recording medium of this
preferred embodiment, if the number of blocks to use to store the SBM that is provided for one
recording layer Li-1 (where i is an integer that is equal to or greater than  one) is M, (which
satisfiesthen the 1st through Mith 



SBMs are stored on a series of M, blocks. [0107]With such an arrangement, even if an SBM provided
for one recording layer needs to be divided into a number of SBMs that should be stored on multiple
blocks, those SBMs will be stored on consecutive blocks, and therefore, can be retrieved continuously
from those blocks and can be easily obtained at a time. [0108]On top of that, by writing the data on
those M, consecutive blocks, the circumferential locations of those M, blocks on the information
recording medium can be different from each other. Generally speaking, information is written spirally
on an information recording medium. That is why if the data were written on discrete blocks, instead of
the M, consecutive blocks, some of those MI blocks could have substantially the same circumferential
locations on the information recording medium depending on the blocks' positions at which the data
has been written. This problem is highly likely to arise on the inner area of an information recording
medium where the circumference is short. If all of  those Mi blocks were positioned at substantially the
same circumferential location and if there was any defect such as dust or a scratch at that
circumferential location, then almost all of those Mi blocks would turn into defective blocks and no data
could be retrieved from them anymore. On the other hand, if the data is written on the Mi consecutive
blocks and if the N1 blocks have mutually different circumferential locations on the information
recording medium, those Mi blocks would be much less affected by dust, scratches or any other kind
of defect. [0109]FIG. 3 illustrates an exemplary TDMA data structure for a write-once information
recording medium in which the disc management information is stored on two blocks in its LO layer
and on one block in its Ll layer. 



[0110]To use the limited area as effectively as possible and to avoid using it up, only minimum
required information is written in the TDMA 300. That is to say, the disc management information for
the Ll layer is written on just one block. [0111]On the DMA,the disc management information indicating
the final status and the defect management  information will be copied among various pieces of
management information in the TDMA. When data is going to be retrieved from the TDMA and then
written on the DMA, the Li layer's disc management information is stored in only one block and no
information is stored on the second block according to the state of the TDMA shown in FIG. 3. In that
case, nothing may be written on the second block 1514 or 1524 and the second block may be kept
unrecorded as shown in FIGS. 15(B) and 15(C). [0112]As can be seen, in the examples illustrated in
FIGS. 15(B) and 15(C), even if there is no SBM to be stored on the second block, unrecorded areas
1514, 1522 and 1524 are left intentionally,instead of storing the disc management information with no
spaces left between two adjacent blocks. [0113]That is to say, in the information recording medium 



of this preferred embodiment, if the largest user data area is allocated to anrecording layer Li-1 (where
1 -5ri n) among the 1St through nth recording layers LO through Ln-1 of the information recording
medium and if the number of blocks to use to store the SBM is Ni (where 2=CN1) and if the number  of
blocks to use to store the actual SBM is M, (where 151-M1'S Ni) and if M, is equal to or greater than
two, first of all, disc management information including the DDS and the SBM is writtenon the M,
consecutive blocks. But the (N,-M,) blocks that follow the Mi blocks are left unrecorded. And then the
SBM of the (1+1) recording layer Li starts to be written on the next block. It should be noted that if
Mi==N, as shown in FIG. 15(A), then there will be no unrecorded areas (or blocks) left. It should be
noted that the DDS could be written on the first sector of each of the M, blocks. [0114]With such an
arrangement, even if the size of the disc management information varies with that of the user data
area (or the sizes of the spare areas), the first one of Mi" blocks of the disc management information
for the (i+l)th recording layer will always be written at the same location (or block) in each DMA.
[0115]Comparing FIGS. 15(A), 15(B) and 15(C) to each 



other, it can be seen easily that even if the size of the disc management information for the recording
layer LO is variable (e.g., may be two blocks in FIGS. 15(A) and 15(B) but may be  one block in FIG.
15(C)), the first SBM for the Li layer, which is the first block of the disc management information for the
recording layer Li, is always written at the same location 1503, 1513, 1523 in the DMA, which is the
third block as counted from the top of the area. [0116]As described above, the size of the disc
management information depends on the size of the SBM, which in turn depends on the size of the
user data area that is determined by that of the spare areas. For that reason, to determine the size of
the disc management information, the size of the spare areas, which is defined by the DDS, needs to
be obtained.  [0117]When the DMA is scanned, however, the DDS has not been retrieved yet, and
therefore, the size of the disc management information cannot be determined just yet. Even if the DDS
is always written at the first block of a part of the DMA that stores the disc management information,
the DDS of that first block could not be obtained due to the presence of some defect such as dust or a
scratch. [0118]As can be seen, the DDS and the SBM have mutual dependence. That is to say, unless
the DDS can be obtained, 



the size of the SBM cannot be determined. And unless the size of the SBM can be determined, the
DDS cannot be obtained. For that reason, it is not easy to get the disc management information.
[0119]Thus, to overcome such a problem, according to this preferred embodiment, as disc
management information for the ith recording layer Li-1, disc management information, including the
DDS and the SBM, is written on Mi consecutive blocks, first of all.Next, (N1-N) blocks that follow the
first MI blocks are left unrecorded.And then the SBM of the (i+1)`h recording layer Li starts to be
written from the next block. According to this writing method, the first one of the Mi blocks that store
the disc management information is always located at the same position (block) in the DMA,
irrespective of the size of the SBM. [0120]As a result, no matter what size the SBM has, at least one
block of the disc management information including the DDS (i.e., the first one of the MI blocks that
store the disc management information) can always be located. Consequently, the disc management
information including the 



DDS can be obtained easily, irrespective of the size of the SBM. (EMBODIMENT 2) [0121]Next, it will
be described how to scan a DMA and obtain management information from it in a situation where a
BD-R, on which the information has been written on the DMA as shown in FIG. 15, is inserted and
loaded into a drive. [0122]Suppose the drive is attempting to scan all four blocks that store the disc
management information at a time to get the disc loading process done in a shorter time. In that case,
the drive can scan them at a time in the situation shown in FIG. 15(A) because all of those four blocks
are already recorded. However, the drive cannot scan them at a time in the situation shown in FIG.
15(3) or 15(C) because an unrecorded area is included there. [0123]Nevertheless, if the drive
attempted to scan those blocks one by one, then even those unrecorded areas not to be 



scanned would also be scanned anyway and a seek (i.e., a move between areas) should be done
every time a scan is started  block by block in the situation shown in FIG. 15(3) or 15(C).
Consequently, it would take a lot more time to get the disc loading process done in that case. [0124]As
can be seen, if the disc management information is stored with some unrecorded areas left, it could
take a lot of time to retrieve the disc management information. [0125]Thus, to overcome such a
problem, in the information recording medium of this preferred embodiment, if the largest user data
area is allocated to an ith recording layer Li-1 (where lf=ci.cn) among the 1st through nth recording
layers LO through Ln-1 of the information recording medium and if the number of blocks to use to store
the SBM is N, (where 2:5-N1) and if the number of blocks to use to store the actual SBM is Mi (where
lfi.M,==Ni) and if MI is equal to or greater than two, first of all, disc management information including
the DDS and the SBM is written on the MI consecutive blocks. Next, information including the DDS is
written on (N,-M") blocks that follow the Mi blocks. It should be noted that the DDS could be written on
the first sector of each of the (N1-M1) blocks.  



[0126]With such an arrangement, the disc management information will be written without leaving any
unrecorded blocks, and therefore, can be retrieved in a shorter time. [0127]In addition, according to
this technique, the DDS is written on each and every block that stores the disc management
information.Thus, the DDS that is an important piece of information to perform a read/write operation
can be written on a much greater number of blocks, and therefore, this information recording medium
can be protected more perfectly against a defect such as dust or a scratch. Furthermore, in a situation
where the DDS is always written on the first block of that part of the DMA that stores the disc
management information, the DOS could not be retrieved from the first block due to the presence of a
defect such as dust or a scratch.Even so, since the DDS is also stored in the second, third and all the
other blocks that follow the first block, the DDS can be easily located and obtained. [0128]The DDS
carries information of one sector, whereas one block (also called "one cluster") consists of 32 sectors. 



