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 meth&ESFREBPARKUS for reading and/or writing from/to such
a recording medium. BACKGROUND ART

WRITE~ONCE INFORMATION RECORDING MEDIUM, INFORMATION
RECORDING METHODR, INFORMATION RECORDING DEVICE, INFORMATION
REPRODUCTION METHOD, INFORMATION REPRODUCTION DEVICE AND

METHOD FOR MANUFACTURING INFORMATION RECORDING MEDIUM

TECHNICAL FIELD

(00011 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 reccrded vet and on which a random
write operation can bhe 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 remcvable information reccrding

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



[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 capaeitiesiSpesifichily laded laseriseam igised for BYDsawhileVdblue fasertieami alyaving a
shorter wavelength than the red laser beam, is used for BDs, thereby making the storage density and

storage capgeity. of BRs higher apd greater than these pf QVDs. Ag far.a, BDR. fgpexample ,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 layet i phastlelfargeitype bptidaldisc i3 irkadigteduilitle a fuxer Hehi afy tHeaatbhtic
bonding state of a thin-film substance, which has been deposited on its recording layer, is locally

varied with thegnergy injeetgd, therely writinguinformationthere. Alse; when jradiated with.a Jaser
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 ed&tectBBthé iFF5RRaHGN storéd there'GaitbeSieBRIcSutY o 4[Phabé tRaRgestype optical

discs include rewritable
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, 1s 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 1s an optical disc that uses a
phase change type recording material for its recording laver.
A phase change type optical disc 1s irradiated with a laser
beam and the atomic bonding state of & thin-film substance,
which has been deposited on its recording layer, 1is locally
varied with the energy injected, thereby writing information

there. Also, when ilrradiated with a laser beam with much



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 leftbetweernthetrharksn {0005gH oWevery asandaptical dise iatrénmwyablesc
information recording medium, probably there will be some defect on its recording layer due to the

presence of, dust or a recorgﬂgcr%]edium, the more egggy thceorecso&((jjigg maediélg%wélllfgg é:lffeCted by

as 3.1 r dance varle e 1
defects. Thatis why it has Become a more and rore common maasure {0 také to carry out a Hefect

management on not just rewritable optical discs (such as a BD-RE) but also write-once optical discs
(such as a BD:R)iaswelttoénsursithe réliability of tise datarreaddr writtem(ske Patentiacdument No.
1, for example). [0006]FIG. 1 shows the arrangement of various areas on a write-once information

\r,aﬁogging medium.(8.g. adual-layer BR-R Indhis case)- [QAQ7IHgreingfter, ine arangement of areas

be read out.

[0004] Phase change type optical discs include rewritable
optical discs, on which information can ke rewritten a number
cf times by using a phase change type reccording material for
its recording layer, and write-once optical discs, on which
information can be written only once. If & mark edge write
operation 1s performed on such a write-once optical disc, the
disc is irradiated with a laser beam that has been modulated
intco a multi-pulse train to vary the physical condition of the
recording material, thereby recording marks there. And
information 1s read cut from such a write-conce optical disc by
sensing a vwvarliaticon in reflectance between those recorded
marks and spaces left between the marks.

100057 However, as an optical disc is a removable

information recording medium, probably there will be soms

defect on its recording layer due to the presence of dust or a



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 whiél¥ s6ifeldata deedsdo BE elded-Twsthertmaddisd indémeaecordingtviodetin which
the write operation is performed on arbitrary locations (i.e., unrecorded clusters). In the following

example, howeysr e WHIEOPEationds sUpROsEr 1o, be parformed insthe rapdem,fecerdingynode.

[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, bhecsTihe tWo récdfding Jayers'that hdsa 1&ad-id readfill Bereretred td'RERRIFES"LO
layer" and the other recording layer with a lead-out area as "Li layer". In a BD-R, the LO and LI layers

are arrangegldn this grdersofbatthe.L Q layer jg.located maore distantfrom the lasgr hegaripsident
surface than the other LI layer.

on not Jjust rewritable optical discs {such as a BD-RE) but
alse write-once optical discs {such as a RD-R) as well to
ensure the reliability o¢f 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
exanple.

[0008] On a BD-R, a read/write operation is performed on
the basis of a block, which 1s an error correction unit and
which 1s also called a “cluster”. ©Cne 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



[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) anelother kinds offdisd aWarmyatiomo [00428H% e dat@areawf eddteretording fayer
consists of a user data area to write user data on and spare areas to provide a replacement for any

defective part of theyser data areg, [0013]Two spare graas.arg pllocafed so form ipnes and ;
performed continuously in a direction in which addresses
increase from a certain point to which some data needs To he
added. 'The other mode is & random recording mode in which the
write operation i1is performed on arbitrary locations {(i.e.,
unrecorded clusters). In the following example, however, the
write operaticn 1is supposed to be performed in the random
recording mode.
[C010] Each recocrding 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. 1In the
following description, one of the two recording lavers that
has a lead-in area will be referred to herein as “L0O layer”
and the other reccording layver with a lead-out area as “L1
layer”. In a BD-R, the L0 and L1 lavers are arranged 1in this
order so that the L0 layer is located more distant from the
laser beam incident surface than the other L1 laver.
G011} On the innermost zone of tThe L0 layer, there is a

control information area (which 1is called a Tpermanent



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 TDMADS 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 togéthér arsiriglersparadareaQ015[Thelspare digatmay have Jany arbithary sizesnvitrich is set
during formatting (initialization) processing, thereby determining the layout of the disc (i.e., the

ot St fea s st el o2, (IO pUdlon. ol g

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 capacity-related 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 infeormation,

(00123 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] Twe spare areas are allecated 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

(ISh)”, while the other spare area that forms the outer part

of the data area 1s called an “ocuter spare area (0OSA}".

[0014] As shown in FIG. 1, TDMAs (including TDMAZ, TDMAZ,

TDMA4 and TDMAS in this case), which store disc management



[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 irnefiiAg frifofmatiof alba theTseatdtasof defeetandaneit Féplademertaoo20)n the
dual-layer BD-R,four pieces of disc

disc management areas (ATDMAs)”, may be allocated to the ISAs
and O8As. In the following description, however, such an ISA
or CSA with an ATDMA 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.

(00181 As shown in FIG. 12(A), each of DMAIl through DMA4
consists of 64 blocks (= 32 blocks X 2 layers). Also, to

ensure compatibility between BD-Rs and BD-REs, DMAL through
DMR4 are arrangsed at the szame set of locations in both of
these twe types.

[0019] The first eight blocks of each DMA form an area to



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 féurBIeckE: G ©. tABFREIRRSUGH Elghtle Bloeks) dreresemed antufreserded & Batent
Document No. 2 and Patent Document No. 3. [0023]In a sequential recording mode, the recording

information and information about recording statuses. On the
other hand, the other 56 blocks thereof form an arsa o store
defect management information inciuding 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
astructure (DDS) incliluding disc’s laycout information (i.e.,
information about its format and status) and a space bitmap
{SBM} indicating the reccrding status of the user data area,
are arranged on a block-by-block basis in the first four
blocks of each DMA.

[C021] All of these four DDSs gstore the same pilece of
information. As for the SBMs, on the other hand, L0 layer SBM
and L1 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



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 SRR, 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-byblockbasign f00%4]0n 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 e{:\@b of PMAl through Dg\ééﬂéﬁ%g FG. @e@%éﬁgﬁca%?déf‘o n@{@gemgj&fgﬁrﬁation

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 froth Any 6Ttho3& DMPAZ GEED the préseriteestadmé teféSBifthtas dust 6Edird i ng
management information can still be retrieved from another one of the DMAs.

range information (SRRI} instead of the SBMs. Fach user data
area 1s 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 piliece of disc management
information consisting of the BDS and the SRRI 1s 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-by-
bleck basis.

[G024] Cn  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 1s written on each of DMAL
through DMA4 (see FIG. 1}. This is because if no management
information could be retrieved from the DMAs, the read/write

ocperatlon could not be carried cut. That 1s why with the same



[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 thée disednciide pidcasraftinformation apout the sizes303,11304 amisk305 of the spare
areas, the logical last sector address 1302 of the user data area, and the ATDMA's sizes 1307, 1308

and1309-QH5HE@Q@§£t 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.
f0026] The same disc management informaticon and the same
defect management information are written a number of times
for gquite the same reason.
[0027] FIG. 13 shows the data structure of the DDS of the
dual-layer BD-R.
[0028] The DDS8 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

10



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 LI layer inner
spare area, can be set. Specifically, the LO layer inner spare area size 1303 indicates the size of ISA
(see FIG. 1):#helouter sparearealsiZzd 0364 mkcsss the sizeforOsniand OSAIcandthe ENlayer
inner spare area size 1305 indicates the size of ISAl. [0031]Just like the sizes of the spare areas, the

sizes of thr%@l%gé%&ﬂ%%%@%%% namelystheQlayerdpnerATDMA oufer, ATRPMASg, 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 indiqates the size of TDMA3 and TDMA4, and the Li
layer inner ATDMALSi7¢ 1:8094ndlctiés thefSizel CRDMAS. {0632]1GH teothé Rand the kst2e of the

user data area can be determined by pieces of information about the storage capacity of the disc,

including the first and; last physicabaddresses Qitbedespeactive-recording layers: data areasthat 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- o Al OF thogé Ipard afdas bpe and 1313 indicating the locations

where the 3BMs are stored.

[003G] As for the gizes of the spare areas, the sizes of
three different kinds of areas, namely, the L0 layer inner
spare area, outer spare areas, and L1 layer inner spare area,
can be set. Specifically, the L0 layer inner spare area size
1303 indicates the size cof ISA0 (see FIG. 1), the outer spare
area size 1304 indicates the size of CSA0Q0 and 0SAl, and the Ll
layer inner spare area size 1305 indicates the size of ISAl.
(00317 Just like the sizes of the spare areas, the sizes of
three different kinds of ATDMAs, namely, the L0 layer inner
ATDMA, outer ATDMAs, and Ll layer inner ATDMA, can be set.
Specifically, the LO layer inner ATDMA size 1307 indicates the
size of TDAMZ ({see FIG. 1), the outer ATDMA =size 1308B
indicates the size of TDMAZ and TDMA4, and the L1 layer inner

ATDMA size 1309 indicates the size of TDMAS.



ATDMASs 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. [uO36]FIG. 2 illustrates
the data structOr ¢f eachDSBML {0037 Ee SBMI20G includes an SBM header 201 dmndhbitmaz

can be determined by pieces of information about the storage
capacity c¢f 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 ke stored in their sizes in the DDS.

[G034] Each DFL consists of eight blocks. And to manage
the location information of each ©f those eight blocks, eight
pieces of DFL 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

L1 layers, respectively (see Patent Document No. 4, for
example) .
[0G35] And the DDS header 1301 includes an identifier for

use to determine whether this is a DDS or not.



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. TheiSBM header 201 irther includes-thecfirst physicaladdress-ef the areartodmimanaged by
reference to the bitmap information 202 and the size of the bitmap information so as to indicate the

size of the e ive bitmap infoymation.and.the range of the r data area e managed b
reference to{{ﬁg#ﬁmap informa |§/}n. ngdcﬁﬁgr{ ﬂgssEﬁ\W héa er%?r Cgerrinc%(é esaanrﬁpidgﬁﬁﬁ“grp
indicating whether this is an SBM or not. [0040]And when finalize(also called "disc close") processing
is carried outrtd prohibitdhe ager fromihewtyl addindg.any-tuthed prere of infarmation tetheudise and
make the disc a read-only one, management information indicating the latest state of the disc is written

Onthe[)MAHata 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 bklock as zero, respectively
(see Patent Document No. 2, for example).

(0039} The SBM header 201 includes layer infermaticon to
indicate what recording layer this SBM is intended to manage.
The 5BM 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 informatiocn 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



[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 cannotbe 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. possibe and avoid usjng the area.up, nothing put required informatiorys wrifien.en 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 s iz 2hé Tatest DDSaIeVErdailS 6 be- Stofed o thetseétor thueiochrsijustbeldre the
boundary between the recorded and unrecorded areas of the TDMA. In that case, just by searching for

the boundary befween the reeorded-and uprecorded aeas of the TDMA gad seanning, the,sagtor 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}Hrthis mEhier deféct Pidnagemeti eah get doHesAarion 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
SBRMs, BDSs and DFL themselves are identical with those of the
DMA., In the TDMA, however, the DFIL 1s 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 DFL being
written, which are some of the differences between the TDAM
and the DMA.

[0043] A TDMA is an area that is provided fo 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 i1t while the disc 1s being finalized,

defects and the recording status of the disc can be managed.



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

(00447 For that reason, to use the area as effectively as

possible and avoid using the area up, ncthing but reguired
informaticn 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 i1s located Jjust before the boundary between the recorded
and unrecorded areas of the TDMA. In that case, Jjust 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
obtalned. Likewise, when The DFL i1is updated, the DDS is
written for guite the same reason (see Patent Document No. 1,

for example).

[0046] In this manner, defect management can get done on a
BD~R.
[0C47] Recently, the storage capacities of optical discs

have been further increased vyear by vyear. To increase the



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:<x: £PCT Istesnatienal-dpplication Japanese Natidnal PhasesPublication docrage
2007-509453 Patent Document No. 4: Japanese Patent Application Laid-Open Publication No.

2008'2935Z%§%gy@@Aﬁgé§3Fgg%g%gIg%N layer c¢an be ingreased by shortening

marks and spaces to record and the track pitch. Cr 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 cf the
user data area should be increased, tco. In the seguential
recording mode, tThe SRRI, which 18 used to manage the
recording status of the user data area and which will be
stored aleng 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.

CITATICON LIST

PATENT LITERATURE

[0049]

Patent Document No. 1: Japanese Patent Publication No.



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

Patent Document No. Z: Japanese Patent Application Laid-
Open Publication No. 2007-42277

Patent Document No. 3: PCT International Application
Japanese Naticnal Phase Publication No. 2007-509453

Patent Dccument Ne. 4: Japanese Patent Application Laid-

Open Publication No. 2008-293571

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[005C] However, the SBM manages the user data area by

handling one block of that area as one bit. That is why 1if

the size of the user data area to be managed by the 3IBM

increases, then that of the bitmap information of the SBM

also increases.

(00511 The SBM can manage as many as 16,384 blocks with

the bitmap information of only one sector. If the S$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
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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 dige managetnent iptormatiarowatildohavesgsize ok 2ddaeks apdoth ohthe:LQ 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
ayer ant 2 200 or 15 Gb BFANG 1 o5 er BRE e T R B Enf oo St Fave Haize of 1
block on both of the LO and Li layers. [0055]Furthermore, if 1 GB were allocated to each of ISAO,
SAO and OSAiant:2 GRwene allo€ated:toilSAL, 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

o DA ond, 8 Va0 gros U il oL 20 A1 i g
the S3BM 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 ISA0, O0OSAQ/1
and ISAl are 1 GB, 15 GB and Z GB, respectively. In that
case, 1f 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 L0 and L1
layers and the disc management information woculd have a size
cof Z blocks on both of the L0 and L1 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

waere maximized}, then the user data area would have a size of

19 GB on the L0 layer and a size of 18 GB on the L1 laver and



[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 exceedszoreblock 1 [0058t isitherefonelah oljeet of the peesefit ihventworkio
provide a write-once disc information recording medium that can still obtain disc management

information even in a situation re the storage capacity per recording layer has increased so much
14 Situatien where the sforage cap:

that the size 6f the SBM varies with those of eysepare 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. [C055] Furthermore, 1if 1 GB were allocated to each of

ISAG, CSAQ0 and OSALl and 2 GB were allocated to ISAI, 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 L0 layer. On the L1 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 i1s sometimes different between
the LO and L1 layers.

10057} 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 methed 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



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 Is' 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

those of the spare areas) and where the size of the S5SBM
exceeds one block.

