DESCRI PTI ON RECORDI NG MEDI UM RECORDI NG APPARATUS, REPRODUCTI ON APPARATUS,
RECORDI NG METHOD AND REPRODUCTI ON METHOD Technical Field The present
invention relates to a recording nmedium such as an optical recording
medi um used particularly as wite-once recording nedia as well as relates
to a recording apparatus, a recording nethod, a reproduction apparatus
and a reproduction nethod, which are provided for the recordi ng nedi um
Background Art As a technol ogy for recording and reproducing digital data,
there is known a data-recording technology for using optical disks

i ncl udi ng nmagnet o-optical disks asdRGordifg medi a. Exanples of the
optical disks are a CD (Conpact Disk), an MD (M ni-Di sk) and a DVD
(Digital Versatile Disk) . The optical disk is the generic nane of
recording nedia, which is a netallic thin plate protected by plastic. Wen
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Technical Field
The present invention relatés to a recording medium
such as an optical recording médium used particularly as
write-once recording media as well as relates to a
recording apparatus, a recording method, a reproduction
apparatus and a reproduction method, which are provided

for the recording medium.

Background Art

As a technology for recording and repreoducing
digital data, there is known a data-recording technology
for using optical disks including magneto-optical disks
as recording media. Examples of the optical disks are a
CD (Compact Disk), an MD (Mini-Disk) and a DVD (Digital
Versatile Disk). The optical disk is the generic name of
recording media, which is a metallic thin plate protected
by plastic. When a laser beam is radiated to the optical
disk, the optical disk emits a reflected signal, from

which changes can be read out as changes representing
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generally known. The writable category includes an MD, a
CD-R, a CD-RW, a DVD-R, a DVD-RW, a DVD+RW and a DVD-RAM.
By adopting a magneto-optical recording method, a phase-
change recording-method or a pigmented-coat change
recording-method for the writable category, data can be
recorded onto a disk of this category. The pigmented-coat
change recording-method is also referred to as a write-
once recording-method. Since this pigmented-coat change
recording-method allows data recording once and inhibits
renewal of data onto the disk, the disk is good for data-
saving apblications or the like. ©On the other hand, the
magneto-optical recording method and the phase-change
recording-method are adopted in a variety of applications
allowing renewal of data. The applications allowing
renewal of data include mainly an application of
recording various kinds of content data including musical
data, movies, games and application programs.

In addition, in recent years, a highudensity

optical disk called a blue-ray disc has been developed in



requiring a conbination of a laser wwth a wavel ength of 405 nm and an
objective lens with an NA of 0.85 to be reproduced. The laser required in
this condition is the so-called blue laser. Wth the optical disk having a
track pitch of 0.32 gm a line density of 0. 12 g mbit, a formatting
efficiency of about 82% and a dianmeter of 12 cm data of the amount of up
to 23.3 GB (gigabytes) can be recorded onto and reproduced fromthe disk
in recording/reproduction units, which are each a data block of 64 KB
(kilobytes) There are also two types of optical disk having such a high
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reproduced. The laser required in this condition is the
so~-called blue laser. With the optical disk having a
track pitch of 0.32 um, a line density of 0.12 um/bit, a
formatting efficiency of about 82% and a diameter of 12
cm, data of the amount of up to 23.3 GB (gigabytes) can
be recorded ontoc and reprcduced from the disk in
recording/reproduction units, which are each a data block
of 64 KB (kilobytes).

There are also two types of optical disk having
such a high density, i.e., optical disks of a write-once
type and optical disks of a writable type.

In an operation to record data onto an optical disk
allowing data to be recorded therein by adoption of the
magneto-optical recording method, the pigmented-coat
change recording-method or the phase-change recording-
method, guide means for tracking data tracks is reguired.
Thus, & groove is created in advance to serve as a
pregroove. The groove or a land is used as a data track.

A land is a member having a shape resembling a section



T proportlonal to the elimnated address area. ist

| ocation indicated by an address as a |location on a data track. Such
addresses are recorded on grooves by wobbling the grooves in sone cases.
That is to say, a track for recording data is created in advance as
typically a pregroove. In this case, addresses are recorded by wobbling
the side walls of the pregroove. By recording addresses in this way, an
address can be fetched from wobbling information conveyed by a reflected
| i ght beam Thus, data can be recorded at a predeternm ned | ocation and
reproduced froma predeterm ned |ocation without creating for exanple pit

data show nglamcaddpesweeh the kidkecentagvaneeson the track. By adding
addresses as a wobbling groove, it is not necessary to discretely provide
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pit data representing addresses. Since such an address area is not
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track. Such addresses are recorded on grooves by wobbling
the grooves in some cases.

That is to say, a track for recording data is
created in advance as typically a pregroove. In this case,
addresses are recorded by wobbling the side walls of the
pregroove.

By recording addresses in this way, an address can
be fetched from wobbling information conveyed by a
reflected light beam. Thus, data can be recorded at a
predetermined location and reproduced from a
predetermined location without -creating for example pit
data showing an address or the like in advance on the
track.

By adding addresses as a wobbling groove, it is not
necessary to discretely provide an address area or the
like on tracks as an area for recording typically pit
data representing addresses. Since such an address area
is not required, the capacity for storing actual data is

increased by a quantity proportional to the eliminated

address area.



an ADIP (Address in Pregroove). In addition, in the case of recording
nmedi a usable as nedia for recording these kinds of data or not as
reproduction-only nedia, there is known a technology for changing a
data-recording location on the disk by providing an alternate area. That
is to say, this technology is a defect nmanagenent technol ogy whereby an
alternate recording-area is provided so that, if a |ocation inproper for
recording data exits on the disk due to a defect such as an injury on the
disk, the alternate recording-area can be used as an area serving as a

substitute for thergdefgctbveel R68LH0PLEE AbtOVLLOLOPRE (868rdsHY and
reproduction operations to be carried out properly. The defect managenent

technol ogy is$ rébirgGlaeed 1ind1 cHREYRBNGS bn%&%@bﬁgw%%%@@@S%sU@%%%QhB%@ Pat ent
Publ i cati on No. 2002-521786, and Japanesé Patent Laid- open Nos.
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as media for recording these kinds of data or not as
reproduction-only media, there is known a technology for
changing a data-recording location on the disk by
providing an alternate area. That is to say, this
technology is a defect management technology whereby an
alternate recording-area is provided so that, if a
location improper for recording data exits on the disk
due tc a defect such as an injury on the disk, the
alternate recording-area can be used as an area serving
as a substitute for the defective location to allow
proper recording and reproduction operations to be
carried out properly.

The defect management technology is disclosed in
documents including Japanese Unexamined Patent
Publication No. 2002-521786, and Japanese Patent Laid-
cpen Nos. Sho 60-74020 and Hei 11-39801.

By the way, it is naturally impossible to recoxd
data into an already recorded area in a write-once

optical recording medium, that is, an area in which data



di sk. Specifications of nost file systens to be recorded on an optical
recordi ng medium are defined by assuming the use of the optical recording
mediumas a ROMtype disk or a RAMtype di sk. The ROMtype disk is a
reproduction-only nediumand the RAMtype disk is a witable optical disk.
Specifications of a file system for a wite-once recording nedium all ow ng
data to be stored therein only once Iimt functions of the ordinary file
system and i ncl ude special functions. The specifications of a file system
for a wite- once recording nediumare a reason why the file system does

not becone whdeb¥eRopHLBEde@bbiErat herxaptes o FAThe fit ELSYSh € capabl e of
keeping up with a variety of OSes of an information-processing apparatus
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Wite-once nmedia is wdely dsed typically in applications of preserV|ng

data. |f thae%utgageggggggbameaauma' pAiBR yaediion LbeaFATitilensustem by

keepi ng the gene rcations o e systemas they are, the
usability o e wite-once nedia can be further 6 enhanced. |In order to
all ow a mndeﬁy used file systemsuch as the FAT file systemand a file

systemfor RAM Orshgégflcatlons of most file systems to be recorded

on an optical recording medium are defined by assuming
the_use of the optical recording medium as a ROM-type
disk or a RAM-type disk. The ROM-type disk is a
reproduction-only medium and the RAM-type disk is a
writable optical disk. Specifications of a file system
for a write-once recording medium allowing data to be
stored therein only once limit functions of the ordinary
file system and include special functions.

The specifications of a file system for a write-
once recording medium are a reason why the file system
does not become widely popular. On the other hand, a FAT
file system capable of keeping up with a variety of OSes
of an information-processing apparatus and other file
systems cannot be applied to write-once media as they are.

Write-once media 1s widely used typically in
applications of preserving data. If the write-once media
can also be used for the FAT file system by keeping the
general specifications of the file system as they are,

the usability of the write-once media can be further



di sks to be applied to wite-once nedia as it is, however, a function to
wite data into the sane address as that of existing data is required.

That is to say, a capability of renewing data is required. O course, one
of characteristics of the wite-once nedia is that data cannot be witten
onto the nedia for the second tine. Thus, it is inpossible to use a file
systemfor such a witable recording nediumas it is in the first place.
In addition, when the optical disk is nmounted on a disk drive or

di smounted fromit, the recording face of the disk may be injured in
dependence gpntReegtate in which the disk is kept in the drive and the way
in which the disk is used. For this reason, the aforenentioned technique
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existing data is required. That is to say, a capability
of renewing data is required. Of course, one of
characteristics of the write-once media is that data
cannot be written onto the media for the second time.
Thus, it is impossible to use a file system for such a
writable recording medium as it is in the first place.

In addition, when the optical disk is mounted on a
disk drive or dismounted from it, the recording face of
the disk may be injured in dependence on the state in
which the disk is kept in the drive and the way in which
the disk is used. For this reason, the aforementicned
technigue of managing defects has been proposed. Of
course, even the write-once media must be capable of
coping with a defect caused by an injury.

In addition, in the case of the conventional write-
once optical disk, data is recorded in a state of being
compacted sequentially in areas starting from the inner
side. To put it in detail, there is no space left between

an area already including recorded data and an area in



reproducti on operation cannot be carried out. Such a situation limts the
freedom of a random access operation carried out on the wite-once nedi a.
In addition, for a disk drive or a recording/reproduction apparatus, an
operation requested by a host conputer to wite data at an address
specified in the operation as an address in a wite-once optical disk or
an operation to read out data fromsuch an address is a process of a heavy
| oad. From what is described above, contenporary wite- once nmedia or, in
particular, wite-once nedia inplenmented by a high-density optical disk

having a readcti dgteapacicby bef ratolrgast nd@tB thke tHepcah@renenti oned
blue-ray disk, is required to neet the follow ng requirenents. The

write-once medivanthahkibeiskapabbevel oberewirg dakamanrgpEagagixngsdef ects by
execution of proper managenent, inproving the random accessibility,

reduci ng thesprogess g kaad,barng nbyinthec heaokdibagkieriedugtion .
appar atus, keeping up with a general-purpose file systemby the capability
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thus an Ob]%ﬁ%u%%i%%elREﬁ%%nEh%n%%gghg% of a random-access operation

carried out on the write-once media.

In addition, for a disk drive or a
recording/reproduction apparatus, an operation requested
by a host computer to write data at an address specified
in the operation as an address in a write-once optical
disk or an operation to read out data from such an
address is a process of a heavy load.

From what is described above, contemporary write-
once media or, in particular, write-once media
implemented by a high-density optical disk having a
recording capacity of at least 20 GB like the
aforementioned blue-ray disk, is required to meet the
following requirements. The write-once media shall be
capable of renewing data and managing defects by
execution of proper management, improving the random
accessibility, reducing the processing load borne by the
recording/reproduction apparatus, keeping up with a
general-purpose file system by the capability of renewing

data and maintaining compatibility with writable optical



addressing such a situation to inprove usability of a wite-once recording
medi um by all ow ng data stared on the wite-once recording nediumto be
renewed and by executing proper nmanagenent of defects. A recordi ng nmedi um
provi ded by the present invention has a wite-once area allow ng data to
be recorded therein once and including a main data area as well as a
managenent/control area for recording nanagenent/control information for
recording data into the main data area and reproducing data fromthe nain
data area. The main data area includes a regular recording/reproduction

area whi ch @g@&sigsr@@qng@iﬁ%g}od@a@ib%pbgq ed sfksom as wel | as an
alternate area for recording data due to a defect existing in the regul ar

recordi ng/ reproduction area or for recording data in a process to renew
data. On the other hand, the managenent/control area includes a first

al ternat e- ggg%qggug%n%gquggnk figrmation area for recording first

al t er nat e- addr ess nmanagenent 1 nformation for managing 9 alternate-address
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managenent informatron area  for recordin €rnate ress managenent
infornatiOnah%r%%s%%%a%%%%l% %ﬁ%%%tﬁ%na%cpqgg&%%% R{s2%5! %ty of a
write-once recording medium by allowing data stored on
the write-once recording medium to be renewed and by
executing proper management of defects.

A recording medium provided by the present
invention has a write-once area allowing data to be
recorded therein once and including a main data area as
well as a management/control area for recording
management/control information for recording data into
the main data area and reproducing data from the main
data area.

The main data area includes a regular
recording/reproduction area which data is recorded into
and reproduced from as well as an alternate area for
recording data due to a defect existing in the regular
recording/reproduction area or for recording data in a
process to renew data. On the other hand, the
management/control area includes a first alternate-

address management information area for recording first

alternate-address management information for managing



prior to a finalization process. In addition, the nain data area or the
managenent/control area is used for recording witten/unwitten state
indication information for each data unit of the main data area and each
data unit of the managenent/control area as information indicating

whet her or not data has been witten into the data unit. On top of that,
in accordance with the alternate- address process, alternate-address
managenent information is additionally recorded in the second

al ternat e-address nmanagenent information area and information indicating

effective ahbleerakecaddoeessmpragertet uRfiagMheonlternakeoaieconded. | n
addition, in accordance with a data-witing process, the witten/unwitten
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al t er nat e- address managenent information area and information indicating

ef fective algernake addess,e g&t&@%@%@aidlafr%rs@ama%gie&e@llts0 recorded. As an
alternative, a witten/unwitten state 10 indication information area for
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in the main data area, in accordance wth a data-witing process, the

mﬁ'tten/unw%&%%%nt%t%t%inalization process. In addition, the main

data area or the management/control area is used for
recording written/unwritten state indication information
for each data unit of the main data area and each data
unit of the management/control area as information
indicating whether or not data has been written into the
data unit.

On top of that, in accordance with the alternate-
address process, alternate-address management information
is additionally recorded in the second alternate-address
management information area and information indicating
effective alternate-address management information is
also recorded.

In addition, in accordance with a data-writing
process, the written/unwritten state indication
information is additionally recorded in the second
alternate-address management information area and
information indicating effective alternate-address
management information is also recorded.

As an alternative, a written/unwritten state
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indication information is additionally recorded in the witten/unwitten
state indication information area and l|ast witten/unwitten state
indication information in the witten/unwitten state indication
information area is made effective. In this case, a portion in an
alternate area of the nmin data area is used as the witten/unwitten
state indication information area, and information is recorded to
indicate that the portion of the alternate area is used as the
witten/unwitten state indication infornation area and, hence, cannot

serve as an;greaavsed i1hebrhheisht gkpat eoaddressaphgcens. A recording
apparatus provided by the present invention is a récording apparatus
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written/unwritten state indication information area and
last written/unwritten state indication information in
the written/unwritten state indication information area
is made effective.

In this case, a portion in an alternate area of the
main data area is used as the written/unwritten state
indication information area, and information is recorded
to indicate that the portion of the alternate area is
used as the written/unwritten state indication
information area and, hence, cannot serve as an area used
for the alternate-address process.

A_recording apparatus provided by the present
invention is a recording apparatus designed for the
recording medium described above. The recording apparatus
has write means for writing data onto the recording
medium, confirmation means for determining whether or not
data has been recorded at an address related to a data-
writing request to write data in the main data area on

the basis of the written/unwritten state indication
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means. The wite control neans controls the wite nmeans to wite data at
the address related to the data-witing request and updates the
witten/unwitten state indication information if the confirnmation neans
determ nes that data has not been recorded at the address related to the
data-writing request. However, the wite control neans controls the wite
nmeans to wite data related to the data-witing request in the alternate
area as well as updates the alternate-address nanagenent information and
the witten/unwitten state indication information if the confirmation

nmeans det er finFeSriadlon, daka has nheedn’ aeandedodt deheraddnass vheltadked to the
data-writing request whereas the determ nation neans determ nes that the

al ter nat e- addr 3% RHOGASRrHAR NG (dcALE §doedts LB1addihi0R) tkh el t e
control neans al so updates the alternate-address managenent information by
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means.

The write control means controls the write means to
write data at the address related to the data-writing
request and updates the written/unwritten state
indication information if the confirmation means
determines that data has not been recorded at the address
related to the data-writing request. However, the write
control means controls the write means to write data
related to the data-writing request in the alternate area
as well as updates the alternate-address management
information and the written/unwritten state indication
information if the confirmation means determines that
data has been recorded at the address related to the
data-writing request whereas the determination means
determines that the alternate-address process can be
carried out.

In addition, the wrife control means also updates
the alternate-address management information by

additionally recording alternate-address management

information in the second alternate-~address management
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updates the witten/unwitten state indication information by additionally
recording witten/unwitten state indication information in the second

al ternat e- address managenent information area of the recording nedium and
records information indicating effective witten/unwitten state
indication information. As an alternative, the wite control neans updates
the witten/unwitten state indication information by additionally
recording witten/unwitten state indication information in the main data
area of the recording nedium In addition, the recording apparatus further

has set neangsorpatseht kRgaabfi REeCakebrasnhomslelRetnar raebradat a can be
renewed on the basis of information recorde on the recordi ng nedi um as

i nformati onjhrdireakhBg &ha&cakﬁﬁgpaEE59@19E thee2hkernatgrasga in the min
data area of the recording nediumis used as the witten/unwitten state

i ndi cation hghgggﬁghgnlﬁ&ggmg@qonhence cannot serve as an area used for
the al ternate-address process and on the basis of the substance of data

recorded in the p@ﬁt’%eﬁ' 8‘%"&9,‘%{'9 tﬂet@fla%t%ﬁt@{gl%sgnesaw

witten/unwitten st i ndi cation i nfor ion area 1Th a ¢coOn |gurat|on
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uses ortion of the alternate area as
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information by additionally recording written/unwritten
state indication information in the second alternate-
address management information area of the recording
medium and records information indicating effective
written/unwritten state indication information.
As an alternative, the write control means updates
the written/unwritten state indication information by
additionally recording written/unwritten state indication
information in the maln data area of the recording medium.
In addition, the recording apparatus further has
set means for setting an indicator as to whether or not
data can be renewed on the basis of information recorded
on the recording medium as information indicating that
the portion of the alternate area in the main data area
of the recording medium is used as the written/unwritten
state indication information area and, hence, cannot
serve as an area used for the alternate-address process

and on the basis of the substance of data recorded in the

portion existing in the alternate area as the
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records the witten/unwitten state indication information in the
witten/unwitten state indication information area. A reproduction
apparatus provided by the present invention is a reproduction apparatus
designed for the recording nmedium described above. The reproduction
apparatus includes read neans for reading out data from the recording
medium first confirmation neans for determ ning whether or not data has
been recorded at an address related to a read request to read out data
from the main data area on the basis of the witten/unwitten state

i ndi cation yeierenyuanriseeandteesf ihomthenoReaRForiak idat arBkniiAgawhet her
or not the address related to the read request to read out data fromthe

mai n data aggarhgurafidddygsscsanpheat WRqtancahternahezadd;ges pHRCESS on
the basis of thé alternate-address managenent information and read

control meags, e beadneogtteknIRANs EANLEOkSC! N ikeall IRARS chan fead out

data fromthe address related to the rea request Irs

confirratl og. eans HdeLatibes nkhahaldoflatacnas peanqfeqanded at the address
a

related to the re request an e second confirmation f8ans det ermi nes

Lret e T9Lasns! LAl B IR 68 LANRAL! SrlRLaREcOCT e compl eting
information in the written/unwritten state indication
information area.

A reproduction apparatus provided by the present
invention is a reproduction apparatus designed for the
recording medium described above. The reproduction
apparatus includes read means for reading out data from
the recording medium, first confirmation means for
determining whether or not data has been recorded at an
address related to a read request to read out data from
the main data area on the basis of the written/unwritten
state indication information, second confirmation means
for determining whether or not the address related to the
read regquest to‘read out data from the main data area 1s
an address completing an alternate-address process on the
basis of the alternate-address management information and
read control means.

The read control means controls the read means to

read out data from the address related to the read

request if the first confirmation means determines that

14



read control neans controls the read neans to read out data related to the
read request fromthe alternate area on the basis of the alternate-address
managenent information if the first confirmati on nmeans determ nes that
data has been recorded at the address related to the read request and the
second confirmati on neans determnes that the address related to the read
request is an address conpleting an alternate-address process. A recording
nmet hod provided by the present invention is a recording nethod designed
for the recording nmediumdescribed above. The recordi ng nethod i ncludes:

a confirmatigafasheR BGkefet-ectirdiedd athehBerndareskotredatadhas been reaeor ded
at an address related to a data-witing request to wite data in the nmain

data area @QmghBetbasis tok LReowd tharivhwtibhehedhat fetldhGakisORhat
information; a determnation step of determ ning whether or not an

al ternate- agg"ee %%Id%%%e%%l'é%ie&? ri#vh%h%' tehpate gu%rs%a iandothgnseeidss

al t er nat e- addr ess nmanagenent ormati on area can be carried out; a first

wite sten cBhotllingd datd AL Lhe-adaress Helated toubhgydal agte Witlng

request and updating e witten/unwitten i'ndicatron’ i nformation if

quest and “tfic WITCERMUnarl TR State” on’ ]
data has not SHBeROILEH: (ed A, PR SUd: S08 FEFm BHSLS R0 AACa W Cing

data related to the read request from the alternate area
on the basis of the alternate-address management
information if the first confirmation means determines
that data has been recorded at the address related to the
read request and the second confirmation means determines
that the address related to the read request is an
address completing an alternate-address process.