That is why even if the DDS is written on each of the (Ni-  blocks, the remaining 31 sectors can still be
used to store anything else. [0129]Thus, in the information recording medium of this preferred
embodiment, data of zeros may be stored in the remaining sectors other than the one on which the
DDS has been written. [0130]For example, the DDS may be written on the first sector of one block and
data of zeros may be written on the other sectors that follow it. The block 1004 shown in FIG. 10 has
such an arrangement. [0131]In the arrangement described above, the DDS and 



data of zeros are supposed to be written on the (N1-M1) blocks. However, the present invention is in
no way limited to that specific preferred embodiment. For example, the data of zeros may be replaced
with FFh data. Or any other values may be written there except the physical addresses assigned to the
disc. [0132]Nevertheless, it is preferred that the DDS and data of zeros be written on those (Ni-M1)
blocks because SBMs should be stored in some of those (N1-M1) blocks.This is  because if the
information written on some of those blocks were recognized to be bitmap information, there should be
no user data area to be designated by that bit. However, as bitmap information of zero indicates that
its designated area is an unrecorded one and bitmap information of one indicates that its designated
area is a recorded one, that user data area should be determined to be an unrecorded one and no
information would be retrieved from it. [0133]Alternatively, some meaningful information such as SBMs
may be stored in the (N1-M1) blocks instead of the invalid data.For example, in FIGS. 15(8) and 15(C),
the unrecorded areas 1514, 1522 and 1524 may be replaced with Ll 



layer SBM, LO layer SBM and Ll layer SBM, respectively.In that case, the SBMs are stored in multiple
different locations, and therefore, the disc can be protected more perfectly against some defect such
as dust or a scratch. [0134]Still alternatively, SBM headers may beten on those (N1-M1) blocks.Then,
the SBM headers can be easily distinguished from the SBMs themselves. In that case, if the size of
the bitmap information is set to be zero or if the  first physical address of the area managed by the
SBM is invalid location information, then it can be determined, during reading, that the SBM stored
there is invalid. [01351Hereinafter, it will be described how to write data 



on the DMA according to this second preferred embodiment of the present invention so that the data
has the DMA data structure shown in FIG. 10. [0136]In the example to be described below, the spare
areas are supposed to be allocated so that the disc management information has a size of two blocks
on the LO layer and a size of one block on the Li layer. [0137]In this second preferred embodiment of
the present invention, the SBMs have the same data structure as what is shown in FIG. 2, and the
description thereof will be omitted herein. [0138]FIG. 3 shows the data structure of a TDMA according
to the second preferred embodiment of the present invention. On the TDMA 300, only minimum
required information is written to use the area as effectively as possible and to avoid using it up.
Specifically, the disc management information of the  Li layer is written on only one block. 



[0139]FIG. 4 shows the data structure of a DDS according to the second preferred embodiment of the
present invention. In FIG. 4, the same element as what is also shown in FIG. 13 is identified by the
same reference numeral and the description thereof will be omitted herein. [0140]The DDS 400
according to the second preferred embodiment of the present invention includes SBM location
information indicating the locations of respective blocks that store the SBMs. The location information
may be the first physical address of a block, for example. According to the second preferred
embodiment of the present invention, if the largest space is allocated to the user data area, SBMs will
be written on two blocks. That is why the DDS 400 includes four pieces of location information,
namely, LO layer first SBM location information 401, LO layer second SBM location information 402, Li
layer first SBM location information 403, and Li layer second SBM location information 404.
[0141]According to the size of the spare areas, the SBM  may be stored on only one block.In that
case, as location information about a block with no SBM, invalid location information indicating that
there are no SBMs in the block (e.g., zeros) may be stored. [0142]For example, in the TDMA 300
shown in FIG. 3, if 



TDDS 308 is the latest TDDS, the LO layer first SBM location information 401, LO layer second SBM
location information 402, and Li layer first SBM location information 403 of the TDDS 308 indicate the
respective locations of the LO layer first SBM 301, LO layer second SBM 303 and Li layer first SBM
307. On the other hand, since no Ll layer second SBM has been written, zeros are stored as the Ll
layer second SBM location information. [0143]Thediscmanagementinformationanddefect management
information representing the final status are copied from the management information in the TDMA
onto the DMA. On the DDS, on the other hand, the latest TDDS is copied (except the DEL location
information). Consequently, as each SBM location information of the DDS 400, stored is the same
location information as its counterpart in the TDDS  308. [0144]In this example, in a situation where
the largest user data area is allocated to each of the 1st through nth recording layers LO through Ln-1,
which are multiple recording layers that the information recording medium has, the numbers of blocks
to use to store the SBMs on the respective layers are supposed to be N1, N2, and Nil, respectively. In
that case, the DDS 400 includes NI pieces of SBM location information, N2 pieces of SBM location
information, m and N, pieces of location information as SBM location information for the respective
recording layers LO through Ln-1. Also, in that case, invalid location information will be written on
blocks with no SBMs. [0145]As can be seen, if the DDS includes location information about respective
blocks with SBMs, it can be determined, just by reference to the DDS, whether valid SBMs are stored
or not. If only the location information indicating the storage locations of SBMs on respective recording
layers is available as shown in FIG. 13, it is not until the size of the bitmap information of the SBM
header is 



obtained that the size of the valid SBM is known. However, if the DDS includes the location information
of respective blocks with SBMs and if the location information of a block with no valid SBM is zero, the
validity of SBMs can be determined, without depending on the SBMs, just by reading the DDS and
deciding whether the SBM location information is zero or not.
[0146]FIG.5illustratesaconfigurationforan information reading/writing apparatus 500 according to this
second preferred embodiment of the present invention.  [0147]The information reading/writing
apparatus 500 is connected to a high-order controller (not shown) through an I/O bus 580. The
high-order controller may be a host computer (host PC), for example. [0148]Theinformation
reading/writing apparatus500 includes: an instruction processing section 510 for processing
instructions given by the high-order controller; an optical head 520 that irradiates the information
recording medium 100 with a laser beam to perform a read/write operation on it; a laser control section
530 for controlling the power of the laser beam that has been emitted from the optical head 520; a  



mechanism control section 540 for moving the optical head 520 to a target location and performing a
servo control operation; a memory 550 for storing the user data that has been read or written and
various other kinds of information; a management information storage memory 560 for storing various
management information such as SBM, DDS, or DEL that have been read from, or written on, the
TDMA and DMA; and a system control section 570 for controlling the overall system processing
including read/write processing on the information recording medium 100. [0149) The system control
section 570 includes: a writing section 571, which sets writing conditions such as a laser power for
recording for the laser control section 530, gets the optical head 520 moved by the mechanism control
section 540 to a specified area, and makes the optical head 520 emit light, thereby writing information
from a predetermined memory location onto the specified area; a reading section 572, which sets
reading conditions such as the laser power for scanning for the laser control section 530, gets the
optical head 520 moved by the mechanism control section 540 to a specified area, and makes the
optical head 520 emit light, thereby  Leading information from the specified area and storing it at a
predetermined memory location; a management information updating section 573 for updating the
management information that is stored in the management information storage memory 560; a
management information generating section 574 for generating management information to be written
on the DMA based on the management information that is stored in the management information
storage memory 560; a maximum block number determining section 575 for determining the maximum
number of blocks to use to store the disc management information; a disc information retrieving
section 576 for retrieving disc information from a control information area; a management information
writing control section 577 for controlling respective sections of the system control section in order to
write management information on the DMA; and a management information reading control section
578 for controlling the respective sections of the system control section in order to read management
information from the DMA or TDMA. [0150]FIG. 6 is a flowchart showing the procedure of  information
and other kinds of information on a DMA according to the second preferred embodiment of the present
invention. [0151]Firstofall,inStep601,themanagement information reading control section 578 instructs
the reading section 572 to get the latest DDS from the TDMA and store it in the management
information storage memory 560.Since a write operation on the DMA is supposed to be carried out
during finalizing (or disc closing), the latest management information at this point in time indicates the
final status of the information recording medium. 