[0059] It is therefore an object of the present invention
to provide a write-cnce disc information recording medium that
can still obtain disc management informstion 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

10060] An information recording medium according to the
present invention 18 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

1°% through n'® recording layers {where n is an integer that

satisfies n&1). The 1°° through n*® recording layers have 1°%°
through n™ user data areas to write user data on. At least
one of the 1°*% through n*® recording layers has a disc
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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 torauvithy isendatarareat(whete kis ani ktegernihgttads withiry thereangenl atheanumber 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 ofplockstto use to store.the ith gface bitr@c?gr :‘\(})F",the user data area Qf[}%: actua| size is M,
(where M, is an iiteger that safisfics 12=M11aN1) and'it Mis &kt 16 BF G Febter than 0D, tREn 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 smallerthan enelblock ewen whehcombined-with ¢hefdisc definition straciute, andestored
in an associated one of the M, blocks in the disc management area. [0061]In one preferred
embodimen(tiatlgg discﬁ‘rdgcl‘:i[;gi}gg st(g%ctutrgeis rec%rcged %qéhe figcségggt :fr?f e?nch gf Ege M |O(EL(§.
[0062]In this particusiar preferred embodlmenjf,ri & MPBlocKs are consecutive %ﬁoc\f(s. [5‘& ]In a specific
preferred embodiment, n is equal to

through n™ space bitmaps for use to manage the recording

statuses of the 1°° through n™ user data aresas. FEach of the
1% through n'™ space bitmaps includes bitmap information for
use to manage the recording status of its assocciated one of
the 1°° through n*" user data areas on a block~by-block basis.
If in a situation where the largest space is allocated to an
i user data area (where i is an integer that falls within
the range 1=%1Z=n), the number of blocks to use to store the
1o space bitmap is N: {where N; is an integer that satisfies Ny
=2) and if the number of blocks to use to store the 1™ space
bitmap for the i*® user data area of an actual size is M
(where M; is an integer that satisfies 1SM;SN;) and if M; is
equal to or greater than two, then the i™ space bitmap is
divided into the 1°° through M;"™ space bitmaps, each of which

has a size that 1is still equal to or smaller than one block

even when combined with the disc definition structure, and
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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 N1sN2red Ni,n.. and Nftpieces of spase-bitmap tacatian infermatien indicating the respective
locations of blocks on which the Ist through nth space bitmaps are storable. As for a block with no

space bitmaxgs, invalid location information is stored as the space bitmap location information.
anagement area.

0061} In one preferred embodiment, the disc definition
structure i1s recorded on the first sector of each of the M
blocks.

[006Z] In this particular preferred embodiment, the M
blocks are consecutive blocks.

(00637 In a specific preferred embodiment, n is equal to
or greater than two. And Mj.; blocks, including the (i+1)®
space bitmap for use to manage tThe recording status of the
(1+1)™ user data area, start to be written on the block after
(N;-M;) blocks that follow the M; blocks.

[0064] In this particular preferred embodiment, the disc
definition structure is recorded on the first sector of the
{N;~M:} blocks.

00657 In a more specific preferred embodiment, in the
(N;-M;) blocks, data of all zeros has been written on every
sector except for the sector on which the disc definition

structure is recorded.

i0Coo] In another preferred embodiment, the disc
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[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

definition structure includes Ny, Nz, .., Ni, .. and N, pleces of

space bitmap location information indicating the respective
locations of blocks on which the 1%% through n™ space bitmaps
are storable. As for a block with no space bitmaps, invalid
location information is stored as the space bitmap location
information.

[G0&e7] 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 1s performed on a block-by-block basis. The
information recording medium has 1°° through n*" recording
layers (where n is an integer that satisfies nZ1). The 1°°
through n' recording layers have 1°% through n™ user data
areas to write user data on. At least one of the 1°° through
n" 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 1°% through n" space bitmaps

for use to manage the recording statuses of the 1% through n'™
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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 Ist 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 Ist
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 usedestosie the ith-space bitmaghis Nf (whese Nits aminfeger that satisfies N1i2wapd 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 Miis,an !Lntg%er ttgjattsatisfies % and i{zl.\/li is eﬁq}ual to or g{:eater than two,.then the information
writing method comprised tha Srep st dvilg he ih Shactbitmap iff a1 St Hrodgit it 'SPhce
bitmaps, each of which has a size that is still equal to or smaller than one block even when combined
with the disedefinitorp$tructare; andstaringl eactesaid space hiffmaphinanyassotiatedanedfithe Mi
blocks in the disc management area. [00681In one preferred embodiment, the method includes the

step of recording the dis¢ definition strycfure oR NG ASt 1+ 4, 4 situation where the

h

largest space is allocated to an i'" 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 i™ space bitmap is N
(where N; is an integer that satisfies N: £ 2), and if the
number of blocks to use to store the i'" space bitmap for the

i*® user data area of an actual size is M; (where M:; is an

integer that satisfies 1S5M; SN;) and if My is equal toc or
greater than two, then the information writing method

comprises the step of dividing the S

space bitmap into the
1%° 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 storing each said
space bitmap in an asscciated one of the M; blocks in the disc
management area.

[(0068] In one preferred embodimeniz, the method includes the

step of recording the disc definition structure on the first
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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.

sector of each of the M; blocks.

[0069] In this particular preferred embodiment, the M
blocks are consecutive blocks.

[0070] In a specific preferred embodiment, n is equal to
or greater than two. And M4 blocks, including the (i+1) %
space bitmap for use to manage the recording status of the
(i+1)™ user data area, start to be written on the block after
{N;=M;) blocks that follow the M; blocks.

[0071] In this particular preferred embodiment, the disc
definition structure 1is recorded on the first sector of the
(N;:~My) blocks.

[0c72] In a more specific preferred embodiment, in the
(Ni-Mi) Pklocks, data of all zeros 1s written on severy sector
except for the sector on which the disc definition structure
is recorded.

[0073] In another preferred embodiment, the disc
definition structure includes Ny, Nz, .., Ni, .. and N, pieces of
space bitmap location information indicating the respective

locations of blocks on which the 1% through n®™ space bitmaps

are storable. As for a block with no space bitmaps, invalid

25



[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 fothe jprésentanventionss amethdd for reddingspformationfrem d weite-bnoe
information recording medium on which a read/write

information.

[C074] An infermation 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 1is performed on a block-by-bklock basis. The
information recording medium has 1°° through n* recording
lavers {(where n is an integer that satisfies n=1). The 1°%°
through n*® recording layers have 1% through n™ user data
areas to write user data on. At least one of the 1% through
n*" 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 1°% through n™ space bitmaps
for use to manage the recording statuses of the 1°° through n®
user data areas. Each of the 1°% through n"™ space bitmaps
includes bitmap informaticon for use to manage the recording

status of its associated one of the 1°° through n'® user data

areas on a block-by-block basis. If in a situation where the
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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 Ist
through nt user data areas to write user data on. At least one of the Ist 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 Ist through nth space bitmaps for use to
manage thelrecqrding statusesiof thel 1St thredght nthausei Uata seeasi£ach of the Istthrotgh nu
space bitmaps includes bitmap information for use to manage the recording status of its associated

one of the 15t through nth user d%: areas on a b&oi_cﬁ%yﬁbl%%( basis. If in als'guatign F\}/;/%here T}QS largest

space is alldcated to aR 1J Tser data ared (wherd i 184 inféger thal Hiis within the Frige 1), 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 thexhembef ofiblockssto Use to stotethetithrspace ditrhdp for tive ith Usergdata ardé of an
actual size is M, (where Ml 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
Sive that 15 Sl Sk o1 SmelEr (A GABDIOCk Sy AeR Conon BaFAit e S oA
structure, and each said space bitmap is stored in an associated one of the M, blocks in the disc
managementuarear The infémrationtieadiryy rhetrodcRelutes the Stepefrethaving thefierspate bitmap
from the M, blocks. [0075]In one preferred embodiment, the disc definition structure is recorded on the

ﬁmtSaﬁmwgﬂa%E@Ph@Q%gm%¥éa of an actual size is M; (where M; 1s an

integer that satisfies 1 =M SN;) and if M; is equal to or
greater than two, then the ith space bitmap i1s divided inte
the 1°% through M;*" space bitmaps, each of which has a size
that is still egual to or smaller than one block even when
combined with the disc definition structure, and each said
space bitmap i1s stcred in an associated cone of the M; blocks
in the disc management area. The information reading method
includes the step of retrieving the 1i*" space bitmap from the
M; blocks.

[0075] In one preferred embodiment, tThe disc definiticon
structure 1is recorded on the first sector of =ach of the M
blocks.

[G0767 In this particular preferred embodiment, the M

blocks are consecutive blocks.
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[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 embodiinient, inthe {N'shexhlocks, date of akt deresiisutittenton everysseetpr=ekcept for the
sector on which the disc definition structure is recorded.

or greater than two. Mi+1 blocks, including the (i+1) ™ space

bitmap for use to manage the recording status of the (i+1)®

user data area, start to be written on the block after (N;-M;)

blocks that follow the M; blocks. And the (1+1)™ space

piltmap 1s retrieved from the block after the (N;-M;) blocks

that follow the M; blocks.

[0078] In this particular preferred embodiment, the disc

definition structure is recorded on the first sector of the

(Ni—'Mi) blocks.

[0079] in a more specific preferred embodiment, in the

{(N;-M;) blocks, data of all zeros 1is written on every sector

except for the sector on which the disc definition structure

is recorded.

{0080) In another preferred embodiment, information is

retrieved withcocut a break from all of Ny, Nz, .., Nj, .. and N,

blocks in the disc management area.

[C081] An infermation recording apparatus according to the

present invention 1is an apparatus for writing information on

a write-conce information recording medium on which a
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[0080]In another preferred embodiment, information is retrieved without a break from all of NI, N2,Nl, -
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

read/write operation is performed on a block-by-block basis.

The information recording medium has 1°% through n™ recording
layers (where n is an integer that satisfies n=Z21). The 1°°
through n'® recording layers have 1°® through n™ user data
areas to write user data on. At least one of the 1% through
n“® recording layers has a disc management area to store disc
management informatiocn 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 1°% through n'® space bitmaps
for use to manage the recording statuses of the 1°% through n™
user data areas. [Each of the 1°% through n™ space bitmaps
includes bitmap information for use to manage the recording
status of its associated ocne of the 1% through n™ user data
areas on a block-by-block basis. If in a situation where the

ilargest space is allocated to an i

user data area (where 1
is an integer that falls within the range 1 =i =n), the
number of blocks to use to store the i™ space bitmap is N

(where N; is an integer that satisfies N; £ 2}, and if the

number of blocks to use to store the i™ space bitmap for the
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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 Ist through nth user data areas.
Each of the 1st through nth space bitmaps includes bitmap information for use to manage the
recording statlis obits associated-ene oftthed Stttrausgh nth useridata‘areastonca block-by-bhock 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 yse to store thespace hitmap is Ni (where Ni is an
integer that S3fiSHESNi2) ahd fFthé %%}n%bser%f%l%qék?t%igseat%%to%g tﬁé ith Space bi mati)oforO the

user data area of an actual size is Mi (where Mi is an integer that satisfies Ifi-M,==NJ and if Ml is equal
to or greategthantwo, thémthe informatibrewritingesapparatustdivides the ithtspaze bipapdntosthe let
through Mith space bitmaps, each of which has a size that is still equal to or smaller than one block
even when i ith_the disc.definition. ur d stores each. saj cepitimap i
associated ((C)é(r?fer;[jJ géﬁ]t%% VI\\%IE%BIOC S inst%%%ll!sgg rﬁ?ﬁ% err?gr%%arig 00%2] %égﬁaﬂ%% re%%gﬁ%?ng
apparatus according to the present invention is an apparatus for reading information from a write-once
information Feidording - mediam orf whichcdreadAvrite epération is-performetldn #blotk-bybleek basis.
The information recording medium has let through nth recording

smaller than one blcck even when combined with the disc
definition structure, and stores each said space bitmap in an
associated one of the My blocks in the disc management area.

[oogz] An information reproducing apparatus according to
the present invention 1s an apparatus for reading information
from a write-~once information recording medium on which a
read/write operation is performed on a bklock-by-block basis.
The information recording medium has 1°° through n™ recording
layers {(where n is an integer that satisfies n=1). The 1°°
through n™ recording layers have 1°° through n™ user data
areas to write user data on. At least one of the 1°° through
n*® 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 wuse to manage the data structure of the



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 bitrhap dnfasmation fer-useltmmanagéithe receidint status ofilis aSsosiated anemfthe Ist
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 i%, the number of
blocks to usgcfg store tﬁg ifﬁaélpa&ée tgﬁn%aff ?scﬁf:g/vlhr%qre%ﬁg %ﬁelﬁtecégr ha? s[gtisfi%a% i%?,gaﬁld 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:am intetyer 4hat satisfies 1HCN1dNG) anckif Mitis equaltoror gheatepthan ot tizgrsthe
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 gne block even when com 'ngd with t edi%c ggf'rgti%%trugggg grﬂg ach
said space tj)i?r%gbl (#s? gtorgeﬁ%fﬁaf associate jé(rél% of the I\%I%bﬁoc 3 in the é}sc managemer'ft area. The

information reading apparatus retrieves the ith space bitmap from the Mi blocks. [0083]An information
recording metiumy manfifactwingsscciated one of the 1°° through n™ user data

areas on a block-by-kblock basis. If in a situation where the
largest space is allocated to an i™ user data area (where i
is an integer that falls within the range 1 =1 =n), the
number of blocks to use to store the i'" space bitmap is N
{where N; 1is an integer that satisfies N; = 2), and if the
number of blocks to use to store the i*" space bitmap for the
1™ user data area of an actual size is M, (where M; is an
integer that satisfies 1M, S N;) and if M; is equal to or
greater than two, then the i'" space bitmap is divided into
the 1°° through M;*™™ space bitmaps, each of which has a size
that 1is still egual te or smaller than one pblock even when
combined with the disc definition structure, and each sgaid
space bitmap 1s stored in an asscciated one of the M; blocks
in the disc management area. The information reading

n

apparatus retrieves the i™ space bitmap from the M; blocks.
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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 includeks a disardefinitid stractuse: for useta thanage theddata struciunefeidhe mformation
recording medium, and let through nth space bitmaps for use to manage the recording statuses of the
Ist through nth user.data areas Each of th Itt through nth space itmaps lncludes bi infopmation
for use to man;gge C11earg((::ord|ng gtatus of %s asgomagteél% one o¥ﬁ12c I]Tﬁrough nth user tc?]?z artég;1 ona
block-by-block basis. If in a situation where the largest space is allocated to an ith user data area
(where i is ancikteger thatfalls withincet ile rdnged i 1)y thesmumbengf blecksuto use tosstdranthe

space bitmap is Ni (where Ni is an integer that satisfies Ni =2;2), and if the number of bIocks to use to
store the |th§é)g&9\pgg]@éa fglélglealm 8§Iler %at%QE%Q %r&a%tHal S|zDe |(§4\% (Q%h (ll\éus gn tgger that
satisfies I'5=M1S:N1) and if Mi is equal to or greater than two, thent ace bitmap Is V|ded into
the 1St through mith space bitmaps, each of which has a size that is still equal to or smaller than one
block even Whén comisined viitis thelgisc définitioh shracterd; anficeachnsaidlSpacetvitmagis stéred in
an associated one of the Mi blocks in the disc management area. ADVANTAGEOUS EFFECTS OF
'NVENT'ONrLQQ%Iﬁ?%’@Q%é%he (Bresent jpvent E’ﬁ %Q%g%@ggt intgy %aé'oé'és}ﬁ ad from, or
written on, a DMA based on the maximum number o e disc management in ormatlon That
is why even if the storage capamty per recordlng layer increases and the size of an SBM changes, the
disc managéthénbifsimation BAAEH be Tead BEWHRER wWthBEECHENGIHG e Sige Bf hetdisen
management information itself to read or write.That is to say, the read/write operation can be

in the 1°° through n'® recording layers; and defining a disc
management area to store disc management information about the
information recording medium on at least one of the 1%
through n*" recording layers. The disc management information
includes a disc definition structure for use to manage the
data structure of the information recording medium, and 1°%°
through n™ space bitmaps for use to manage the recording
statuses of the 1°% through n™ user data areas. FEach of the
1°** through n"™ space bitmaps includes bitmap information for
use to manage the recording status of its associated one of
the 1°% through n'" user data areas on a block-by-block basis.
If in a situation where the largest space is allocated to an

i*™™ user data area (where 1 is an integer that falls within
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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. the range 1=i=n), the number of blocks to use to store the

ith space bitmap is N; (where N; is an integer that satisfies Nj
£ 2), and if the number of blocks to use to store the i
space bitmap for the i*™ user data area of an actual size is
M; (where M; is an integer that satisfies 13M;SN:;) and if M
is equal to or greater than two, then the i*" space bitmap is
divided into the 1° through M,*" space bitmaps, each of which
has a size that 1s still equal to or smaller than one block
even when combined with the disc definition structure, and

cach said space bitmap is stored in an assoclated one of the

M; blcocks in the disc management area.