A recording method provided by the present
invention is a recording method designed for the
recording medium described above. The recording method
includes: a confirmation step of determining whether or
not data has been recorded at an address related to a
data-writing reguest to write data in the main data area
on the basis of the written/unwritten state indication
information; a determination step of determining whethexr
or not an alternate-address process using the alternate
area and the second alternate-—address management
information area can be carried out; a first write step

of writing data at the address related to the data-
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request; and a second wite step of witing data related to the
data-writing request in the alternate area as well as updating the

al t ernat e- address managenent information and the witten/unwitten state
indication information if a determnation result obtained at the
confirmation step indicates that data has been recorded at the address
related to the data-witing request whereas a determnation result
obtained at the determ nation step indicates that the alternate-address
process can be carried out. A reproduction method provided by the present

invention i sratiepr edytiisenanet hpdadesigoned fenttha /uheeerdeng skadieum
descri bed above. The reproduction nethod includes: a first confirmation

step of det enhliBkRE onWAREBeMa®R oROY FUA! BchasmRaen ibaCkdad tabnLaR 1addr ess
related to a read request to read out data fromthe main data area on the

basi s of thgtWihkt eBh¥RWnhiien %tt@be inkRdheakl @RakNhRLARKLANL .2 $eeand
confirmati on step of determ ning whether or not the address related to the

read 1 equestol8 head apuk nEakadtEaw e ML (akgeakar L g 10 19 address

conpl eting an alternate-address process on the basis o

ool s eaagenent L mClon o 1 end s o cagd o o
to the data-writing request in the alternate area as well
as updating the alternate-address management information
and the written/unwritten state indication information if
a determination result obtained at the confirmation step
indicates that data has been recorded at the address
related to the data-writing reguest whereas a
determination result obtained at the determination step
indicates that the alternate-address process can be
carried out.

A reproduction method provided by the present
invention is a reproduction method designed for the
recording medium described above. The reproduction method
includes: a first confirmation step of determining
whether or not data has been recorded at an address
related to a read request to read out data from the main
data area on the basis of the written/unwritten state
indication information; a second confirmation step of

determining whether or not the address related to the

read request to read out data from the main data area is

16



obtained at the first confirmation step indicates that data has been
recorded at the address related to the read request and a determ nation
result obtained at the second confirmation step indicates that the address
related to the read request is not an address conpleting an

al t ernat e- address process; and a second read step of reading out data
related to the read request fromthe alternate area on the basis of the

al ternat e-address nmanagenent information if a determ nation result
obtained at the first confirmation step indicates that data has been

recorded at shhegaddeassofphatedqt ant Aeceeadteequastssapdoaedst shMAat i on
result obtained at the second confirmation step indicates that the ‘address

related to phhgsr82dtheqHeskrhs ta0aREYE88S naABBLAENRY i AR k@S BAL S address
process. That is to say, the wite-once recordi'ng nmedi um provided by the

present iHVQ@Egenr%aa'g@@glgfr%gahﬁhgdpggoagkagk&gareﬂgC%hageggea, an

alternate area, a firs ernate-a S managemnment | nformatl on and a

ceoon o LSEABLECA 868 URIRORUEIL,E,r RS b FEagH 1 on
ol (4 onal | Yo SAREEL 00 PLLCGIRLE: RAReSshe TRARGRIRNT L LGLTR! el 2t o0 o
data has been recorded at the address related to the read
request and a determination result obtained at the second
confirmation step indicates that the address relafed to
the read request is not an address completing an
alternate-address process; and a second read step of
reading out data related to the read request from the
alternate area on the basis of the alternate-~address
management information if a determination result obtained
at the first confirmation step indicates that data has
been recorded at the address related to the read request
and a determination result obtained at the second
confirmation step indicates that the address related to
the read reguest is an address completing an alternate-
address process.
That is to say, the write-once recording medium
provided by the present invention includes a regular
recording/reproduction area, an alternate area, a first

alternate—-address management information and a second

alternate-address management information area. 1In
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i nformati on
can be used

area, the second alternate-address nanagenent information
as an area for inplenenting renewal of data. In addition,

witten/unwitten state indication information is used as infornation

det er mi ni ng
cluster) on
managenent

whet her or not data has been recorded in each data unit
the recording nedium Thus, it is possible to inplenent
of defects and renewal of data in wite-once nedia. Wen t

recordi ng apparatus receives a data- witing request, for exanple, the

witten/unwitten state

for deternaaHngivhet herteennohwdatachastheeningeendednat n@brmadadbass

specified i
specified i
area. In ad

n the request. If data has been recorded at the address

Rst hecoeadast . pead@di Oioe1 Wi tdEBrdSnd esDEdesht&-dderadd er
dition, by updating alternate-address managenent informati

area
t he
for
(or a

he

indication infornmati on can be used as i nformation

nat e
on

through addithaBeRbntnf AEARLLEA.AN NG 2K ebNahexaddigase-RLACRSS carried
out in recording the data to be witten in the alternate area, virtually, a

data renewal, ;8,18 EggtcﬁgE%EgndDSﬁ‘E%En EQQSH‘E@EsCﬁQnQSEﬁegg dexeCUt ed

updati ng al
i nformati on
data to be

ernat e- address nmanagenent 1 nformation throu ition of

188k abheraate- Rdr ¢33 RLOLeRR-naRerhad UL flnkgeREHEN
information area can be used as an area for implementing
renewal of data.

In addition, the written/unwritten state indication
information is used as information for determining
whether or not data has been recorded in each data unit
(or a cluster) on the recording medium. Thus, it is
possible to implement management of defects and renewal
of data in write-once media.

When the recording apparatus receives a data-
writing request, for example, the written/unwritten state
indication information can be used as information for
determining whether or not data has been recorded at an
address specified in the request. If data has been
recorded at the address specified in the request, data to
be written is recorded in the alternate area. In addition,
by updating alternate-address management information
through addition of information on the alternate-address
process carried out in recording the data to be written

in the alternate area, virtually, a data renewal is
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alternate area due to a defect existing at the address specified in the
request. \Wien the reproduction apparatus receives a data reproduction
request, the witten/unwitten state indication information can be used as
information for determ ning whether or not data has been recorded at an
address specified in the request. If data has been recorded at the address
specified in the request, the data to be reproduced is read out fromthe
recording nedium |f the address specified in the data reproduction
request is an address shown in nost recently updated alternate-address

managenment ifboefhiced. tberdat amifademer€PELEHUSES, i 15 I €RECRHEATIEPM an
alternate destination address shown in the nost recently update

al ternate- addLe3s MRNGSABRE-LALRLER! ARackhRht! Snrbbfadaba LArB8gh = |
reproduced is read out froman address in the alternate area. ThusS, it is

possi bl e toa%l%rtﬁ%?n' %! ‘iﬁ‘?_oﬁ}glﬁt@%haonr epdl tah‘ﬂ%rh%@@-%dﬁ%@%‘é’a r@tedat a
a n t e

subjected to an t er nat e- addr ess process | e past due to th

exi stence of g efeel, 19 BRLEEDESCRETLONOF THE QRAYLNGS Bl Gpol is an
expl anat ory "di agram showi ng the are€a  structure of a di sk provided by an

embodi ment " gf Lg (R 8580 JAvER L0

Yefect existing at the address
spec;fied in the request.

When the reproduction apparatus receives a data
reproduction request, the written/unwritten state
indication information can be used as information for
determining whether or not data has been recorded at an
address specified in the request. If data has been
recorded at the address specified in the request, the
data to be reproduced is read out from the recording
medium. If the address specified in the data reproduction
request is an address shown in most recently updated
alternate—-address management information, the data to be
reproduced is read out from an alternate destination
address shown in the most recently updated alternate-
address management information, that is, the data to be
reproduced is read out from an address in the alternate
area. Thus, it is possible to correctly read out data
resulting from a renewal or data subjected to an

alternate—-address process in the past due to the

existence of a defect.
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FIG 2 is an explanatory diagram showi ng the structure of a one-layer disk
provided by the enbodinent; FIG 3 is an explanatory diagram show ng the
structure of a two-layer disk provided by the enbodinent; FIG 4 is an
expl anatory di agram showing a DVA of a disk provided by the enbodi nent;
FIG 5 is a diagramshow ng the contents of a DDS of a disk provided by
the enbodinent; FIG 6 is a diagram showi ng the contents of a DFL of a

di sk provided by the enmbodinent; FIG 7 is a diagram show ng defect |ist
managenent information of a DFL and TDFL of a disk provided by the
enbodinment; FIG 8 is a diagram show ng alternate-address information of a
DFL and TDFL of a disk provided by the enbodinent; FIG 9 is an

expl anat or y gitagr amsshawrgna oFDVRrohrag Ticsk provi ded by the enbodi nent;
FIG 10 is an explanatory di agram showi ng a space 20 bitmap of a disk

provided by the enpedi menis EhGxdiahstép e&pééegﬁ%ﬂomﬁ@r@msg@%ng a
TDFL of a disk provided by the enbodi men¥; FI 12 is an expl anatory

di agram show0g 2 . FRP3 0% 34l Sk oRuALIeY By LheATREdMBRH the

present invention;

FIG. 2 is an explanatory diagram showing the
structure of a one-layer disk provided by the embodiment;
FIG. 3 is an explanatory diagram showing the
structure of a two-layer disk provided by the embodiment;

FIG. 4 is an explanatory diagram showing a DMA of a
disk provided by the embodiment;

FIG. 5 is a diagram showing the contents of a DDS
of a disk provided by the embodiment;

FIG. 6 is a diagram showing the contents of a DFL
of a disk provided by the embodiment;

FIG. 7 is a diagram showing defect list management
information of a DFL and TDFL of a disk provided by the
embodiment;

FIG. 8 is a diagram showing alternate-address
information of a DFL and TDFL of a disk provided by the
embodiment;

FIG. 9 is an explanatory diagram showing a TDMA of
a disk provided by the embodiment:

FIG. 10 is an explanatory diagram showing a space
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FIG 13 is an explanatory di agram showing an I SA and OSA of a disk

provi ded by the enbodinent; FIG 14 is an explanatory di agram showi ng a
data- recording order in a TDVA of a disk provided by the enbodinent; FIG
15 is an explanatory diagramshowing a wutilization stage of a TDVA of the
two-| ayer disk provided by the enbodinent; FIG 16 is a bl ock diagramof a
di sk drive provided by the enbodinent; FIG 17 shows a flowchart
representing a data- witing process provided by the enbodinent; FIG 18
shows a flowchart representing a user-data- witing process provided by the

enbodi ment ; pEkEaplershowssa brewehant pyepresenbbagmaAteverwite function

process provided by the enbodi nent; FI 20 shows a flowchart representing
a process of  generpting; al § exnales pddress, i Bf oL Pt 9o I GCLOrdanNces Wi th
by the enbodinment; 21 FIG 21 shdﬁ% a %?om%hartérepresenti%g a data-

fetching prgcg§§¥gé8¥5ngdb§¥t@ﬁeegggghgﬁghf.FlG. 22 shows a fl owchart

representing a space- birt map ate protess provided by the

embodi ment ; FIG. 12 is an explanatory diagram showing a TDDS of

a disk provided by the embodiment;

FIG. 13 1s an explanatory diagram showing an ISA
and OSA of a disk provided by the embodiment;

FIG. 14 is an explanatory diagram showing a data-
recording order in a TDMA of a disk provided by the
embodiment;

FIG. 15 1s an explanatory diagram showing a
utilization stage of a TDMA of the two-layer disk
provided by the embodiment;

FIG. 16 is a block diagram of a disk drive provided
by the embodiment;

FIG. 17 shows a flowchart representing a data-
writing process provided by the embodiment:

FIG. 18 shows a flowchart representing a user-data-
writing process provided by the embodiment;

FIG. 19 shows a flowchart representing an overwrite
function process provided by the embodiment;

FIG. 20 shows a flowchart representing a process of
generating alternate-address information in accordance

with by the embodiment;
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FIG 23 shows a flowchart representing a process of restructuring

al ternate-address information in accordance wth the enbodinent; FIG 24
is an explanatory di agram showi ng the process of restructuring

al ternate-address information in accordance with the enbodinment; FIG 25
shows a flowchart representing a process of converting a disk provided by
the enbodinent into a conpatible disk in accordance with the enbodi nent;
FIG 26 is an explanatory diagram showing a TDVA of a di sk provided by
anot her enmbodinent; FIG 27 is an explanatory diagram showi ng a TDDS of a
di sk provided by ti#mes othersiaivhodi nENSweHd £& 2ébidsant @xplanpidy di agram
showing an SA and OSA of a disk provided by the other enbodi nent; FIGS.

29A and 29Bféf§h@ﬁﬁhpaacsgglgﬁawaaddlggtaaﬂ snpvingesppare area full flags
provided by the other enbodi nent 30 shows a flowchart representing a

data 22 writing pregess;praviged bﬁ’lévﬂﬁqé’ﬁ@%eﬁ%ﬂmia FIG 31 shows a
flowchart representing a process of setting a renewal tfunction in

accor dance hi) LheOLALLnaBTHEHLIE b oELGs B2090608 Byf LAvchart

representing a
embodiment;

FIG. 23 shows a flowchart representing a process of
restructuring alternate-address information in accordance
with the embodiment;

FIG. 24 is an explanatory diagram showing the
process of restructuring alternate-address information in
accordance with the embodiment;

FIG. 25 shows a flowchart representing a process of
converting a disk provided by the embodiment into a
compatible disk in accordance with the embodiment:

FIG. 26 is an explanatory diagram showing a TDMA of
a disk provided by another embodiment;

FIG. 27 is an explanatory diagram showing a TDDS of
a disk provided by the other embodiment;

FIG. 28 is an explanatory diagram showing an ISA
and CSA of a disk provided by the other embodiment:;

FIGS. 28A and 29B are each an explanatory diagram
shpwing spare area full flags provided by the other
embodiment;

FIG. 30 shows a flowchart representing a data-
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fetching process provided by the other enbodinent; and FIG 33 shows a
flowchart representing a TDFL/ space-bitmp update process provided by the
ot her enbodi nent. Best Mdde for Carrying out the Invention The foll ow ng
description explains an enbodi ment provided by the present invention as an
enbodi ment i nplenenting an optical disk and a disk drive enployed in a
recordi ng apparatus and/or a reproduction apparatus as a disk drive
designed for the optical disk. The description conprises chapters arranged
inthe followng order: 1: Disk Structure 2: DVMAs 3: First TDVA Met hod
3-1: TDVAs w242inkSAsoeedsObA®viddd3byTEe- YUsheg Mebbadm2adt4: Disk Drive 5:
Qperations for the First TDMA Method 5-1: Data Witing 5-2: Data Fetching

ED)i-Si( Updating of thecTDEL/ Spase Bi t1BRchE&ré: r&OPNEESE ORgi At er&eapatbbl e
SKS

setting a renewal function in accordance with the other
embodiment;
FIG. 32 shows a flowchart representing a data-
fetching process provided by the other embodiment; and
FIG. 33 shows a flowchart representing a

TDFL/space-bitmap update process provided by the other

embodiment.

Best Mode for Carrying out the Invention

The following description explains an embodiment
provided by the present invention as an embodiment
implementing an optical disk and a disk drive employed in
a recording apparatus and/or a reproduction apparatus as
a disk drive designed for the optical disk. The
description comprises chapters arranged in the following
order:
1: Dbisk Structure
2: DMAs
3: First TPMA Method

3-1: TDMAs

3-2: 1ISAs and OSAs

3~-3: TDMA-Using Method
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6: Effects of the First TDMA Method 7: Second TDVA Method 7--1: TDMAs

7-2. 1SAs and OSAs 8: (Operations for the Second TDVA Method 8-1: Data
Witing 8-2: Data Fetching 8-3: Updating of the TDFL/ Space Bitmap and
Conversion into Conpatible Disks 9: Effects for the Second TDVA Met hod 1:

Di sk Structure First of all, an optical disk provided by the enbodinent is
expl ai ned. The optical disk can be inplenented by a wite-once opti cal
disk referred to as the so-called blue-ray disk. The blue-ray disk
pertains to the category of high-density optical disks. Typical physical
paraneters df: theshi ghidensity 24 optical disk provided by the enbodi nent
are explained as follows. The disk size of the optical disk provided by

the enbodi mentopsrexpbessedri ohtermesef rovdi ggehesy of 120 nmm and a di sk
thickness of 1.2 nm That is to say, fromthe external-appearance point of

view, the optical disk pFpvided bynd he embodiment is simlar to a disk of a
Ch

5-2: Data Fetching

5-3: Updating of the TDFL/Space Bitmap

5-4: Conversion into Compatible Disks
6: Effects of the First TDMA Method
7: Second TDMA Method

7-1: TDMAs

7-2: 1ISAs and OSAs
8: Operations for the Second TDMA Method

8~1: Data Writing

8-2: Data Fetching

8-3: Updating of the TDFL/Space Bitmap and
Conversion into Compatible Disks

9: Effects for the Second TDMA Method

1: Disk Structure

First of all, an optical disk provided by the
embodiment 1is explained. The optical disk can be
implemented by a write-once optical disk referred to as
the so-called blue-ray disk. The blue-ray disk pertains
to the category of high-density optical disks.

Typical physical parameters of the high-density
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(Conpact Disk) systemand a disk of a DVD (Digital Versatile D sk) system
As a recording/reproduction |aser, the so-called blue |laser is used. By
using an optical systemhaving a high NA of typically 0.85, setting the
track pitch at a small value of typically 0.32 mcrons and setting the

| ine density at a high value of typically 0.12 mcrons per bit, it is
possible to inplenent a user-data storage capacity of about 23 Goyte to 25
Goyte for an optical disk with a diameter of 12 cm In addition, a

two-| ayer disk is also developed. A two-layer disk is an optical disk

having two beeakdiingislikayebsided bie teasemdbdamewe- hakeexghskned Uger-data
capacity of about 50G can be achieved. FIG 1 is an explanatory di agram

show ng the ¢.ayeuls. (or the area structure) of the entire disk. The
recording area of the disk includes a |lead-in 25 zone on the innernost

circunference, a dgfa zp0f 90,2 o,{? Qﬂ{egag{:.*[&é'ﬂféﬁﬂc r@@gd@dlﬁgdtﬁ’@t zone

on the outernobst circunterence. In zone, the data zonhe and the

| ead- out | 2Qig 5163 f eGRLdlNg ANY [RRLAIUE! 10D;ALERs A% Alloys, A

prerecorded 1 nfor on are Anermost hé “I"ead- Lin zone

Is a rEprOd%%FI%ndg%&Yt%i %neé% arei 2 mm. That is to say, from the

external-appearance point of view, the optical disk
provided by the embodiment is similar to a disk of a CD
(Compact Disk} system and a disk of a DVD (Digital
Versatile Disk) system.

As a recording/reproduction laser, the so-called
blue laser is used. By using an optical system having a
high NA of typically 0.85, setting the track pitch at a
small value of typically 0.32 microns and setting the
line density at a high value of typically 0.12 microns
per bit, it is possible to implement a user-data storage
capacity of about 23 Gbyte to 25 Gbyte for an optical
disk with a diameter of 12 cm.

In addition, a two-layer disk is also developed. A
two-layer disk is an optical disk having two recording
layers. In the case of a two-~layer disk, a user-data
capacity of about 50G can be achieved.

FIG. 1 is an explanatory diagram showing the layout
{or the area structure) of the entire disk.

The recording area of the disk includes a lead-in
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starting with a managenent/control information area of the |ead-in zone and
ending wwth the | ead-out zone is wused as a wite-once area allow ng data
to be witten therein only once. In the reproduction-only area and the
wite-once area, a spiral recording track is created as a wobbling

groove. The wobbling groove serves as a tracking guide in a tracing
operation using a | aser spot. The wobbling groove is thus a recording
track, which data is recorded onto or read out from It is to be noted
that, this enbodi nent assunes an optical disk allow ng data to be recorded

on the grooygne Hawewer inhBemseepeietuhiierehesent bavantbae o ROt |imted
to the optical disk with such a recording track. For exanple, the present

invention caRgaheochecarpbkedckoandnaopbheabyudi sknadept kRg aukarfost
recordi ng-techni que whereby data is recorded on a | and between two

adj acent 26cg5gg%§%reh§eqddition, the present invention can also be
applied to an optical disk adopting a | and/ groove recording-technique

whereby data is regprded.gna band end a.00op¥se LfgagdLtions 4l aroove

used as a recording trac I'n an optrcal disk has a Shape Wwo y a

wobbl i ng SE%%%'séyyé&aéifgé%% £ﬂ§”%§é"r§%¥ghﬁgkfgglg?éagl55 follows.

A prerecorded information area PIC on the innermost side
of the lead-in zone is a reprcduction-only area. An area
starting with a management/control information area of
the lead-in zone and ending with the lead-cut zcone is
used as a write-once area allowing data to be written
therein only once.

In the reproduction-only area and the write-once
area, a spiral recording track is created as a wobbling
groove. The wobbling groove serves as a tracking gﬁide in
a tracing operation using a laser spot. The wobbling
groove is thus a recording track, which data 1s recorded
onto or read out from.