[0152]Next, in Step 602, the management information reading section 578 retrieves first through eighth
pieces of DEL location information from the latest DDS that has been gotten in the previous
processing step 601, and instructs the reading section 572 to store the latest DEL, which is included in
the location information retrieved, in the management information storage memory 560. Subsequently,
the management information generating section 574 secures eight blocks for generating and storing
defect management information to be      tl..en on the DMA within the management information storage
memory 560. Then, the management information generating section 574 initializes all of those blocks
secured into zero and stores the latest DEL in respective locations in the memory 560 that are
provided for those blocks. [0153]Next, in Step 603, the management information writing control section
577 instructs the writing section 571 to write seven out of the eight blocks of defect management
information, which have been generated in the previous processing step 602, on a series of blocks that
begins with the ninth block as counted from the top of the DMA. [0154]Thereafter, in Step 604, the
management information updating section 573 updates the first through eighth pieces of DEL location
information, which have been retrieved in Step 601, into pieces of information indicating the respective
locations of blocks of the defect management information that has been properly written on the DMA in
the previous processing step 603. [0155]Subsequently, in Step 605, the disc management 



information to be written on the DMA is generated.This  piicessing step will be described in detail later.
[0156]Finally,inStep606,thediscmanagement information that has been generated in the previous
processing step 605 is written on a predetermined area in the DMA. This processing step will be
described in detail later, too. [0157]FIG. 7 is a flowchart showing the procedure of generating the disc
management information to be written on the DMA according to this second preferred embodiment of
the present invention. [0158]First of all, in Step 701, the maximum number N of blocks of the disc
management information is calculated. Specifically, for that purpose, the disc information retrieving
section 576 instructs the reading section 572 to retrieve disc information from the control information
area and store it in the memory 550. Next, the maximum block number determining section 575 gets
the first and last physical addresses TPSN and EPSN of the data area of each recording layer from the
disc information that is stored in the memory 550. Then, the difference between the first and last
physical addresses TPSN and EPSN of the data area of each 



ding layer is divided by the number of blocks per address, thereby obtaining the maximum number of
blocks of the disc management information of each recording layer. That is to say, the maximum
number of blocks MAXBLK of the disc management information of each recording layer is calculated
by (EPSN-TPSN)/(number of blocks per address). For example, supposing each physical address
represents one sector, the number of blocks per address will be 32. In this preferred embodiment of
the present invention, if the maximum number of blocks of the disc management information of the LO
layer and that of the disc management information of the Li layer are identified by Ni and N2,
respectively, then Ni and N2 are both two, and therefore, the maximum number N of blocks of the disc
management information is four, which is the sum of Ni and N2. [0159] Next, in Step 702, the
management information generating section 574 secures four blocks in the management information
storage memory 560 because the number of blocks to use to generate the disc management
information to be written on the DMA is the maximum number N of blocks.
[0160]Subsequently,inStep703,themanagement  -formation generating section 574 sets the block
number Z of that area secured in the management information storage memory 560 to be one.
[0161]Thereafter, in Step 704, the management information generating section 574 sets the layer
number X of the recording layer to be zero. [0162]Then, in Step 705, the management information
generating section 574 sets the block number Y of the SBM to be one. 



[01631Next, in Step 706, the management information generating section 574 gets Lx layer Yth SBM
location information P (i.e., the location information of the Yth SBM on the Lx layer) from the DOS that
has been gotten in the processing step 601. [0164]Subsequently,inStep707,themanagement
information generating section 574 determines whether the Lx layer Yth SBM location information P
that has been gotten in the previous processing step 706 is zero or not. If the answer to the query of
this processing step 707 is NO (i.e., unless P is zero and if any SBM has been written) , the process
advances to Step 708 to read that SBM. On the other hand, if the answer to the query of this
processing step 707 is YES (i.e., if no SBM has been written), then the process advances to Step 710.
[0165]Thereafter, in Step 708, the management information reading control section 578 instructs the
reading section 572 to retrieve the Lx layer Yth SBM from the location P in the TDMA that has been
gotten in the processing step 706 and store it in the management information storage memory 560.
[0166]Then, in Step 709, the management information 



generating section 574 stores the Lx layer Yth SBM that has been retrieved in the previous processing
step 708 in the 2nd through 32nd sectors of the Zth block that has been secured in the memory in the
processing step 702. [0167]Meanwhile, in Step 710, the management information generating section
574 stores data of all zeros in the 2'd through 32nd sectors of the Zth block that has been secured in
the memory in the processing step 702. [0168]Next,in Step 711, the management information
generating section 574 stores the DDS, of which the DEL  location information has been updated in
the processing step 604, on the first sector of the Zth block that has been secured in the memory in
the processing step 702. [0169]Thereafter, in Step 712, the management information generating
section 574 updates the block number Z of the area that has been secured in the management
information storage memory 560 into Z+1. 



[0170]Then, in Step 713, the management information generating section 574 updates the block
number Y of the SBM into Y+1. [0171]Subsequently,inStep714,themanagement information
generating section 574 determines whether or not the block number Y of the SBM is greater than the
maximum number NY of blocks of the disc management information of each recording layer. If the
answer to the query of this processing step 714 is YES (i.e., if there is no disc management
information to generate for the Lx layer), the process advances to Step 715. Otherwise (i.e., if there is
disc management information to generate for the Lx layer and if the answer to the query of this
processing step 714 is NO),  -LIG process goes back to the processing step 706 to generate that disc
management information. In this preferred embodiment of the present invention, the maximum number
of blocks of the disc management information of each recording layer to be compared to the block
number Y of the SBM is N0=2 for the LO layer and N:=2 for the Li layer.
[0172]Subsequently,inStep715,themanagement information generating section 574 updates the layer
number X of the recording layer into X+1. [0173]Finally, in Step 716, the management information 



generating section 574 determines the number of recording layers by reference to the disc information
and decides whether or not the layer number X of the current recording layer is equal to or greater
than the number of recording layers. If the answer to the query of this processing step 716 is NO (i.e.,
if X is less than the number of recording layers), the process advances to Step 705 to generate disc
management information for another recording layer. On the other hand, if the answer to the query of
this processing step 716 is YES (i.e., if X is equal to or greater than the number  of recording layers),
then the process ends because the disc management information has already been generated for
every recording layer. 10174]FIG.8illustratesexemplarystatesofthe management information storage
memory while the disc management information to be written on the DMA is being generated
according to the second preferred embodiment of the present invention. Specifically, FIG. 8(A) shows
how a memory area has been secured in the processing step 702.FIG. 8(B) shows how disc
management information, including LO layer SBMs, has been generated. And FIG. 8(C) shows how
disc management information, including Ll layer SBM, has been generated. [0175]In this preferred
embodiment, the maximum block number of the disc management information is four, and therefore, a
memory area that covers four blocks is secured in the management information storage memory in the
processing step 702. [0176]If the same series of processing steps that begins with the processing step
705 are repeatedly carried out with 



the layer number X initially set to be zero until the answer to the query of the processing step 713
becomes YES, then the disc management information of the LO layer will be stored so that the LO
layer first SBM 301 and the LO layer second SBM 303, which have been written on the TDMA, are
stored in the first and second blocks, respectively, and the DDS will be stored at the top of the first and
second blocks. [0177]If the layer number X is changed into one, then the Ll layer SBM 307 that has
been written on the TDMA will be stored on the third block in the processing steps 708 and 709.
However, there is no second block for the Li layer. For that reason, P is determined to be zero and
data of all zeros will be stored in Step 707. Consequently, as shown in FIG. 8(C), the DDS will be
stored at the top of the fourth block and data of all zeros will be stored in its SBM area. [0178]As
described above, according to the method of generating disc management information of the second
preferred embodiment of the present invention, if there is any SBM to store, disc management
information including a DDS and the SBM will be generated. On the other hand, if there are no SBMs
to  sLore (i.e., if the disc management information is short of the maximum number of blocks), then
disc management information that does include a DDS but does not include any SBM is generated.
That is to say, disc management information, including both a DDS and an SBM, is generated for three
blocks and disc management information, including a DDS but no SBMs, is generated for one block.
[0179]In the method of generating disc management 



information according to this preferred embodiment of the present invention, if there are no SBMs to
store, data of zeros is supposed to be stored instead. However, the present invention is in no way
limited to that specific preferred embodiment. For example, the data of zeros may be replaced with
FFh data. Nevertheless, it is still preferred that the rest of the block that stores such disc management
information including a DDS but no SBMs be zeros because that remaining area corresponds to an
SBM storage area. This is because if the information written on such a block were recognized to be
bitmap information, there should be no user data area to be designated by that bit. However, as
bitmap  information of zero indicates that its designated area is an unrecorded one and bitmap
information of one indicates that its designated area is a recorded one, the user data area should be
determined to be an unrecorded one and no information would be retrieved from it.
[01801Alternatively, the same SBM may be generated and stored in that reaming area instead of the
invalid data. That is to say, if P is determined to be zero in Step 707, then the Li layer SBM 307 could
be stored twice and the disc management information including the DDS and the Li layer SBM 307
could be generated as the Li layer disc management information for two blocks. In that case, since the
same SBM is stored at multiple different locations, the disc can be protected more perfectly against
some defect such as dust or a scratch. [0181]Still alternatively, SBM headers may be generated so as
to be easily distinguishable from the SBMs.In that case, if the size of the bitmap information is set to
be zero or if the first physical address of the area managed by the SBM is 