ADVANTAGEQOUS EFFECTS OF INVENTION

[0084] According to the present invention, disc management
information is read from, or written on, & 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
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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. wr F&. 10 shibws the slatastructyre of adb MAecani Wiich: a writecaperation hasbebn
performed by a method according to a preferred embodiment of the present invention. FIG.1llisa
flowchart show ‘%%J?;%‘évdt%ﬁf{g’r% %gaald ? eer%‘g%f%r%‘%a %Mé%%%r‘év hjéifr‘%a Wrte %%egat{%”eh%%ﬁee”

[ o} ing t pre

i .
performed @awr ing met accor 0 a preferred embodiment of the present inverition.

eliminated.

BRIEF DESCRIPTION OF DRAWINGS

(0085}

FIG. 1 shows the arrangement of various areas on a write-
cnce 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. 5 illustrates an information reading/writing
apparatus as a preferred embodiment of the present invention.

FIG. & 1is a flowchart showing how to perform a write
operation on a DMA acccerding to a preferred embodiment of the

present invention.

FIG. 7 is a flowchart showing the procedure of generating
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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 referemeataytiieent  information  according to a preferred

embodiment of the present invention.

FIGS. 8(A) to 8{C) show how a memory changes itg statuses
when disc management information is generated in a preferred
embodiment of the present invention.

FIG. 9 1is a flowchart showing the procedure of writing
disc management information on a DMA according to a preferred
empediment 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 inventicn.

FIG. 11 1is 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
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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 thar-onek For @xamplethelinformatibniecording 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

fom one of them thats logalegmost dsfpe} om he eaclwie gt et suriace [G9gSJ5ach of

the 1St through nth recording layers has a

for a DMA of an information recording medium with increased
storage capacity according to a preferred embodiment of the

present invention.

DESCRIPTION OF EMBODIMENTS

10086] Hereinafter, preferred embodiments of the present

invention will be described with reference to the

accompanying drawings.

(EMBODIMENT 1)

0087} A write-once information recording medium 100 as a

first specific preferred embodiment c¢f the present invention

also has the same arrangement of areas as what is shown in FIG.

1l and a detailed description therecf will be omitted herein.

100887 FIG. 1 illustrates a recording medium with two

recording layers LO and L1 just as an example. However, the

present invention 1s in no way limited to that specific

preferred embodiment. Rather, the dinformation recording
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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 raboltits fermatar stattis) t The didc managementinforimyiensurthée ircludeéss 1strthrough
nth space bitmaps (SBMs) for use to manage the recording statuses of the 1st through n user data
areas. And gaely of the.1sthroyah ath space Biimans. clides plimap jplormatia far sgde manage
the recording status of its associatet 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 blééleas ohe Gndtarprunrecoredione s gai tierebymanaging geCitbiding 3auSs.
[0091]The DDS 400 further includes area information that

LO, LI, .. and Ln-1 (where n is an initeger that is egual tc or
greater than cone), which are identified in this order from one
of them that is located most distant from the read/write light
incident surface.

[oog9] Each of the 1% through n' 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 1°° through
th

n- recording layers has a disc management area (DMA} to store

disc management information about the informatiocon recording

medium.

[00s0] 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 reccording medium {such as Iinformation about its

format or status). The disc management information further
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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]Howelver; lindke folfdwiriy detgiled desariptionbthensipe of Hididatafarea s supposethindise
defined so that if the widest space is allocated to the user data area, the disc management information

has a size of fwo plocks and that if the parrgwest spage is aliocated torihe, User dafa 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 tHedurBetofdfiockesNZ i6 usknowtbrethe serond spacaditaprsatisfies NRitpap
Conversely, if the narrowest space is allocated to the user data area of each layer, the number of

blocks NI to;use forsiore the first space b%tH‘a%ﬁH%fées N1 and the punber gt-blocks N2;tp 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 P82 &eetbrswhichiwilt e referrelite HEtbin asist 2REANE3DAd S6@8Es, O &

block-by-block basis. The bkitmap information handles one
block of the user data area as one bit and may regard a
recorded block as one and an unreccrded 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 secteor address 1302, for example.

{00927 Tf the number of blocks allocated to an 1" user
data area (where 1 is an integer that falls within the range
1=1i=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 i*" space bitmap is supposed to be N; (where N; is
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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 LI 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 eachofi EIGS k5 () a158) tanslfi5(€ ) Nia&ieblocks, 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]|ftheWﬂovide%é%etpg}’o @yegﬁgn%ﬁowing 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 i1s allocated to the user data area
of each layer, the number of blocks N; to use to store the
first space bitmap satisfies Ni=2 and the number of blocks Np
to use to store the second space bitmap satisfies Ny = 2.
Conversely, 1f the narrowest space is allocated to the user
data area of each layer, the number of blccks N; to use to
store the first space bitmap satisfies N;=1 and the number of

blocks N to use to store the second space bitmap satisfies No

H

1. In this case, the L0 and L1 layers are supposed to have

the same data area size,
[0094] In this first preferred embodiment of the present
invention, cone block consists of 32 sectors, which will be

referred to herein as 1°%, 2™, . and 32™ sectors,
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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.qg., 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 Ml
(which satisfiesspekeMYpand if Mi is equal to or greater than two, then the SBM is divided into the Ist
through Mich SBMs, each of which has a size that is still equal to or smaller than one block even when

combined wi DS a torgdin anassogi o] M, bl [0 ifically,; E1G.
15(A) showsfg i%%e?tion WE%I% Me%%:z fﬁoi:lthe re%%d%ng%%%ﬁ.%%%d %h%%z férg t%lsér{ggg%déiﬂngflger L1.

FIG. 15(B) shows a situation where M1==2 for the recording layer LO but M2=1 for the recording layer
LI. And FIG.H8B{C)Bfowe & situation Wiepe 3l =1nfop e Fecordintplay et L Osantiid-ta fopthih
recording layer LI.

increased storage capacity.

[C096] 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 informaticn has a size of two blocks
on the L0 layer but has a size of one block on the L1 lavyer.
And FIG. 15(C) 1illustrates a situation where the disc
management information has a size o¢f one Dblock on each
recording layer.

{0097] In each of FIGS., 15(A), 15(B) 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., N;+N;
=4 is satisfied).

[0G98] If the SBM provicded for the L0 layer cannot be
stored in one block but needs to be stored in two blocks as in
FIGS. 15(A) and 15(B), then the 3SBM for the LO layer may be

split into two SBMs (e.g., first and second SBMs for the LO
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[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 whichythe) SBMis!staréd {0108] That iszo sayeintthe infosmationlrecérdisg meeiuneoé this
preferred embodiment, if the number of blocks to use to store the SBM that is provided for one

recording layer Li-1 Q/‘yggre‘ﬂjﬂggn é’g er g&at i ggu%lht Of great Lone i ( Qﬂg sa}_li fies
1.41) and i?%{/lloig equal to or greatergf‘ﬁgan two,“%en the %BM ée'di\%%gepc??ntg%tﬁe%@? tr\lé:ou§h Mit SBMs,
each of which has a size that is still equal to or smaller than one block even when combined with the
DDS and stared-incan assddigtetvohdodbrhliesM1BbRtke XhdldiQRe firstsertoriofedach of those M,

blocks, stored is the DDS.

[0099] That is to say, in the informaticn recording medium
of this preferred embodiment, if the number of blocks to use
to store the 3SBM that is provided for one recording layer Li-
1 {where 1 1is an integer that 1s equal to or greater than
one) 1is M; (which satisfies 1=M;) and if M; is equal to or
greater than two, then the SBM is divided into the 1°° through
Mith SBMs, each of which has a size that is still egual to or
smaller than one block even when combined with the DDS and
stored in an assocliated one of the M; blocks.

(0100} Specifically, FIG. 15(A)} shows a situation where M;
=2 feor the recording layer LO and M; =2 for the reccrding
layer L1, FIG. 15(B) shows a situation where My =2 for the
recording layer L0 but M;=1 for the recording layer L1. And
FIG. 15(C} shows a situation where M; =1 for the recording
layer LO and M,=1 for the recording layer L1.

[01017 By securing a reguired number of blocks to store

the space bitmaps of all recording lavers, splitting each SBM
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[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]&s showmireEIGS. 15(A)r and 154B), the first SBM ferthe reedrding kayer Otard the
second SBM for the recording layer LO have been written on two consecutive blocks. In the same

way, the first ad second SBM %‘?{ tg& regording layer L h%‘(;eo%'fﬁ eenrilen on twg,consecutive
blocks as shown in FIG. 15(A). 18 ]TJha 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 layépksiel wiverkd istan intagertiaatis equalte ofl graatarathageuralis L {@utiiett ion
satisfiesthen the 1st through Mith
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 {(l.e., the size of The spare area) and 1f the SBM cannot
be stcored in one block.
{01027 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, 1f the number of blocks to use
to store the SBM that is provided for cne recording layer Li-
1 (where 1 is an integer that 1s equal to or greater than
one) 1is M; (which satisfies 1SM;) and if M; is equal to or
greater than two, then the SBM is divided into the 1°° through
M;* $BMs, each of which has a size that is still equal to or
smaller than one block even when combined with the DDBS and
stored in an assoclated one of the M. blocks. And at the

first sector of each of those M; blocks, stored is the DDS.

(01041 According to this arrangement, the DDS is stored on
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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 informationaetgrdirtgemédiupt. Thatis why ifthe Mataowerswritter orrdiscretéblockd;amstead of
the M, consecutive blocks, some of those MI blocks could have substantially the same circumferential

locations orthe Ipformatien secoyding fedium,depending on e blagkspositions at which the data
has been written. This problem’is %lgh y fike y to arise orl the inner area of an inforfation recording
medium where the circumference is short. If all of those Mi blocks were positioned at substantially the
same circurhfezentizé locatior andhdf thereniay ady 8efact $uch asidust ob ascratchiat that the

circumferential location, then almost all of those Mi blocks would turn into defective blocks and no data

could be retrieved from them anymare.On g giherhand.if the data fs writien on e Micanseeutive

blocks and it 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. [0209[HIGL 8 iMbstrates Anfex@mplant TBMA Hatdstrudibre-fol & WhteSéice inférniation
recording medium in which the disc management information is stored on two blocks in its LO layer

and(”lonep%§¥jnﬂ§5Lgﬁye&mportant pliece of information to perform a
read/write operation can be written on a much greater number
of blocks, and therefore, this informaticn recording medium
can be protected more perfectly against some such as dust or a
scratch.

[0105] As shown in FIGS. 15{A) and 15(R), the first SBEM 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 Ll
have also been written on two consecutive blocks as shown in
FIG. 15® ).

[0106] That 1s to say, in the information recording medium
of this preferred embodiment, 1f the number of blocks to use
to store the SBM that 1s provided for one recording layer Li-

1 (where 1 is an integer that 1s equal to or greater than
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[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 LI 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 és:storetsorithe second biockiactbeding & the statehsfrthe TOMA shomromdgaI G In that
case, nothing may be written on the second block 1514 or 1524 and the second block may be kept

unrecorded agshown in,FIGS15(B) and.15(G). [0A12]Ascambe 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 Béthieeh two &djabent BIdcks [0 BI3|TREERSD say Siithe informatiortecieing Afstium

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, c<an be
retrieved continucusly 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 informaticn 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 cilrcumferential locaticns 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
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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+Bredbrdihg feyjed Livstads tobeivitasdn the néxtirdek: itishould be Aote it 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 PDg, eould be wyittep on.the firsf sectof of gach of fhe M, hlocks,[01141\ith sych 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+)tR'#&¢ordiig |ayerswilladifhys de wiitieh attheamefoeatidn for BRERS ircdach BMA.
[0115]Comparing FIGS. 15(A), 15(B) and 15(C) to each

almost all of those M; blocks would turn into defective blocks
and no data could be retrieved from them anymore. On the
other hand, if the data 1s written on the M; consecutive
blocks and 1f the M; blocks have mutually different
circumferential locaticons on the infcrmation recording medium,
theose M; blocks would bhe much less affected by dust, scratches
or any other kind of defect.

[01069] FIG. 3 illustrates an exemplary TDMA data structure
for a write-once informaticon recording medium in which the
disc management information is stored on Two blocks in its 1O
layer and on one block in its L1 laver.

[01L10] To use the limited area as effectively as possible
and to avoid using it up, only minimum reguired information is
written in the TDMA 300. That i1s to say, tThe disc managenent
information for the L1 layer is written on just one block.
(01117 On the CMA, the disc management information

indicating the final status and the defect management
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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 areafthatistdetermined Dyshatcgfithe spare:greasrkEonthap ieason, tof deterairerthetsize of
the disc management information, the size of the spare areas, which is defined by the DDS, needs to
be obtained, I[(%%lﬁ hen the DMA is§59ﬂned ﬁ}qwevgr the DDS has not beekr; retrieved et and
) . dt SLO;

therefore, the size of the disc 1rrlnanaegement information cannot be determined Jus?t yre?.té\}en ﬁt%he DDS
is always written at the first block of a part of the DMA that stores the disc management information,
the DDS of thatfirstibtodkotBuld mdt becbtainet idue torthelpresélice ofsorhé defectstshdissdust or a
scratch. [0118]As can be seen, the DDS and the SBM have mutual dependence. That is to say, unless
the DDS Caﬂlgﬁa%béﬁl&?g' information is stored in only one block and no

information 1s 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 bke 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 i1f there is no S5BM 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.

[G113] That is to say, in the information recording medium

of this preferred embodiment, if the largest user data area

is allocated to an i™ recording layer Li-1 (where 151 =n)
among the 1°° through n"" recording layers LO through Ln-1 of

the information recording medium and 1f the number of blocks

to use to store the 3BM is N; {where 2=MN;) and if the number
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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 Ml blocks are left unrecorded.And then the SBM of the (i+1) h recording layer Li starts to be
written fromcthie mexthisck.cAccoeding te this writing neethad, the first onelof the Middocks thakstore
the disc management information is always located at the same position (block) in the DMA,

irrespective,of.the size .of the SBM. ] result, no e t size the S has; a st one
block of the%éc %%ﬁaégmtﬂe%t g%r%wga%%%ﬁg?uﬁﬁg %%%%%y(i%\g{gtﬁeﬁfji@ 'ong§ og%/rl%e %/ISEI bi%)%f's that

store the disc management information) can always be located. Consequently, the disc management
information fhchglimgpthiegement information including the DDS and the SBM is

written on the M; consecutive blocks. But the (N;-M;) blocks
that follow the M; blocks are left unrecorded. And then the
SBM of the (i+1)"™ 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. 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 ¢f the user data
area (or the =sizes of the spare areas), the first one of My
blocks of the disc management information for the {i+1)%
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 1f the size of the disc
management information for the recording layer L0 is variable

{e.g., may be two blocks in FIGS. 15{(ad) and 15(B) but may be
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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 vecordeh ¢Hlowever} tie. drive (€annot sdan tem =t a fikte id the situatidnishbayein,FIG.
15(3) or 15(C) because an unrecorded area is included there. [0123]Nevertheless, if the drive

attempted 0, sgap, thpse blocks one by one, then even thoge unrecorded areas nof f b ;

for the recording layer L1, 1is always written at the same
location 1503, 1513, 1523 in the DMA, which is the third block
as counted from the top of the arsa.