It is to be noted that, this embodiment assumes an
optical disk allowing data to be recorded on the groove.
However, the scope of the present invention is not
limited to the optical disk with such a recording track.
For example, the present invention can also be applied to
an optical disk adopting a land recording-technigue

whereby data is recorded on a land between two adjacent
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detects both edge positions of the groove froma reflected |ight beamof a
| aser spot radiated to the groove. Then, by extracting conponents
fluctuating in the radial direction of the disk as fluctuations of both
the edge positions in an operation to nove the |aser spot along the
recording track, the wobble signal can be reproduced. This wobbl e signal
i's nodul ated by information on addresses of recording | ocations on the
recording track. The information on addresses includes physical addresses
and other additional information. Thus, by denodul ating the wobble signal
to produce gheokekor Nkt i adddhi@ddrgssesreséme thedknidiovecars £hpalibe of
controlling addresses, at which data are to be recorded or reproduced. The

| ead-in zongpphewd tb EhGopticaladigkeadoptihg ai naad/grdeva circunference
having a typical radius of 24 nm 27 An area between a circunference with a

radi us of 22c3rBAhgndeanal oM BeeBE¢ Wath asr2dcdgdel 3. 34 MAnWn the
| ead-in zone is the prerecorded information area PIC. The prerecorded

i nformationzghea BhGoke. used for storing reproduction-only information as
the wobbling state of the groove. The reproduction-only information

i ncludes di sk infofyalhon: BUEH Bfe " GEQLPLNGLLEPLQIUCLELO8rging track

in an optical disk has a shape wobbled by a wobbling
signal. Thus, a disk drive for such an optical disk
detects both edge positions of the groove from a
reflected light beam of a laser spot radiated to the
groove. Then, by extracting components fluctuating in the
radial direction of the disk as fluctuations of both the
edge positions in an operation to move the laser spot
along the recording track, the wobble signal can be
reproduced.

This wobble signal is modulated by information on
addresses of recording locations on the recording track.
The information on addresses includes physical addresses
and other additional information. Thus, by demcdulating
the wobble signal to produce the information on addresses,
the disk drive is capable of controlling addresses, at
which data are to be recorded or reproduced.

The lead-in zone shown in FIG. 1 is an area on the
inner side a circumference having a typical radius of 24

mm.
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power conditions, information on areas on the disk and information used
for copy protection. It is to be noted that these pieces of information
can al so be recorded on the disk as enboss pits or the |ike. A BCA (Burst
Cutting Area) not shown in the figure nmay be provided on a circunference
on the inner side of the prerecorded information area PIC in sone cases.
The BCA is used for storing a unique ID peculiar to the disk recording
mediumin such a state that the I D cannot be renewed. The unique IDis
recorded nmarks created in a concentric-circle shape to formrecorded data

in a bar- code formRtard BEERedLt Ne€lrutf & eamEerenele M figous aglf us of
23.1 mmand a circunference with a radius of 24.0 nmin the |lead-in zone

is a managepenb/ gANkhal ai B QERFEPBNAEER4ithNE FBAAGSTBRt £L8oNt Al in
information area has a predeterm ned area format to include a control data

area, 28 a bMa Gbghesh %%B@gggeQheAbQQEec%rﬁ@ﬁ“16¥%¥ﬁﬁ%§6ﬁ Betachrc.

Managenment Area), a test WWIte area buffer "area. The control
data area '”C'UdedTh§ %Pgre ”§H£§£8£££8ﬁ éPéQrﬂﬁé'ﬁg @é&& fér”sed for
recording nmanagenent/ ontro orna Ion such as a dis di sk

size, a dISkt%%H%bOQEp%od%%% O%LE%E&U %fo%m%h§nneas the wobbllng

state of the grcove. The reproductlon—only information
includes disk information such as recording/reproduction
power conditions, information on areas on the disk and
information used for copy protection. It is to be noted
that these pieces of information can alsc be recorded on
the disk as emboss pits or the like.

A BCA (Burst Cutting Area) not shown in the figure
may be provided on a circumference on the inner side of
the prerecorded information area PIC in some cases. The
BCA is used for storing a unigue ID peculiar to the disk
recording medium in such a state that the ID cannot be
renewed. The unique ID is recorded marks created in a
concentric-circle shape to form recorded data in a bar-
code format.

An area between a circumference with a radius of
23.1 mm and a circumference with a radius of 24.0 mm in
the lead-in zone is a management/control information area.

The management/control information area has a

predetermined area format to include a control data area,
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bit length, BCA information, a transfer rate, data-zone position
information, a recording |ine speed and recording/reproduction |aser power
information. The test wite area (OPC) included in the managenent/control
information area is used for a trial witing process carried out in
setting data recording/reproduction conditions such as a | aser power to
be used in recording/reproduction operations. That is, the test wite area
is aregion for adjusting the recording/reproduction conditions. In the
case of an ordinary optical disk, the DMA included in the

nmanagenent / gopih ol pkREGENRELBRcRERR hBealised T OMAr €2ehgbREry Defect
al t er nat e- addr ess managenent “information for nanagi ng defects. In the case

of a wwite-MQHggeQEBECﬁEeQB§kap£egkd@9i9¥ 59§aeg§@65”§ﬂﬁyahBW§¥6E, the DVA
is used for recording not only the alternate- address nmanagenent

i nformation,Qf defects but also 29 managenent/control infornation for
inplementing data renewals in the optical disk. In this case,

particul arly, theT£@MEé§t¥§qu£§%i%ﬁg§;£+g%%&§e el ment information

and OSA managenent 1 hf Of mati on, scribed later. In order to

e ese  PhaBaraRrL QpREReT PheBRhhd0n"3868" 18"a86LERY 2eRE%4EAY

management/control information such as a disk type, a
disk size, a disk version, a layer structure, a channel-
bit length, BCA information, a transfer rate, data-zone
position information, a recording line speed and
recording/reproduction laser power information.

The test write area (OPC) included in the
management/control information area is used for a trial
writing process carried out in setting data
recording/reproduction conditions such as a laser power
to be used in recording/reproduction operations. That is,
the test wri?e area 1s a region for adijusting the
recording/reproduction conditions.

In the case of an ordinary optical disk, the DMA
included in the management/control information area is
used for recording alternate-address management
information for managing defects. In the case of a write-
once optical disk provided by the embodiment, however,
the DMA is used for recording not only the alternate-

address management information of defects but also

29



DVA nust al so be updated when data is renewed. For wupdating the contents
of the DVA, the TDVA is provided. Alternate-address nmanagenent information
is added and/or recorded in the TDVA and updated fromtinme to tinme. Last
(nmost recent) alternate-address managenent information recorded in the
TDMVA is eventually transferred to the DVMA. The DVA and the TDVA will be
described later in detail. The area on the circunferences with radii in the
range 24.0 to 58.0 mmexternal to the lead-in zone is used as a data zone.
The data zone is an area, which user data is actually recorded into and

reproduced feRgeiiRat /SoattrcaddhessmAlbdn Fad angiaddnessgABdie of the data
zone are included in the data zone position infornmation recorded in the

control data-df-0a14e36 ithed 2anldaar 4iAk .| Sty (LANST 9Pl epAbeddui arpyoVi ded
on the 30 innernost circunference of the data zone. On t%e ot her hand, an

O5A (CQuter ig%cmﬁ)lb@r g%) uig.%dp e g%@o%itn@e IS@.Utm%'h%%%tme‘ﬁitr QUHELERGSOT the

dat a zone. scribed later, the | SA a the OSA are each used

o o (TR B MR etatnnts oL et s
later.

In order to make renewal of data possible by making
use of an alternate-address process, the contents of the
DMA must also be updated when data is renewed. For
updating the contents of the DMA, the TDMA is provided.

Alternate-address management information is added
and/or recorded in the TDMA and updated from time to time.
Last (mest recent) alternate-address management
information recorded in the TDMA is eventually
transferred to the DMA.

The DMA and the TDMA will be described later in
detail.

The area on the circumferences with radii in the
range 24.0 to 58.0 mm external to the lead-in zone is
used as a data zone. The data zone is an area, which user
data is actually recorded into and reproduced from. The
start address ADdts and end address ADdte of the data
zone are included in the data zone position information

recorded in the control data area described earlier.

An ISA (Inner Spare Area) is provided on the
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zone and includes a predeterm ned nunber of clusters each having a size of
65, 536 bytes. On the other hand, the OSA includes a predeterm ned nunber
of clusters, which termnate at the end position of the data zone. The
sizes of the ISA and the OSA are described in the DVA. A user-data area in
the data zone is an area sandw ched by the I SA and the OSA. This user-data
area is an ordinary recording/reproduction area, which user data is
generally recorded into and reproduced from The start address ADus and end
address ADue of the wuser-data area define the |location of the user-data

area  and a&ﬁn%@ﬁB%@E%i%@y%@%r@k%e hetBbeR el LBRC! rENMERE eHes W th

radii in the Trange 8.5 mmexternal to the data zone is the

| ead- out zo The | - ng_Ls.a g o] i-pf.ormation ar
hagipg a prggggérgpngggfg?kgégtgp%%glﬁ%ggglﬁgeggéﬁggkﬁdgPa%g%ea, a DVA aﬁg
a buffer area, Mic e

e B B oL SRS B SRR OB ey e
ranLoue 1ol Tnageent ] Gt yaly HALOLUR! btk oo (U, 535 (ke much,
used as an a%%%%nggg E%%%r%kg i@%@? %geggfggggrg%%i%%rogm%q%mggéi%gd

data renewals {overwriting).

The ISA begins from the start position of the data
zone and includes a predetermined number of clusters each
having a size of 65,536 bytes.

On the other hand, the 0OSA includes a predetermined
number of clusters, which terminate at the end position
of the data zone. The sizes of the ISA and the OSA are
described in the DMA.

A user-data area in the data zone is an area
sandwiched by the ISA and the OSA. This user-data area is
an ordinary recording/reproduction area, which user data
is generally recorded into and reproduced from.

The start address ADus and end address ADue of the
user-data area define the location of the user-data area
and are recorded in the DMA.

The area on the circumferences with radii in the
range 58.0 to 58.5 mm external to the data zone is the

lead-out zone. The lead-out zone is a management/control

information area having a predetermined format to include
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managenent information of the OSA. FIG 2 is a diagram show ng a typica
structure of the managenent/control information area on a one-layer disk
having only one recording layer. As shown in the figure, in addition to
undefined segnents (reserved segnents), the lead-in zone includes a
variety of areas such as DVA 2, an OPC (a test wite area), a TDVA and DVA
1. On the other hand, in addition to undefined segnents (reserved
segnents), the |lead-out zone includes a variety of areas such as DVA 3 and
DVA 4. It is to be noted that the control data area described above is not

shown in the LLourgs A0S 5§eapegﬁgﬁ§6?ha QCBPSEEEyar@aporM&@@ Pixd he

control data area Is used as a exanp Since the structure of a

shown 11 ' nERF] bhfe:BhcbAeCRERE aboyath BB rRdG1FANLAR rolB OEPEonee B0
I NCl udae 1 our

an area forchggﬁaihagéhggggnéftgPEZ&ﬁgpégggd%gég %gﬁgég%;% r?ﬁggrﬁgsgoﬁé

Fovever, 2 B3, Ragtided 85,0 8 g3 uned (07, LRS! ALk kncseLdi

al ternate-address process, |s carfied,out, dug, o renevel, of data or 2
lead-in zone, the DMA of the lead-out zone is used as an
area for recording management information of the ISA and
management information of the OSA.

FIG. 2 is a diagram showing a typical structure of
the management/contrel information area on a one-layer
disk having only one recording layer.

As shown in the figure, in addition to undefined
segments ({(reserved segments), the lead-in zone iﬁcludes a
variety of areas such as DMA 2, an OPC (a test write
area), a TDMA and DMA 1. On the other hand, in addition
to undefined segments (reserved segments), the lead-out
zone includes a variety of areas such as DMA 3 and DMA 4.

It is to be noted that the control data area
described above is not shown in the figure. This is
because, in actuality, a portion of the contrel data area
is used as a DMA for example. Since the structure of a
DMA is an essential of the present invention, the control

data area is not shown in the figure.

As described above, the lead-in and lead-out zones
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al t er nat e- address managenent information is additionally recorded in the
TDVA to update the information already recorded therein. Thus, till the
disk is finalized, for exanple, the DMAs are not used. Instead, the

al ternat e-address nmanagenent is carried out and new al ternate-address
managenment information is added to the TDVA and/or recorded in the TDVA.
As the disk is finalized, alternate-address managenent information
recorded on the TDMA nost recently is transferred to the DMAs so that the
al t ernat e- address process based on the DVA can be carried out. FIG 3 is a

diagran1sho%%gguaet§ggkabﬁhagi§gehavbﬂg 1twg gﬁgO@Qin@MAayegé.Dgmefirst

recording | ayér I's "referred'to’as’l ayer 0 and the second recording | ayer

is called lLayer_1., Data LS rec d t . enr c rom layer 0 in a
direction fF5 Fﬁghiﬁﬁs ?nggogggﬁefggs%eggggéﬁghgﬁ%uggwgside thgreof, as
same as int case of .one- |ayer diskt O the_other hand, data is recorded
onto and r@E?gﬁﬁégﬁ_FggﬁFFEy@ BROFPRCR Ty PEREIE5 Plom t he outer side of
the disk to the inner side thereof, The valug of the hgsical gddress
increases in the WPYR¥efond. THYALLFsPTOVESS ?ﬁeaQa?E% 0fS¢he" Bhysi cal

address on layer O increases in the direction fromthe
temporarily recording alternate-address management

information and, every time an alternate-address process
is carried out due to rénewal of data or a defect, new
alternate-~address management information is additionally
recorded in the TDMA to update the information already
recorded therein.

Thus, till the disk is finalized, for example, the
DMAs are not used. Instead, the alternate-address
management is carried out and new alternate-address
management information is added to the TDMA and/or
recorded in the TDMA. As the disk is finalized,
alternate-address management information recorded on the
TDMA most recently is transferred to the DMAs so that the
alternate-address process based on the DMA can be carried
out.

FIG. 3 is a diagram showing a two-layer disk having
two recording layers. The first recording layer is
referred to as layer 0 and the second recording layer is
called layer 1. Data is recorded onto and reproduced from

layer 0 in a direction from the inner side of the disk to
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inner side of the disk to the outer side thereof, and the value of the
physi cal address on layer 1 increases in the direction fromthe outer side
of the disk to the inner side thereof. Mich like the one-layer disk, the

| ead-in zone on layer O includes a variety of areas such as DVA 2, an OPC
(a test wite area), TDVA O and DVA 1. Since the outernost circunference
on layer 0 is not a |lead-out zone, it is referred to sinply as outer zone
0, which includes DMA 3 and DVA 4. The outernost circunference on | ayer |
is referred to sinply as outer zone 1, which includes DVA 3 and DVA 4.

The iPnernD?hecbh%%%f%ﬁﬁgc%hggebﬁyeés sbﬁeaageﬁﬂ ek zaBe, ofWBheh i ncl udes
a variety of areas suc , C (a test wite area), TDVA 1 and

DVA 1. As d r b bov %ﬁ ne t and, 1 d the
:ead out z?ﬁg |%c?g5%'ei§ t£ €ﬁ€ giﬁgdd???%nféegcﬁgf?g?he rec%ﬁglng
ayers i ncl udes

size of theT F8§8%8&D%Afro£ e§610} tgedk%%@tlgnzgﬁgmp@hka$ﬁ% cQ and the

92 0ne on ™ ayefr are ual size of the lead-in
Zone o0 LS 93 b She 3y, % LR RS, SISk BR s 0n puter zones O
DMVAS The value of the physical address increases in the

directions. That is to say, the value of the physical
address on layer 0 increases in the direction from the
inner side of the disk to the cuter side thereof, and the
value of the physical address on layer 1 increases in the
direction from the outer side of the disk to the inner
side thereof.

Much like the one-layer disk, the lead-in zone on
layer 0 includes a variety of areas such as DMA 2, an OPC
(a test write area), TDMA 0 and DMA 1. Since the
outermost circumference on layer 0 is not a lead-out zone,
it is referred to simply as outer zone 0, which includes
DMA 3 and DMA 4.

The outermost circumference on layer 1 is referred
to simply as outer zone 1, which includes DMA 3 and DMA 4.
The innermost circumference of layer 1 is a lead-out zone,
which includes a variety of areas such as DMA 2, an OPC
(a test write area), TDMA 1 and DMA 1.

As described above, the lead-in zone, outer zones 0

and 1 and the lead-out zone include eight DMAs. In
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The data structure of each DVA recorded in the I|ead-in zone and the

| ead-out zone is explained below In the case of a two-layer disk, the
DMAs al so include the DMAs in outer zones 0 and 1. FIG 4 is a diagram
showi ng the structure of the DVMA. The size of the DVA shown in the figure
is 32 clusters (= 32 X 65,536 bytes) . It is to be noted that a cluster is
the smal |l est data-recording unit. of course, the size of a DVMA is not
limted to 32 clusters. In FIG 4, the 32 clusters are identified by
cluster nunbers | to 32, which each indicate a data position of each

Count . In"t AEBRRCRe! GEEE: Chubber SorOFALAD, BENELPy Toar ool Ao er2 formr

count. In tR& our clusters formng a

segnment for recording a, DDS (djsc 35 definition structure) i descri bes
the disc in detail?hgTﬁ%Z%oﬂ ents g?a e DES Wi P %%y%%sgr?%%gtﬁgter by
referring to FIG 5. In_actually, since the siae of the DQ one

S |
cluster, foSizededt ithgl 1epdsSusr €°PEcOPdedYrh tﬁéesgaﬁg%t.OCFﬁgter nunber s

5to 8 identify four clusters formng a segnent for rec rd%ﬁg ﬁEL #1,
which is theizhi pdt thecéradidndPareicoria tBEL OPGerede ) ALtk ta

other hand, the sizes of outer zones 0 and 1 are equal to

the size of the lead-out zone on the one-layer disk.

2: DMAs

The data structure of each DMA recorded in the
lead—-in zone and the lead-out zone is explained below. In
the case of a two-layer disk, the DMAs also include the
DMAs in outer zones 0 and 1.

FIG. 4 is a diagram showing the structure of the
DMA.

The size of the DMA shown in the figure is 32
clusters (= 32 X 65,536 bytes). It is to be noted that a
cluster is the smallest data-recording unit. Of course,
the size of a DMA is not limited to 32 clusters. In FIG.
4, the 32 clusters are identified by cluster numbers 1 to
32, which each indicate a data position of each content
of the DMA. The size of each content is expressed as a
cluster count.

In the DMA, cluster numbers 1 to 4 identify four

clusters forming a segment for recording a DDS (disc
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structure of the defect list will be described later by referring to FIG
6. The size of data stored in the defect list is four clusters formng a
list of information on alternate addresses. Cluster nunbers 9 to 12
identify four clusters formng a segnent for recording DFL #2, which is
the second recording area of the defect |ist. The second recording area
is followed by the third and subsequent recording areas DFL #3 to DFL #6,
whi ch each have a size of four clusters. The four-cluster segnment DFL #7
used as the seventh recording area of the defect list is identified by

cluster nur gk 6?1§§£8 3¢ ué%u%%&?ﬁﬁh?ﬂﬁ Q0 tife ahgye JESCriPtaof,i1he DVA

havi ng a si clusters eS seven recording areas of the defect

list, i.e., V. | t data t
be- 36 recor ded tﬁ%?ei:ﬂr?gﬁ%sag??h?h%f’%a@%f% PR bRELRTARE ToONEE Ly Che”
nbodi ment der { ts of a DVA_ it t

out a proceSEEREFaRpctS FLbaso i uiaralin e T S ents

are recorded in seven recordlng area DFI #i B Fl G g s.a diagram
showi ng t heDBAt 45sPRACELRETBE, ﬂBrcb EBRLS2Of gﬁESDﬁéerESSPH 89t t he

begi nning of the DVA shown in FIG 4. As described above, the DDS has a
the segment.

Cluster numbers 5 to 8 identify four clusters
forming a segment for recording DFL #1, which is the
first recording area of a DFL (defect list). The data
structure of the defect list will be described later by
referring to FIG. 6. The size of data stored in the
defect list is four clusters forming a list of
information on alternate addresses.

Cluster numbers 9 to 12 identify four clusters
forming a segment for recording DFL #2, which is the
second recording area of the defect list. The second
recording area is followed by the third and subsegquent
recording areas DFL #3 to DFL #6, which each have a size
of four clusters. The four-cluster segment DFL #7 used as

the seventh recording area of the defect list is
identified by cluster numbers 2% to 32.

As is obvious from the above description, the DMA
having a size of 32 clusters includes seven recording
areas of the defect list, i.e., DFL #1 to DFL #7.

In a write-once optical disk allowing data to be
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size of one cluster (= 65,536 bytes). In the figure, byte 0 is the position
of the beginning of the DDS having a size of 65,536 bytes. A byte-count
colum shows the nunber of bytes included in each data content. Two bytes
i ndi cated by byte positions O to 1 are used as bytes for recording "DS",
which is a DDS identifier indicating that this cluster is the DDS. One
byte indicated by byte position 2 is used as a byte for recording a DDS
format nunber of the version of the DDS format. Four bytes indicated by
byte positions 4 to 7 are used as bytes for recording the nunber of tines

(he DD | has.Ben.UpthLediyl ks Le B PALedLboh i nehl sy gpbodt ent, i

ernate-a managenent 1nftormation 1S

additionally witten_in t he 37. itsel f_instead i for

updat i ng thérﬁﬂﬁge THE éﬁ?e?ﬂg?g}ﬁaﬂFés%nnﬁﬁgﬁg %tr§% g?ngngﬁﬁ?g st ored
in the TDVA before being witten into the DVA ip the finaliz rggess.
Thus, when Phedf PHari & FoE@EgsﬁgryeggnFﬁﬁFyyOEgr?i85086?? 5e$EEEF
(tenporary DDS) of the TDMA contains the nunber of times the TDDS has been
updat ed. Th&CaRsr efeRELdABA - nubber LY F3ffs tHe THRE R THEEH Updated is

t he nunmber of times the TDDS has been
recorded in seven recording areas DFL #1 to DFL #7.