invalid location information, then it can be determined that  e SBM stored there is invalid. [0182]Also,
in the preferred embodiment described above, data of all zeros is supposed to be stored in the
processing step 710. However, such data of zeros may also be stored by securing the storage area in
Step 702 and then initializing that secured area into zeros. [0183]Furthermore, in the preferred
embodiment described above, the latest DDS, DEL and SBM are supposed to be retrieved from the
TDMA in the processing steps 601, 602 and 708. However, if the latest DDS, DEL and SBM are
already stored in the management information storage memory, there is no need to retrieve them, but
those pieces of information stored in the management information storage memory may be naturally
used. [0184]Furthermore, in the preferred embodiment described above, the maximum number of
blocks of the disc management information is supposed to be determined in the processing step 701
by the first and last physical addresses of the data area that are included in the disc information.
However, any other kind of information can also be used as long as it can 



contribute to detecting the size (i.e., the capacity) of the data area. For example, the maximum number
of blocks can also be determined by the channel bit length because the channel bit length varies with
the capacity of the data area. Alternatively, the maximum number of blocks could also be determined
by the nominal writing speed, which also varies with the capacity of the data area. Still alternatively,
the maximum number of blocks can also be determined by the logical last sector address of the user
data area and the size of the spare areas because the logical last sector address of the user data area
is included in the DDS. Furthermore, if the size of the data area is determined unequivocally by the
number of recording layers, then data area size options for respective numbers of layers may be
stored and the size of the data area may be determined by the actual number of recording layers.
[0185]Furthermore, in the processing step 701, the maximum sizes Ni and N2 of the disc management
information of the respective recording layers are determined.However, if the respective data areas of
those recording layers have the same  size, then the maximum size of the disc management
information of only one of those two recording layers may be obtained and then simply multiplied by
the number of the recording layers. [0186] Furthermore, in the preferred embodiments of the present
invention described above, the location information of each block that stores the SBM is included in
the DDS, and therefore, it can be determined only by reference to the DDS whether a valid SBM is
stored there or not. If only the location information indicating the storage locations of SBMs on
respective recording layers is available as shown in FIG. 13, it is not until the size of the bitmap
information of the SBM header is obtained that the size of the valid SBM is known. However, if the
DDS includes the location information of respective blocks with SBMs and if the location information of
a block with no valid SBM is zero, the validity of SBMs can be determined, without depending on the
SBMs, just by reading the DDS and deciding whether the SBM location information is zero or not.
[0187]In the preferred embodiment described above, the 



location information of a block with no SBM is supposed to be  zeros. However, the present invention
is in no way limited to that specific preferred embodiment and any other kind of invalid location
information may be stored there instead. For example, the data of zeros may be replaced with FFh
data. Or any other values may be written there except the physical addresses assigned to the disc.
[0188]FIG. 9 is a flowchart showing the procedure of writing the disc management information thus
generated on the DMA according to this second preferred embodiment of the present invention.
[0189]Firstofall,inStep901,the management information writing control section 577 sets the number X
of recorded blocks to be zero. [0190]Next, in Step 902, the management information writing control
section 577 determines the location information of the DMA that is the target of the write operation, the
number Y of blocks to write the information on, and information about the memory location at which
the disc management information to write is stored. 



[0191]Subsequently,inStep903,themanagement  section 571 to write data of Y blocks on the specified
location in the DMA by reference to the memory location information that has been obtained in the
previous processing step 902. [0192]Then, in Step 904, the management information writing control
section 577 updates the number of recorded blocks X into X+Y. [0193]Finally, in Step 905, the
management information writing control section 577 determines whether or not the number X of
recorded block is equal to or greater than the total number of blocks to e to. If the answer to the query
of this processing step 905 is NO (i.e., if X is short of the total number of blocks to write to), then the
process advances to Step 902 to write disc management information on the next block. On the other
hand, if the answer to the query of this processing step 905 is YES (i.e., if the X is equal to or greater
than the total number of blocks to write to), then every piece of disc management information has
already been written there and the processing ends. [0194]FIG. 10 shows the data structure of a DMA
on which a write operation has been performed by the DMA writing method of this second preferred
embodiment of the present invention.  [0195] In this case, on the DMA 1000, the same set of LO and
Li layer SBMs is supposed to be written twice as shown in FIG. 15(B) but the Li layer SBM is
supposed to be written earlier than the LO layer SBMs for the second time around. That is why the
total number of blocks to write to becomes eight in the processing step 905. 



[0196]The disc management information of the LO and Li layers is stored on four consecutive blocks
as shown in FIG. 8(C). That is why the write operation is performed with the DMA location information
set to be the first block 1001 of the DMA, the number of blocks to write to set to be four, and the
memory location information set to be the first block shown in FIG. 8(A). [0197]Next, to write the Li
layer's disc management information, the write operation is performed with the DMA location
information set to be the fifth block 1005 of the DMA, the number of blocks to write on set to be two,
and the  memory location information set to be the third block shown in FIG. 8(A). That is to say, the
information stored in the third block shown in FIG. 8(A) is written on the fifth block 1005 of the DMA.
[0198]Thereafter, to write the LO layer's disc management 



information, the write operation is performed with the DMA location information set to be the seventh
block 1007 of the DMA, the number of blocks to write on set to be two, and the memory location
information set to be the first block shown in FIG. 8(A). As a result, the DMA comes to have the data
structure shown in FIG. 10. [0199]As described above, according to the DMA writing method of this
second preferred embodiment of the present invention, the maximum number of blocks of the disc
management information is obtained, and disc management information is generated for that
maximum number of blocks and then written on the DMA. That is why even if the size of SBMs varies,
the size of the disc management information to write does not change. Consequently, the disc
management information can be written without depending on the size of the SBMs. That is to  say,
the write operation can be performed with the arrangement of areas in the DMA fixed and with the
mutual dependence between DDS and SBM eliminated. [0200]In addition, blocks with a DDS and an
SBM and blocks with a DDS but without an SBM are written on the DMA and the DDS will always be
written at the first sector of each block. As a result, the DDS that is an important piece of information to
perform a read/write operation can be written on a much greater number of blocks, and therefore, this
information recording medium can be protected more perfectly against a defect such as dust or a
scratch. [0201]On top of that, as there are no unrecorded areas in the range in which the disc
management information is going to be written, the information can be written there continuously, and
therefore, no time needs to be spent to get a seek operation done. As a result, the finalize operation
can get done in a shorter time. 



[0202]Hereinafter, the information writing method and the configuration and operation of the
information writing apparatus according to this preferred embodiment will be  described in further
detail. [0203]If an SBM for the recording layer LO cannot be stored in one block but needs to be stored
in two blocks as shown in FIGS. 15(A) and 15(B), the SBM for the recording layer LO is split into two
SBMs, each of which has a size that is still less than one block even when combined with the DDS,
and those two SBMs are written on two blocks 1501 and 1502, respectively. In the example shown in
FIG. 10, LO layer first and second SBMs are written on blocks 1001 and 1002, respectively.
[0204]That is to say, in the information writing method and apparatus of this preferred embodiment, if
the number of blocks to use to store the SBM that is provided for one recording layer Li-1 (where i is
an integer that is equal to or greater than one) is MI (which satisfiesand if M, is 



equal to or greater than two, then the SBM is divided into the 15' through Mith SBMs, each of which
has a size that is still equal to or smaller than one block even when combined with the DDS and stored
in an associated one of the M, blocks. [0205]Specifically, FIG. 15(A) shows a situation where M1  =2
for the recording layer LO and M2=2 for the recording layer Ll. FIGS. 15(8) and 10 show a situation
where M1=2 for the recording layer LO but M2=1 for the recording layer Ll. [0206]By performing a
write operation in this manner, the disc management information can still be stored on the DMA and
managed even if he size of the bitmap information varies with that of the user data area (i.e., the size
of the spare area) and if the SBM cannot be stored in one block. [0207]Also, as shown in FIGS. 15 and
10, the DDS has been written at the first sector of each block on which the SBM is stored. [0208]That
is to say, according to the information 



writing method and apparatus of this preferred embodiment, if the number of blocks to use to store the
SBM that is provided for one recording layer Li-1 (where i is an integer that is equal to or greater than
one) is Mi (which satisfies and if Mi is equal to or greater than two, then the SBM is divided into the 1st
through Mith SBMs, each of which has a size that is still equal to or smaller than one block even when
combined with the DDS and stored in an associated one of the  ML blocks.And at the first sector of
each of those M, blocks, stored is the DDS. [0209]According to this arrangement, the DDS is stored on
not only the first one of the Mi blocks but also the other blocks that follow the first one, too. That is why
even if the DDS cannot be retrieved from the first block due to the presence of some defect such as
dust or a scratch, the DDS can still be obtained from another block. That is to say, the DDS that is an
important piece of information to perform a read/write operation can be written on a much greater
number of blocks, and therefore, this information recording medium can be protected more perfectly
against some defect such as dust or a scratch. [0210]As shown in FIGS. 15(A) and 15(B) and FIG. 10,
the first SBM for the recording layer LO and the second SBM for the recording layer LO have been
written on two consecutive blocks. In the same way, the first and second SBMs for the recording layer
Li have also been written on two consecutive blocks as shown in FIG. 15(A). 