(0116} As described above, the size of the disc management
information depends on the size of the S$BM, 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 Lo be obtained.
[0117] When the DMA is scanned, however, the DDS has not
been retrieved vyet, and therefore, the size o¢f the disc
management information cannot be determined just yet. Even if
the DDS is always writien at the first block of a part of the
DMA that stores the disc management informaticn, the DDS of
that first block could not be obtained due to the presence of
some defect such as dust or a scratch.

1011873 As can be seen, the DDS and the SBM have mutual

dependence., That is to say, unless the DDS can be obtained,
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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 ithiretbrdidglayer wid t(Whereldfteirom) ramiong thellstthesughtnth recerding
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 he number of blgckspaise {o,siare he getual SBM is Mi (where

Ifi.M,==Ni) and if Ml 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 (NRRIT) bitekathat follow the Midblockss fvshduid besrtotetitthat thesD DS evaldssewritten on
the first sector of each of the (N1-M1) blocks.

information.

[0119] Thus, to overcome such a problem, according to this
preferred embodiment, as disc management informaticn for the
i recording layer TLi-1, disc management information,
including the DDS and the SBM, is written on M; consecutive
blocks, first of all. Next, (N;~M;) blccks that follow the
first M; blocks are left unrecorded. And then the SBM of the
(i+1)™ recording layer Li starts to be written from the next
block. According to this writing method, the first one of the
M; biocks that store the disc management information is aiways
located at the same position (block) in the DMA, irrespective
of the size of the SEM.

[G120] 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
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[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 iscaways:writtera: ondhe first block of thatqrartofithe DMA that stores thefdiddie
management information, the DOS could not be retrieved from the first block due to the presence of a
defect such ust 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.

(EMBODIMENT 2)

[0121] Next, it will be described how to scan a DMA and
cbtain management information from if 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 1s attempting to scan all four
biocks 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) Dbecause 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.

[0123] Nevertheless, if the drive attempted to scan those
bilocks 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
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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
Wblock by block in the situaticon shown in FIG. 15(B)} cor 15(C).

Consequently, it would take a lot more time to get the disc
ioading process done in that case.

[0124] As c¢an be seen, 1f the disc management information
is stored with some unreccorded areas left, it could take a lot
of time to retrieve the disc management information.

{0125] Thus, Lo overcome such a problem, in the information
recording medium of this preferred embodiment, if the largest
user data area is allocated to an i*" recording layer Li-1
(where 1=i<n) among the 1°° through nm‘recording layers L0
through Lm-1 of the information recording medium and 1if the
number of blocks to use to store the SBM is N; (where 23Nj)
and if the number of bilocks to use to store the actual SBM is
M; (where 1SM;SN;) and if M; is equal to ¢r greater than two,
first of all, disc management information including the DDS
and the SBM 1s written on the M; consecutive blocks. Next,
information including the DDS is written on (N:~M;) blocks
that follow the M; blocks. It should be noted that the DDS
could be written on the first sector of each of the (N;j-M;)

blocks.
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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 atedio be désignatetipthat bit. Howeveggrasbitmap information ofzena gwicates that
its designated area is an unrecorded one and bitmap information of one indicates that its designated

areais @ reqardletone, ot ysgrdeja,arc sbould b delerinedoe an uprgearded ene.god no

information would be retrieved from it. [01 rnatively, 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 unrecoréidd aleas 2534, t15224nd 4524anay bereplacedsutninl & shorter time.

[0127] In addition, according to this techniqgue, the DDS is
written on each and every block that stores the disc
management information. Thus, the DDS that 1is 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 recerding 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 bleck of that part of the DMA thaf stores tThe disc
management information, the DDS could not be retrieved from
the first blcock 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 folliow the first
block, the DDS can be easily leocated and obtained.

[0128] The DDS carries information of one sector, whereas
cne block (also called “one cluster”) consists of 32 sectors.

That is why even if the DDS is written on each of the {Ni-Mi)
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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. [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 invalite {0351 Heseimafter] it wilk b8 Heseribedrsovwctonwriteidata be used to store

anything else.

[0129] Thus, in the information recording medium of this
preferred embodiment, data of zercs 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 zercs may be written on the
other sectcrs 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 zZeros are supposed to be written on the (N;j-M;) blocks.
However, the present invention is in no way limited to that
spacific preferred embodiment. For example, the data of zeros
may be replaced with FFh data. Cr any cther wvalues 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 (N;-M,) blocks because SBMs

should be stored in some of those (N:-M;) blocks. This is
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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 secong:prefereedigmhbodimentfof the presentyinvention. €©n therdddMA 306G ©ndy mnimkm
required information is written to use the area as effectively as possible and to avoid using it up.

Specifically, e disg management infarmafion of he; Lilayer s writen n oniy. gne blocls,

user data area to be designated by that bit. However, as
bitmap informaticn of zerc indicates that its designated area
is an unreccorded one and bitmap information of one indicates
that i1ts 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, socome meaningful information such as
5BMs may be stored in the (N;-M;) Dblocks instead of the
invalid data. For example, 1in FIGS. 15(B) and 15{C), the
unrecorded areas 1514, 1522 and 1524 may be replaced with L1
layer 5BM, L0 layer SBM and L1 layer $BM, respectively. In
that case, the SBMs are stored 1in 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 be written on
those (N;-M;) blocks. Then, the BSBM headers can be easily
distinguished from the SBMs themselves. In that case, 1f the

size of the bitmap information is set to be zero or if the
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[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 éfrthie present inventiai} ifithe largest $pace iallovatedde dhelusertdieta addq, SBMs will
be written on two blocks. That is why the DDS 400 includes four pieces of location information,
namely, LO la erf_irsc} SI%M Iogation info%mation 401 LQtlrgé/er second SBM Iocat(i? information 402, Li
Y ey B 1 on 402,

layer first SBMI6cation information 46% and Li fé?/réf second SBJI\% 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 locdtion infornsatiomabotta blockavitiBio SBM gidvalit:loeation informiatidn indicating that
there are no SBMs in the block (e.g., zeros) may be stored. [0142]For example, in the TDMA 300
ShommlnFH§o§3g} Hereinafter, 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 Dbelow, the spare

areas are supposed to be allocated so that the disc management

information has a size of two blocks on the LO laver and a

size of one block on the L1 laver.

[0137] In this second preferred embediment of the present

invention, the SBMs have the same data structure as what 1is

shown in FIG. 2, and the description therecf 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 reguired information 1s written

o use the area as effectively as possible and to aveid using

it up. Specifically, the disc management informaticn of the
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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 LI layer second SBM has been written, zeros are stored as the LI
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. Qatser DDS won theeothen handy thenlatést JODS is copied (except the DEL location
information). Consequently, as each SBM location information of the DDS 400, stored is the same

location info ign as its nteypart in the TDDS_308. [0144]In this example,.in a_situation where
the largest u@?%ga?a areaEng(%[IIogat(Sa % Seag ‘of t%a%st grghlgh%}t:ﬁ re%%ar |ngS %@erascfaﬁ folgh Ln-1,
which are multiple recording layers that the information recording medium has, the numbers of blocks
to use to stdre tHéSBMswomtherespectivet]ayerscalersupposed tbiize NI eN2pandiNiteraspettively. In
that case, the DDS 400 includes NI pieces of SBM location information, N2 pieces of SBM location

information,-m apd N, p‘ie’ceg.n%f I%%%goné%q{gp{ioggsﬁl%l\é chg_tigﬂg fogﬂg}j&n& tt%e’[&e’spfgtive

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 $BMs;-Eeahbelgetermivied, just bygefgencetdahe BBS, wivsthsevalid:SBMs ahestored
or not. If only the location information indicating the storage locations of SBMs on respective recording

layers is avajlable-as shawndndFlG, 13, it4s nLuptithe size.af the,bitmap information of the SBM

header is
[0140] The DDS 400 according to the second preferred
embodiment of the present invention includes SBM location
infermation 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 o¢f locaticon information, namely, LO
layer first SBM location information 401, LO layer second SBM
Locaticon information 402, 11 layer first SBM location
information 403, and L1 layer second SBM location information

404.

[0141] According tec the size of the spare areas, the SBM
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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 readlng 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 500ys bennectetttd achighrorgerceontrollers(not shbwnj tlarough am,1/Gibus 688 The
high-order controller may be a host computer (host PC), for example. [0148]Theinformation

reading/writi gﬁoo |g8@9es an Qstrllj(ctlon pgrocessm tion 510 for processi

instructions given %yt% h-order contr kﬁer an optlca head 525?\&& irradi a?es&ihe(%nl%rﬁa%on
recording medium 100 with a laser beam to perform a read/write operation on it; a laser control section
530 for contrelfing tiee: poweriofdhedaserdbebhithattiasriveen emitted fEdithelopticakhebd$20; a

(e.g., zeros) may be stcred.

[0142] For example, in the TDMA 300 shown in FIG. 3, if
TDDs 308 is the latest TDDS, the L0 layer first SBM location
information 401, L0 layer second SBM location information 402,
and L1 layer first SBM location information 403 of the TDDS
308 indicate the respective locations of the L0 layer first
SBM 301, LO layer second SBM 303 and Ll layer first SEM 307.
On the c¢ther hand, since no L1 layver second SBM has besn
written, zeros are stored as the L1 layer second SBM location
information.

(01431 The disc management information and defect
management information representing the final status are
coplied from the management information in the TDMA onto the
DMA . On the DDS8, o¢on the other hand, the latest TDDS 1is
coplied (except the DFL location information). Consequently,
as each SBM location information of the DDS 400, stored is

the same location information as its counterpart in the TDDS
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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 57038 udes: 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 E% gggfcifiedﬂe% e&ng r@@lé%?ﬁhe opltiﬁal he'%lc_jL t5ggtelrgirt1 IigJI?lt@g:heereC Writgn infsqcrmation
from a predetermined memory I%cation onto t%é specif?ed 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° mgeéd by timmechanishecentsl séction&a0 tod spécifiet’ areah and ghakes'the
optical head 520 emit light, thereby Leading information from the specified area and storing it at a
predeterminggéggm)s Iocgg% & maﬂ@ger@q;lr}td'@‘é)llrlmat{_(.)tp_LipdatiQ,gl segtion 573 f%w%@%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 DMASHEREW the atagenidmt inférafation fivatis sicred rethendanagemetitifforaation
storage memory 560; a maximum block number determining section 575 for determining the maximum
number of blogks tg gedo-store-the, discimanagement infogmation; a disc, inforpation fefrieving
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 managefietititfonifatiba vitthe BVRA; afitPR Atdtagementififorthation reading éotitrol'ection
578 for controlling the respective sections of the system control section in order to read management
information freaptheRiVA gr. TDMA.{R1801EAGe6 is adlomshagghowind the pragediye of dnformation
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 S8&tion 573364t the Y&ESEBHS #dm th&'T DVAL §RE Storéit in thiE¥nanag&meht™
information storage memory 560.Since a write operation on the DMA is supposed to be carried out
during finalizing 4efdiscslgsing), dhe! latestymanagement information at this peiintiimgdndicates the
final status of the information recording medium.

location information for the respective reccording layers LO
through Ln-1. Llso, in that case, invalid location
information will be written on blocks with no SRMs.

[0145] As can be seen, 1f +the DDS includes location
information about respective blocks with S$SBMs, 1t can be
determined, just by reference tc the DDS, whether valid SBMs
are stored or not. If only the Ilocation information
indicating the storage locations of S5BMs on respective

recording layers 1s available as shown in FIG. 13, it is not

until the size of the bitmap information of the SBM header is
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[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.CEliamahe thatagementiinforpfationgererathgséction 57binitializéswadhafthose blocks
secured into zero and stores the latest DEL in respective locations in the memory 560 that are

provided for.fygse plocks. [9153INext, i Ste 603 e aanagermentiaforuation wiing sopiyol section

577 instructs the writing section 571 to write seven out of the eight blocks efect management
information, which have been generated in the previous processing step 602, on a series of blocks that
begins with tid hiniBlRckad chlintedefrom thd i ofithe DAL j0154Theredftarc in Step604; the
management information updating section 573 updates the first through eighth pieces of DEL location

information,jyhich hawe been retrieyed in, step 601, into pieeessplinformation.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
without depending on the SBMs, Jjust by reading the DDS and

deciding whether the SBM location information is zero or not.
[0146] FIG. 5 illustrates a configuration for an
information reading/writing apparatus 500 according to this
second preferred embodiment of the present inventiocon.

[0147] The information reading/writing apparatus 500 is
connected toe a high-order controller (not shown) through an
I/0 bus 580. The high-order controller may be a host computer
{host PC), for example.

[0148] The information  reading/writing apparatus 500
includes: an instruction processing secticn 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 bkeen emitted from the optical head 520; a
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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
managemenidnfosmatinn io calculbted: Speaificad, foo thatputpaset the dise infatmaticrireideving
section 576 instructs the reading section 572 to retrieve disc information from the control information
area and st re itin the me goy 5%0 Next ?lmum block number detetrmlTl sectlon 575 gets
the first and Tast physlc%ﬁ2 resses TP EPSNof the Yatd area 6f éactt rec 8lng ayer' from the
disc information that is stored in the memory 550. Then, the difference between the first and last
physical addressesoFR SHSENdCEP Shiteftheglatdareasefreadhta that has been read or

written and varicus other kinds of information; a management
information storage memory 560 for storing various management
information such as SBM, DDS, or DFL 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 reccrding 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 informaticon 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 1light, thereby
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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 efithexdise framagementinfermatien epthellfi layerare adentified hyNirandiN2at
respectively, then Ni and N2 are both two, and therefore, the maximum number N of blocks of the disc
management inform&:\tié)n is four, which is the §7um og Ni and N2. 1[110159 Next,tin Step 702 tth%n
managemer?t in?orr?na@tio%rénétﬁleerating‘%%%ﬁgn 574°Secures fout bIOCKS | etﬂgnmanééle%gﬁ?mjformation
storage memory 560 because the number of blocks to use to generate the disc management
information teBe wiritte nsartheoDMA73 theomaxipalah inumbend ofdblegiesnent information
[0160]Subsequently,inStep703,themanagement -formation generating section 574 sets the block

number Z of that area secured.in the management information.storage memo&é@gﬁ to be one.
OT6TIThereatir i Siep 07 ihe racier AR T ator S g Bactoree n Sotd ts Ber
number X of the recording layer to be zero. [0162]Then, in Step 705, the management information

generating S&dlion 574 setsathertsiock numberaofithe SBverbd ong. 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 memcory 560; a maximum block
number determining section 575 for determining the maximum
number of blocks to use to stere 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 contrcl
section in order to read management information from the DMA
or TDMA.

[0150) FIG. 6 1is a flowchart showing the procedure of
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[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.Stepi 28 to sead thatnSBM; e the otherthamnd: ifitbe answerttedhe quenyafdhisnt
processing step 707 is YES (i.e., if no SBM has been written), then the process advances to Step 710.