FIG. 5 is a diagram showing the dafa structure of
the contents of the DDS recorded at the beginning of the
DMA shown in FIG. 4. 2As described above, the DDS has a
gsize of one cluster (= 65,536 bytes).

In the figure, byte 0 is the position of the
beginning of the DDS having a size of 65,536 bytes. A
byte-count column shows the number of bytes included in
each data content.

Two bytes indicated by byte positions 0 to 1 are
used as bytes for recording “DS”, which is a DDS
identifier indicating that this cluster is the DDS.

One byte indicated by byte position 2 is used as a
byte for recording a DDS format number of the version of
the DDS format.

Four bytes indicated by byte positions 4 to 7 are
used as bytes for recording the number of times the DDS
has been updated. It is to be noted that, in this
embodiment, in the finalize process, alternate-address

management information is additiocnally written into the
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updat ed. Four bytes indicated by byte positions 16 to 19 are used as bytes
for recording AD DRV, which is the start physical sector address of a
drive area in the DVA. Four bytes indicated by byte positions 24 to 27 are
used as bytes for recording AD DFL, which is the start physical sector
address of a defect list DFL in the DVA. Four bytes indicated by byte
positions 32 to 35 are wused as bytes for recording a PSN (physical sector
nunber or a physical sector address) of the start position of the
user-data area in the data zone. That is to say, the four bytes are used

as bytes fo ecording i.ndj I.n e R NeJ P L | ogi cal
secéor ngnbépéf gfeg? #gsgggbtég P%gb%aggggb§gg§F hgg%ﬁ igﬁg §%h§oogbcgre
used as byt ot . recordi ng.an LSN_(I oqi t t d
Eosition of%gﬁe E&sfnaﬁFaagﬁéssﬁanﬁsa é%g igggg&ﬁggPﬂggges{Pgégcg Snby
yte positions 40 to 43 are sed t f th
ISA in the B&thyanBe%?ﬁﬁ PgingswgﬁégﬁgiiB © tbﬁgghg ﬁ %ngsgﬁetge tIgA
on layer 0 of a_two-layer disk. Four tes |n§ b te pOS|t|ons 44
to 47 are §§§é1&§eb9F@§eﬁ§r r%%%?dlﬂﬁ BhEhgi l%%c S¥n'The

eventually carried out, a TDDS (temporary DDS) of the
TDMA contains the number of times the TDDS has been
updated. The aforementioned number of times the DDS has
been updated is the number of times the TDDS has been
updated.

Four bytes indicated by byte positions 16 to 19 are
used as bytes for recording AD DRV, which is the start
physical sector address of a drive area in.the DMA.

Four bytes indicated by byte positions 24 to 27 are
used as bytes for recording AD DFL, which is the start
physical sector address of a defect list DFL in the DMA.

Four bytes indicated by byte positions 32 to 35 are
used as bytes for recording a PSN (physical sector number
or a physical sector address) of the start position of
the user-data area in the data zone. That is to say, the
four bytes are used as bytes for recording a PSN
indicating the position of an LSN (logical sector number)
of O.

Four bytes indicated by byte positions 36 to 32 are

used as bytes for recording an LSN (logical sector
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data zone. Four bytes indicated by byte positions 48 to 51 are wused as
bytes for recording the size of the ISAin the data zone. The ISAis the

| SA on layer 1 of a two-layer disk. One byte indicated by byte position 52
is used as a byte for recording spare area full flags show ng whether or
not data can be renewed by using an I SA or an OSA. That is to say, the
spare area full flag are used to indicate that the | SA and the OSA are
bei ng used entirely. Byte positions other than the byte positions

descri bed above are reserved (or undefined) and all filled with codes of

00h. As desgrjBed)abBevenet BRIDDSsk §1Uaedragnanugkeagheh askaringehbe
addresses of the user-data area, the sizes of each |ISA and each OSA and

Spare area Egkg flLags. That is 39 to say, the DDS is used for storing
i nformati on"fo6f “managi ng and control ling areas of each | SA and each OSA

L1 the Gaa zone. MKl ph0E, QoL OLeus A e elont Lok OFY 45
LG Mo hSghesh bhEbaRh b SERIAET U pRle20E2chRI RN 2ooks of fou
data zone. The ISA is the ISA of a one-layer disk or the
ISA on layer 0 of a two-layer disk.

Four bytes indicated by byte positions 44 to 47 are
used as bytes for recording the size of each OSA in the
data zone.

Four bytes indicated by byte positions 48 to 51 are
used as bytes for recording the size of the ISA in the
data zone. The ISA is the ISA on layer 1 of a two-layer
disk.

One byte indicated by byte position 52 is used as a
byte for recording spare area full flags showing whether
or not data can be renewed by using an ISA or an OSA.

That is to say, the spare area full flag are used to
indicate that the ISA and the OSA are being used entirely.

Byte positions other than the byte positions
described above are reserved {or undefined) and all
filled with codes of 00h.

As described above, the DDS is used as an area for

storing the addresses of the user-data area, the sizes of

each ISA and each OSA and spare area full flags. That is
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position colum shows data positions of each data content of the defect
list having a size of four clusters. It is to be noted that one cluster is
32 sectors occupying 65,536 bytes. Thus, one sector has a size of 2,048
bytes. A byte-count colum shows the nunber of bytes conposing each data
content. The first 64 bytes of the defect |list DFL are used as bytes for
recordi ng managenent information of the defect |ist DFL. The managenent
information of the defect |ist DFL includes information indicating that
this cluster is the defect |list DFL, a version, the nunber of tines the

def ect '!Sttg%ai)astﬁeeﬂasp%t gdeandothgrBunhgr inebrAtLbASEHOr M Ng the
defect |ist _"Thé bytes follow ng the 64th byte are used as bytes for

recording c gbgggﬁgﬁ%ngaggngggixigéogEgageB@CEFEhSESAEEhd_EQEH 8BRIY k?

alternate-a ormation ati aving a length of eight bytes.

term nat or havi n of eight bytes serves as an alternate-address
end innedia%glbggogﬁg§ﬁgéﬁgfi #N, which is the |ast one of pieces of

IR MG E S et ST PR A
clusters. explained by referring to FIG. 6. As explained earlier by
feferring to FIG. 4, the defect list DFL is recorded in
an area having a size of four clusters.

In the defect list DFL shown in FIG. 6, a byte-
position column shows data positions of each data content
of the defect list having a size of four clusters. It is
to be noted that one cluster is 32 sectors occupying
65,536 bytes. Thus, one sector has a size of 2,048 bytes.

A byte-count column shows the number of bytes
composing each data content.

The first 64 bytes of the defect list DFL are used
as bytes for recording management information of the
defect list DFL. The management information of the defect
list DFL includes information indicating that this
cluster is the defect list DFL, a version, the number of
times the defect list DFL has been updated and the number
of entries forming the defect list DFL.

The bytes following the 64™ byte are used as bytes

for recording contents of each entry of the defect list

DFL. Fach entry is alternate-address information ati
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The defect-1ist managenent information having a |length of 64 bytes is
showmn in FIG 7. Two bytes starting with a byte at byte position O are
used as bytes for recording a character string DF representing the
identifier of the defect list DFL. One byte at byte position 2 is used as a
byte for recording the format nunber of the defect |ist DFL. Four bytes
starting with a byte at byte position 4 are used as bytes for recording

t he nunber of times the defect |ist DFL has been updated. It is to be
noted that this value is actually the nunber of tinmes the TDFL (tenporary

def ect Iistkeggﬁgfﬁdgégékgegflggg&thg§tgg¢n_ updated and, thus, a value
ro e :

transferred our bytes starting with a byte at byte position

12 are used as byjes. [olnLe6P Mot e 1 F Ebitasytds Sbpyeefect

list DFL, that is, € nunber of pirectes o 1 alternate-address information

ati. Four bytes SLALLLAG.MLRG0Y! £l RyLe:BOSHY 0128y 1R auseguas bytes

for recordi i"cat’ing e’size reé areas available

than t he byPBIFBSHE SR8 13650 PrRed taBivecsr & SCPTEd Ens SFETPr P ed wi th
codes of 0O0h. ,
address information.

In this DFL, an area following the alternate-
address end is filled up with 00h codes till the end of
the clusters.

The defect-list management information having a
length of 64 bytes is shown in FIG. 7.

Two bytes starting with a byte at byte position 0
are used as bytes for recording a character string DF
representing the identifier of the defect list DFL.

One byte at byte position 2 is used as a byte for
recording the format number of the defect list DFL.

Four bytes starting with a byte at byte position 4
are used as bytes for recording the number of times the
defect list DFL has been updated. It is to be noted that
this value is actually the number of times the TDFL
(temporary defect list) to be described later has been
updated and, thus, a value transferred from the TDFL.

Four bytes starting with a byte at byte position 12

are used as bytes for recording the number of entries in

the defect list DFL, that is, the number of pieces of
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FIG 8 is a diagramshowi ng the data structure of an alternate-address
information ati. The data structure includes information show ng the
contents of an entry conpleting an alternate-address process. In the case
of a one-layer disk, the total number of pieces of alternate-address
information ati can be up to a maxi num of 32,759. Each piece of
alternate-address information ati conprises eight bytes (or 64 bits, i.e.
bits b63 to b0). Bits b63 to b60 are used as bits for recording status 1,
which is the status of the entry. In the defect |list DFL, the status is

set at a Vaéﬂ@e?ﬁatgoggdréﬁg'Qﬁfb?ﬂa@ﬂonoégknary al ter nat e- addr ess pr ocess
entry. Other values of the status will be explalned | ater in a description

of the alternat ed?%gfﬁftﬂ %%%JE(I}E&_ Wep he 3,tq\éA aBitPr d3Hd 32 M e used

as bits for recor ysical sector address) of the first

sector in an anggegiggggg gOHaESE llgaklhétggréaﬁntgnlhahéa€§£§

Zt;uczure at 8I I an a nat e- address process due'to a

ef ect or ewal, o ta_ls eXRLEs h PSN
of the TirsERBoBtERooPT CRESCRUBPer SUHH At 1 TPD hse SFeTRater 52005 i o to
be not ed that ?esEAbltsoggnoagag BgAuigd as bits for recording

Byte positions other than the byte positions
described above are reserved and all filled with codes of
0Ch.

FIG. 8 is a diagram showing the data structure of
an alternate-address information ati. The data structure
includes information showing the contents of an entry
completing an alternate-address process.

In the case of a one-layer disk, the total number
of pieces of alternate-address information ati can be up
to a maximum of 32,759.

Each piece of alternate-address information ati
comprises eight bytes (or 64 bits, i.e., bits b63 to b0) .
Bits b63 to b60 are used as bits for recording status 1,
which is the status of the entry. In the defect list DFL,
the status is set at a value of ‘0000’ indicating an
ordinary alternate-address process entry. Other values of
the status will be explained later in a description of
the alternate address in the TDFL of the TDMA.

Bits b59 to b32 are used as bits for recording the
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status 2, which is other status in this entry. Bits b27 to bO are used as
bits for recording the physical sector address PSN of the first sector in
an alternate destination cluster. That is to say, in this -data structure,
a destination cluster required in an alternate-address process due to a
defect or renewal of data is expressed by the physical sector address PSN
of the first sector of the cluster. As described above, the
alternate-address information ati is treated as an entry showi ng an
alternate source cluster and an alternate destination cluster. Then, such

2N SN | SpRRt AbRYEHCRD LhR.del EhlirebLst oPFLnbaYh RgrasaLEUE! dheadiown TN

FIG 6. In nfornmation on an a at e- address nmanagenent

i nf ti i ded i t t o h ibed ab

Ao oxpl ai Nl HBSUE ehSREEP . “XI ERBse [ bl D1t T bF et oSS &% Ehor ded. | n
t finali the disk. Inp.thi t inf ti

on"an i ter ASFUCANAPeSE MURAGBREAPSI PHFBRNECI O P& CFARCPSRFEa P Pom the

TDVA to the DVA. Information on defect roceisi%g and i.nformation on an

al t er nat e- aBIPESSSnEHEgEReRt € ?FFe&roﬁgnﬁﬂé t 8T PBh8waP GFPISCE%Er e

recorded in_the TDVA described bel ow and ugdated fromtinme to tine.
by the physical sector address PSN of the first sector of

the cluster.

Bits b31 to b28 are reserved. It is to be noted
that these bits can also be used as bits for recording
status 2, which is other status in this entry.

Bits b27 to b0 are used as bits for recording the
physical sector address PSN of the first sector in an
alternate destination cluster. That is to say, in this
data structure, a destination cluster regquired in an
alternate-address process due to a defect or renewal of
data is expressed by the physical sector address PSN of
the first sector of the cluster.

As described above, the alternate-address
information ati is treated as an entry showing an
alternate source cluster and an alternate destination
cluster. Then, such an entry is cataloged in the defect
list DFL having a structure shown in FIG. 6.

In the DMA, information on an alternate-address
management information is recorded in a data structure

like the one described above. As explained above, however,
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3: First TDVA Method 3-1: TDMAs The foll ow ng description explains the
TDVA (tenporary DVA) provided in the nmanagenent/control information area
as shown in FIGS. 2 and 3. Much Iike the DMA, the TDVA is used as an area
for recording information on alternate-address processes. Every tine an

al ternate-address process is carried out to follow renewal of data or

foll ow detection of a defect, information on the alternate-address process
is added to the TDVA or recorded in the TDVA as an update. FIG 9 is a

di agram showi ng the data structure of the TDVA. The size of the TDVA is

typically 2,038 ClUskerse ;AR SNOWALNat0e, ELONGE, Lheal bESEoELUBLET

indicated b I's use as a c recording a

space bitma | ay space biima rises b| ch repr t

a cluster oglaaiéFﬁ gé?adéAg {hﬁﬁmﬁk?%e %hfgjzoﬁéggﬁggell ag gsen "9
managenent/ control area |nclug g Q -in zone and the | ead-out zone

(and the ouPEPTPEHESD ANt AB BaLETBATE™ Fang§§ePaBP§E?e? e val ue of each

bit is wite existence/ non-existence informtion |nd|ca et her or not
data has beénrigEpetdani Afotaangfasrer ﬁéﬁ?e%@ﬁtEHMﬁytPhE gMﬁh clusters
rangi ng from

J Information on defect processing and information on

an alternate-address management carried out due to
renewal of data are recorded in the TDMA described below

and updated from time to time.

3: First TDMA Method
3-1; TDMAs

The following description explains the TDMA
(temporary DMA) provided in the management/control
information area as shown in FIGS. 2 and 3. Much like the
DMA, the TDMA is used as an area for recording
information on alternate-address processes. Every time an
alternate-address process is carried out to follow
renewal of data or follow detection of a defect,
information on the alternate-address process is added to
the TDMA or recorded in the TDMA as an update.

FIG. ¢ is a diagram showing the data structure of
the TDMA.

The size of the TDMA is typically 2,048 clusters.

As shown in the figure, the first cluster indicated by a
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“the lead-in zone to the | ead-out zone (including the outer zones in the
case of a two-layer disk) are each represented by a bit of the space
bitmap as descri bed above, and the size of the space bitmap itself is one
cluster. A cluster indicated by a cluster nunber of 2 is used as a cluster
for recording a space bitmap for layer 1 (or the second layer) It is to be
noted that, in the case of a one-layer disk, a space bitmap for layer 1 is
of course unnecessary. If an alternate-address process is carried out in,
for exanple, an operation to change data contents, a TDFL (tenporary

defect list)_is, additionall ecqr to_a_cl a h wani.ng of an
unr ecor ded é%@ﬁtﬁﬁ t'H efDﬁﬁ.&Tﬁgsgggﬁ gﬁeacgggggérak?%o?ﬁgggpggPs , the
first 45 TDFL is recorded in.an area sfarting fromthe oy . i ndi cat ed
by a cluste?pﬁﬁﬁbéF%HPp3%8§ dASGH Pn t%es??%%r%}tm?% ?%@ngéégo 1%3

one-|l ayer disk, a space biitmap for layer . 1 is . not, necessary_a %sscribed
above. ThusS2fReTFPFSECNFRE Ps ldcsPdedti A QﬁlﬁrgﬁtétgfﬁﬁnénFig “'He
position indicated by a cluster nunber of 2. Then, every tine an

al t er nat e- ai§8PcS3tpr 6O8Es a5s WEarr PEd 20 NPTRREMERTY EPRTIOLTREES; s

additionally recorded at a subsequent cluster _position w thout providing a
gap betmeenipﬁéu@@@ge@@@nﬂead—in zone and the lead-out zone (and the

outer zones in the case of a two-layer disk). The value
of each bit is write existence/non-existence information
indicating whether or not data has been written into a
cluster represented by the bit. All clusters ranging from
the lead-in zone to the lead-out zone {(including the
outer zones in the case of a two-layer disk) are each
represented by a bit of the space bitmap as described
above, and the size of the space bitmap itself is one
cluster.

A cluster indicated by a cluster number of 2 is
used as a cluster for recording a space bitmap for layer
1 (or the second layer). It is to be noted that, in the
éase of a one-layer disk, a space bitmap for layer 1 is
of course unnecessary.

If an alternate-address process is carried out in,
for example, an operation to change data contents, a TDFL
(temporary defect list) is additionally recorded to a
cluster at the beginning of an unrecorded area in the

TDMA. Thus, in the case of a two-layer disk, the first
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cluster position and the preceding cluster position. The size of a TDFL is
inthe range 1 to up to 4 clusters. Since a space bitmap shows recording
states of clusters, the bitmap is updated every tine data is .witten into
any of the clusters to update the cluster. Wen the space bitmap is
updated, nmuch like a TDFL, a new space bitmap is additionally recorded in
a TDVA area starting fromthe beginning of a free area in the TDVA. That
is to say, a space bitnmap and/or a TDFL is additionally recorded in the
TDVA fromtinme to tine. is to be noted that the configurations of a

: I't .
space bl magognd 5 TOEh WAl sRegfestEloed, Lo gt sonxveys ppTooBoAl ervorary

di sc defi iS'réecorde e’ | ast yte sector of a

cluster used for recording.a ace bitma th 048- b t
46 of 1t SnaPharefcBlcso S r R orirRg R a AT T PERe Yl qurert o
information _on the optical disk._ FIG 10 |s a di agram show t t
structure ofn Bhepgeaepp nﬁp?nﬁélﬂggﬁr%bgh’aBoéé?gggga%ﬂgﬁnggra g%%%ea
bitmap represents the recording state of one clusteg on the djsk t hat
i s, each bi & LRdPEht BECRAERKYr 28r IRBETRES RREVBeen MiecorMed 11t he

cluster represented thereby. For exanple, if data has not been recorded in
a cluster, ADPBLtis recorded in an area starting from the position

indicated by a cluster number of 2. Then, every time an
alternate-address process is carried out thereafter, a
TDFL is additionally recorded at a subsequent cluster
position without providing a gap between the subseguent
cluster position and the preceding cluster position.

The size of a TDFL is in the range 1 to up to 4
clusters. Since a space bitmap shows recording states of
clusters, the bitmap is updated every time data is

“written into any of the clusters to update the cluster.
When the space bitmap is updated, much like a TDFL, a new
space bitmap is additionally recorded in a TDMA area
starting from the beginning of a free area in the TDMA.

That is to say, a space bitmap and/or a TDFL is
additionally recorded in the TDMA from time to time.

It is to be noted that the configurations of a
space bitmap and a TDFL will be described later. Anyway,
a TDDS (temporary disc definition structure) is recorded
in the last 2,048-byte sector of a cluster used for

recording a space bitmap and the last 2,048-byte sector
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representing the cluster is set at 1. It is to be noted that, in the case
of a two-layer disk, a space bitmap is provided for each |ayer and
information recorded in one of the space bitmaps is independent of
information recorded in the other space bitmap. For one sector = 2,048
bytes, clusters on a |layer having a storage capacity of 25 GB can be
represented by a space bitnmap with a size of 25 sectors. Since one
cluster conprises 32 sectors, the space bitmap itself can be forned from
one cluster. In the data structure of a space bitmap shown in FIG 10, a

cluster allgcated ag E?ﬁﬁﬁ%&gaﬁs%Q”EBES§§c§%diﬁ CLOK$wL - EThe SEEHOr $50 tO

31. A byte-position co shows byte positions of each of the sectors.

Sector, 0 @t ke hedl Aol Lo 3pRsg bRyl sudf vsed a5 a sector for

on of " tThe*bitnmap. Two bytes at byte
positions 0 and 1 [n_sector O are used as bytes for_recordi , Which
is an unalIocatedkgﬁacgbb??n@pd+%9f?%eﬁ$?V%é9)Eh%h%aéﬁt% g¥8g§$§ %%sition
2 is used as a byte for recording a format version such as a version of

00h. Four ByS®Sc& RA{LT3E-from byte position 4 are used as bytes for

recording a | ayer nunber indicating whether | ,
As described above, each bit of a space bitmap

represents the recording state of one cluster on the disk,
that is, each bit indicates whether or not data has been
recorded in the cluster represented thereby. For example,
if data has not been recorded in a cluster, a bit
representing the cluster is set at 1. It is to be noted
that, in the case of a two-layer disk, a space bitmap is
provided for each layer and information recorded in one

of the space bitmaps is independent of information
recorded in the other space bitmap.