[0211]That is to say, according to the information  writing method and apparatus of this preferred
embodiment, if the number of blocks to use to store the SBM that is provided for one recording layer
Li-1 (where i is an integer that is equal to or greater than one) is Mi (which satisfies 1.-;.-M) and if Mi is
equal to or greater than two, then the 1st through MiTh SBMs are stored on a series of Mt blocks.
[0212]By performing a write operation in this manner, even if an SBM provided for one recording layer
needs to be divided into a number of SBMs that should be stored on multiple blocks, those SBMs will
be stored on consecutive blocks, and therefore, can be retrieved continuously from those blocks and
can be easily obtained at a time. [02131On top of that, by writing the data on those M, consecutive
blocks, the circumferential locations of those M, blocks on the information recording medium can be
different from each other. Generally speaking, information is Written spirally on an information
recording medium. That is why if the data were written on discrete blocks, instead of the M,
consecutive blocks, some of those M, blocks could have substantially the same circumferential
locations on the  information recording medium depending on the blocks' positions at which the data
has been written. This problem is highly likely to arise on the inner area of an information recording
medium where the circumference is short. If all of those M, blocks were positioned at substantially the
same circumferential location and if there was any defect such as dust or a scratch at that
circumferential location, then almost all of those Mi blocks would turn into defective blocks and no data
could be retrieved from them anymore. On the other hand, if the data is written on the M, consecutive
blocks and if the M, blocks have mutually different circumferential locations on the information
recording medium, those MI blocks would be much less affected by dust, scratches or any other kind
of defect. 



[0214]On the DMA,the disc management information indicating the final status and the defect
management information will be copied among various pieces of management information in the
TDMA. When data is going to be retrieved from the TDMA and then written on the DMA, the Ll layer's
disc management information is stored in only one block and no  information is stored on the second
block according to the state of the TDMA shown in FIG. 3. In that case, nothing may be written on the
second block 1514, 1524 or 1004 and the second block may be kept unrecorded as shown in FIGS.
15(B) and 15(C) and FIG. 10. [0215]As can be seen, in the examples illustrated in FIGS. 15(8) and
15(C) and FIG. 10, even if there is no SBM to be stored on the second block, unrecorded areas 1514,
1522, 1524 and 1004 are left intentionally, instead of storing the disc management information with no
spaces left between two adjacent blocks. [0216]That is to say, according to the information writing
method and apparatus of this preferred embodiment, if the largest user data area is allocated to an ith
recording layer Li-1 (where 1-n) among the 1st through nth recording layers LO through Ln-1 of the
information recording medium and if the number of blocks to use to store the SBM is Ni (where 2=S;
N1) and if the number of blocks to use to store the actual SBM is Mi (where lf;Mi===Ni) and if Mi is
equal to or greater than two, first of all, disc management information including the DDS  



and the SBM is written on the Mi consecutive blocks. But the (N 1-M1) blocks that follow the M, blocks
are left unrecorded. And then the SBM of the 1)th recording layer Li starts to be written on the next
block. It should be noted that if M = N, as shown in FIG. 15(A), then there will be no unrecorded areas
(or blocks) left. [0217]By performing a write operation in this manner, even if the size of the disc
management information varies with that of the user data area (or the sizes of the spare areas), the
first one of Mit, blocks of the disc management information for the (i+l)th recording layer will always be
written at the same location (or block) in each DMA. [0218]Comparing FIGS. 15(A), 15(8) and 15(C) to
each other, It can be seen easily that even if the size of the disc management information for the
recording layer LO is variable (e.g., may be two blocks in FIGS. 15(A) and 15(8) but may be one block
in FIG. 15(C)), the first SBM for the Li layer, which is the first block of the disc management
information for the recording layer Li, is always written at the same location 1503, 1513, 1523 in the
DMA, which is the third block  us counted from the top of the area. [02191As described above, the size
of the disc management information depends on the size of the SBM, which in turn depends on the
size of the user data area that is determined by that of the spare areas. For that reason, to determine
the size of the disc management information, the size of the spare areas, which is defined by the DDS,
needs to be obtained. 



[0220]When the DMA is scanned, however, the DDS has not been retrieved yet, and therefore, the
size of the disc management information cannot be determined just yet. Even if the DDS is always
written at the first block of a part of the DMA that stores the disc management information, the DDS of
that first block could not be obtained due to the presence of some defect such as dust or a scratch.
[0221]As can be seen, the DDS and the SBM have mutual dependence. That is to say, unless the
DDS can be obtained, the size of the SBM cannot be determined. And unless the size of the SBM can
be determined, the DDS cannot be obtained. For that reason, is not easy to get the disc management
information.  preferred embodiment, as disc management information for the ith recording layer Li-1,
disc management information, including the DDS and the SBM, is written on MI consecutive blocks,
first of all.Next, (N1-N1) blocks that follow the first M, blocks are left unrecorded.And then the SBM of
the (i+l)th recording layer Li starts to be written from the next block. According to this writing method,
the first one of the M, blocks that store the disc management information is always located at the same
position (block) in the DMA, irrespective of the size of the SBM. 



[0223]As a result, no matter what size the SBM has, at least one block of the disc management
information including the DDS (i.e., the first one of the M, blocks that store the disc management
information) can always be located. Consequently, the disc management information including the
DDS can be obtained easily, irrespective of the size of the SBM. [0224]Next, it will be described how to
scan a DMA and obtain management information from it in a situation where a  BD-R, on which the
information has been written on the DMA as shown in FIG. 15, is inserted into a drive and loaded.
Suppose the drive is attempting to scan all four blocks that store the disc management information at a
time to get the disc loading process done in a shorter time. In that case, the drive can scan them at a
time in the situation shown in FIG. 15(A) because all of those four blocks are already recorded.
However, the drive cannot scan them at a time in the situation shown in FIG. 15(B) or 15(C) because
an unrecorded area is included there. [0226]Nevertheless, if the drive attempted to scan those blocks
one by one, then even those unrecorded areas not to be scanned would also be scanned anyway and
a seek (i.e., a move between areas) should be done every time a scan is started block by block in the
situation shown in FIG. 15(8) or 15(C). Consequently, it would take a lot more time to get the disc
loading process done in that case. 



[0227]As can be seen, if the disc management information  is stored with some unrecorded areas left,
it could take a lot of time to retrieve the disc management information.  [0228]Thus, to overcome such
a problem, according to the information writing method and apparatus of this preferred embodiment, if
the largest user data area is allocated to an recording layer Li-1 (where 1;c:(7--,.iin) among the 15t
through nth recording layers LO through Ln-1 of the information recording medium and if the number
of blocks to use to store 



the SBM is Ni (where 2N1) and if the number of blocks to use to store the actual SBM is Mi (where
1=CM1==N1) and if Mi is equal to or greater than two, first of all, disc management information
including the DDS and the SBM is written on the Mi consecutive blocks.Next, information including the
DDS may be written on (NI-M1) blocks that follow the Mi blocks.It should be noted that the DDS could
be written at the first sector of each of the (NI-M1) blocks. [0229]According to such a writing method,
the disc management information will be written without leaving any unrecorded blocks, and therefore,
can be retrieved in a shorter time. 