[0165]Therearf;[§r, in Stjfep 708, g&e mﬁmag(imeé]t information readinég control section 578 instructs the
reading section 57235 réllietd the LR Fyer YiR SBM froft e 1otafidh Pin the T DM tHat Hiadheen

gotten in the processing step 706 and store it in the management information storage memory 560.
[0166]Then,tin Step 789¢ thelmanagement isfarmatiornt of the present invention.

0151 First of all, in  Step 601, the managenment
infermation 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 c¢losing), the latest management
informaticon at this point in time indicates the final status
0f the information recording medium.

(01527 Next, in Step 602, the management information
reading section 578 retrieves first through eighth pieces of
DFL 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 DFL, which is included
in the locaticn 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 tTo be
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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.step604nortthe fiilsfsectatafrithe: Zth bleck thatdras beehcsecatedm thesmemery in
the processing step 702. [0169]Thereafter, in Step 712, the management information generating

section 574 ugda}:es tl'hestﬁlock nuf'gber Z og}%rée area gh(j;;gnrl]gg tbeejpn cured in %he &neaﬁg gm%rg

information Igtol?ggé/ memory 560 into 2+1.
section 574 initializes all of those blocks secured into zero
and stores the latest DFL 1n respective locations in the
memory 560 that are provided for those blocks.
[0153] Next, in Step 603, the management information
writing control secticn B77 instructs the writing section 571
to write seven out of the eight blocks of defect management
information, which have been generated 1in 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 DFL location information, which have been retrieved in Step
601, into pieces of informaticn 1indicating the respective
locations of blocks of the defect management informaticon that
has been properly written on the DMA 1In the previous
processing step 603,

[0155] Subsequently, in Step 605, the disc managenment

information to be written on the DMA is generated. This
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[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 idammatioreto gendrate fatethe tddayeriandi# the answeeta the query of this
processing step 714 is NO), -LIG process goes back to the processing step 706 to generate that disc
manageme td? £ ation Eln thﬁpreferred em %dlment e pret%ent inv. ntlon the maxmun*number
of blocks of the dis managementylhforméltlon 8t &hch recording Iayer to be comparerdéfg?ﬁle block
number Y of the SBM is NO=2 for the LO layer and N:=2 for the Li layer.

[0172]SubsequenttyanStep 7libtheendgermetenformation genératingrsection S fdnapdates the layer

number X of the recording layer into X+1. [0173]Finally, in Step 716, the management information
step 605 1is 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 a2ll, in Step 701, the maximum number N of
blocks o©of the disc management information 1is c¢alculated.
Specifically, for that purpose, the disc information
retrieving section 576 Iinstructs the reading section 572 to
retrieve disc information from the contreol information area
and store it in the memory B50. Next, tThe 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 BEPSN of the data area of each
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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 endsdpecasge the gisc managementynformation haseatreasly been-gererated for
every recording layer. 10174]FIG.8illustratesexemplarystatesofthe management information storage
memory while Ctge disc management information to be written on the DMA is bejng generated
according t6 e Second preteired Smibtiheft 5 the e sEhtinvaIRisH: %%cﬁi]c%ﬁg,sﬂ%ﬁ 8(A shows
how a memory area has been secured in the processing step 702.FIG. 8(B) shows how disc
managementiinformatiancsimehudingrlfOdayer: SBMsf has bren generataed. Anrd &1G. 8(Cyshows how
disc management information, including LI layer SBM, has been generated. [0175]In this preferred
embodimen% the maxim%m block number of the disc rgan%%emgnt inforn a jon i%fo%1 anddtherefore, a
memory area that ¢dvers Fo%r BIGEKS 18 sectired in the managei A €

agem%nt information storage melrﬁsgry in the
processing step 702. [0176]If the same series of processing steps that begins with the processing step
705 are repeatedfyecamied bufwithaticn 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
embcdiment of the present invention, if the maximum number of
blocks of the disc management information of the L0 laver and
that of the disc management information of the L1 layer are
identified by N1 and N2, respectively, then N1 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 N1 and NZ.
[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, in Step 703, the management

65



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 LI 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-natsesand blockdot the Iddayer-ob tat season; Reisidetenminechte: be zergrand
data of all zeros will be stored in Step 707. Consequently, as shown in FIG. 8(C), the DDS will be

stored at the ;lo tOf the fourth blo%k and data of all zeros will befstoreolcin its g%gﬂrgreea.r[pl?OE;]As
described anve, éac%%‘?diﬁg?‘o‘l tivé mlel%hgg %f%‘%ﬁ%gﬁfﬁﬁn&_‘lsé Iﬁa%%%%mleonr% ifformation 'of the <econd

preferred embodiment of the present invention, if there is any SBM to store, disc management
information §®duding lseDBS=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 manag informatjon tha 7goes include_a D ut does not include any SBM is generated.
That 1 10 ooy, Lhs: managARERE e atih, T Bot 3 O 7 S . et for three
blocks and disc management information, including a DDS but no SBMs, is generated for one block.

[0179]In thegmethod-ofrgenesatirig disc hddagemenat the layer number X of the
receording layer to be zero.
[0162] Then, in Step 705, the management information
generating section 574 sets the block number ¥ of the SBM to
be one.
[0163] Next, in Step 706, the management informatiocon
generating section 574 Ggets Lx layer Y™ SBM location
information P {i.e., the location information of the Y™ SBM
on the Lx layer) from the DD3 that has been gotten in the
processing step 601.
[01c4d] Subsequently, in Step 707, the management
information generating section 574 determines whether the Lx
layer Y™ SBM location information P that has been gotten in
the previous processing step 706 is zero or not. If the
answer to the gquery of this processing step 707 is NC (i.e.,

unless P is zero and 1f any SBM has been written), the process
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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; tiereshsukdbé? 08 user datadargasto berdesigrated by thatleit: Howeler ;i ds
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 area Id be
et L B o R B S e o ST B 187 ofee

[01801Alternatively, the same SBM may be generated and stored in that reaming area instead of the
invalid data.(That.is ta Saydf Ris!detesmimsehtove. zékanin Step &07 - thendhe 44 teyer SBIVIEOF could
be stored twice and the disc management information including the DDS and the Li layer SBM 307
could be ge@%raé%%gs_}tjs 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 distinglishablé feomcthe SBMsin tHatica3@8if thetsizaenefthedsitmap infdmraticn isrset to
be zero or if the first physical address of the area managed by the SBM is

reading control section 578 instructs the reading section 572
to retrieve the Lx layer Y™ 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.

[01l66] Then, in Step 709, the management information
generating section 574 stores the Lx layer Y™™ SBM that has
been retrieved in the previous processing step 708 in the 2™
through 32™ sectors of the z™ block that has been secured in
the memory in the processing step 702.

[0167] Meanwhile, in Stép 710, the managsment information
generating section 574 stores data of all zeros in the 2™
through 32™ sectors of the Z™ 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 DFL
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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 storeddn the management irfornationtsterageguamedy, ihere ineneecd 16 fetbevw: them, but
those pieces of information stored in the management information storage memory may be naturally
used. [0184%uithermore, in th% preferred embodimg:nt escri%gd aFEJove the axinlijm nymber of
blocks of th€ Ufc nfahadeiient inforimation s SupPosed s be’detefthitiel in“the prodaSsird Stp 701
by the first and last physical addresses of the data area that are included in the disc information.
However, amy: otheskinich of informeation,cam aldocbe used as iorg asdiccaln2 .

{0169] Thereafter, in Step 712, the nanagement information
generating section 574 updates the block number Z of the area
that has been secured in the management infcormation storage
memory 560 into Z+1.

[0170] Then, in Step 713, the management information
generating section 574 updates the block number ¥ of the SBM
into Y+1.

[0171] Subsequently, in Step 714, the management
information generating section 574 determines whether or not
the block number ¥ of the SBM is greater than the maximum

number NY of blocks of the disc management informaticn of each

recording layer. If the answer to the guery of this
processing step 714 1is YES (i.e., if there 1is no disc
management information to generate for the Lx layer), the
process advances tTo Step 715. Otherwise (i.e., 1if there is

disc management information to generate for the Lx laver and

if the answer to the guery cof this processing step 714 is NO),
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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 intthe PRS:cRurthermorédt-the tsizetofthe dataeareans determindbuneguivacally by the
number of recording layers, then data area size options for respective numbers of layers may be
stored and t@ﬁaséze oJ .th% datlga%rgaerpna%pe dete rg}rr}l%dtgx rtlhe actu?\}[ num r.osf recorrdpequlgggrs.
[0185]Furthermore, in‘the processing step 7011,ri € maximum sizes Ni and of th& dfisc management
information of the respective recording layers are determined.However, if the respective data areas of
those recording daliers Haves the Samepsize gtien thermaxinoum size<of thedisocmanagemento £
information of only one of those two recording layers may be obtained and then simply multiplied by
the number recording layers. [0186] F ore, i eferred embadiments of the present
invention de]g([:ﬁ’b%ée aggj/e, t gle %c?ast[i%n%%] o?ﬁg?t%r%f éé{&é%%%rlgﬁ%[t s%%fes%%%HéBgl\%?g Fn% tﬁtp:?ed in
the DDS, and therefore, it can be determined only by reference to the DDS whether a valid SBM is
stored thereleryiot. onhethedopatientinformationkhdicatingutie: sto¥agelocatoisBf SBME 82
respective recording layers is available as shown in FIG. 13, it is not until the size of the bitmap
information e e is obtained_that size of the valid SBM is known. However, if the
DDS include%sfO t@het%%el\t/t&f?n ?r% Sn%at%r? 01@ %é{éé%,% b O(e:ksL \?vit%/%uégl\% 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’ featling the’BDseaHG deiding whéther fHeeSBM [d&&tion infdrfhatiofids 28R56FRot.
[0187]In the preferred embodiment described above, the

information generating secticn 574 updates the layer number X
of the recording layer into X+1.

[0173] Finally, in Step 716, the management information
generating section b74 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 NC {i.e., 1f X is less than the number of recording
layers), the process advances to Step 705 to generate disc
management information for another recording laver. 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
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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,inStepLfiite manragementiaformaton-wetieg sorirel sepkarn b é setsdhea namber 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 tgf?t is the target of the write operation, the
number v oF BOERE 5 Wrte o JATSHATEN BA“ard A HALGH SHoUTHE RiErioty et 5 Which
the disc management information to write is stored.

recording laver.

(01743 FIG. 8 illustrates exemplary states of the
management information storage memory  while the disc
management information to be written on the DMA 1s 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 L0 layer
5BMs, has been generated., And FIG., 8(C) shows how disc
management informatiocn, including L1 layer SBM, has Dbeen
generated.

[0175] In this preferred embodiment, The maximum block
number of the disc management infcecrmation is four, and
therefore, a memory area that covers four blocks i1s secured in
the management information storage memory in the processing
step 702.

[0176] If the same seriles of processing steps that begins

with the processing step 705 are repesatedly carried out with
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[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 90a4ab (ize..:ih X ShoKE of the total pumberof bleeks to-watesle).fhen 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 totdlhuhitser B BeckE o Witte BY BT 08y Tigd JidisORtdgement infbRfigtion fias

already been written there and the processing ends. [0194]FIG. 10 shows the data structure of a DMA

on which a write-operatierhas beenmeartermechbytherBMAwriting,methad of this seconsgpreferred
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 totgggvriﬁgﬁ e ie%ﬁa"’aﬁﬂhéiﬁ?ayé?%B%lfo?fﬁ% secn m%e%%ﬁnd%ﬁ%ﬁs WhY the
total number of blocks to write to becomes eight in the processing step 905.

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 intoc one, then the
L1 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 blcock for the L1 laver. For that
reason, P is determined to be zero and data of all zercos will
be stored in Step 707. Consequently, as shown in FIG. 8(C),
the DDS will be stored at the top ¢f the fourth block and data
of all zeros will be stored in its SBM area.

[0178] As described above, according to the methed of
generating disc management informaticn of the second preferred
empodiment of the present invention, 1f there is any 3SBM fo
store, disc management information including a DDS and the SBM

will be generated. On the other hand, if there are no 3BMs to
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[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 memarydocatios infornrationssetitosbe therthirdioek shewimrindt G:8(A)s Thatds 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 Iayers disc management ,
max imum nunber of plocks), then disc management

information that deoes include a DDS but does not include any
SBM is generated. That 1is to say, disc management
infeoermation, including bhoth a DDRS and an 3SBM, is generated for
three blocks and disc management infermation, including a DS
but no SBMs, 1s generated for one block.

[0179] In the method of generating disc management
information according to this preferred embodiment of the
present 1invention, 1f there are no S$SBMs tc¢ store, data of
zeros 1s supposed to be stored instead. However, the present
invention is in no way limited to that specific preferred
embodiment. For example, the data of zZeros may be replaced
with FFh data. Nevertheless, it is still preferred that the
rest ¢f the Dblock 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 1is
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. Hcowever, as bitmap
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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 numberef blogks and thenwhitten endhe DMAThat is why eygattthe size,0f:SBMs varies,
the size of the disc management information to write does not change. Consequently, the disc
management informatjon can be written without depending on the size of the SBMs. That is to say,
the write opBrEtoRCEITbe F&forAd with hdarrangeriint bPreds inthe DVIA Fix2E%hd Witttthe
mutual dependence between DDS and SBM eliminated. [0200]In addition, blocks with a DDS and an
SBM and bleeks withsa S duit witheut an SBMasevritten on-the DMA angsthe DRS willalways 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 F%"c%?éifﬁg gdiur#@cta%rﬁlérb?gtect% m&te peffecty*AgSinSE S Hefect Shch 45 dustst a
scratch. [0201]On top of that, as there are no unrecorded areas in the range in which the disc
managemenitrifitarmationhs goingdtodee weittehe thedinfaramation.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

CanQEtdon?dq§kﬁhonerggg%rnatively, the same SBM may be generated and
stored 1in that reaming area instead of the invalid data.
That is to say, if P 1is determined to be zero in Step 707,
then the L1 layer SBM 307 could be stored twice and the disc
management informaticn including the DDS and the L1 layer SBM
307 could be generated as the L1 layer disc management
information for two blocks. In that case, since the same 5SBM

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 ¢f the area managed by the S$SBM is

invalid location informaticn, then it can be determined that
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[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, LOJayerfingt and seecondh SBMs; areiwritten @n 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 recaording layer Li-1 (where i is

an integer thati& equal to'origteater thal%nBY 5 /i KificFEaRsHaiang i Skt 1 bed above,

data of all zeros 1s supposed to be stored in the processing
step 710. However, such data of zeros may also ke stored by
securing the storage area in Step 702 and then initializing
that secured area into zeros.