For one sector = 2,048 bytes, clusters on a layer
having a storage capacity of 25 GB can be represented by
a space bitmap with a size of 25 sectors. Since one
cluster comprises 32 sectors, the space bitmap itself can
be formed from one cluster.

In the data structure of a space bitmap shown in
FIG. 10, a cluster allocated as the bitmap comprises 32
sectors, i.e., sectors 0 to 31. A byte-position column
shows byte positions of each of the sectors.

Sector 0 at the beginning of the space bitmap is
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this space bitmap corresponds to layer 0 or layer 1. 48 bytes starting from
byte position 16 are used as bytes for recording bitmap information. The

bi tmap information conprises pieces of zone information for three zones,
i.e., the inner zone, the data zone and the outer zone. The pieces of zone
information are zone information for the inner zone, zone information for
the data zone and zone information for the outer zone. The size of each of
the pieces of zone information is 16 bytes. Each of the pieces of zone
information conprises a start cluster first PSN, a start byte position of

ol Lmap dal &, 8qvaL! dalgcpht £899J6§05Pd%n@ﬁréag@ﬁ@n@nﬁn@ofﬁéﬂaﬁdoﬁr ea,

whi ch each RaVe &°siz8°6 our tes. tart cluster first PSNis a

PSN (physic ector address) indicating a start position of the zone on
t he di sk. Tﬁfé? ﬁég?apwy, the PSN is a start address, which is used when

the zone is mapped, ont.o the spac bi t . The start, hyte I

bitmap data is a %’f% b%%@?%ﬂf%%ﬁ?ﬁjh%lssfoar%népolsi%/rlg osné)%fé%iq)%%g dat a
for the zone as a gosition relative to thS unaéLogated space bit map
identifier P88dt&8 Yt?ﬁefBEgFﬁﬁPﬁélﬁg PheVBpalBich 15 an

unalliocated space bitmap ID (identifier).

One byte at byte position 2 is used as a byte for
recording a format version such as a version of 00h.

Four bytes starting from byte position 4 are used
as bytes for recording a layer number indicating whether
this space bitmap corresponds to layer 0 or layer 1.

48 bytes starting from byte position 16 are used as
bytes for recording bitmap information.

The bitmap information comprises pieces of zone
information for three zones, i.e., the inner zone, the
data zone and the outer zone. The pieces of zone
information are zone information for the inner zone, zone
information for the data'zone and zone information for
the outer zone.

The size of each of the pieces of zone information
is 16 bytes. Each of the pieces of zone information
comprises a start cluster first PSN, a start byte
position of bitmap data, a validate bit length in bitmap
data and a reserved area, which each have a size of four

bytes.
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bit map. The validate bit length in bitmap data is also a byte count
representing the anount of bitnmap data of the zone. Actual bitmap data is
recorded on sector 1 in an area starting frombyte position 0 of the
sector. Sector 1 is the second sector of the space bitmap. In this area,
one sector of the space bitmap represents 1B data. The actual bitnmap data
Is foll owed by reserved areas ending wth an area i medi ately precedi ng
sector 31, which is the |ast sector of the space bitmap. The reserved
areas are filled with codes of OOh. Sector 31, which is the |ast sector of

the space bItNap.qle Yool as A SECLAN JOTdPCOl dl NP (RBSsde pieces of

bi t map |nfornat|on ove are manage First of al

t he description Ialns a.sh ace b|tnap t he. r _[u r cbyte
position 4 FﬁﬂFEﬁt?ﬁﬂrF§§érlﬁ e t% Eg,éFgéL%é§s8?|p ?onggxplalns a
space bitmap for a one-la djSk or tmap. fo aye a

two- | ayer dPBkthendifKs é%%%? the %oﬂﬁyﬂn ﬁ%$$ohsf%rs étlﬁ%%gegéone i s
information for the inner zone of layer 0, that ' is Eornation for a

| ead-in zon@hl¢hel§tHﬁ?chB§PthF|ngePSﬂ BRPPRE ?8F8 €a"P8K of

bitmap.

The start byte position of bitmap data is a byte
count indicating the start position of bitmap data for
the zone as a position relative to the unallocated space
bit map identifier located at the beginning of the space
bit map.

The validate bit length in bitmap data is also a
byte count representing the amount of bitmap data of the
Zone.

Actual bitmap data is recorded on sector 1 in an
area starting from byte position 0 of the sector. Sector
1 is the second sector of the space bitmap. In this area,
one sector of the space bitmap represents 1GB data. The
actual bitmap data is followed by reserved areas ending
with an area immediately preceding sector 31, which is
the last sector of the space bitmap. The reserved areas
are filled with codes of 00h.

Sector 31, which is the last sector of the space
bitmap, is used as a sector for recording a TDDS.

The pieces of bitmap information described above
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the start position of the lead-in zone as shown by a solid-line arrow The
start byte position of bitmap data is used for recording informtion
indicating the position of bitmap data corresponding to the |ead-in zone
in the space bitmap as shown by a dashed-line arrow, that is, information
i ndi cating byte position O of sector 1. The value of the validate bit
length in bitmap data is the size of the bitnap data for the | ead-in zone.
The zone information for the data zone is information on the data zone of

| ayer 0. The start cluster first PSN of the zone is a PSN of the start

post Lo of LLhendaL8sons 35,500 b poeol i e grson  Theystart bt

n . i S use “fecor ng 1n ormation indicating
e posit 101, of 0L - S242,-COMREoReN) Uel 008 ARkReE00E kickhe space
dhta st NBOSREROB & ROCHFABOOIEY Fop -t HEhaa: 5 Zohe At Tone |
information for the outer zone is inforpation for the quter zone of |ayer
0, that is, deSrEGPROTORXPIAIRS EadPGGE P3183EN T8%0 ﬁ‘ePngéFYEirs 5
or a space bitmap for layer 0 of a two-layer disk.
In this case, the zone information for the inner
zone is information for the inner zone of layer 0, that
is, information for a lead-in zocne.
The start cluster first PSN of the zone is a PSN of
the start position of the lead-in zone as shown by a
solid-line arrow.
The start byte position of bitmap data is used for
recording information indicating the position of bitmap
data corresponding to the lead-in zone in the space
bitmap as shown by a dashed-line arrow, that is,
information indicating byte position 0 of sector 1.
The value of the validate bit length in bitmap data
is the size of the bitmap data for the lead-in zone.
The zone information for the data zone is
information on the data zone of layer 0.
The start cluster first PSN of the zone is a PSN of
the start position of the data zone as shown by a solid-

line arrow.

The start byte position of bit map data is used for
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outer zone O of a two-layer disk. The start cluster first PSN of the zone
Is a PSN of the start position of the | ead-out zone or outer zone 0 as
shown by a solid-line arrow. The start byte position of bitmp, data is
used for recording information indicating the position of bitnap data
corresponding to the | ead-out zone (or outer zone 0) in the space bitmap
as shown by a dashed-line arrow, that s, information indicating byte
position O of sector N. The value of the validate bit length in bitmap data
is the size of the bitmap data for the | ead-out zone or outer zone O.

s Lhe size of the biimp e | ead-out zone ¢ ‘
byt o' posi 11 BRCH PAABCATERG Fhyar 1hoigty hACeaY! bhstt R gL Cbs PHERy

explains a space bitmap ok for Layer 1.0 gohwoilayee dske birhbbs case

the zone in zone is information for t | hner zone

of layer 1, that is, infarmati,on.for _a_|ead-out zgne. cl uster
first PSN ofSt F8°¥8n&Y| & angﬁdSElthSrngrttgsgi%l6n18%ggﬁé&?égd-out zone
as shown by a  dotted-line arraow, Sche the address direction on layer 1
is a direct AERICAGAPEN PEGEePOSTEE oo Yak i RRE °§i§e, a position indicated

by the dotted-line arrowis a_start ,
The value of the validate bit length in bitmap data

is the size of the bitmap data for the data zone.

The zone information for the outer zone is
information for the outer zone of layer 0, that is,
information for a lead-out zone on a one-layer disk or
outer zone 0 of a two-layer disk.

The start cluster first PSN of the zone is a PSN of
the start position of the lead-out zone or outer zone 0
as shown by a solid-line arrow.

The start byte position of bitmap data is used for
recording information indicating the position of bitmap
data corresponding to the lead-out zone (or outer zone 0)
in the space bitmap as shown by a dashed-line arrow, that
is, information indicating byte position 0 of sector N.

The value of the validate bit length in bitmap data
is the size of the bitmap data for the lead-out zone or
outer zone 0.

Next, the description explains a space bitmap with
the layer number at byte position 4 indicating layer 1.

That is to say, the description explains a space bitmap
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position. The start byte position of bit map data is used for recording
information indicating the position of bitmap data corresponding to the

| ead-out zone in the space bitnmap as shown by a dashed-line arrow, that
is, information indicating byte position O of sector 1. The value of the
validate bit length in bitmap data is the size of the bitmap data for the
| ead- out zone. The zone information for the data zone is information on
the data zone of layer 1. The start cluster first PSN of the zone is a PSN

OL the start position of the data zone as shown by a dotted- |ine arrow
The start byte iLtion_of _bitna ask s used for recording information
i ndi cati ng Re g%gﬁ%ignogfabF ﬁggaggkdgégkéorresponding to the data zone in

t he space bitmap s shown_by a dashed-|i [ [ tion
:ndiCﬁtingbbyte po@?t?% °0° %eség?%rzeﬁe1$§?€%ﬁ%%ﬁ%§hﬁ%% €% i%&%%ggit

ength in bitmap.data_is _the_si.ze t he_bi tmap data.for _the zone.
The zone inFBPﬁaﬁ?oﬁnFBFm?%éoBuggF g%ﬁelpgeriﬁPg?nﬁﬁiéﬁyF5r fhgﬁ%gter zone
1 of layer 1. The start cluster first.  PSN of the zone is a PSN of the
start positién &PLEREAGHEEr t98nE8 1238 SHEWACBS -a

The start cluster first PSN of the zone is a PSN of
the start position of the lead-out zone as shown by a
dotted-line arrow. Since the address direction on layer 1
is a direction from an outer side to an inner side, a
position indicated by the dotted-line arrow is a start
position.

The start byte position of bit map data is used for
recording information indicating the position of bitmap
data corresponding to the lead-out zone in the space
bitmap as shown by a dashed-line arrow, that is,
information indicating byte position 0 of sector 1.

The value of the validate bit length in bitmap data
is the size of the bitmap data for the lead-out zone.

The zone information for the data zone is
information on the data zone of layer 1.

The start cluster first PSN of the zone is a PSN of
the start position of the data zone as shown by a dotted-
line arrow.

The start byte position of bitmap data is used for

recording information indicating the position of bitmap
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dotted-line arrow The start byte position of bitmap data is used for
recording information indicating the position of bitmap data correspondi ng
to outer zone | in the space bitnmap as shown by a dashed-line arrow. The
information is information indicating byte position 0 of sector N. The
value of the validate bit length in bitmap data is the size of the bitmap
data for outer zone 1. Next, the data structure of a TDFL is explained. As
descri bed above, a TDFL is recorded in a free area follow ng a space
bitmap in a TDVA. Every time an wupdating operation is carried out, a TDFL

is recorded._at the beginnin f th i ni .G i
d:agran1shg??hﬁ ?ﬂﬁrﬁﬁﬁgngi?gcgﬂréhgfag %EE&SQS££$ﬁ%g;%§fcgo§%F%%%;S1ato 4
clusters. co i ith t DFL sh in FIG _6,.it i bvi

The " coni ens ShoThebior Sarntdrhive, ST E0Tnobaths Lenet B A hat tho

first 64 bytes of the defect |list are used as bytes for recording
managenent tREbFARLINGNPBFSt Resgkiert ¥ PFsESCHRAE %ytes fol l owi ng the 64th

byte are used as bytes for recording contents of pieces of,
al t er nat e- addr ess Thaferhig | oh He ‘@%e%fj%%ﬁ/i%t a $HGR M DPEMRR 2t3nd a

term nator having a length of 8 bytes serves as an
is the size of the bitmap data for the data zone.

The zone information for the outer zone is
information for the outer zone 1 of layer 1.

The start cluster first PSN of the zone is a PSN of
the start position of the outer zone 1 as shown by a
dotted-line arrow.

The start byte position of bitmap data is used for
recording information indicating the position of bitmap
data corresponding to outer zone 1 in the space bitmap as
shown by a dashed-line arrow. The information is
information indicating byte position 0 of sector N.

The value of the validate bit length in bitmap data
is the size of the bitmap data for outer zone 1.

Next, the data structure of a TDFL is explained.

As described above, a TDFL is recorded in a free area
following a space bitmap in a TDMA. Every time an
updating operation is carried out, a TDFL is recorded at
the beginning of the remaining free area.

FIG. 11 is a diagram showing the data structure of

a TDFL.
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alternate-address end imediately following ati #N, which is the |ast one
of pieces of effective alternate-address information. However, the TDFL
conposed of 1 to 4 clusters is different fromthe DFL in that a DDS (or
TDDS) is recorded in 2,048 bytes conposing the |ast sector of the TDFL.
It is to be noted that, in the case of the TDFL, an area preceding the

| ast sector of a cluster to which the alternate-address information
termnator pertains is filled up with codes of 00h. As described above,
the last sector is used as a sector for recording a TDDS. If the

al ternat e-address TR OfpRL i @b LI S 8al Ofo PET B EBeES. t Sy dadgdarsesf or of a
specific cluster, an area between the specific cluster and the | ast sector

of a cluster, 34 FEEHFA! ShyRr 85eHrRg Ehe 18Pesi bhiekustenti snbilled up
wi th codes of 0 and the [ast sector of the i mmedi ately preceding cluster

I's used as a SeEhQl E%rt%%C%p@%nggy 2 sIHP%arThe @%B%%t ol $heMpagenent

I nformati on haV|ng a size o es IS 1 denti cal mnth the defect-1list

manageent LaLer gRLl 00 eXPlegl Bgd LI @ by reler 1190 Le, Bhfy 1sas

i nf or mat i on i nc inof However, as the Rumber  of
times the d%@%%% Eb%tr%cordlng management information of the defect

list, the bytes following the 64" byte are used as bytes
for recording contents of pieces of alternate-address
information ati each having a length of 8 bytes, and a
terminator having a length cof 8 bytes serves as an
alternate-address end immediately following ati #N, which
is the last one of pieces of effective alternate-address
information.

However, the TDFL composed of 1 to 4 clusters is
different from the DFL in that a DDS (or a TDDS) is
recorded in 2,048 bytes composing the last sector of the
TDFL.

It is to be noted that, in the case of the TDFL, an
area preceding the last sector of a cluster to which the
alternate-address information terminator pertains is
filled up with codes of 00h. As described above, the last
sector is used as a sector for recording a TDDS. If the
alternate-address information terminator pertains to the
last sector of a specific cluster, an area between the

specific cluster and the last sector of a cluster
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been updated, the four bytes starting with a byte at byte position 4 are
used as bytes for recording the sequence nunber of the defect list. That
is to say, a sequence nunber included in defect-Ilist managenent
information in a nost recent TDFL is the nunber of times the defect |ist
has been updated. Besides, the four bytes starting with a byte at byte
position 12 are used as bytes for recording the nunber of entries, that

is, the nunber of pieces of alternate-address information ati. In
addition, the four bytes starting with a byte at byte position 24 are used

as bytes fo&mﬁ%ﬁ?&@Eﬁgcﬁggﬂgﬁiﬁs EhUsLBeCaeR! 218LtLRE; ol TR 1LACLTDFL i

updat ed. Thi's clustéer unt's represen e sizes o ree areas avail able

in the alternate areas | SA_0,, LSA A d o h gg
. t
structure owl?hecgpﬁgrﬁgt -Sagrégg %Fﬁ OP%gF?%nOg??h%nlt e %%FL ?g simlar
to the data strugture.shown i.n FIG, 8 as the, str ur f

al t er nat e- aB3FEESRG GHHSTESN 15 1551 FﬁeaDﬁth?ﬁe%%glF%F%gpgggdaress
information ati is included in the TDFL as an entry showing an alternate
source cl ust®PSand an alternate destination cluster, which are involved in

an al ternate-address process.  Such an entr¥ IS cataloged in, the tenporary
defect |ist TDFL hAbengeheahraistryapggenent informatidn having a

size of 64 bytes is identical with the defect-list
management information explained earlier by referring to
FIG. 7 as information included in of the defect list DFL.

However, as the number of times the defect list has
been updated, the four bytes starting with a byte at byte
position 4 are used as bytes for recording the segquence
number of the defect list. That is to say, a sequence
number included in defect-list management information in
a most recent TDFL is the number of times the defect list
has been updated.

Besides, the four bytes starting with a byte at
byte position 12 are used as bytes for recording the
number of entries, that is, the number of pieces of
alternate-address information ati. In addition, the four
bytes starting with a byte at byte position 24 are used
as bytes for recording values of cluster counts at the
time the TDFL is updated. This cluster counts represent
the sizes of free areas available in the alternate areas

ISA 0, ISA 1, OSA 0 and OSA 1.

55



shown in FIG 11. In the case of the TDFL, however, the value of status 1
included in the alternate-address information ati in the TDFL may have a
val ue of 0101 or 1010 in addition to 0000. Status 1 having a value of 0101
or 1010 indicates that an alternate-address process carried out on a
plurality of physically continuous clusters is a burst transfer process,
whi ch handles the clusters collectively. To be nore specific, status 1
having a value of 0101 indicates that the start sector physical address of
an alternate source cluster and the start sector physical address of an

alternate destination cluster i ch i ncl.u in er nat e- addr ess
information ati, are %pe%ﬁ#%fgﬁfet hO? Sffﬂesi Claﬁedzglgaddré;sésd%é%t%e first sector
in 56 the first cluster of the physically continuous uste serving as

b g Fhefhpragts

the alternatefesmpEécanatingtphyei EaFLaddr 8B3E 3 Fré&t8ector in the

first cluster of the physicall¥ conti nuous cluste£s seryi g.as t he
alternate dBsBFEULPORNOER tReFdFhef RENEDPSSPLEEHS Trﬁa9¥ng g val ue of 1010
indicates that the start sector physical address of an_ alfernate source
cluster andalherseaetaddeess phyersationdatrésdnotngnPiftert2te destination
cluster, which are

alternate-address information ati is included in the TDFL

as an entry showing an alternate source cluster and an
alternate destination cluster, which are involved in an
alternate-address process. Such an entry is cataloged in
the temporary defect list TDFL having a data structure
shown in FIG. 11.

I, the case of the TDFL, however, the value of
status 1 included in the alternate-address information
ati in the TDFL may have a value of 0101 or 1010 in
addition to 0000.

Status 1 having a value of 0101 or 1010 indicates
+hat an alternate-address process carried out on a
plurality of physically continuous clusters is a burst
transfer process, which handles the clusters collectively.

To be more specific, status 1 having a value of
0101 indicates that the start sector physical address of
an alternate source cluster and the start sector physical
address of an alternate destination cluster, which are
included in the alternate-address information ati, are

respectively the physical address of the first sector in
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i-ncluded in the alternate-address information ati are respectively the
physi cal address of the first sector in the last cluster of the physically
continuous clusters serving as the alternate source and the physical
address of the first sector in the last cluster of the physically
continuous clusters serving as the alternate destination. Thus, in an

al ternat e-address process collectively treating a plurality of physically
continuous clusters, it is not necessary to catalog an entry descri bing
the alternate-address information ati for each of all the «clusters.

Instead, itthe Fegessalwsterspecichy pnlyieaelyerbhy inhoalt etnateraddress
information ati including two physical addresses of first sectors in first

clusters anderanehhels @Rkl \1ekrakbier Rateweddnes $henbakRBhan adliresisncl udi ng
two physical addrésses of first sectors in last 57 clusters as descri bed

above. As degCrifed;aheveechasi 6@l kbhe e stDRL RREA#akRe StTUCtUre
identical with that of a DFL. However, the TDFL 1is characterized in that

the size of %&%iggﬁﬁyc%%ngﬁnP%ﬁEGQQ%g EQSUQeE%i%%u%SCE%%t%ﬁ%erh%%elaSt

sector is use as a-sector r recording a TDDS,” and managenent of burst
transfers ca 8@ cuted by using alternate-address information ati. As
shown in FI&%S }nﬁﬁé is used as an area for

On the other hand, status 1 having a value of 1010
indicates that the start sector physical address of an
alternate source cluster and the start sector physical
address of an alternate destination cluster, which are
included in the alternate-address information ati are
respectively the physical address of the first sector in
the last cluster of the physically continuous clusters
serving as the alternate source and the physical address
of the first sector in the last cluster of the physically
continuous clusters serving as the alternate destination.