[0230]In addition, according to this technique, the DDS is written on each and every block that stores
the disc  management information.Thus, the DDS that is an important piece of information to perform a
read/write operation can be written on a much greater number of blocks, and therefore, this
information recording medium can be protected more perfectly against a defect such as dust or a
scratch. Furthermore, in a situation where the DDS is always written on the first block of that part of
the DMA that stores the disc management information, the DDS could not be retrieved from the first
block due to the presence of a defect such as dust or a scratch. Even so, since the DDS is also stored
in the second, third and all the other blocks that follow the first block, the DDS can be easily located
and obtained. [0231]The DDS carries information of one sector, whereas one block (also called "one
cluster") consists of 32 sectors. That is why even if the DDS is written on each of the (N1-M1) blocks,
the remaining 31 sectors can still be used to store anything else. [0232]Thus,in the information writing
method and apparatus of this preferred embodiment, data of zeros may be 



stored in the remaining sectors other than the one on which  the DDS has been written. [0233]For
example, the DDS may be written on the first sector of one block and data of zeros may be written on
the other sectors that follow it. The block 1004 shown in FIG. 10 has such an arrangement. [0234]In
the arrangement described above, the DDS and data of zeros are supposed to be written on the
(N,-M,) blocks. However, the present invention is in no way limited to that specific preferred
embodiment. For example, the data of zeros may be replaced with FFh data. Or any other values may
be written there except the physical addresses assigned to the disc. [0235]Nevertheless, it is preferred
that the DDS and data of zeros be written on those (N - ) blocks because SBMs should be stored in
some of those (N1-M1) blocks. This is because if the information written on some of those blocks were
recognized to be bitmap information, there should be no user data area to be designated by that bit.
However, as bitmap information of zero indicates that its designated area is an unrecorded one and
bitmap information of one indicates 



that its designated area is a recorded one, that user data area should be determined to be an
unrecorded one and no information would be retrieved from it. [0236]Alternatively, some meaningful
information such as SBMs may be stored in the (N1-M1) blocks instead of the invalid data.For
example, in FIGS. 15(3) and 15(C), the unrecorded areas 1514, 1522 and 1524 may be replaced with
Li layer SBM, LO layer SBM and Li layer SBM, respectively.In that case, the SBMs are stored in
multiple different locations, and therefore, the disc can be protected more perfectly against some
defect such as dust or a scratch.  [0237]Still alternatively, SBM headers may be written on those (N-M)
blocks. Then, the SBM headers can be easily distinguished from the SBMs themselves. In that case, if
the size of the bitmap information is set to be zero or if the first physical address of the area managed
by the SBM is invalid location information, then it can be determined, during reading, that the SBM
stored there is invalid. 



[0238]Also, according to the information writing method and apparatus of this preferred embodiment,
in a situation  where the largest user data area is allocated to each of the 1st through nth recording
layers LO through Lit-1, which are multiple recording layers that the information recording medium has,
the numbers of blocks to use to store the SBMs on the respective layers are supposed to be NI, N2, -
and Nn, respectively. In that case, the DDS 400 includes N1 pieces of SBM location information, N2
pieces of SBM location information, ... and Nn pieces of location information as SBM location
information for the respective recording layers LO through Ln-1. Also, in that case, invalid location
information will be written on blocks with no SBMs. [02391As can be seen, if the DDS includes location
information about respective blocks with SBMs, it can be determined, just by reference to the DDS,
whether valid SBMs are stored or not. If only the location information indicating the storage locations of
SBMs on respective recording layers is available as shown in FIG. 13, it is not until the size of the
bitmap information of the SBM header is obtained that the size of the valid SON is known. However, if
the DDS includes the location information of respective blocks  with SBMs and if the location
information of a block with no valid SBM is zero, the validity of SBMs can be determined, without
depending on the SBMs, just by reading the DDS and deciding whether the SBM location information
is zero or not. [0240] FIG. 11 is a flowchart showing the procedure of retrieving disc management
information from the DMA of an information recording medium on which a write operation has been
performed by the writing method according to this preferred embodiment of the present invention.
[0241]In this example, information is supposed to be 



stored in the DMA as shown in FIG. 10. [0242]First of all, in Step 1101, the maximum block number
determining section 575 determines the maximum number N of blocks of the disc management
information. This processing step is the same as the processing step 701 shown in FIG. 7, and
therefore, the description thereof will be omitted herein. In this preferred embodiment, N is four.
[0243]Next, in Step 1102, the management information reading control section 578 instructs the
reading section 572 to scan N blocks as counted from the first block of the DMA  and to store the
information obtained from them in the management information storage memory 560.
[0244]Subsequently,inStep1103,themanagement 



information reading control section 578 determines whether or not all of those N blocks have been
scanned successfully in the previous processing step 1102. For example, suppose the reading section
572 has the ability to return the number of such blocks that have been scanned successfully to the
management information reading control section 578. In that case, the management information
reading control section 578 determines whether the number of scanned blocks that has been returned
by the reading section 572 is four or not. If not all of those blocks have been scanned successfully
(i.e., if the answer to the query of this processing step 1103 is NO), then not all of the disc
management information has been retrieved yet, and therefore, the process advances to Step 1104.
On the other hand, if all of those blocks have been scanned successfully (i.e., if the answer to the
query of the processing step 1103 is YES), then all of the disc management information has already
been retrieved, and therefore, the  process ends. [0245]Thereafter, in Step 1104, the management
information reading control section 578 instructs the reading section 572 to retrieve information from all
of those blocks, except the ones that have not been scanned successfully. For example, if the block
1002 has not been scanned successfully in FIG. 10, information is retrieved from the other two blocks
as counted from the block 1003. [0246]Next, in Step 1105, the management information reading
control section 578 determines whether or not there is an SBM in the block that has not been scanned
successfully in Step 1102. Specifically, the management information reading control section 578
determines that number of blocks that have not been scanned successfully by the number of scanned
blocks that has been returned by the reading section 572 in Step 1101 (or Step 701). For example, if
the block 1002 has not been scanned successfully in FIG. 10, then the number of scanned blocks that
has been returned by the reading section 572 in Step 1101 (or Step 701) is one. Consequently, the
block that has not been scanned successfully can be determined to be the  second block 1002. Next,
the management information reading control section 578 gets the SBM location information that is
stored in the block that has not been scanned successfully from the DDS. For example, in FIG. 10, if
the block 1002 has not been scanned successfully, LO layer second SBM location information is
obtained from the DDS. Then, the management information reading control section 578 determines
whether the SBM location information thus obtained is zero or not. If the SBM location information is
zero, then the control section 578 determined that there be no SBMs in the block that has not been
scanned successfully. On the other hand, unless the SBM location information is zero, the control
section 578 determines that there be an SBM in the block that has not been scanned successfully. If
there is an SBM (i.e., if the answer to the query of the processing step 1105 is YES), the process
advances to Step 1106 to scan another area. On the other hand, if there are no SBMs (i.e., if the
answer to the query of the processing step 1105 is NO), then every piece of the disc management
information has already been obtained, and therefore, the process ends. In Step 1104, since the 



remaining blocks are scanned, there will always be a DDS there, and therefore, the SBM location
information can be obtained from the DDS. [0247]Finally, in Step 1106, the management information
reading control section 578 instructs the reading section 572 to scan a block that stores the same SBM
as that of the block that has not been scanned successfully. For example, supposing the block 1002
has not been scanned successfully in FIG. 10, the block 1008 that stores the same SBM is scanned.
Since every piece of disc management information has been obtained in this manner, the process
ends. [0248]It should be noted that if it has been determined in the processing step 1103 that some
blocks have not been scanned successfully, the processing to cope with such a situation does not
always have to be performed as described above. For example, if the same SBM has been written a
number of times as shown in FIG. 10, then the maximum number of blocks may be scanned from the
first block on which the same SBM starts to be written repeatedly next time. Specifically, if the block
1002 shown in FIG. 10 has not been scanned  successfully, N blocks may be scanned from the block
1005 on. [0249]Still alternatively, the block that has not been scanned successfully could be scanned
again. 