(01833 Furthermore, in the preferred embodiment described
above, the latest DD3, DFL and SBM are supposed to be
retrieved from the TDMA in the processing steps 601, 602 and
708. However, if the latest DDS, DFL and SBM are already
stored in the management information storage memory, there is
ne need to retrieve them, but those pieces of infcrmation
stored 1in 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 1is 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 alsc be used as long as it can
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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 LI. FIGS. 15(8) and 10 show a situation
where M1=2 for the recording layer LO but M2=1 for the recording layer LI. [0206]By performing a
write operation in this manner, the disc management information can still be stored on the DMA and
managed evemif hersize of:the ditmap: infiormation varies withdhat afibe usgdatesarea {i.echthe 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 sectorhof each block on vl\ghlch tr%e SPM }I{S stored. | 9208]That
is to say, acording & the infGHmaHEHE € maximum Numder o OCKRS can &

be determined by the channel bit length because the channel
bit length wvaries with the capacity of the data area.
Alternatively, the maximum number of Dblocks could also be
determined by the nominal writing speed, which also wvaries
with the capacity of the data area. Still alternatively, the
maximum number ¢f 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 1s 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 N1 and N2 of the disc management information of the
respective recording layers are determined. However, 1if the

respective data areas of these recording layers have the same

75



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 dirstegne: aktherMéblagks hutalsodbe othenbloeks:that felloyethenfirst adeteet Tbat is why
even if the DDS cannot be retrieved from the first block due to the presence of some defect such as
dustor a scra%ch, tlﬂe DDS can s%i | be obéained fromgnothei[ block. That is to sz¥ the DDS that is an
important pigce ofinformvation to pe??oefm 3 Yeddiwhité %Sgra ior can pe riﬁ’gn 0 %ariﬁrﬁ% g‘—?len er
number of blocks, and therefore, this information recording medium can be protected more perfectly
against somehdefesti suchyaswdust pr a scrateh L0210 AD showrt in kG SetbA)iand 15()@and FIG. 10,
the first SBM for the recording layer LO and the second SBM for the recording layer LO have been

vv_ritten on tV\f% cQ e_cutivg{?rl%%kghlnrg} %hee same we éthe fiésg éa\rr\ges c%r%%)sgi\gnsekotr Sthe J?CO{?JQQ layer

Li have also been Written on two consecltive blocks as shown in FIG. (DA .
present invention described above, the location information of
each Dblock that stores the SBM is included in the DDS, and
therefore, it can be determined only by reference to the DDS
whether a wvalid SBM is stored there or not. If only the
location information indicating the storage locations of SBMs
cn respective recording layers is available as shown in FIG.
13, it is not until the size of the bitmap informaticon of the
SBM header is obtained that the size of the valid SBM is known.
However, 1f the DDS includes the locaticon information of
respective bleocks with SBMs and if the location information of
a block with no valid SBM is zero, the wvalidity of SBMs can be
determined, without depending on the S$SBMs, just by reading the
DDS and deciding whether the SBM location informaticn is zero
or not.

(01877 In the preferred embodiment described above, the

locaticon information of a block with no SBM is supposed to be
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[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.eensecutivepiocks, angddhereieres can beetrievedicontinugysly from thase -hlogks and
can be easily obtained at a time. [021310n top of that, by writing the data on those M, consecutive
blocks, the circumferential Iocations of those M, blocks on the information recording medium can be

different frorh'Ehich Gfer. GLherRFdSedifiy, RTSTRIBRTS WAREN shivhily O & informidtion ™

recording medium. That is why if the data were written on discrete blocks, instead of the M,

consecutive itecksi some-af-these M,fhleeks couldayesubstantiadly the: samercitciuaferentiat

locations on the information recording medium depending on the blocks' positions at which the data

has been written. This p]lghblem is hi%hﬁy Iikeléto arise on the inner area of an inf rnéation recording
u

s Srétiees ShoR “TF Al of tose M T5IBERS fdrd’ positibhied SE sibstantally the

medium whérethe circ
same circumferential location and if there was any defect such as dust or a scratch at that
circumferential focatibr,rtherz almacst alk of these WMiihloeks wadutd turreinte defective biocksiand no data
could be retrieved from them anymore. On the other hand, if the data is written on the M, consecutive
blocks and if t &I\e/lé blocks have rggtug(l)ly %gfer%nt circumferential locations on the information

recording me ium, those Mi BIGeks would be much Téss affected by dust, scratches or any other kind
of defect.

[0188] FIG. 9 1is a flowchart showing the procedure of
writing the disc management information thus generated on the
DMA acceording tce this second preferred embodiment of the
present invention.

[0189) First of all, in Step 901, the management
information writing control section 577 sets the number X of
recorded blocks to be zero.

(01907 Next, in Step 902, the management information
writing control secticn 577 determines the location
information of the DMA that is the target of the write
operation, the number ¥ of blocks to write the information on,
and infermaticn about the memory location at which the disc
management information to write is stored.

[0191] Subsequently, in Step 903, the management
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[0214]On the DMAthe 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, 1524 or 1004 and the second block may be kept unrecorded as shown in FIGS.
15(B) and 15(G)rang FiGn 10 {0R1b}AScart be seerdn the esamplesditustrated imEIGS.115(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 intention,allg, instead of storing rfldi ¢ management informatjon. with no
spaces left BERIEE two Adjacent bICKSS (0226 That s to'say’ KECRTding to thE forkiaton Wiiing
method and apparatus of this preferred embodiment, if the largest user data area is allocated to an ith
recording layerkitl (ahete 1-mhamangitheslst theaighentherecordingHayers=k(0 throughckn-loof the
information recording medium and if the number of blocks to use to store the SBM is Ni (where 2=S;
N1) and if thienl%umbeggf blogfliglrsasﬁo #{se tgb%tg{le tol'loet%(itual SBM i% Mi (where If:Mi===Ni) and.if Mi is

equal to or grea?erfr%ﬁan Ct)v%, 0 éalls, isC managem%ﬁ infor?ma}ill%n ?nrcefﬁfdﬁﬁ‘[j?hél bpg=ere
step 902.
[C182] Then, in Step 904, the managemsnt information

writing control section 577 updates the number of recorded

blocks X intc X+Y.

[0193] Finally, 1in Step 905, the management information

writing control section 577 determines whether or not the

number X of recorded block is egual to or greater than the

total number of blocks to write to. If the answer to the

query of this processing step 805 is NO ({(i.e., 1f ¥X is short

of the total number of bklocks Lo write tTo), then the process

advances to Step 902 to write disc management information on

the next block. On the other hand, 1f tThe answer to the gquery

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 plece of disc management information has already bheen

written there and the processing ends.
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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 locatiarr (r kock)owachHaMds @2 B Cemparin gl GS .cM(AYnl %(8) andsl5(C) to
each other, It can be seen easily that even if the size of the disc management information for the

ding layer,LO is variable (e.g., may be two blocks in FIGS. 15(A) and 15(8) but may be one block
i F1G. 15(C3] hE AL SN 161 L) G Wit e ot tlodi 6 (LA ARG B

information for the recording layer Li, is always written at the same location 1503, 1513, 1523 in the
DMA, whichd$ thé: thirdsblockdug cetnted:ftorrthe dapof thesdrean {02k Asdescribed:ahove, the size
of the disc management information depends on the size of the SBM, which in turn depends on the

size of the u[feggggﬁa areafgattiﬂlqgtermined b th%gf tpﬁgpi@o%rea%hléor that reas%n, t digﬁrmine

. . daime
the size of t iISC’'managemen mfo?r%gﬁén, e Sizé of the spare areas, whithis definet bythe DDS,
needs to be obtained.

and L1 layer SBMs is suppoesed to be written twice as shown in

FIG. 15(B) but the L1 layer SBM 1s supposed to be written
earlier than the L0 layer SBMs for the second time around.
That i1s why the total number of blocks to write to becomes
eight in the processing step 905.

[01l96] The disc management information of the LU and L1
layers is stored on four consecutive blocks as shown in FIG.
8(C). That 1g why the write operation is performed with the
DMA locaticn information set to be the first block 1001 of the
DMA, the number of blocks fto write to set to be four, and the
memory location information set to be the first block shown in
FIG. 8(A).

(01973 Next, to write the L1 layer’s disc management
information, the write operation is performed with the DMA
lecation information set to be the fifth block 1005 of the

DMA, the number of blocks to write on set to be two, and the
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[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 determingdrithe,DDScannet berghiainee: &or Hhat reason; is net easyto getdbe distmanagement
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 NEY blockd 15t fotiow the fid¥ M, bibtks BrEIeR ahietbrddt?ARd the tHd'SBM of

the (i+)th recording layer Li starts to be written from the next block. According to this writing method,
the first oneaf thei Mo blacks dhat.storerthe disc manpgementinformation istalways fogates at-the same

position (block) in the DMA, irrespective of the size of the SBM.

1005 of the DMA.

[0198] Thereafter, to write the L0 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
memcry location information set to be the first block shown in
FIG. B{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
inventiocn, the maximum number of blocks of the disc management
information is obtained, and disc management information 1is
generated for that maximum number of blocks and then written
on the DMA. That is why even 1f 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
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[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 gliye 48 attemptiag de.sean allfodk hlosks that staredhe st management dafaemation 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'dridé 2@&Rnot Scahthent 4t a fiéSH tha Suatibn shoif i BB a5 (B 6ra%(E) bEcause
an unrecorded area is included there. [0226]Nevertheless, if the drive attempted to scan those blocks
one by oneiibeneyvenibhese naregarded areas:netitp 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 shawn in FIG. 15(8) or% C). Consequently, it would take a lot more time to,get the disc
Ioadmg;xocg£%¢§rmamtﬁ éﬁ% %glon, blocks %lth a DDS and an SBM and b&ocks

with a DDS but withcut 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
te perform a read/write operation can be written on a mnuch
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 unreccrded areas in
the range in which the disc management informaticn is going to
be written, the information can be written there continuously,
and therefcre, no time needs to be spent tc get a seek
operation done. As a result, the finalize operation can get
done in a shcorter time.

[(0202] Hereinafter, the information writing method and the
configuration and operation o¢f the information writing

apparatus according Lo this preferred embediment will be
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[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

described in further detail.

[0203] If an SBM for the recording layer LO cannot be
stered in one Dblock 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
ig 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 ezxample shown in FIG. 10, LG layer first
and seccond SBMs  are written on blocks 1001 and 1002,
raspectively.

[0204] That 1s tc say, in the information writing method
and apparatus of this preferred embodiment, i1f Lthe number of
blocks to use to stecre the &SBM that 1s provided for one
recording layer Li-1 (where 1 is an integer that is equal to
or greater than one) is M; (which satisfies 1ZM;) and if M: is
equal to or greater than two, then the SBM is divided into the
1% through M;*" SBMs, each of which has a size that is still
equal to or smaller than cne 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 M,
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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 ir@,;shefer hBecrding layer LO and M, = 2 for the recording
layer Ll1. FIGS. 15(B) and 10 show a situation where M;=2 for
the recording layer LO but M;=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 1f the size of the bitmap information varies
with that of the user data area {(i.e., the sirze of the spare
area) and if the 8BM cannot be stored in one block.
(02077 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 i1s to say, acccerding to the information
writing method and apparatus of this preferred embodiment, if
the number of bklocks to use to store the SBM that is provided
for one recording layer Li-1 {where i is an integer that is
equal toc or greater than one) is M; (which satisfies 1= M;)
and if M; is equal to or greater than two, then the SBM is
divided into the 1°% through M;"" $SBMs, each of which has a size
that 1s still egual to or smaller than one block even when

combined with the DDS and stored in an assoclated cne of the
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[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 tathe presence of andefect suchras dust-era seatebr Even seaxsincedhe BRSsis algp 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”) corSiSts 6F 32°¢&d61. That iwhy @ven 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 [appagatus of zkisqraferredcembodiment rdataafizetgs may bebs is stored on

not only the first one of the M; 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 1is an important plece 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 1in FIGS. 15(Aa) and 15{(B) and FIG. 10, the
first SBM for the recording layer LO and the second S5BM 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 L1 have also been written on two consecutive
blocks as shown in FIG. 15{A).

[0211] That 1is tc say, according to the information
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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 exceptrihe lphysicabadgrpases: assigrfed toithe whisct §@235]Neveribeless it isifreferred
that the DDS and data of zeros be written on those (N - ) blocks because SBMs should be stored in

some of tho% éNl-MQ k})floc%s. Thisci(st becc(z)ause if the irgfggg%ti(%n Wrigggg otnhsome of those.b ogks were

recognized to be iLtlﬁn\a% mf%rm%ﬁgn Pere shiould be no User da}f‘ae areato bgaeéiangt%%vﬁ"y fhat bit.

However, as bitmap information of zero indicates that its designated area is an unrecorded one and
bitmap inforfnatiowoéoneawdicdteg layer Li-1 (where 1 is an integer that is

equal to or greater than one) is M; {(which satisfies 13M)
and if M; is equal to or greater than two, then the 1° through
M;*™™ SBMs are stored on a series of M; blocks.

[0212] By performing a write operation in this manner, even
if an SBM provided for one recording laver needs to be divided
into a number of S$BMs that should be stored on mnmultiple
blocks, those SBMs will be stored on consecutive blocks, and
therefore, can be retrieved continuocusly from those blocks and
can be easily obiained at a time.

[0213] Cn top of that, by writing the data on those M
censecutive blocks, the circumferential locations of those M
blocks on the information recording medium can be different
from each other. Generally speaking, information 1s 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 My blocks could have

substantially the same circumferential locaticns on the
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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 asdustof acscratelsc[0287Gtill altemativelyaSpdhheaders may benarittep ascthose (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 zerq or if the first phésical address of th?ﬁirea managed

by the SBMT§ fitvalittScation”Rfdrthation, Hierfit 8aR be*fterminbtHaring TeadiRg thatthe"SBMm

stored there is invalid.
highly likely to arise on the inner area of an information

recording medium where the circumference is short. If ail 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 M; blocks would turn into defective blocks
and no data could bhe retrieved from them anymore. On the
other hand, if the data i1s written on the M; consecutive
blocks and 1f the M; Dblocks have mutually different
circumferential locaticons on the information recording medium,
those M; blocks would ke much less affected by dust, scratches
or any other kind of defect.

[06214] On the DMA, the disc management information
indicating the final status and the defect management
information will be copiled among various pleces ©of management
information in the TDMA. When data is going to be retrieved
from the TDMA and then written on the DMA, the L1 layer’s disc

management information is stored in only one block and no
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[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 fox the fespegtive eecarding dpyers Lo throyghddy 1. Ailsedn thateagenipvalid lagation
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 "SBf1s Hre Si5red 0 hot 1P BRIy e 1d¢ation inforatidiindicting the Storage T6eations of

SBMs on respective recording layers is available as shown in FIG. 13, it is not until the size of the
bitmap informatien of thenSBV header is:obtainedtbaktha size,of fig2valid SON saknawn. Hewever, 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 o AR SBMLCTE Biteating 6 DUE AR BeCheAThaHE Tho ShM obaton B imation

is zero or not. [0240] FIG. 11 is a flowchart showing the procedure of retrieving disc management
information fram the @MAzatam iformation 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 thlsg%alrgﬁ)le, |nf%rmat|on gesuggosed to be

s can en, in the examples illustrated in FIGS.
15(B) and 15(C) and FIG. 10, even 1if there 1is nc 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 Dbetween two
adjacent blocks.
[0216] That is to say, according to the information writing
method and apparatus of this preferred embodiment, 1if the
largest user data area is allocated to an 1" recording layer
Li-1 (where 1=iZn) among the 1°° through n"™ 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 23N;)
and if the number of blocks to use to store the actual SBM is
M; (where 1=M;=N;) and if M; is equal to or greater than two,

first of all, disc management information including the DDS
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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 ghtained:frgmthem inthe meanagement iformation sierage memers 560.But the

[0244]Subsequently,inStep1103,themanagement

(N:=M;) blocks that follow the M; blocks are left unrecorded.
And then the SBM of the (i+1)th recording layer Li starts to
pe 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 Mij; blocks of the disc management information
for the (i+1)"™ recording layer will always be written at the
same location (or block) in each DMA,.