Thus, in an alternate-address process collectively
treating a plurality of physically continuous clusters,
it is not necessary to catalog an entry describing the
alternate-address information ati for each of all the
clusters. Instead, it is necessary to specify only one
entry of alternate~address information ati including two
physical addresses of first sectors in first clusters and
another entry of alternate-address information ati

including two physical addresses of first sectors in last
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recordi ng space bitmaps and TDFLs. As described earlier, however, the
2,048-byte | ast sector of each of the space bitmaps and each of the TDFLs
is used as a sector for recoding a TDDS (tenporary disc definition
structure). FIG 12 is a diagram showi ng the structure of the TDDS. The
TDDS occupi es one sector having a size of 2,048 bytes. The TDDS has the
sane contents as the DDS in a DMA. It is to be noted that, even though the
DDS has a size of one cluster consisting of 65,536 bytes, only a portion
not beyond byte position 52 is virtually defined as contents of the DDS as
expl ai ned eaflhiseerby aketeseiripetioabbv&. S. That is to say, actual contents
are recorded in the first sector of the cluster. Thus, in spite of the

fact that the TDDShgagegcsiBedodbetty ©a€iSLTIP)  thdeTHRL TRRS goygts al l
the contents of the DDS. As is obvious fromconparison of FIG 12 with FIG

5, content s g@hlhe rEDDFeak i1BYIewReS thals @ LODPB.argowddlent i €gd woEh those
of the DDS. It is to be noted, however, that bytes startlng from byte

position 4 %rech%%%@t%%lgéhe%nfQha%e%ﬁédbﬁgetB? $eauUepEe pyrbgr of the
TDDS, bytes starting frombyte position 16 are used as bytes for recording

the Physi cab,dddeese o ubNeol (rbh: cI88HATS)NcRedibbe BEBRAL"1NGTEVA and

byt es startin

as a sector for recording a TDDS, and management of burst
transfers can be executed by using alternate-address
information ati.

As shown in FIG. 8, the TDMA is used as an area for
recording space bitmaps and TDFLs. As described earlier,
however, the 2,048-byte last sector of each of the space
bitmaps and each of the TDFLs is used as a sector for
recoding a TDDS (temporary disc definition structure).

FIG. 12 is a diagram showing the structure of the
TDDS.

The TDDS occupies one sector having a size of 2,048
bytes. The TDDS has the same contents as the DPS in a DMA.
It is to be noted that, even though the DDS has a size of
one cluster consisting of 65,536 bytes, only a porticn
not beyond byte position 52 is virtuvally defined as
contents of the DDS as explained earlier by referring to
FIG. 5. That is to say, actual contents are recorded in
the first sector of the cluster. Thus, in spite of the

fact that the TDDS has a size of only one sector, the
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frombyte position 24 are used as bytes for recording the

physi cal address

AD DFL of the first sector of the TDFL in the TDMA. Bytes at byte position
1,024 and subsequent byte positions in the TDDS are used as bytes for
recording infornmation, which does not exist in the DDS. Four bytes
starting frombyte position 1,024 are used as bytes for recording the
physi cal address LRA of a sector on an outernost circunference included in
the wuser-data area as a circunference on which user data has been

recorded. Four bytes starting frombyte position 1,028 are

used as bytes

for recordingBthe §Q¥§Lg?#a€gdress AD, BPO ﬂ ggsﬁfirst sector in a nost

Pt iR P 6oPhePhe ¢

recent spacé

our bytes starting from

byte position 1,032 are _used as_bytes for récord' h hysi.c ddr ess

AD BP1 of the firk$ SBRRFLIYP o t@%ﬂts%’ba‘%’%%%m%pff%”rth Ia"g%/(%r 1in

the TDVA. One byte at byte Bosition 1,036 is used as Egt for recording
t 60 . E?t

a flag for BentPBERRA§ PhethgeTHPSapt BVERWPPFSTEGRE

85%at byte

positions other than the byte positions described above are reserved and
filled withidentical with those of the DDS. It is to be noted,

however, that bytes starting from byte position 4 are

used as bytes for recording the sequence number of the

TDDS, bytes starting from byte position 16 are used as

bytes for recording the physical address of the first

sector in a drive area in the TDMA and bytes starting

from byte position 24 are used as bytes for recording the

physical address AD_DFL of the first sector of the TDFL

in the TDMA.

Bytes at byte position 1,024 and subsequent byte

positions in the TDDS are used as bytes for recording

information, which does not exist in the DDS.

Four bytes starting from byte position 1,024 are

used as bytes for recording the physical address LRA of a

sector on an outermost circumference included in the

user-data area as a circumference on which user data has

been recorded.

Four bytes starting from byte position 1,028 are

used as bytes for recording the physical address AD_BPO

of the first sector in a most recent space bitmap for

layer 0 in the TDMA.
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codes of 00h. As described above, the TDDS includes addresses in. the
user-data area, | SA and OSA sizes and spare area full flags. That is to
say, the TDDS includes nanagenent/control information for nanaging | SAs and
OSAs in the data zone. At this point, the TDDS is simlar to the DDS

Al so as described above, the TDDS al so i ncludes pieces of information such
as the physical address AD BPO of the first sector in the effective nost
recent space bitmap for layer 0, the physical address AD-BP1 of the first
sector in the effective nost recent space bitmap for layer 1 and the

physi cal address DFL_of the first ectar . i t
TDFL (L.e{rporarydD%‘?T gi“ﬁi:%s & TH0s 1% ‘1? %%%d%%ié\gfﬁtg{%lgg’lg%c{%% 01[ e;:ﬁg 60
space bitmap and the | ast t f .the, TDFL ti i

2 TORL | 5 ab8A. 2EnBYF e8of d6ar 908 8a P RGRP Y PREL LTRIGZ 2P EReS RO <hown

in FIG 9, a TDDS .included in a space bitnmp adde t _or a_TDDS incl uded

dla
in a TDFL a@de@ihrPadirpd Fﬁétﬁﬁsﬂnréc@ﬁFtTﬁéggnFnSPﬁgen§§FmaPeé8ﬁt TDDS, the
nost recent space bLtnag and the nost recent TDFL are shown. 3-2: |SAs and
OSAs FI G 13aiysraldiagtam $RYM-ng positions of each | SA

One byte at byte position 1,036 is used as a byte
for recording a flag for controlling the use of an
overwrite function.

Bytes at byte positions other than the byte
positions described above are reserved and filled with
codes of 00h.

As described above, the TDDS includes addresses in
the user-data area, ISA and OSA sizes and spare area full
flags. That is to say, the TDDS includes
management/control information for managing ISAs and OSAs
in the data zone. At this point, the TDDS is similar to
the DDS.

Also as described above, the TDDS also includes
pieces of information such as the physical address AD BPO
of the first sector in the effective most recent space
bitmap for layer 0, the physical address AD_BPl of the
first sector in the effective most recent space bitmap
for layer 1 and the physical address AD DFL of the first
sector in the effective most recent TDFL (temporary DFL}.

Since a TDDS is recorded in the last sector of the
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and each OSA. An | SA (inner space area) and an OSA (outer space area) are
each an area allocated in the data zone as an alternate area used in an
al ternat e- address process carried out on a defective cluster. In addition,
an | SA or an OCSAis also used in an operation to wite new data into a
desired address as an alternate area for actually recording the new data
supposed to be witten into the desired address, at which other data has
been recorded previously. The operation to wite the new data into the
desired address is thus an operation to renew the other data with the new

data. FIG 13A is a diagram show ng the positiops o | SA apnd_an_OSA on
a one-Iayersﬂﬁgﬂ.bﬁéméﬁoﬁﬂdiEh?ﬁiagﬁ aF s ?ﬁn?%tﬂael@R?ﬂseV8ﬁgtgﬁm§nathe
i nnernost- circunference side of the data _zone mhereag %Q$Pﬁ§A.is | ocat ed

on the out eFR®SE- BiEBaRT 8Fefc8DELdesSofdfiRe d5PE T¢6REAS 5Eh&r hand,

FIG 13B is a diagramshowing the positions of each | SA and each OSA on a
two- | ayer dewkTDRS.sHUwWS i nin h@@i'gwﬁan%h@m P iElFocht & DAPT he
i nnernost -circunference side of the data zone on layer 0 whereas the OSA 0

i s located anclbdeduter eospacei béumber eddedsiastoprt ReTHREa1REABAEH | ayer
0. On the

in a TDFL added last is the most recent TDDS. In the most
recent TDDS, the most recent space bitmap and the most

recent TDFL are shown.

3-2: ISAs and OSAs

FIG. 13 is a diagram showing positions of each ISA
and each OSA.

An ISA (inner space area) and an OSA {outer space
area) are each an area allocated in the data zone as an
alternate area used in an alternate-address process
carried out on a defective cluster.

In addition, an ISA or an OSA is also used in an
operation to write new.data into a desired address as an
alternate area for actually recording the new data
supposed to be written into the desired address, at which
other data has been recorded previously. The operation to
write the new data into the desired address is thus an
operation to renew the other data with the new data.

FIG. 13A is a diagram showing the positions of an

ISA and an OSA on a one-layer disk. As shown in the
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other hand, ISA 1 is located on the innernost- circunference side of the
data zone on layer 1 whereas the OSA 1 is |ocated on the
outernost-circunference side of the data zone on layer 1. On the two-1ayer
di sk, the size of ISA O may be different fromthat of ISA 1. However, the
size of OSA O is equal to that of OSA 1. The sizes of the ISA (or ISAO
and 1SA 1) and the sizes of the OSA (or CSA 0 and OSA 1) are defined in
the DDS and the TDDS, which have been described earlier. The size of the
|SA is determned at an initialization tinme and remains fixed thereafter.

Howe , t i h A h d h b
Lecoiﬁéd 5 ErEDRE Tl T 500 Sag SRS CEA L se B3=EbE ded | n the TODS can
e changed in an ti .t te the TDDS i i f th
osa lAPgm  ErrabatBRatkes tbR. et e A e AP A B AR CBARAOPE 257 04 out

as foll ows. _A ti t i k . | e.
oxanpl o medPUALRST CPWEREL BHESPRES e ha T AABEC RS RCy B 6 BenAPESpeci fi c,

the data is witten into a cluster, in which existing data has already
been wittef&Cpfaviously. That is to say, a request is nade as a request to

renew the existing data. In this case, since the disk is recognized as a
wWite- On the other hand, FIG. 13B is a diagram showing

the positions of each ISA and each OSA on a two-layer
disk. As shown in the diagram, ISA 0 is located on the
innermost-circumference side of the data zone on layer 0
whereas the 0SA 0 is located on the outermost-
circumference side of the data zone on layer 0. On the
other hand, ISA 1 is located on the innermost-
circumference side of the data zone on layer 1 whereas
the 0SA 1 is located on the outermost-circumference side
of the data zone on layer 1.

On the two-layer disk, the size of ISA 0 may be
different from that of ISA 1. However, the size of 0OSA 0
is equal to that of 0SA 1.

The sizes of the ISA {or ISA 0 and ISA 1) and the
sizes of the OSA (or OSA 0 and OSA 1) are defined in the
DDS and the TDDS, which have been described earlier.

The size of the ISA is determined at an
initialization time and remains fixed thereafter. However,
the size of the 0SA may be changed even after data has

been recorded therein. That is to say, the OSA size
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once optical disk, the new data cannot be witten into the cluster. Thus,
the new data is witten into a cluster in the |ISA or the OSA. This
operation is referred to as an alternate-address process. This

al ternat e-address process is managed as the alternate-address information
ati described above. The alternate-address information ati is treated as a
TDFL entry including the address of a cluster, in which the existing data
has been recorded fromthe very start, as an alternate source address. The
TDFL entry of the alternate-address information ati al so includes the

address of an | SA or ,OSA clu r, in_which the new_dat e witten
as alternatéeﬁaagégslﬁaég? gﬁbgncaﬁlPgrﬁg?agagsfpngPi8§e5§g$8§s£863 That is
to say, in the case of renewal  of existigg dat a, agﬁeréghe-address data is
recorded i nupAatesaher TDPRetOsANGREFRetaFt 8FAGt BEafBFe¥8?process carri ed

out on the data |locations for the renewal of the existin ata _is
controll ed as al t ¥had bt eiRR ez dRFF Frel T OFE SR i 1S+ aﬁrb‘ﬁeﬁs ¥ WS DFL i n
the TDVA. Thus, while the disk is a wite-once optical disk, virtually,
renewal of @&Raisi sarmpedmebteds EaldpHer wWoR dRPeBALLRRNCP rBFRENedT of a

host system a file systemor other systems, renewal of data is
i mpl enent edis taken as an example. For example, new data is written

into the user-data zone. To be more specific, the data is
written into a cluster, in which existing data has
already been written previously. That is to say, a
request is made as a request to renew the existing data.
In this case, since the disk is recognized as a write-
once optical disk, the new data cannot be written into
the cluster. Thus, the new data is written into a cluster
in the ISA or the OSA. This operation is referred to as
an alternate—address process.

This alternate-address process 1s managed as the
alternate-address information ati described above. The
alternate-address information ati is treated as a TDFL
entry including the address of a cluster, in which the
existing data has been recorded from the very start, as
an alternate source address. The TDFL entry of the
alternate-address information ati also includes the
address of an ISA or OSA cluster, in which the new data
has been written as alternate-address data, as an

alternate destination address.
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The al ternate-address process can al so be applied to nmanagenent of defects
in the sane way. To put it in detail, if a cluster is determned to be a
defective area, by carrying out the alternate-address process, data
supposed to be witten in the cluster is witten in a cluster of the |ISA
or the OSA. Then, for the managenent of this alternate-address process,
one alternate-address information ati is catal oged as an entry on the
TDFL. 3-3: TDVA- Usi ng Met hod As descri bed above, every tinme data is renewed
or an alternate-address process is carried out, a space bitmap and a TDFL

in a TDVA are updated. FIG 14 is a diagranlsmmM£§#the state of updating
64 contents of a THME ¥ GO 198 shbhsthe 38 ¢h WRTIFh %%a%’él%ﬂ p for

| ayer 0, a space bitmap for layer 1 and a TDFL have been  recorded in the
TDMA. As dedethbedlibspatetpddrass datRoiSoreeaEReef 1PhEhespaBe®hi t naps and
the | ast sector of the TDFL are each wused for recording a TDDS (tenporary
DDS). They ahe OB&f endetiheoadteTDBEetadRDBSS2PERGETFEDSAZr1PA PHE EBse of
the state shown in FIG 14A the TDFL is related to nost recently witten
data. Thus, thBD8at3 decatdedsi forhéhkeasensweafiopfothehexTBELNGs dBlE nost

is controlled as alternate-address information ati

cataloged on the TDFL in the TDMA. Thus, while the disk

is a write-once optical disk, virtually, renewal of data

is implemented. In other words, as seen from the 0S of a

host system, a file system or other systems, renewal of

data is implemented.

The alternate-address process can also be applied

to management of defects in the same way. To put it in

detail, if a cluster is determined to be a defective area,

by carrying out the alternate-address process, data

supposed to be written in the cluster is written in a

cluster of the ISA or the 0SA. Then, for the management

of this alternate—address process, one alternate-address

information ati is catalcged as an entry on the TDFL.

3-3: TDMA-Using Method

As described above, every time data is renewed or
an alternate-address process is carried ocut, a space
bitmap and a TDFL in a TDMA are updated.

FIG. 14 is a diagram showing the state of updating
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recent TDDS. As explained earlier by referring to FIG 12, this TDDS

i ncl udes AD BPO, AD BPI and AD DFL. AD BPO and AD BPI are information
showi ng the | ocations of effective nbst recent space bitmaps. On the other
hand, AD DFL is information show ng the |ocation of an effective nbst
recent TDFL. In the case of TDDS 3, AD BPD, AD BP1 and AD DFL are pieces
of effective information pointing to the |ocations of the space bitmps
and the TDFL as shown by a solid-line arrow, a dashed-line arrow and a
dotted-line arrow respectively. That is to say, ADDFL in TDDS 3 is used
as an address for specifying a TDFL including TDDS 3 itself as an

ef fective TBPRteohRst Ré étﬁQ%Ahand, AD BPO 65 and AD BP1 in TDDS 3 are used

as addresses for specifying space bitmaps for layers 0 and, | respectively
as effective spac@l%itzﬁ%SShQ%ﬁeQ %ﬁét%a}%.W%lqﬁi%t%ﬁﬁ%ﬁmﬁlgmﬁﬁeféﬁe space
bitmap for layer O is updated, a new space bitmap for layer 0 is added to
the TDMA. Adaghowfd,i B BpacelbBtmepe fogehaypicé BREndpTPELr BEYLARESRt t he
beginning of a free area. In this case, TDDS 4 recorded in the |ast sector
of the newrspacechi inmapheed®Mas t he nost recent TDDS. AD BPO  AD BPl1 and
AD DFL in TDDS 4 are used as addresses for specifying pieces of effective
i nformation. As described above, the last sector of each of the

space bitmaps and the last sector of the TDFL are each
used for recording a TDDS (temporary PDS}. They are
referred to as TDDS 1, TDDS 2 and TDDS 3.

In the case of the state shown in FIG. 14A, the
TDFL is related to most recently written data. Thus, TDDS
3 recorded in the last sector of the TDFL is the most
recent TDDS.

As explained earlier by referring to FIG. 12, this
TDDS includes AD BP0, AD BP1 and AD DFL. AD BP0 and AD
BP1 are information showing the locations of effective
most recent space bitmaps. On the other hand, AD DFL is
information showing the location of an effective most
recent TDFL. In the case of TDDS 3, AD BP0, AD BP1l and AD
DFL are pieces of effective information pointing to the
locations of the space bitmaps and the TDFL as shown by a
solid-line arrow, a dashed-line arrow and a dotted-line
arrow respectively. That is to say, AD DFL in TDDS 3 is
used as an address for specifying a TDFL including TDDS 3

itself as an effective TDFL. On the other hand, AD BPO
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To be nore specific, AD BPOin TDDS 4 is used as an address for specifying
a space bitmap for layer 0 as a space bitmap, which includes TDDS 4 itself
and serves as effective information. Mich |like the state shown in FIG
14A, AD BP1 in TDDS 4 is used as an address for specifying a space bitmp
for layer 1 as effective information, and AD DFL in TDDS 4 is used as an
address for specifying a TDFL as an effective TDFL. Later on, data is
witten again and, since the space bitnmap for layer 0 is updated, a new
space bitmap for layer O is added to the TDMA. As shown in FIG 14C, the
new space bltnag is recorded at the beginning 8f t he ree area. lnt

B dtef Bf

hi s
case, TDDS 8nfle8Br BBY iR TRES| dsfr66US fHREsha gﬁaEBGS}FHﬁngecones
the nost recent TDDS. AD BPO, AD BPl and AD DFL in TDDS 5 are used as
addresses fepaspebitprng §P§Cé§Y§¢Sepfééﬂl@erFﬁPGFﬁéYﬁéﬁ 3%0 be nore
specific, AD BPOin TDDS 4 is used as an address for specifying a space
bitmap for kafecrt@vassaacephé&mppsmap, which includes TDDS 4 itself and
serves as effective information. Mich like the state shown in FIGS. 14A
and 14B, AD BP1 isLased as, atatbaldieseriorespardf yshece atkpata®® t map f or
| ayer 1 as effective information, and AD DFL is used as an address for
speci fying aithep &®ranayeff éctisvepiBEed, a new space bitmap for

layer 0 is added to the TDMA. As shown in FIG. 14B, the
new space bitmap is recorded at the beginning of a free
area. In this case, TDDS 4 recorded in the last sector of
the new space bitmap becomes the most recent TDDS. AD BPO,
AD BP1 and AD DFL in TDDS 4 are used as addresses for
specifying pieces of effective information.

To be more specific, AD BP0 in TDDS 4 is used as an
address for specifying a space bitmap for layer 0 as a
space bitmap, which includes TDDS 4 itself and serves as
effective information. Much like the state shown in FIG.
14A, AD BP1 in TDDS 4 is used as an address for
specifying a space bitmap for layer 1 as effective
information, and AD DFL in TDDS 4 is used as an address
for specifying a TDFL as an effective TDFL.

Later on, data is written again and, since the
space bitmap for layer 0O is updated, a new space bitmap
for layer 0 is added to the TDMA. As shown in FIG. 14C,

the new space bitmap is recorded at the beginning of the

free area. 1In this case, TDDS 5 recorded in the last
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As descri bed above, when a TDFL and/or a space bitmap are updated, a TDDS
recorded in the last sector of the nost recent information includes
addresses indicating effective information such as space bitmps and a
TDFL, which are included in the TDVA. The effective information 1is
defined as the nost recent space bitmaps and the nost recent TDFL, which
are cataloged in the TDVA before a finalize process. Thus, the disk drive
is capable of grasping an effective TDFL and effective space bitmaps by
referring to a TDDS included in a Iast recorded TDFL or a last recorded

space bitmap recorded in the TDVA. the , _Fl 14 is_a_diagram show ng
the state 6Pc6ECLpAAt FRE ESHtéHF§eoP EW%F%BPEEG%RS T 8F§aE That is
to say, the TDMA includes a space bitmp_ for 0O and a égace bi t map

for layer 1TDPRe tAR BRAcEAB ﬂ%p%n%n%Dt%%LTBF'y%P% Prift? affyY At al oged in
the TDVA for layer 0. That is to say, only the TDVA for |layer 0,is used
and, every biddeeasEBFLoranueei fyispgapdebesnep &ﬁéeﬁﬁégﬁe&anﬁ@aﬁéﬁpTDFL
and/or the new space bitnmap are added to the TDVA as shown in FIG 14.

The TDMA for |ayerTd las mbeesspentifiayehDiBPOstd TEPEef iPeuUTBMAESORT| ayer

0 has been all used up.
address for specifying a space bitmap for layer 0 as a
space bitmap, which includes TDDS 4 itself and serves as
effective information. Much like the state shown in FIGS.
14A and 14B, AD BPl‘is used as an address for specifying
a space bitmap for layer 1 as effective information, and
AD DFL is used as an address for specifying a TDFL as an
effective TDFL.

As described above, when a TDFL and/or a space
bitmap are updated, a TPDS recorded in the last sector of
the most recent information includes addresses indicating
effective information such as space bitmaps and a TDFL,
which are included in the TDMA. The effective information
is defined as the most recent space bitmaps and the most
recent TDFL, which are cataloged in the TDMA before a
finalize process.