[0250]Also, once the DMA is defined,a write-once information recording medium turns Into a read-only
one. That is why even if the SBM has not been obtained successfully, the read operation will just be
performed on an unrecorded area and data in no area will be destroyed by overwriting, unlike a
situation where a write operation is performed. For that reason, if it has been determined in Step 1103
that any blocks have not been scanned successfully but if the DDS has already been obtained, then
the process may end at that point in time. [0251] As described above, according to the DMA scanning
method of this preferred embodiment of the present invention, the maximum number of blocks of the
disc management information is determined and disc management information is retrieved from a
DMA based on the maximum number of blocks of the disc management information. That is why no
information about the DDS is needed, and even if the size of an SBM changes, that of the disc
management information to retrieve does not change.Consequently, the disc management information
can still be read without depending on the information about the DDS or the size of the SBMs. That is
to say, a read operation can be performed with mutual dependence between the DDS and the SBM
eliminated. [0252]On top of that, by storing, in the DDS, the SBM location information of each block on
which the SBM has been written and by determining, by reference to the SBM location information,
whether or not the SBM has been written there, the decision can be made only by the DDS without
depending on the SBM. [0253]Furthermore, as there are no unrecorded areas in the range in which
the disc management information is going to be written, disc management information can be retrieved
without a break from the maximum number of blocks, and therefore, no time needs to be spent to get a
seek operation done. As a result, the disc loading operation can get done in a shorter time. [0254]In
addition, even in the sequential recording mode, 



the disc management information is written on the same number of blocks as in the random recording
mode, and therefore, reading can get done by the same method even if the recording mode is
different. [0255]Hereinafter, the Information reading method and the configuration and operation of the
information reading apparatus according to this preferred embodiment will be described in further
detail. [0256]In the information recording medium of this preferred embodiment, if the number of blocks
to use to store the SBM that is provided for one recording layer Li-1 (where i is an integer that is equal
to or greater than one) is Mi (which satisfies 1:-.E-M1) and if Mi is equal to or greater than two, then
the SBM is divided into the let through Mjh SBMs, each of which has a size that is still equal to or
smaller than one block even when combined with the DDS and stored in an associated one of the Mi
blocks. [0257]And according to the information reading method and apparatus of this preferred
embodiment, the SBM for that one recording layer Li-1 is retrieved from the M4 blocks.
[0258]According to such a technique, the disc management 



information can still be stored in the DMA, managed, and retrieved from it, even if the size of the
bitmap information varies with that of the user data area (i.e., the size of the spare area) and if the
SBM cannot be stored in one block.  [02591In the information recording medium of this preferred
embodiment, if the largest user data area is allocated to an ith recording layer Li-1 (where 1-5"in)
among the let through nth recording layers LO through Ln-1 of the information recording medium and if
the number of blocks to use to store the SBM is Ni (where 2f-I-:-N1) and if the number of blocks to use
to store the actual SBM is MI (where 1.-ICIM1N1) and if M, is equal to or greater than two, first of all,
disc management information including the DDS and the SBM is written on the M, consecutive
blocks.But the (N1-M1) blocks that follow the M, blocks are left unrecorded. And then the SBM of the
(i+l)th recording layer Li starts to be written on the next block. [02601And according to the information
reading method and apparatus of this preferred embodiment, the SBM for the (541)th recording layer
Li is retrieved from (N,-M,) blocks  



that follow the Mi blocks. [0261]According to such a method, at least one block that stores the disc
management information including the DDS (e.g., the first one of the M, blocks that store the disc
management information) can always be located irrespective of the size of the SBM. Consequently,
disc management information such as the DDS can be obtained easily irrespective of the size of the
SBM. [0262]Hereinafter, a method of making an information recording medium according to this
preferred embodiment will be described. [0263]First of all, first through nth recording layers, each of
which has tracks to write an information signal (such as an address signal or control data) on, are
formed on a disc substrate. In this manner, recording layers, in each of which the user data area,
defect management areas and spare areas are arranged as shown in FIG. 1, can be obtained.
Optionally, a spacer layer may be interposed between two adjacent ones of the recording layers.
Furthermore, the recording layers may be coated with a cover layer, too.  [0264]An information
recording medium making method 



according to this preferred embodiment includes the steps of: forming 1st through nth recording layers
(where n is an integer that satisfies n-2=1); defining 15t through nth user data areas to write user data
on in the 1st through nth recording layers, respectively; and defining a disc management area to store
disc management information about the information recording medium on at least one of the l't through
nth recording layers.  [0265] Another information recording medium making method according to this
preferred embodiment includes the steps of: forming Pt through nth recording layers (where n is an
integer that satisfies ri:1); defining data areas, which include 1st through nth user data areas to write
user data on and spare areas to provide a replacement for any defective part of the user data areas, in
the 1st through ntfl recording layers, respectively; and defining a disc management area to store disc
management information about the information recording medium on at least one of the 1St through
nth recording layers. INDUSTRIAL APPLICABILITY  [0266]An information recording medium
according to the present invention can be used as a write-once optical disc, on which a write operation
can be performed at random on any arbitrary range, and information reading and writing methods
according to the present invention is applicable to an optical disc drive that can read and write from/to
a write-once optical disc on which a write operation can be performed at random on any arbitrary
range. REFERENCE SIGNS LIST [0267] 100 information recording medium 200 SBM 201 SBM
header 



202 bitmap information 300 TDMA 301 LO layer Pt SBM 303 LO layer 2'd SBM 305 TDEL 307 Ll layer
SBM  302, 304, 306, 308 TDDS 400, 1300 DDS  401: LO layer 1st SBM location information 402: LO
layer 2' SBM location information 



403: Li layer lst SBM location information  404: Li layer 2'd SBM location information 500 information
reading/writing apparatus 510 instruction processing section 520 optical head 530 laser control section
540 mechanism control section 550 memory 560 management information storage memory 570
system control section 571 writing section 572 reading section 



573 management information updating section 574 management information generating section 575
maximum block number determining section 576 disc information retrieving section  577 management
information writing control section 578 management information reading control section 580 I/O bus
1000 DMA 1001, 1007DDS + LO layer 15' SBM 



1002, 1008DDS + LO layer 2nd SBM 1003, 1005DDS + Li layer SBM 1004, 1006DDS + ALL 0 1301
DDS header 1302 writing mode information 1303 user data area's logical last sector address 1304 LO
layer inner spare area size 1305 outer spare area size 1306 Li layer inner spare area size 1307 1st
DEL location information 1308 8th DEL location Information 1309 LO layer SBM location information
1310 Li layer SBM location information 



CLAIMS       1. A write-once information recording medium on which a read/write operation is
performed on a block-by-block basis,      wherein the information recording medium has 15t through
flth recording layers (where n is an integer that satisfies n-?- 1), and wherein the lthrough nth recording
layers have 1st through nth user data areas to write user data on, and       wherein at least one of the
1st through recording layers has a disc management area to store disc management information about
the information recording medium, and wherein the disc management information includes       a disc
definition structure for use to manage the data structure of the information recording medium, and 



1st through nth space bitmaps for use to manage the recording statuses of the 1st through nth user
data areas, and       wherein each of the 1st through nth space bitmaps includes bitmap information for
use to manage the recording status of its associated one of the 1st through nth user data areas on a
block-by-block basis, and       wherein if in a situation where the largest space is allocated to an ith
user data area (where i is an integer that falls within the range the number of blocks to use to store the
ith space bitmap is N, (where N, is an integer that satisfies N2), if the number of blocks to use to store
the ith space bitmap for the ith user data area of an actual size is M, (where M, is an integer that
satisfies 11CM1 ==Ni) and if M, is equal to or greater than two,       then the ith space bitmap is divided
into the 1st through mith space bitmaps, each of which has a size that is still equal to or smaller than
one block even when combined with the disc definition structure, and stored in an associated one of
the M, blocks in the disc management area.        2. The information recording medium of claim 1,
wherein the disc definition structure is recorded on the first sector of each of the M, blocks.        3. The
information recording medium of claim 2, wherein  the MI blocks are consecutive blocks. 



4. The information recording medium of claim 3, wherein n is equal to or greater than two, and wherein
M11including the (i+l)th space bitmap for use to manage the recording status of the (i+1)th user data
area, start to be written on the block after (N1-M) blocks that follow the Mi blocks.        5. The
information recording medium of claim 4, wherein the disc definition structure is recorded on the first
sector of the (N -M1) blocks.        6. The information recording medium of claim 5, wherein in the
(Ni-M1) blocks, data of all zeros is written on every sector except for the sector on which the disc
definition structure is recorded.        7. The information recording medium of claim 1, wherein the disc
definition structure includes 141, 142, ..., N, ... and Nn pieces of space bitmap location information
indicating the respective locations of blocks on which the 1st through nth  space bitmaps are storable,
and 



wherein as for a block with no space bitmaps, invalid location information is stored as the space
bitmap location information.       8. A method for writing information on a write-once information
recording medium on which a read/write operation is performed on a block-by-block basis,   wherein
the information recording medium has l through recording layers (where n is an integer that satisfies
1), and       wherein the 1st through nth recording layers have through nth user data areas to write user
data on, and       wherein at least one of the 1st through nth recording layers has a disc management
area to store disc management information about the information recording medium, and wherein the
disc management information includes       a disc definition structure for use to manage the data
structure of the information recording medium, and through nth space bitmaps for use to manage the 



recording statuses of the lht through nth user data areas, and       wherein each of the 1st through nth
space bitmaps includes bitmap information for use to manage the recording status of its associated
one of the lst through nth user data areas on a block-by-block basis, and       wherein if in a situation
where the largest space is allocated to an ith user data area (where i is an integer that falls within the
range the number of blocks to use to store the ith space bitmap is Ni (where Ni is an integer that
satisfies Ni-2=2), and if the number of blocks to use to store the ith space bitmap for the ith user data
area of an actual size is Mi (where Mi is an integer that satisfies 1=CM1 and if Mi is equal to or greater
than two,       then the information writing method comprises the step of dividing the space bitmap into
the 1st through Mith space bitmaps, each of which has a size that is still equal to or smaller than one
block even when combined with the disc definition structure, and storing each said space bitmap in an
associated one of the Mi blocks in the disc management area.         9. The information writing method
of claim 8, comprising the step of recording the disc definition structure on the first sector of each of
the Mi blocks.        10. The information writing method of claim 9, wherein the M, blocks are
consecutive blocks. 