(02187 Comparing FIGS. 15(A), 15(B} and 15(C) to each
other, it can be seen esasily 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 L1 laver,
which is the first blecck of the disc management information

for the recording laver L1, is always writfen at The same

location 1503, 1513, 1523 in the DMA, which is the third block
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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 te, theyquery-ofthis pregsessingrster £2@3 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[&%éggsing sfeh PRFFIEPES) aREN A of Hfe GiséMmatagEiterft iforMana? iag aiready
been retrieved, and therefore, the process ends. [0245]Thereatfter, in Step 1104, the management
information reading.gontral seetiem&48 nstructs theireading sectien SERi10 retrievie infarmatien 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 frofFthebIGek 1663, szzfe]ééxt?]fhesféi%o%?ﬁ?e mafidgemant inforMalich Peading
control section 578 determines whether or not there is an SBM in the block that has not been scanned
successfully-in Steptl 2. Speciically, theananagementinformationseading eorirolseation b£8
determines that number of blocks that have not been scanned successfully by the number of scanned
blocks that has beel% r%tHrnng. b% the readin sgctior%572 i%Ste 1,1i 1 (or,Step %OJQhFor example, if
the block 10027 as ot been séanned Sttcess uIIJyrf*n I=lch dthen & nuniber of scannéd blocks that
has been returned by the reading section 572 in Step 1101 (or Step 701) is one. Consequently, the
block that has aetheen scanned saddessfullyycan:be tietermiredito be the sédondisidck 1002. Next,
the management information reading control section 578 gets the SBM location information that is
stored in the that has naot been scanned successfully fram the DDS. For e ple, in EIG. 10, if
the block 106% ga@ not bzz%e?caﬁﬁgd gjg@ceégfuﬁﬁ al_%lfé%y/er%ggoen‘aeéBMﬁggat%%g:n o?r(rslatlno%is
obtained from the DDS. Then, the management information reading control section 578 determines
whether the!SB¥ lotation #fermnatien thus vdtainbe i Zerocor ndth ¢ thei3BM letatibhdnfoiination is
zero, then the control section 578 determined that there be no SBMs in the block that has not been
scanned successfilly. On the.other band, unless, the, SBYL locatian inforation s, zerox:the conrol
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 totSepPlEbeit sthnsafotheridreal Ontthesthdrinad, fihere &€ o SBMs @&, litthe
answer to the query of the processing step 1105 is NO), then every piece of the disc management

information hag already heen ohtaingd, apdiherelore, the processrends.dasiep 1104, sincehe
that first block could not be obtained due to the presence of
some defect such as dust c¢r a scratch.
(02217 As can be seen, the DDS and the SBM have mutual
dependence. That 1s 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 1s not easy to get the disc management

information.
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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]ipshould be noted thatdf ibhas bega determinedindheHocessing stap,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 tiFHESTEE SREWFTPRIE 69 therffhe ThaKinORT AGRTBRT bf BIBERS MRy & sciihed Hom the

first block on which the same SBM starts to be written repeatedly next time. Specifically, if the block

1002 showniift FIG: débhas Agt beeascanned -successfully, N:bleckssmay be seannacfromsthe block
1005 on. [0249]still alternatively, the block that has not been scanned successfully could be scanned

again.
g including the DDS and the SBM, 1is written on M; consecutive

blocks, first of all. Next, {(N;-M;} blcocks that follow the
first M; blocks are left unrecorded. And then the SBM of the
(1+1)°*" 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
leccated 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 cf 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, Ilrrespective of the size of the
SEM.

(0224} Next, it will be described how to scan a DMA and

obtain management information from it in a situation where a
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[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 prefesiedwembadiment ofthe-preseshinvestion dhe maximem auwmbreobbiackssof the
disc management information is determined and disc management information is retrieved from a
DMA based gn the maximum number of blocks of the disc mapagement jnformation. That is why no
information S56( thb DB TS rbbted: an SERTFthe %6 8f 4 SEMERANGEE B of the disc
management information to retrieve does not change.Consequently, the disc management information
can still be readiithout depending ontibe information akatit ¢he DDS ortthe sizerof thelSBMsaxThat is
to say, a read operation can be performed with mutual dependence between the DDS and the SBM
eliminated. [é)éFSZLOSn 1E%%tg_)ft aékby %)rin : isn thIgaI%QSé the §BM cgtigg informgtion g{ egcf%glock on
which the S &S been writtén an §‘7 e’fercr:ninlng, %yn}%%reﬁge fo the"SBM focation n%rmation,
whether or not the SBM has been written there, the decision can be made only by the DDS without
depending arethetSBMd jG253]Barthernnagresas tserécare norurrectrded«areas imethe rangé i which
the disc management information is going to be written, disc management information can be retrieved
without a bregk from {he maximum fumber of hlogks, and thereforg, na lime feeds {9 pe.spent to get a
seek operation ddne. As a resflalt, the disc loa INg operation can get done in a shorter tlme.%554]ln

addition, even in the sequential recording mode,
in FIG. 15(A) Dbecause 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, 1f the drive attempted toc scan those
blocks one by one, then even those unrecorded areas not to be
scanned would alsc be scanned anyway and a seek (i.e., a move
between areas) should be done every time a scan 1is started
block by block in the situation shown in FIG. 15(B) or 15(C).
Consequently, it would take a lot more time tc get the disc
loading process done in that case.

[0227] Bs 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.
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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|thapsgne) is Midwhichsalistias:-bnd&-Mland if Mids egual taar greates thah twee 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. [0257TASE e Edidfing 16 e forfiatidh Feadity risthod HnttapPiratt ot i Frstérmed

embodiment, the SBM for that one recording layer Li-1 is retrieved from the M4 blocks.
[0258]Accorghg-toi sieetta tachnique, therdise managementa area is allocated to an

i* recording layer Li-1 {where 1= iZn) among the 1°% through

n™  recording layers LO through Ln-1 of the information
recording medium and if the number o¢f blccks to use to store
the SBM is N; (where 25N;) and if the number of blocks to use
to store the actual SBM is M; (where 13SM, SNy) and if M; is
egual to or greater than two, first of all, disc management
information including the DDS and the SBM is written on the M;
consecutive blocks. Next, information including the DDS may
be written on (N;i~M:;} blocks that follow the M; blocks. It
should ke noted that the DDS could be written at the first
sector of each of the (N;-M;) blocks.

[0229] According to such a writing method, the disc
management informaticon will be written without leaving any
unrecorded blocks, and therefore, can be retrieved in a
sheorter time.

[0230] In addition, according to this technique, the DDS is

written on each and every Dblock that stores the disc
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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-1-:-N1) and if the number of blocks to use

to store the agtual,SBM is Mhevhererk.JCIMING and it M. is eagalkleqr greaterthanwe.dirst 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+1)th recording F&yer Li st SB35 GRitteA oRThE MRt Blode F0280LARd SEEGA R thalinféfmation
reading method and apparatus of this preferred embodiment, the SBM for the (541)th recording layer

Li is retrieveddiamdN,-My) block$:ch  greater number of blocks, and therefore,
this information recording medium can be protected more
perfectly against a defect such as dust or & scratch.
Furthermore, in a situation where the DDS is always written on
the first bleock 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
seccnd, 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 1s written on each of the (Nij-Mi)
blocks, the remaining 31 sectors can still be used to store
anything else.

[0232] Thus, in the informaticn writing method and
apparatus of this preferred embodiment, data of zeros may be

stored in the remaining sectors other than the one on which
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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.qg., 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 traeks towrie angatormationsignal (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 manjgéemggt areas and s are areas e arran ed as sgown inFIG. 1, can b% obt%lned
Optionally, & $pacer layeriiay 8 %’dse& %t\/\%% 15 AdiaGent bhes TF the'teddrding tayers.
Furthermore, the recording layers may be coated with a cover layer, too. [0264]An information
recording medivim makingemethotlock 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 emquiment. For example, the data of zeros
may be replaced with FFh data. Or any c¢ther values may be
written there except the physical addresses assigned to the
disc.

(02351 Nevertheless, it is preferred that the DDS and data
of zeros be written on those (N;-M;) blocks because SBMs
should be stored in some of those (N;-M;i} blocks. This is
because 1if 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
pitmap information of zero indicates that its designated area

is an unrecorded one and bitmap information of one indicates
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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 I'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 nis an
integer that satisfies rsl) Hdefinjng tata areas, whichuinclude tdt:through, nthiser data areastte 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 Jayers, respectively; and defining a disc management area to store disc
managemer?t%len3 orrﬁgt?oun?é]bo%%hé °|5’n Srltr)%n%i |§§l reESrdi%S maegiurLrllnorneguf3 I]é(ggﬁ one of thaénf%t ltﬂhorough
nth recording layers. INDUSTRIAL APPLICABILITY [0266]An information recording medium
according totheopresentimventidn cana bestisecas@ Writgronde. optical disc, on which a write operation

can be performed at random on any arbitrary range, and information reading and writing methods

according to e prpsent inyention s appligable f.an,eplieal diss, drive (hal 2o read and wite from/to
a write-once optical disc on which a write ‘operation can be petformed at random on any arbitrary
range. REFERENCE SIGNS LIST [0267] 100 information recording medium 200 SBM 201 SBM
header SBMs may be stored in the (N;-M;) blocks instead of the

invalid data. For example, in FIGS. 15(B)} and 15(C), the
unrecorded areas 1514, 1522 and 1524 may be replaced with L1
layer SBM, L0 layer S5BM and L1 layer SBM, respectively. In
that case, the 8BMz are steored 1in 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;j-M:) biocks. Then, the SBM headers can be easily
distinguished from the SBMs themselves. In that case, if the
gsize 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 1t can be determined,
during reading, that the SBM stored there is invalid.

102381 Also, according to the information writing method

and apparatus of this preferred embodiment, in a situation
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202 bitmap information 300 TDMA 301 LO layer Pt SBM 303 LO layer 2'd SBM 305 TDEL 307 LI layer
SBM 302, 304, 306, 308 TDDS 400, 1300 DDS 401: LO layer 1st SBM location information 402: LO
layer 2' SBM location information

where the largest user data area is allocated to each of the
1°* through n"™ 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 Ny, N, .. and N,
respectively. In that case, the DD3 400 includes N; pieces of
SBM location information, N2 pieces of SBEM location
informatiocn, .. and N, pieces of loccation 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.

[0239] As c¢an be seen, 1if 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 &BM is known. However, 1f

the DDS includes the location information of respective blocks
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403: Li layer Ist 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

with SBMs and if the location information of a block with no
valid SBM is zero, the wvalidity of SBMs can be determined,
without depending con the 8BMs, Jjust by reading the DDS and
deciding whether the SBM location information is zero or not.
[0240] FIG. 311 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, Iinformaticn 1is supposed To be
stored in the DMA as shown in FIG. 10.

(02421 First of all, in Step 1101, the maximum block number
determining section 575 determines tThe maximum number N of
blocks of the disc management information. This processing
step is the same as the processing step 701 sheown 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 centrol section B78 instructs the reading section 572

to scan N blocks as counted from the first block of the DMA
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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

and to store the information obtained from them 1in the
management information storage memory 560.

[0244] Subsequently, in Step 1103, the management
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 contrcel 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 bklocks have been scanned successfully (i.e., if
the answer to the query of this processing step 1103 is NO),
then not &ll of the disc management information has been
retrieved vyet, and therefore, the process advances to Step
1104. On the other hand, if all of those blocks have been
scanned successfully (i.e., 1f the answer to the guery of the
processing step 1103 is YES), then all of the disc management

information has already been retrieved, and therefore, the
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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

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
cnes that have not been scanned successfully. For example, if
the block 1002 has not been scanned successfully in FIG. 10,
informatiocn 1s retrieved from the other two blocks as counted
from the block 1003.

[0240] Next, 1in Step 1105,7 the management information
reading control section 578 determines whether or not there is
arnn 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 blceccks that have
not been scanned successfully by the number c¢f scanned blocks
that has heen returned by the reading section 572 in Step 1101
(or Step T01). For example, 1f 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) 1is one. Conseguently, the block that

has not been scanned successfully can be determined to be the
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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 Ithrough 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 structisedonse-to manage the«aty steueturesefdherirformatiarotecording medidinand

control secticon 578 gets the SBM location information that is
stored in the bleck 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 cobtained is zero or not. If the
SBM location information is zero, then the contrel secticon 578
determined that there be no S5BMs 1in the klock that has not
been scanned successfully. On the other hand, unless the SBM
locaticon information is  zero, the control secticn 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 prccessing 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 guery
of the processing step 1105 is NO), then every pilece of the
disc management information has already been obtained, and

therefore, tThe precess ends. In Step 1104, since the
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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 bitmapifes the ith-user data aea:ef-amactual size is\M; (where,My s apdntegepihat
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 eveltihien EotibirtdF Withth& dis& aefinftidh striGtafd hd stHrediiR ahdssdeditedbne of

the M, blocks in the disc management area. 2. The information recording medium of claim 1,

wherein the gisc-definitian-stiuetuse igrecorded 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.
[0247] Finaily, in 3tep 1106, the management information
reading control section 578 instructs the reading section 572
to scan a block that stores the same 3BM as that of the block
that has not Dbeen scanned successfully. For example,
supposing the bleock 1002 has not been scanned successfully in
FIG. 10, the Dblock 1008 that stores the same SBM is scanned.
Since every pilece c¢f disc management infcormation has been
obtained in this manner, the process ends.
10248] 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, 1f the same SBM has been writien 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
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4. The information recording medium of claim 3, wherein n is equal to or greater than two, and wherein
M11lincluding 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 structureds feqardedn bldcTherafprmationzecerdingrmediun of claim 1L,oelserein the disc
definition structure includes 141, 142, ..., N, ... and Nn pieces of space bitmap location information

Z‘r‘]’é“aﬂng the fggggetive Igcatians of plocks.on which the 1st ifygugh nth_space bitmaps are storable,

scanned successfully could be scanned again.

(02507 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 Jjust be performed on an unrecorded area
and data in no area will be destrovyed 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 Dblocks of the disc management
information is determined and disc management information is
retrieved from a DMA based on the maximum number of blcocks of
the disc management information. That is why no information

abhout the DDS 1s needed, and even 1f the size of an SBM

changes, that of the disc management information to retrieve
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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 | 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 storeidise managementinjermation akoiddaedifetgation raeording saediumrantwherein the
disc management information includes a disc definition structure for use to manage the data

structure of the Information recoraing medium and throuoh nth spece biimaps,for use 12 maage the

information about the DDS or the size of the SBEMs. 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 3BM
location informaticn of each block on which the SBM has been
written and by determining, by reference to the SBM lccation
information, whether or not the S$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 coperation can get dene in a shorter
time.

[0254)] In addition, even in the sequential recording mode,

the disc management information is written on the same number
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recording statuses of the Iht 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 Ist 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 actuabgize s Miz@vhere Mitis an-ineger thatsatisfies;156Ma andiifdi iequalde ©f greater
than two, then the information writing method comprises the step of dividing the space bitmap into

the 1st through Mith space bitma%f, each of V\g;ich has a sizte}'athgt is still e ailzéo or small%than one
block even Whan combined Fith the dsc-definition Stfictlie 3Rd stoffiy ddch-S5id $pacs Bithtp in an

associated one of the Mi blocks in the disc management area. 9. The information writing method
of claim 8, comajarising dief Stepeoftrecording 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
Consecmhmﬁwgg%% 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.
10256] In the information recording medium of this
preferred embodiment, i1f The number of bklocks 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=M;) and if M; is equal to or greater than
two, then the SBM is divided into the 1% through M;*® 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.
[0257] And according to the infeormation reading method and
apparatus of this preferred embodiment, the SBM for that one

recording layer Li~1l is retrieved from the M: blocks.

[0258] According to such a technigque, the disc management

104



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+D)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
(.2\11-M) blocks, data of all zeros is written on every sector except for the sector on which the disc
definition structurenis teeerdethn  si4.1Thedsforgmationawriiing roethodrfclaimag,axkerein dhel disc
definition structure includes N1r N2rN1, ... and 1\1, pieces of space bitmap location information
indicating threergggg(\}tévg Igg%'%on.s of blocks or%th'lrilceh tShEZFé[ tgrguggentt% $pace bi.tmggs are storable,

and 1t, even 1 map 1nrormation
varies with that of the user data area (i.e., the size of the
spare area) and if the S8BM cannot be stored in one block.
[0259] In the infeormation reccrding mnedium of this
preferred embodiment, 1f the largest user data area is
allocated to an i*" recording layer Li-1 (where 1£i=n) among
the 1°' through n*® recording layers LO through Lmn-1 of the
information recording medium and if the number of blocks to

use to store the SBM is N; {where 2=2N;) and if the number of
blocks to use to store the actual SBM is M; (where 135M;SN;)
and 1if M; is egual 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 (N:i-M:) blocks
that follow the M; blocks are left unrecorded. And then the
SBM of the (i+1)™ recording layer Li starts to be written on
the next blecck.