Thus, the disk drive is capable of grasping an
effective TDFL and effective space bitmaps by referring
to a TDDS included in a last recorded TDFL or a last

recorded space bitmap recorded in the TDMA.

By the way, FIG. 14 is a diagram showing the state
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Then, the TDVA for layer 1 is also used for catal oging TDFLs and/ or space
bi tmaps. one after another by starting fromthe begi nning of the TDVA.
FIG 15 is a diagramshowing a state in which the TDVA for layer 0 is al
used up after recording a TDFL or a space bitmap N tinmes. Then, a TDFL or
a space bitmap is catal oged continuously in the TDVA provided for |ayer 1
to serve as a continuation of the TDVA provided for layer 0 as shown in
FIG 14C In the state shown in FIG 15, after the TDVA for I|ayer 0 has

been used up, two space bitnaps for layer | are further catal oged in the
TDVA for

nthis 2 recor n the,last ctor of
t he nost GSXEeEBH?LéﬁgcﬁoﬁF? B PgraI§9@$ Fofst 30 ??efegéﬁg TEE%?t Much
| i ke the state shown in FIG 14, in the nost rec DE ,WﬁD BPCb AD BP
and AD DFL p&i hP £8Ypi £B8sTBMRefPELrPGE PnFBRREL 6ﬁm33 Rown2B§*a

solid-line arrow, a dashed-Iine arrOM/and a dotted-line arrow
respectivel pnd Fhapare batmay, fap BPYSEnlTDDS N+2 is used as an address
for specifying a space bitmap for layer 1 as a space bitmap, which
i ncl udes TDDS N+2 Theetwo appRGervEenaRs 214 cehe VEDThi sFeatibhiabhYt he ot her
hand, AD BPO in TDDS N+2 is used as an address for specifying a space
bitmap for chapépged thathes TDMAe foaneaypacé -bi Thap as thasaghownly
the TDMA for layer 0 is used and, every time a TDFL
and/or a space bitmap are updated, the new TDFL and/or
the new space bitmap are added to the TDMA as shown in
FIG. 14.
The TDMA for layer 1 as the second layer is used
after the TDMA for layer 0 has been all used up.
Then, the TDMA for layer 1 is also used for
cataloging TDFLs and/or space bitmaps one after another
by starting from the beginning of the TDMA.
FIG. 15 is a diagram showing a state in which the
TDMA for layer 0 is all used up after recording a TDFL or
a space bitmap N times. Then, a TDFL or a space bitmap is
cataloged continuously in the TDMA provided for layer 1
to serve as a continuation cf the TDMA provided for layer
0 as shown in FIG. 14C.
In the state shown in FIG. 15, after the TDMA for
layer 0 has been used up, two space bitmaps for layer 1

are further cataloged in the TDMA for layer 1. In this

state, TDDS N+2 recorded in the last sector of the most
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in FIG 14C, and AD DFL in TDDS N+2 is used as an address for specifying a
TDFL as effective information or nost recently updated information. It is
needl ess to say that, if the TDFL, the space bitmap for layer 0 or the
space bitmap for layer 1 is wupdated thereafter, the updated TDFL or space
bitmap is catal oged at the beginning of a free area in the TDVA for |ayer
1. As described above, the TDMAs for recording layers O and 1 are used one
after another for catal oging updated TDFLs and space bitmaps. Thus, the
TDMVAs for the recording Iayers can be used jointly as a Iarge single TDVA.

As a result, plurality o ca be_u gree of
ef ficiency. I?ﬁe%HdFP?Bﬁ bﬁgmgﬁa ghi Y8ﬁ|§ hST%E% rde F ?Dgﬁﬁthout

regard to whether the TDVA is provided for igb ngh a effecélve TDFL
and/ or spac@uﬁhtﬁﬁbecéﬁebétaaﬁa§ﬁaﬂn A FEPS ol ? 35 neSFaYer di sk

and a two- |layer disk are assuned as_descri bed above. . Is to be noted,
"however, t h&PD&, dRBkBREvi #§ BREeandr ARoPELr BEORHI kG Pé9€?§ PS al so

conceivable. Also in the case of a disk having three_or nore recording
| ayers, theeTbwBsiveoinfhempijensasafhpenub¥dachelafréingndthel i/ the sane

dashed-line arrow and a dotted-line arrow respectively.
That is to say, AD BPl in TDDS N+2 is used as an address
for specifying a space bitmap for layer 1 as a space
bitmap, which includes TDDS N+2 itself and serves as
effective information. On the other hand, AD BPO in TDDS
N+2 is used as an address for specifying a space bitmap
for layer 0, that is, the same space bitmap as that shown
in FIG. 14C, and AD DFL in TDDS N+2 is used as an address
for specifying a TDFL as effective information or most
recently updated informatiocn.

It is needless to say that, 1f the TDFL, the space
bitmap for layer 0 or the space bitmap for layer 1l is
updated thereafter, the updated TDFL or space bitmap is
cataloged at the beginning of a free area in the TDMA for
layer 1.

As described above, the TDMAs for recording layers
0 and 1 are used one after another for cataloging updated
TDFLs and space bitmaps. Thus, the TDMAs for the
recording layers can be used jointly as a large single

TDMA. As a result, a plurality of DMAs can be utilized
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way. 4: Disk Drive The follow ng description explains a
recordi ng/ reproduction apparatus serving as a disk drive for the
write-once optical disks described above. The disk drive provided by the
enbodi ment is capable of formng a |ayout of a wite-once optical disk in
a state explained earlier by referring to FIG 1 by formatting the disk in
a state wherein, typically, only the prerecorded information area PIC
shown in FIG 1 has been created but no wite-once area has been forned.
In addition, the disk drive records data into the user-data 70 area of the
di sk fornatted in this way and repraoduces data fromthe user-data. If
necessary, Yh&hdAskRighi ¢egreg 86 GHIACesSREYTDVA by recordlng |nfornat|on
therein and records data into an ISA or_an OSA. FIG 16 is qfram
showi ng the confi gl a2 @@Ht 690, tipe %?%%C@%$@e°n%yd?s?D@S|Ee?%% %ﬁ 2bnce
optical disk described above. The disk 1 is nounted on a turntabl e not
shown in tWeéthogtr segpmda toewbetihag/ topr 58t ii6n PERFLEEF0ROTt R8YSEur nt abl e
is driven into rotation at a CLV (constant |inear velocity) by a spindle
mot or 52. Af opt ilgaknpedi€eptivet TOEL: heddprssracaeddistEPADER b

grasped.

In this embodiment, a one-layer disk and a two-

layer disk are assumed as described above. It is to be

noted, however, that a disk having three or more

recording layers is also conceivable. Also in the case of

a disk having three or more recording layers, the TDMAs

for the layers can be used one after another in the same

way.

4: Disk Drive

The following description explains a
recording/reproduction apparatus serving as a disk drive
for the write-once optical disks described above.

The disk drive provided by the embodiment is
capable of forming a layout of a write-once optical disk
in a state explained earlier by referring to FIG. 1 by
formatting the disk in a state wherein, typically, only
the prerecorded information area PIC shown in FIG. 1 has
been created but no write-once area has been formed. In

addition, the disk drive records data into the user-data
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addr esses enbedded on the disk 1 as a wobbling shape of a groove track and
managenent/control information as information prerecorded on the disk 1.
At an initialization/formatting time or in an operation to record user
data onto the disk 1, the optical pickup 51 records managenent/contro
information and user data onto a track in a wite-once area. In a
reproducti on operation, on the other hand, the optical pickup 51 reads out
data recorded on the disk 1. The optical pickup 51 includes a | aser diode,
a photo detector, an objective |ens and an optical system which are not
shown in the figure. The, laser diode is a 71 device_serving.as_a source for
generating &*Pasef BBSnglS*hgoﬁﬁaFBeGeﬂBchFSi§a¥ EBapSﬁgﬁgdPSFSdetecting a
beam reflected by the disk 1. The objective lens is a ¢pnponent serving as
an out put t 8pkRnAkoBf thReusg¥sfapdam 1T THECOPTF LR E?%téh?ksdﬁ?%%ﬁponent
for radiating the |aser beamto a recording face of the disk 1 by way of
the object aveol opdasrs ReIBMAgbYhEererPébfednboaRRld CPhENERELD &éfjector.
In the optical pickup 51, the objective lens is held by a biaxial
mechani sm i mesoeckisadady tthar ehe ISAeoladns@SPs capabl e of noving the
objective lens in tracking and focus directions.

FIG. 16 is a diagram showing the configuration of

the disk drive.

A disk 1 is the write-once optical disk described
above. The disk 1 is mounted on a turntable not shown in
the figure. In a recording/reproduction operation, the
turntable is driven into rotation at a CLV (constant
linear velocity) by a spindle motor 52.

An optical pickup {optical head) 51 reads out ADIP
addresses embedded on the disk 1 as a wobbling shape of a
groove track and management/control information as
information prerecorded on the disk 1.

At an initialization/formatting time or in an
operation to record user data onto the disk 1, the
optical pickup 51 records management/control information
and user data onto a track in a write-once area. In a
reproduction operation, on the other hand, the optical
pickup 51 reads out data recorded on the disk 1.

The optical pickup 51 includes a laser diode, a
photo detector, an objective lens and an optical system,

which are not shown in the figure. The laser diode is a
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In addition, the entire optical pickup 51 can be noved in the radial
direction of the disk I by a thread mechanism53. The | aser diode included
in the optical pickup 51 is driven to emt a |aser beamby a drive current
generated by a laser driver 63 as a drive signal. The photo detector
enployed in the optical pickup 51 detects information conveyed by a beam
reflected by the disk 1, converts the detected information into an

el ectrical signal proportional to the light intensity of the reflected
beam and supplies the electrical signal to a matrix circuit 54. 72 The
matrix circuit,54 has a current/voltag converspon circuyi Lech is used
for convertaﬁﬁlﬁe chFvehe 8ﬁtﬁu?°B§c?hgoﬁhg?geﬁgkéego? g%%%Fi%?%é'a
plurality of light-sensitive devices into a vglta e aEd a na%rix

processi ng/ BBl PRPERL ABREEFPEULE RoFORBPR§PhgTCEuEShEEFIRIpFot88%ing to
generate necessary signals. The necessary signals jnclude a high-frequency
si gnal (or EEfi85¥6§ug¥dtH§t§1§Fgﬁal)Th%ﬁ%%%%§%+%® i%%ﬁoﬁ%d%d data as well
as a focus error signal and a tracking error signal, _which are used for
servo contrGbmppﬁeaadﬁ?IEﬁPGaaﬁu§W-mﬁap%ﬁgﬁﬁﬂmﬁ%ﬁ%ﬂ%%'6%%e¥%§%ﬁ bgamy

signal related to wobbling of the groove. The signal _
The optical system is a component for radiating the laser

beam to a recording face of the disk 1 by way of the
objective lens and leading the reflected beam to the
photo detector.

In the optical pickup 51, the objective lens is
held by a biaxial mechanism in such a way that the
mechanism is capable of moving the objective lens in
tracking and focus directions.

In addition, the entire optical pickup 51 can be
moved in the radial direction of the disk 1 by a thread
mechanism 53.

The laser diode included in the optical pickup 51
is driven to emit a laser beam by a drive current
generated by a laser driver 63 as a drive signal.

The photo detector employed in the optical pickup
51 detects information conveyed by a beam reflected by
the disk 1, converts the detected information into an
electrical signal proportional to the light intensity of
the reflected beam and supplies the electrical signal to

a matrix circuit 54.
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related to wobbling of the groove is a signal for detecting the wobbling
of the groove. It is to be noted that the matrix circuit 54 may be
physically integrated inside the optical pickup 51. The reproduced-data
signal output by the matrix <circuit 54 is supplied to a reader/witer
circuit 55. The focus error signal and the tracking error signal, which
are also generated by the matrix circuit 54, are supplied to a servo
circuit 61. The push-pull signal generated by the matrix circuit 54 is
supplied to a wobble circuit 58. The reader/witer circuit 55 is a circuit

for carrying out r%fegd%# such Jgts fdl hinary &?ﬂ’e%t?}x?& d%%%)r ocess on the

r epr oduced- data si genera F'epro i on clock
signal by adopting.a PLL %hnlﬁ ue, to genera%e dat a Lea d out by the
optical  pi ckaRvessLonnEisgatar R i trpdat

nodul ati on/ denodul ati on CIFCUI% nmodul ati on/ depodul ation circuit 56
conpri ses aCuf&RBEi BHEPURehBel §ePbPﬁ§ getgc 8ZolEFPT 4" Fefir oduct i on
process and a functional nmenber serving as an encoder in _a recording
process. Inpéuréé#§ﬁu@€|éﬁGBF6é§§§ltﬂﬁ§ dﬁﬁaﬁﬁétFBHPd@nﬁB&FSEPonaBprCU|t 56

i mpl ements denodul ation process for run-length limted code as
a matrix processing/amplification circuit for carrying

out matrix processing to generate necessary signals. The
necessary signals include a high-fregquency signal (or a
reproduced-data signal) representing reproduced data as
well as a focus error signal and a tracking error signal,
which are used for servo control.

In addition, a push-pull signal is alsc generated
as a signal related to wobbling of the groove. The signal
related to wobbling of the groove is a signal for
detecting the wobbling of the groove.

It is to be noted that the matrix circuit 54 may be
physically integrated inside the optical pickup 51.

The reproduced-data signal output by the matrix
circuit 54 is supplied to a reader/writer circuit 55. The
focus error signal and the tracking error signal, which
are also generated by the matrix circuit 54, are supplied
to a servo circuit 61. The push-pull signal generated by
the matrix circuit 54 is supplied to a wobble circuit 58.

The reader/writer circuit 55 is a circuit for

carrying out processing such as a binary conversion
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decodi ng process on the basis of the reproduction clock signal. An ECC
encoder/decoder 57 is a conponent for carrying out an ECC encodi ng process
to add error correction codes to data to be recorded onto the disk I and
an ECC decodi ng process for correcting errors included in data reproduced
fromthe disk 1. At a reproduction tine, data denodul ated by the

nodul ati on/ denpdul ation circuit 56 is stored in an internal nenory to be
subjected to error detection/correction processing and processing such as
a dealntgrgeave Erocess to generate the eventual reproduced 74 data The
r epr oduce ata obtained as a result qf .a decodin rocess _carried out b
t he ECC encBH@FPHécBBng85¥eP§°§888d6a?tPrBﬁQPﬁ Fﬁgg?ngroﬁSﬁﬁrgoand Y
transferred to an apparatus connected to the ?i K drive.in acg dance
with a connBRBe§RFENabYeRISPECEAPRORLPEK 89881 RY 2ERBRPIE Bf gﬁe
apparatus connected to the disk drive is an AV (Audio-Visual) system 120.
As descri betiegboianet ke gagﬁraﬁﬁ|déﬁana?aéupaﬁtbByth?hepﬁéFPth&% Bhit 54

as a signal related to the wobbling state of the groove is processed in
t he wobbl e &ilrcuThe 5@eneTaepuddtpul $ §$gha$uﬁﬁh¥%§iﬁ@fﬁDlP information is

modulation/demodulation circuit 56.

The modulation/demodulation circuit 56 comprises a
functional member serving as a decoder in a reproduction
process and a functional member serving as an encoder in
a recording process.

In a reproduction process, the
modulation/demodulation circuit 56 implements
demodulation process for run-length limited code as
decoding process on the basis of the reproduction clock
signal.

An ECC encoder/decoder 57 is a component for
carrying out an ECC encoding process to add error
correction codes to data to be recorded onto the disk 1
and an ECC decoding process for correcting errors
included in data reproduced from the disk 1.

At a reproduction time, data demodulated by the
modulation/demodulation circuit 56 is stored in an
internal memory to be subjected to error
detection/correction processing and processing such as a

de~interleave process to generate the eventual reproduced
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denodul ated in the wobble circuit 58 into a data stream conposing ADI P
addresses. The wobble circuit 58 then supplies the data streamto an
address decoder 59. The address decoder 59 decodes the data received
thereby to generate addresses and then supplies the addresses to the
system control |l er 60. The address decoder 59 al so generates a clock signal
by carrying out a PLL process using the wobble signal supplied by the
wobbl e circuit 58 and supplies the clock signal to other conponents for
exanple as a recording-tinme encode clock signal. The push-pull signal

out put by tge matrix circuit 75 54 as a signal related to the wobbling
state of th atGroove is a signal originated fromthe prerecorded

i nf ti PIC In th bbl i it 58,.th h-pul |, Si | i
subj ected 1o a banthpasePTIrIerd TcesEHAHIFE et it Sibpl Ted to t he

reader/writer circuit 55, which carries out a biEar canver.si o grocess to
generate a d@sedippt PECFESM CRRELIGGL RUbi PYstPEakt se¥ﬁ8ﬁe§28ﬁFP§8 to the
ECC encoder/decoder 57 for carrying out ECC-decode and de-interleave
processes t§7eksr zerdd QLA ﬁéﬁﬁeééﬁtﬂﬁéerpﬁé BEEPEYoPREd tERPSEREEREN. The
extracted prerecorded information is then supplied to the system

control | er 66. aBn apperbasiss cohnegsetetohsdiepLapc 6rd¥e iLRf BLFREIPGRCE

with a command given by a system controller 60. An
example of the apparatus connected to the disk drive is
an AV (Audio-Visual) system 120.

As described above, the push-pull signal output by
the matrix circuit 54 as a signal related to the wobbling
state of the groove is processed in the wobble circuit 58.
The push-pull signal conveying ADIP information is
demodulated in the wobble circuit 58 into a data stream
composing ADIP addresses. The wobble circuit 58 then
supplies the data stream to an address decoder 59.

The address decoder 59 decodes the data received
thereby to generate addresses and then supplies the
addresses to the system controller 60.

The address decoder 59 also generates a clock
signal by carrying out a PLL process using the wobble
signal supplied by the wobble circuit 58 and supplies the
clock signal to other components for example as a
recording-time encode clock signal.

The push-pull signal output by the matrix circuit
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the systemcontroller 60 is capable of carrying out processes such as
processing to set a variety of operations and copy protect processing. At
a recording tine, data to be recorded is received fromthe AV system 120.
The data to be recorded is buffered in a nmenory enployed in the ECC
encoder/decoder 57. In this case, the ECC encoder/decoder 57 carries out
processes on the buffered data to be recorded. The processes include
processing to add error correction codes, interleave processing and
processing to add sub- codes. 76 The data conpleting the ECC encodi ng

process is 5gtgg?§§ggg g12-0eqbdul 8Ll eRePLAtEIsngUshaRs denpdyl ation

adopting an I'n the ati enodul ation circuit 56
bef ore bei ng_suppl i. ed O the r IR A i i di
bef o DC! DGpPHRE §8%a, bOghIF ERIEEAELY BUfl AU brBpckagpliese encoding
the wobble.signal as d ri bed above_..s, used as, the,e di I

si gnal , mhi&Hkgépegéoasgzer;?gééﬂ%%w%?I %#.cﬁﬁ?%ﬁtc@%b?éﬁ%?éﬁ%%é%@ftncoding
processes, the data to be recorded js su Iie%.;g the reader/w.iter

Circuit  555LNBG StbPHRISATES Fecr ARRG- EBRFeniAtPonPRPORaSS PRGOS

being supplied to the reader/writer circuit 55, which
carries out a binary conversion process to generate a
data bit stream. The data bit stream is then supplied to
the ECC encoder/decoder 57 for carrying out ECC-decode
and de-interleave processes to extract data representing
the prerecorded information. The extracted prerecorded
information is then supplied to the system controller 60.

On the basis of the fetched prerecorded information,
the system controller 60 is capable of carrying out
processes such as processing to set a variety of
operations and copy protect processing.

At a recording time, data to be recorded is
received from the AV system 120. The data to be recorded

- is buffered in a memory employed in the ECC
encoder/decoder 57.

In this case, the ECC encoder/decoder 57 carries
out processes on the buffered data to be recorded. The
processes include processing to add error correction
codes, interleave processing and processing to add sub-

codes.
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such as fine adjustnent of a recording power to produce a power val ue
opti mum for factors including characteristics of the recording |ayer, the
spot shape of the | aser beam and the recording |linear speed as well as
adj ustment of the shape of the |l aser drive pulse. After conpleting the
recordi ng conpensation processing, the data to be recorded is supplied to
the laser driver 63 as |aser drive pulses. The |aser driver 63 passes on
the laser drive pulses to the |aser diode enployed in the optical pickup
51 to drive the generation of a laser beamfromthe diode. In this way,

pits suitable for the a@@@r@@dpﬂ@tﬁn@r@he?.?E@ce@ﬁegdgﬁ?tﬁﬁoéé% 1s It is to
be noted that the laser driver 63 includes the so-called APC (Auto Power

Control) ci rs%ptecft@a £60R! Hekbiigathen 338keqdt BUkn! @sadbinbadiualive
i ndependent anbi ent conditions such”as the anbient tenperature by

npnitoring %gggkgﬁsr 2QURRHL RQW@rPPAmQ%E%%tQB ik Provided in the optical

pi ckup 51 to serve”as a nDnltor nonitoring the | aser output power. The

System conbrathet; 89qghuas L3Lar O el o £Rl8 LaRen nULRUL gyer for

each of recor repro uctlon processes. aser

grggggsls c%gtr%%I%%ad%r/wrlkarggar%%l%e fqr the recording or reproduction

In these encoding processes carried ocut at a
recording time, the clock signal generated from the
wobble signal as described above is used as the encoding
clock signal, which serves as a reference signal.