11. The information writing method of claim 10, wherein n is equal to or greater than two, and
wherein Mill blocks, including the (i+l)th space bitmap for use to manage the recording status of the
(i+l)th user data area, start to be written on the block after (111-M1) blocks that follow the M, blocks.
12. The information writing method of claim 11, wherein the disc definition structure is recorded on the
first sector of the (Ni-M,) blocks.        13. The information writing method of claim 12, wherein in the
(.1\11-M) blocks, data of all zeros is written on every  sector except for the sector on which the disc
definition structure is recorded.        14. The information writing method of claim 8, wherein the disc
definition structure includes N1r N2rN1, ... and 1\1, pieces of space bitmap location information
indicating the respective locations of blocks on which the Ft through nth space bitmaps are storable,
and 



wherein as for a block with no space bitmaps, invalid location information is stored as the space
bitmap location information.        15. A method for reading information from a write-once information
recording medium on which a read/write operation is performed on a block-by-block basis,       wherein
the information recording medium has Ft through nth recording layers (where n is an integer that
satisfies 1), and       wherein the 1st through nth recording layers have 1st through nth user data areas
to write user data on, and        wherein at least one of the lth through flth recording layers has a disc
management area to store disc management information about the information recording medium, and
wherein the disc management information includes       a disc definition structure for use to manage
the data structure of the information recording medium, and 



through nth space bitmaps for use to manage the recording statuses of the lth through nh user data
areas, and       wherein each of the lth through nth space bitmaps includes bitmap nfo a ion for use to
manage the recording status of its associated one of the lth through nth user data areas on a
block-by-block basis, and       wherein if in a situation where the largest space is allocated to an ith
user data area (where i is an integer that falls within the range the number of blocks to use to store the
ith space bitmap is Ni (where Ni is an integer that satisfies N1--2=2), and if the number of blocks to use
to store the space bitmap for the it user data area of an actual size is Mi (where Mi is an integer that
satisfies 1==..M1 ==Ni) and if Mi is equal to or greater than two,  then the ith space bitmap is divided
into the 1st through      space bitmaps, each of which has a size that is still equal to or smaller than
one block even when combined with the disc definition structure, and each said space bitmap is stored
in an associated one of the Mi blocks in the disc management area, and       wherein the information
reading method comprises the step of retrieving the ith space bitmap from the Mi blocks.        16. The
information reading method of claim 15, wherein the disc definition structure is recorded on the first
sector of each of the Mi blocks.        17. The information reading method of claim 16, wherein the MI
blocks are consecutive blocks. 



18. The information reading method of claim 17, wherein n is equal to or greater than two, and
wherein M141 blocks, including the (i+l)th space bitmap for use to manage the recording status of the
(i+l)t user  data area, start to be written on the block after (N,-M,) blocks that follow the M, blocks, and
wherein the (i+l)th space bitmap is retrieved from the block after the (N,-M,) blocks that follow the Mt
blocks.        19. The information reading method of claim  18, wherein the disc definition structure is
recorded on the first sector of the (N1-M1) blocks.        20. The information reading method of claim
19, wherein in the (N1-M1) blocks, data of all zeros is written on every sector except for the sector on
which the disc definition structure is recorded.      21. The information reading method of claim 19,
wherein information is retrieved without a break from all of N1, N2, Ni, ... and Nn blocks in the disc
management area.        22. An apparatus for writing information on a write-once 



information recording medium on which a read/write operation  1, performed on a block-by-block basis,
wherein the information recording medium has 1st through     recording layers (where n is an integer
that satisfies 1), and       wherein the 1st through nth recording layers have 1st through nth user data
areas to write user data on, and       wherein at least one of the 1St through n recording layers has a
disc management area to store disc management information about the information recording medium,
and wherein the disc management information includes       a disc definition structure for use to
manage the data structure of the information recording medium, and 



1st through nth space bitmaps for use to manage the recording statuses of the 1st through nth user
data areas, and       wherein each of the l't through nth space bitmaps includes bitmap information for
use to manage the recording status of its associated one of the 1st through nt user data areas on a
block-by-block basis, and       wherein if in a situation where the largest space is allocated to anuser
data area (where i is an integer  that falls within the range lf-LiLn), the number of blocks to Ilse to store
the ith space bitmap is Ni (where Ni is an integer that satisfies N1-a2), and if the number of blocks to
use to store the ith space bitmap for the ith user data area of an actual size is MI (where MI is an
integer that satisfies 1==.1M1 :-...c.N1) and if MI is equal to or greater than two,       then the
information writing apparatus divides the ith space bitmap into the 1St through M:h space bitmaps,
each of which has a size that is still equal to or smaller than one block even when combined with the
disc definition structure, and stores each said space bitmap in an associated one of the MI blocks in
the disc management area.       23. An apparatus for reading information from awriteonce information
recording medium on which a read/write operation is performed on a block-by-block basis,     wherein
the information recording medium has 1st through recording layers (where n is an integer that satisfies
n-?.- 1), and wherein the 1St through nth recording layers have 



through nth user data areas to write user data on, and       wherein at least one of the l through n
recording layers has a disc management area to store disc management information about the
information recording medium, and wherein the disc management information includes       a disc
definition structure for use to manage the data structure of the information recording medium, and
lth through nth space bitmaps for use to manage the recording statuses of the 1st through nth user
data areas, and       wherein each of the lth through nth space bitmaps includes bitmap information for
use to manage the recording status of its associated one of the 1st through nth user data areas on a
block-by-block basis, and wherein if in a situation where the largest space is allocated to anuser data
area (where i is an integer 



that falls within the range, the number of blocks to use to store the ihh space bitmap is Ni (where Ni is
an integer that satisfies N12:2), and if the number of blocks to use to store the ith space bitmap for the
i user data area of an actual size is Mi. (where Mi is an integer that satisfies 15=1%  Sili) and if Mi is
equal to or greater than two,       then the ith space bitmap is divided into the 1st through Mith space
bitmaps, each of which has a size that is still equal to or smaller than one block even when combined
with the disc definition structure, and each said space bitmap is stored in an associated one of the Mi
blocks in the disc management area, and   wherein the information reading apparatus retrieves the
space bitmap from the Mi blocks.       24. A method of making a write-once information recording
medium on which a read/write operation is performed on a block-by-block basis, wherein the method
comprises the steps of:       forming 1st through nth recording layers (where n is an integer that
satisfies n:2=1); 



defining ithrough nth user data areas to write user data on in the 1st through nth recording layers; and
defining a disc management area to store disc management information about the information
recording medium on at least  one of the lst through nth recording layers, and wherein the disc
management information includes       a disc definition structure for use to manage the data structure
of the information recording medium, and            through nLu space bitmaps for use to manage the
recording statuses of the lth through nth user data areas, and       wherein each of the 1St through nth
space bitmaps includes bitmap information for use to manage the recording status of its associated
one of the let through nth user data areas on a block-by-block basis, and 



wherein if in a situation where the largest space is allocated to an user data area (where i is an integer
that falls within the range 1-fLii--n), the number of blocks to use to store the ith space bitmap is N,
(where N, is an integer that satisfies N1=:=2), and if the number of blocks to use to store the ith space
bitmap for the ith user data area of an actual size is Mi (where N1 is an integer that satisfies 1==--M1
fiNi), and if M, is equal to or greater than two,       then the ith space bitmap is divided into the lth
through m,space bitmaps, each of which has a size that is still  equal to or smaller than one block even
when combined with the disc definition structure, and each said space bitmap is stored in an
associated one of the Mi blocks in the disc management area. 


