[0260] And according to the information reading method and
apparatus of this preferred embodiment, the SBM for the

(i+1)°P recording layer Li 1is retrieved from (N;-M;} blocks
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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 Ith through flth recording layers has a disc
managementareaste siefe dise nvanagernest 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 informatj nrecordln medlum and
%%géi? Accor&gng g méthod, 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 o¢of the SBM. Consequently, disc management
infermation such as  the DRSS can be obtained  easily
irrespective of the size of the SBM.

102621 Hereinafter, a method of making an information
recording medium according to this preferred embediment will
be described.

[0263) Pirst of all, first through n*™ 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 adiacent ones of
the recording layers. Furthermore, the recording layers may

be coated with a cover layer, too.



through nth space bitmaps for use to manage the recording statuses of the Ith through nh user data
areas, and wherein each of the Ith through nth space bitmaps includes bitmap nfo a ion for use to
manage the recording status of its associated one of the Ith 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#Aar thesdruseidata areaef-arraciugl size is Mh(whete Mids amditager 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 thl’Olé% space bitmaps, each of which has a size that is still equal to or smalleé than

h
one block eV&irAhBnEdmiingd WithFRE i G&finio Strli&lire, Hhd ekth said §padeBiim3p is stored

in an associated one of the Mi blocks in the disc management area, and wherein the information
reading metliodcomprisEs thersteprof rétrieving the ith space bitmapisem theMi bhlocksitege16. 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 informations,[eadin% method,of claim 16, wherein the MI
blocks are Cgﬂggcﬁﬁaﬁé&@ n271); defining . through n™ user data areas

to write user data on in the 1% through n'" 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 1°% through n™ recording layers.
[0265) Another information recording medium making method
according to this preferred embodiment includes the steps of:
forming 1%% through n' recording layers (where n is an integer
that satisfies nZ1); defining data areas, which include 15t
through n™ 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 1°% through n™® recording layers,
respectively; and defining a disc management area to store
disc management infeormation about the information recording

medium on at least one of the 1% through n'® recording layers.

INDUSTRIAL APPLICABILITY




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+Dt 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 1 (N1-MBrblotks odatatafall zerosds adritten na@very sectosexcapt fardhe:-sector on
which the disc definition structure is recorded.  21. The information reading method of claim 19,
wherein mformatlon is retrieved. without a break from all of N1, N2 N| and Nn bloclfs in.th the dISC

managemeﬁ)t area ne EE ,&ﬁéppara?us for Wrutlng |m%rmat|on on a wrrie OHCQ

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 3BM

201 S5BM header

202 bitmap information

300 TDMA

301 L0 layer 1°° SBM

303 LO layer 2" SBM

305 TDFL

307 L1 layer SBM



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 thexlxta sf0dtura®é tha dfornEition recording medium, and

400, 1300 DDS

401: 1.0 layer 1°° SBM location information
402: LO layer 2" SBM location information
403: L1 layer 1°° SBM location information
404: L1 layer 2™ SBM location information
500 infermation reading/writing apparatus
510 instruction processing section

520 optical head

530 laser ccontrol section

540 mechanism control section

550 memory

560 management information storage memory
570 system contrel 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
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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 I'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 If-LiLn), the number of blocks to llse 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 storein®@ ithrspasgditmnap forihenthtuser datd aieayot-anactual sizecisdvl (where Ml is an
integer that satisfies 1==.1M1 :-...c.N1) and if Ml is equal to or greater than two, then the
information gﬁﬁng aggaratus dJCV|d the ith h space bltgpa |nto t el ttshé% h M:h space bitmaps,
each of which has 4 &ize that is sfi Pequénl 6'0r smalfer than 6ne block &ven w%en combined with the
disc definition structure, and stores each said space bitmap in an associated one of the Ml blocks in
the disc mak&§emértCareas 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 informa glqjhr@c EH{}g medium has 1st through recording layers (where n is an integer that satisfies

n-?.- 1), an erein the 1St through nth recording layers have
1001, 1007 DDS + L0 layer 1°% SBM
1002, 1008 DDS + LO layer 2" SBM
1003, 1005 DDS + L1 layer SBM
1004, 1006 DDS + ALL ©

1301 DDS header

1302 writing mode information

1303 user data area’s logical last sector address

1304 LC layer inner spare area size

1305 outer spare area size

1306 L1 layer inner spare area size

1307 1°% DFL location information

1308 8™ DFL location information

1309 LO layer SBM location information

1310 11 layer SBM location information
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through nth user data areas to write user data on, and wherein at least one of the | 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

Ith through nth space bitmaps for use to manage the recording statuses of the 1st through nth user
data areas, and wherein each of the Ith through nth space bitmaps includes bitmap information for
use to manage the recording status of its associat@ddMé& 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

mea(WheK”lsanﬂﬁege%rite“once information recording medium on which a

read/write cperation is performed on a block-by-block basis,
wherein the information recording medium has 1°° through

n* recording layers {where n is an integer that satisfies nZ

1)y, and

wherein the 1°° through n™ recording layers have 1°°
through n'" user data areas to write user data on, and

wherein at least one of the 1°% 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

1% through n*® space bitmaps for use to manage the
recording statuses of the 1°° through n' user data areas, and

wherein each of the 1°% through n™™ space bitmaps includes
bitmap information for use £o manage the recording status of

h

its assocciated one of the 1°° through n'" user data areas on a

block-by-block basis, and
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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 maragement @reapand whereinithe idbrmation readingrapparatup settieves the
space bitmap from the Mi blocks. 24. A method of making a write-once information recording

medium on Wﬂch a {e%d/vt\i/rite ggerathon isS ggrf%%ed on.a bloc ‘A-]R)é-block b%ssis, gvrperfglr]cgheemethod

comprises the s?ecp% ot ?ormingllst tHrough n ?ecgrrdﬁenag layers f\?vhelre nis an integer that
satisfies n:2=1);

that falls within the range 1=1Z=n), the number of blocks to
use to store the i™® space bitmap is N; (where N; is an integer
that satisfies N;j&2), and if the number of blocks to use to
store the i space bitmap for the i™ user data area of an
actual size is M; (where M; is an integer that satisfies 1SM
SN;) and if M; is equal to or greater than two,

then the i™™ space bitmap is divided into the 1% through
M, =" space bitmaps, each of which has & 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 definiticon structure is recorded on the first sector

of each of the M; blocks.

3. The information reccrding medium of claim 2, wherein

the M; blocks are consecutive blocks.
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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 Ist 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 Ith through nth user data areas, and wherein each of the 1St through nth
space bitmaps inclide§ bigmap information fararserta imanagedheneeardingsstatus of #aassaciated
one of the let through nth user data areas on a block-by-block basis, and

n is equal to or greater than two, and

wherein Mi,; blocks, including the (i+1)™ space bitmap
for use to manage the recording status of the (:'L+1)th user

data area, start to be written on the block after (N;-M;)

blocks that follow the M; blecks.

5. The information recording medium of claim 4, wherein
the disc definition structure is recorded on the first sector

of the (N;:-M;) blocks.

6. The information recording medium of claim 5, wherein
in the (N;-M;) blecks, data of all zeros 1is 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 Ny, N, .., Nij, .. and N,
pieces of space bitmap location information indicating the

respective locations of blocks on which the 1°% through n®™
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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 Ith
through m,space bitmaps, each of which has a size that is still equal to or smaller than one block even
when combinedowitty thendise defimitionestaiictare, and each said space bitmap is stored in an
associated one of the Mi blocks in the disc management area.

wherein as for a block with no space bitmaps, invalid

location information 1is 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 1°° through

n*® recording layers (where n is an integer that satisfies n=Z

1}, and

wherein the 1°' through n"™™ recording layers have 1°F
through n™ user data areas to write user data on, and

wherein at least one of the 1% through n"® recording
layers has a disc management area to store disc management
information about the information recording medium, and

wherein the disc management informaticon includes

a disc definition structure for use to manage the data
structure cof the information recording medium, and

1% through n*™ space bitmaps for use to manage the
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recording statuses of the 1°° through n®™ user data areas, and

wherein each of the 1°% through n*® space bitmaps includes
bitmap informaticon for use to manage the recording status of
its associated one of the 1°" through n*® user data areas on a
block-by-kbleck basis, and

wherein 1if in a situation where the largest space is
allocated to an i"® 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 it space bitmap is N; {where N; is an integer

that satisfies Ny=Z2), and if the number of blocks to use to

h h

store the i space bitmap for the i™ user data area of an
actual size is M; (where M; is an integer that satisfies 1SM,
=N;) and if M; is equal to or greater than two,

then the information writing method comprises the step of
dividing the i™ space bitmap into the 1°% through M;"" space
bitmaps, each of which has a size that is still egual 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 M; blocks in the disc management area.
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9. The information writing method of claim 8, comprising
the step of reccrding the disc definition structure on the

first sector of each of the M; blocks.

10. The information writing method of claim 8, 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 M:,; blocks, including the (i+1)™ space bitmap
for use Lo manage the recording status of the (i+1ﬂm user

data area, start to be written on the Dblock after (Ny-M;)

blocks that follow the M; blocks.

12. The information writing method of claim 11, wherein
the disc definition structure 1s recorded on the first sectorxr

of the (N:-M;) blocks.

13. The information writing method of claim 12, wherein

in the (N;-M;) blocks, data of all zeros 1s written on every
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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 N;p, Nz, .., Ni, .. and Nj
pieces of space bitmap location information indicating the
respective locations of blocks on which the 1% through n"™
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 1°% through

n™ recording layers (where n is an integer that satisfies nZ

1), and
th

wherein the 1°° through n"" recording layers have 1°°

through n® user data areas to write user data on, and
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wherein at least one of the 1% through n*" recording
layers has a disc management area to store disc management
informaticn 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

1% through n' space bitmaps for use to manage the
recording statuses of the 1°" through n'" user data areas, and

wherein each of the 1°° through n" space bitmaps includes
bitmap information for use to manage the recording status of
its associated one of the 1°° through n*® user data areas on a
block-by-block basis, and

wherein if in a situation where the largest space 1is
allocated to an i™ 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 i space bitmap is N; (where N; is an integer
that satisfies Nyj=2), and if the number of blocks to use to
store the i™™ space bitmap for the i™ user data area of an
actual size is M; (where M; is an integer that satisfies 13M;

=N;) and if M; is equal to or greater than two,
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then the i'" space bitmap is divided into the 1°" through
M;*® space bitmaps, each of which has a size that is still
eqgqual to or smaller than one block even when combined with the
disc definition structure, and each said space bitmap is
stored 1in an assoclated one of the M; blocks 1in the disc
management area, and

wherein the information reading method comprises the step

of retrieving the i*" space bitmap from the M; blocks.

16. The information reading method of claim 15, wherein
the disc definition structure is recorded on the first sector

of each of the M; blocks.

17. The information reading method of claim 16, wherein

the My blocks are consecutive blocks.

18. The information reading method of claim 17, wherein
n is equal to or greater than two, and
wherein M:.; blocks, including the (i+1)h apace bitmap

for use to manage the recording status of the (i+1)™ user
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data area, start to be written on the block after (N;j—-M;)
blocks that follow the M; blocks, and
wherein the {(i+1)™ space bitmap is retrieved from the

block after the (N;-M;) blocks that follow the M; blocks.

19. The information reading method of claim 18, wherein
the disc definition structure is recorded on the first sector

of the (N,-M;} blocks.

20. The information reading method of claim 1%, wherein
in the (N;-M;) blocks, data of all zeros is written on every
sector except for the sector on which the disc definition

structure 1s recorded.

21. The informaticon reading method of claim 19, wherein
information is retrieved without a break from all of N;, Ni,

wr Nj, ... and N blocks in the disc management area.

2Z2. An apparatus for writing information on a write-once

information recording medium on which a read/write operation
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is performed on a block-by-block basis,
wherein the information recording medium has 1°% through

n*™" recording layers (where n is an integer that satisfies nZ

1}, and

wherein the 1°% through n™ recording layers have 1°°
through n'” user data areas to write user data on, and

wherein at least one of the 1°° through nt recording
layers has a disc management area to store disc management
information about the informaticon recording medium, and

wherein the disc management information includes

a disc definition structure for use to manage ithe data
structure of the information recording medium, and

1% through n*t space Dbitmaps for use to manage the
recording statuses of the 1%t through n®™ user data areas, and

wherein each of the 1°% through n'™ space bitmaps includes
bitmap information for use to manage the recording status of
its associated one of the 1°% through n" user data areas on a
block-by-klock kasis, and

wherein if in a situation where the largest space 1is

allocated to an 1" user data area (where i is an integer
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that falls within the range 1=i=n), the number of blocks to

nse to store the i™h

space bitmap is N; {(where N; is an integer
that satisfies N;=2), and if the number of blocks to use to
store the i™ space bitmap for the i*" user data area of an
actual size 1s M: (where M; is an integer that satisfies 1S5M;
SN;) and if M, is equal to or greater than two,

then the information writing apparatus divides the i™
space bitmap into the 1°° 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 stores each said space bitmap in an associated one of the

M; blocks in the disc management area.

23. 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,

wherein the information recording medium has 1°° through

n"" recording layers (where n is an integer that satisfies n=&

1), and

wherein the 1% through n*" recording layers have 1%
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throughn n™ user data areas to write user data on, and

wherein at least one of the 1% 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 definiticon structure for use to manage the data
structure of the information recording medium, and

1*" through n'" space bitmaps for use to manage the
recording statuses of the 1°° through n™ user data areas, and

wherein each of the 1°° through n™ space bitmaps includes
bitmap infeormation for use to manage the recording status of
its associated one of the 1°% through n™ user data areas on a
block-by-block basis, and

wherein i1f in a situation where the largest space 1is
allocated to an i'f 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 i™ space bitmap is N;i {(where N; is an integer
that satisfies N;y=2), and if the number of blocks to use to
store the i*™ space bitmap for the 1" user data area of an

actual size is M; (where M; is an integer that satisfies 1M
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=N;) and if M; is equal tTo or greater than two,

then the i space bitmap is divided intoe the 1% 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 definiticn structure, and each said space bitmap is
stored in an associated one of the M; blocks in the disc
management area, and

wherein the information reading apparatus retrieves the

i*™ space bitmap from the M; blocks.

24. A methoed of making a write-once information
recording medium on which a read/write operation is performed
onn a block-by-blcocck basis,

wherein the method comprises the steps of:

forming 1°° through n*" recording layers (where n is an
integer that satisfies nZ1);

defining 1°° through n'™ user data areas to write user
data on in the 1°° through n™ recording layers; and

defining a disc management area to store disc management

information about the information recording medium on at least
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one of the 1° through n* recording layers, and

wherein the disc managesment information includes

a disc definition structure for use to manage the data
structure ¢f the information recording medium, and

1°% through n'" space bitmaps for use to manage the
recording statuses of the 1°° through n®™ user data areas, and

wherein each of the 1°% through n™ space bitmaps includes
bitmap information for use to manage the recording status of
its associated one of the 1°° through n™ user data areas on a
block-by-block basis, and

wherein 1f in a situation where the largest space 1s
allocated to an i 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 i'*" space bitmap is N; (where N; is an integer
that satisfies N;=22}, and if the number of blocks to use to
store the i"" space bitmap for the i*" user data area of an
actual size is M; (where M; is an integer that satisfies 1M
=Nj), and if M; is equal to or greater than two,

then the i™ space bitmap is divided into the 1°% through

M:"" space bitmaps, each of which has & size that is still
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equal to or smaller than one klock even when combined with the
disc definition structure, and each said space bitmap is
stored in an asscociated one of the M; blocks in the disc

management area.
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