After completing these encoding processes, the data
to be reccrded is supplied teo the reader/writer circuit
55 to be subjected to recording compensation processing
such as fine adjustment of a recording power to produce a
power value optimum for factors including characteristics
of the recording layer, the spot shape of the laser beam
and the recording linear speed as well as adjustment of
the shape of the laser drive pulse. After completing the
recording compensation processing, the data to be
recorded is supplied to the laser driver 63 as laser
drive pulses.

The laser driver 63 passes on the laser drive
pulses to the laser diode employed in the optical pickup
51 to drive the generation of a laser beam from the diode.

In this way, pits suitable for the recorded data are
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The servo circuit 61 generates a variety of servo drive signals fromthe
focus error signal and the tracking error signal, which are received from
the matrix «circuit 54, to carry out servo operations. The servo drive
signals include focus, tracking and thread servo drive signals. To put it
concretely, the focus and tracking drive signals are generated in
accordance with the focus error signal and the tracking error signal
respectively to drive respectively focus and tracking coils of the biaxial
mechani sm enpl oyed in the optical pickup 51. Thus,. tracking and focus

servo | oops.pLgr £ eah eghasgt 9pPs. 78 conprising the optical pickup 51, the
matrix circuit 54, the servo circuit 61 and the biaxial nechanism In

addi tion, in accordance i tdl & deaf MM ns ABNd J0GRl v egh fpmddigs syst em

controller 60, the servo circuit 61 turns off the tracking servo | oop and

carries Outn@ L5ackiiUGPAOPCIALLONpONCPULOHLELDD Bikuprdibye signal . On

top of that, e servo circuit generates a thread Ive signal on the
P S s L R
nechanisn15§f gggiég eggngiéggngigggk ég %Eéaéﬂﬁge%% %emperature by

monitoring the laser output power. A detector is provided

in the optical pickup 51 to serve as a monitor for

monitoring the laser output power. The system controller

60 gives a target value of the laser.output power for

each of recording and reproduction processes. The level

- of the laser output is controlled to the target value for

the recording or reproduction process.

The servo circuit 61 generates a variety of servo
drive signals from the focus error signal and the
tracking error signal, which are received from the matrix
circuit 54, to carry out servo operations. The servo
drive signals include focus, tracking and thread servo
drive signals.

To put it concretely, the focus and tracking drive
signals are generated in accordance with the focus error
signal and the tracking error signal respectively to
drive respectively focus and tracking coils of the
biaxial mechanism employed in the optical pickup 51. Thus,

tracking and focus servo loops are created as loops
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| ow- f requency conponent of the tracking error signal. The thread nechani sm
53 has a nechani smconprising a transm ssion gear, a thread notor and a
mai n shaft for holding the optical pickup 51. The thread nechani sm 53
drives the thread notor in accordance with the thread drive signal to
slide the optical pickup 51 by a required distance. It is to be noted that
the mechanismitself is not shown in the figure. A spindle servo circuit
62 controls the spindle notor 52 to rotate at a CLV. The spindle servo
circuit 62 obtains a clock signal generated in a PLL process for the

wobbl e si gnébmgﬁzgng tRtoppri oD BAckhS Biesent hatatkonalcspeedsof the
spindl e notor 52 and conpares the present rotational speed with a

predet er m nefe (LY 481 81 2AG L SBECUnbOndCAELR 81 anS RO Ener TOr ST gnal. In

addition, a reproduction clo signal generate a data reproduction

time by a PLL cir 'taéﬁg%og d jn _dhe reader/wniter, cl |2 1S used as
T°0F & de S the

the reference clock signal of ecodi ng process as we
tor 52. Thus,

i nf i h i I dof th i pdl
by, conpar | ngoTARaS ERFRRUEL: Bhorc ek > S bad CapERCEAEEpPuct BRnfREACCLY

reference speed, , a_spindle error. signal n ner : :
g?rcult 6§pturns off thg grgckggg ggrgg Eog;egnd carries

out a track jump operation by outputting a jump drive
signal.

On top of that, the serve circuit 61 generates a
thread drive signal on the basis of a thread error signal
~and an access execution control signal, which is received
from the system controller 60, to drive the thread
mechanism 53. The thread error signal is obtained as a
low-frequency component of the tracking error signal. The
thread mechanism 53 has a mechanism comprising a
transmission gear, a thread motor and a main shaft for
holding the optical pickup 51. The thread mechanism 53
drives the thread motor in accordaﬁcé with the thread
drive signal to slide the optical pickup 51 by a required
distance. It is to be noted that the mechanism itself is
not shown in the figure.

A spindle servo circuit 62 controls the spindle
motor 52 to rotate at a CLV.

The spindle sexrvo circuit 62 obtains a clock signal

generated in a PLL process for the wobble signal as
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Then, the spindle servo circuit 62 outputs the spindle drive signal, which
is generated in accordance wth the spindle error signal, to carry out the
CLV rotation of the spindle notor 52. In addition, the spindle servo
circuit 62 also generates a spindle drive signal in accordance with a

spi ndl e ki ck/ brake control signal received fromthe systemcontroller 60
to carry out operations to start, stop, accelerate and decelerate the
spindle notor 52. A variety of operations carried out by the servo system
. and the recording/reproduction system as descri bed above are controlled by

the system ¢arbERbL€Rn68nbaREd, 0B8R arBLEE96ANPULBEATBE K&t em control | er
60 carries out various kinds of processing in accordance wth comrands

recei ved frgﬁ&nw@ égté)és?gnbljraoco §Ped Whit 6@?5&”9&991&95‘1‘5‘ conmand to

wite data) Is recelve romthe AV system 1 or exanple, the system

troll LI gt 4.Qf - ' ' dd i nt
i ch the dabs e 5 A3 ol Br SR R B B e e e B er 57 and e

nDduIation/degogu%%tiog ciriuitrggrc [ Ly Qut t he encodi ng processes
descri bed aBoVE 6t Re Hépg TeCerVed TPoffithe AV system 120. Exanpl es of

the data are Vldeolgngdé%%uéh, a reproduction clock signal generated

at a data reproduction time by a PLL circuit employed in
the reader/writer circuit 55 is used as the reference
clock signal of a decoding process as well as the
information on the present rotational speed of the
spindle motor 52. Thus, by comparing this reproduction
clock signal with the predetermined CLV reference speed,
a spindle error signal can be generated.

Then, the spindle servco circuit 62 cutputs the
spindle drive signal, which is generated in accordance
with the spindle error signal, to carry out the CLV
rotation of the spindle motor 52.

In addition, the spindle servo circuit 62 also
generates a spindle drive signal in accordance with a
spindle kick/brake control signal received from the
system controller 60 to carry out operations to start,
stop, accelerate and decelerate the spindle motor 52.

A variety of operations carried out by the servo
system and the recording/reproduction system as described

above are controlled by the system controller 60 based on
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data generated in accordance with a variety of nethods such as MPEQ2.
Subsequent |y, as descri bed above, the reader/witer circuit 55 supplies

| aser drive pulses representing the data to the |laser driver 63 in order
to actually record the data on the disk 1. On the other hand, when a read
command to read out data such as MPEQ video data fromthe disk 1 is
received fromthe AV system 120, for exanple, the system controller 60
first of all carries out a seek operation to nove the optical pickup 51 to
a target address at which the data is to be read out fromthe disk 1. That
is to say,gthecsyshgpneentroller 60 outputs a seek command 81 to the servo
circuit 61 to drive the optical pickup 51 to nmke an access to a target

address speci fied 3yl thes Seekcof ORI dHELLAH &S o NECRSSAYs CPHd®!  Of
operations is executed to transfer data of a specified segnent to the AV

system 120. fh O&QSEQnQaXn EggogaéﬁgﬁﬁrigﬁdCQHﬁaﬁﬁgn}ekggvgﬁs%rém

processi ng suc as t ecodi ng an ering processes is carried out in
t he reader/gﬁl C|r U|t gé t he nodul ati on/ denpdul ation circuit 56 and
the ECC encoder dSXS % and the requested data is transferred to the

AV system 120. It Ws toa b“(?rfgé ef'né@?&ctlgntpoer oper ¢ at i i ons to Vgecord

data) is receilved from the AV system 120, for example,
the system controller 60 first of all moves the optical
pickup 51 to an address into which the data is to be
written. Then, the ECC encoder/deccder 57 and the
modulation/demodulation circuit 56 carry out the encoding
processes described above on the data received from the
AV system 120. Examples of the data are video and audio
data generated in accordance with a variety of methods
such as MPEG2. Subsequently, as described above, the
reader/writer circuit 55 supplies laser drive pulses
representing the data to the laser driver 63 in order to
actually record the data on the disk 1.

On the other hand, when a read command to read out
data such as MPEG2 video data £rom the disk 1 is received
from the AV system 120, for example, the system
controller 60 first of all carries out a seek operation
to move the optical pickup 51 to a target address at
which the data is to be read out from the disk 1. That is

to say, the system contrcller 60 outputs a seek command
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data into the disk 1 and reproduce data fromthe disk 1, the system
controller 60 is capable of controlling accesses to the disk 1 and the
recordi ng/ reproduction operations by using ADI P addresses detected by the
wobbl e circuit 58 and the address decoder 59. In addition, at
predeterm ned points of time such as the tine the disk 1 is nmounted on the
disk drive, the systemcontroller 60 reads out a unique ID fromthe BCA
on the disk 1 in case the BCA exists on the disk 1 and prerecorded
information (PIC) recorded on the disk 1 as a wobbling groove fromthe

reproductiop,0phy 8689 £NrbNie 68S€o §ONYEOLNA! opeeka®pgiakhpnsii 8082
executed with the BCA and the prerecorded data zone PR set as targets of

the seek Opﬁaﬂgigﬂsaczgeg £3 horadyet Sﬁﬁ?@@9$sﬁééik§éHe§ntQhéhgeéﬁrvo
circuit 61 to nake accesses by using the optical pickup 51 to the

i nnernost - ¢ireunference side of the disk 1. Later on, the optical pickup
51 is drivento carry out reproduction tracing to obtain a push-pul

signal as infor i on conveyed b ef | ect be T codi ng
processes are _ca??il;%edr%% tellﬁ' tlh%c%\sb%# A(E?I}th’ﬁclgjjt %%T%E?%Paaggjf r\?\?i éejr circuit

55 and ECC encoder/decoder 57 to generate BCA.infgrnation agd gﬁerecorded
infornatione§§cu§88r QuEdang ?a'da a of a specified segment to e

AV gystem 120. That is to say, the data is read out from
the disk 1, processing such as the decoding and buffering
processes is carried out in the reader/writer circuit 55,
the modulation/demodulation circuit 56 and the ECC
enceder/decoder 57, and the requested data 1s transferred
to the AV system 120.

It is to be noted that, in the operations to record
data into the disk 1 and reprocduce data from the disk 1,
the system controller 60 is capable of controlling
accesses to the disk 1 and the recording/reproduction
operations by using ADIP addresses detected by the wobble
circuit 58 and the address decoder 509.

In addition, at predetermined points of time such
as the time the disk 1 is mounted on the disk drive, the
system controller 60 reads out a unigue ID from the BCA
on the disk 1 in case the BCA exists on the disk 1 and
prerecorded information (PIC) recorded on the disk 1 as a
wobbling groove from the reproduction-only area.

In this case, control of seek operations is
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On the basis of the BCA infornmation and the prerecorded information, which
are read out fromthe disk 1 as described above, the systemcontroller 60
carries out processing such as a process to set |aser powers and a copy
protect process. In the configuration shown in FIG 16, a cache nenory 60a
is enployed in the systemcontroller 60. The cache nmenory 60a is used for
hol ding typically a TDFL and/or a space bitmap, which are read out from
the TDMA recorded on the disk 1, so that the TDFL and/or the space bitnmap
can be updat ed mﬁthout maki ng an access to the disk 1. 83 Wen the disk

i's mounted on é@@ #tﬁrﬁwgd?égrarlve t eldSosyst e conisol I gx 60

controls conponen read out a TDFL and/or a space

bi t map frOQ%%PiﬁTgagﬁéﬁcorg d%ternat%g %Fglggg st9r.& tihempd . he cache

nennrdeOa dress process is carri‘ed out to
renew data or due to a defect, the TDFL or the sp c tored in the
cache menor§PBEBEHS E%dbf%%edE£%r5h?l%%¥%% %}{%? tgléédﬁggggprocess i's
carried out to wite or rene ata | %1and t.he TDFL or ,the

h d
space bit mepCFESTRR P BIUS Y %n%?%lc?%egh% the inncermost-

circumference side of the disk 1.

Later on, the optical pickup 51 is driven to carry
out reproduction tracing to obtain a push-pull signal as
information conveyed by a reflected beam. Then, decoding
processes are carried out in the wobble circuit 38,
reader/writer circuit 55 and ECC encoder/decoder 57 to
generate BCA information and prerecorded information as
reproduced data.

On the basis of the BCA information and the
prerecorded information, which are read out from the disk
1 as described above, the system controller 60 carries
out processing such as a process to set laser powers and
a copy protect process.

In the configuration shown in FIG. 16, a cache
memory 60a is employed in the system controller 60. The
cache memory 60a is used for holding typically a TDFL
and/or a space bitmap, which are read out from the TDMA
recorded on the disk 1, so that the TDFL and/or the space
bitmap can be updated without making an access to the

disk 1.
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TDFL or space bitmap can be additionally cataloged in the TDVA recorded on
the disk 1. By doing so, however, the TDMA recorded on the disk 1 wll be
used up at an early tine. In order to solve this problem only the TDFL or
the space bitmap stored in the cache nenory 60a is updated till the disk 1
is ejected fromthe disk drive. As the disk 1 is ejected fromthe disk
drive, for exanple, the last (nobst recent) TDFL or space bitmap stored in
the cache nmenory 60a is transferred to the TDVA recorded on the disk 1.
In this way, the TDVA recorded on the disk 1 is updated only after the

TDFL and/or the spag b&ﬁm B @%ﬂ&&tﬁ%é nidie gache, neppry 60a,

has been updated a large nu er times so that the anount of the TDMA

consunpti onegapebe ' eAUCEds the gxpl-anaLLoBootyRl-bier EahbehehesPaEed on 2

method to ré e anou consunp Ion of cor on the

pr ocess 10 BESG s%éﬁ. 2A°€, EBorelr, o' R RFECERL0E 5 SRall By ﬁgérd' ch

process to needl ess T0 say, ever t hat
e hobt STk ERL RG0S LBl et i e e
:z gﬁgated ttgecggggtggmolgFgogr t he updated space bitmap nust be catal oged
Later on, when an alternate-address process is
carried out to renew data or due to a defect, the TDFL or
the space bitmap stored in the cache memory 60a is
updated.
Every time an alternate-address process is carried
out to write or renew data in the disk 1 and the TDFL or
the space bitmap is updated, for example, the updated
TDFL or space bitmap can be additiocnally cataloged in the
TDMA recorded on the disk 1. By doing so, however, the
TDMA recorded on the disk 1 will be used up at an early
time.
In order to solve this pxroblem, only the TDFL or
the space bitmap stored in the cache memory 60a is
updated till the disk 1 is ejected from the disk drive.
As the disk 1 is ejected from the disk drive, for exémple,
the last (most recent) TDFL or space bitmap stored in the
cache memory 60a is transferred to the TDMA recorded on

the disk 1. In this way, the TDMA recorded on the disk 1

is updated only after the TDFL and/or the space bitmap,
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TDVA recorded on the disk 1. By the way, the typical configuration of the
disk drive showmn in FIG 16 is the configuration of a disk drive
connected to the AV system 120. However, the disk drive provided by the
present invention can be connected to an apparatus such as a personal
conputer. In addition, the disk drive may be designed into a configuration
t hat cannot be connected to an apparatus. |In this case, unlike the
configuration shown in FIG 16, the disk drive includes an operation unit
and a display wunit or an interface nenber for inputting and outputting

data. That }g,Lf faé,39§£§%ifnr€ﬁgré§9h9%em@r9i 862 angs 85-£€Rr oduced from

the disk in accordance w an operation carried out by the user, and a

termnal is,beguLhed 8580 hEROLPAbe! OnbOPUL!LAG: 0M: OLhBULLT 98 the data.

O course, yplcaf confrguratrons are conceivable. For exanp t he

di sk drive be designed as recording-only apparatus or a
reproductioﬁsgﬁlﬁongﬂ%gﬁé?ﬁs?a%?b 5%%?%%%3 for the First TDVA Method 5-1:

Data Witing By referring to flowharts shown in FIGS. 17 to 20 t he

fol | owi ng descri p?JIi}beh %’@ad}%fsmd} otessl nta“%%er#téecf ot babi/ecﬁ & Vst em

controller Sgtkgdatgrgggggetghéeggggngag% consumption of the TDMA
recorded on the disk 1 by using the cache memory 60a in
processing such as a recording process to be described
later. It is needless to say, nevertheless, that the
present invention can be implemented without the cache
memory 60a. Without the cache memory 60a, however, every
time a TDFL or a space bitmap is updated, the updated
TDFL or the updated space bitmap must be cataloged in the
TDMA recorded on the disk 1.

By the way, the typical configuration of the disk
drive shown in FIG. 16 is the configuration of a disk
drive connected to the AV system 120. However, the disk
drive provided by the present invention can be connected
to an apparatus such as a personal computer.

In addition, the disk drive may be designed into a
configuration that cannot be connected to an apparatus.
In this case, unlike the configuration shown in FIG. 16,
the disk drive includes an operation unit and a display

unit or an interface member for inputting and outputting

data. That is to say, data is recorded onto a disk and
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onto the disk 1 nmounted on the disk drive. It is to be noted that, at the
time the data- witing process explained belowis carried out, the disk 1
has al ready been nmounted on the disk drive, and a TDFL as well as a space
bi t map have been transferred froma TDVA on the disk 1 nounted on the disk
drive to the cache nenory 60a. In addition, when a request for a wite
operation or a read operation is received froma host apparatus such as
the AV system 120, the target address is specified in the request as a

| ogi cal sector address. The 86 disk drive carries out |ogical/physical

addr ess CopYSL S QD0 AT ELERSLAG 05k 0N AL Meah gl §RLn SER1 Gheraddsgss | Nto

a physi cal tor address but t description of the conversion process

for each reguesteq§ oMby Pnd QulbP? L3108 Liefindt 18 Loge-gpted Lhat, in

order to conver 0gi Secto ress specified by ost I1nto a

physi cal segtor.address,.it 1S.necessa ) si cal address of
the first s %{%+n?ﬂ g?ﬁstP%%f%P%r%ga Sggééxggggiéﬁgh%g S to the | ogica
sector address. Assune that a request to wite data . into address N has
been recei ved frorﬂf; %s%p&%%gy%%%scqr}%gﬁa?fﬁserﬁrfzo by the

systemcontroller 60, In this case, th , .
Y conceivable. For example, é%e disk drive can be designed

as a recording-only apparatus or a reproduction-only

apparatus.

5: Operations for the Fi:st TDMA Method
5-1: Data Writing

By referring to flowcharts shown in FIGS. 17 to 20,
the following description explains processing carried out
by the system controller 60 in a process to record data
onto the disk 1 mounted on the disk drive.

It is to be noted that, at the time the data-
writing process explained below is carried out, the disk
1 has already been mounted on the disk drive, and a TDFL
as well as a space bitmap have been transferred from a
TDMA on the disk 1 mounted on the disk drive to the cache
memory 60a.

In addition, when a request for a write operation
or a read operation is received from a host apparatus
such as the AV system 120, the target address is

specified in the regquest as a logical sector address. The
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systemcontroller 60 starts processing represented by the flowhart shown
in FIG 17. First of all, at a step F101l, a space bitmap stored in the
cache nmenory 60a is referred to in order to determ ne whether or not data
has been recorded in a cluster at the specified address. The space bitmap
stored in the cache nmenory 60a is a space bitmap updated nost recently. If
no data has been recorded at the specified address, the flow of the
processing goes on to a step F102 to carry out a process to wite user
data into the address as represented by the flowhart shown in FIG 18. 87

| f data hasgakkeadyvbeenrreesrded abgthsigprekited aaddesss so that the
process to wite the data of this tine can not be inplenented, on the

other hand, -LRgeL59¥n QEoEQESEﬁ@cﬁésbBHvQQEStHQ 18gacalieReEL@3 to carry out
an overwite process represented by the flowhart "shown in FIG 19. The

process to whhtesusensdabaphytochiesaddpessaasessepnesensed by the

fl owmchart shown I'n a process requested by a command to wite

e oot o st Repc20d! 835 Ak WBLE0-00.A08o08850880 LERA fefluelRus. the

ri
process to V\FI Fe BSEI’ nt o he a S as represen

ggggfgﬁgg ? Pﬂekgmglgg %gm%slgnomlggegary wite process. If an error is

It is to be noted that, in order to convert a
logical sector address specified by a host into a
physical sector address, it is necessary to add ‘the
physical address of the first sector in a user-data a;ea'
recorded in the TDDS to the logical sector address.

Assume that a request to write data into address N
has been received from a host apparatus such as the AV
system 120 by the system controller 60. In this case, the
system controller 60 starts processing represented by the
flowchart shown in FIG. 17. First of all, at a step F101,
a space bitmap stored in the cache memory 60a is referred
to in order to determine whether or not data has been
recorded in a cluster at the specified address. The space
bitmap stored in the cache memory 60a is a space bitmap
updated most recently.

If no data has been recorded at the specified
address, the flow of the processing goes on to a step
F102 to carry out a process to write user data into the

address as represented by the flowchart shown in FIG. 18.
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course of the wite process due to a defect such as an injury on the disk
1, however, an alternate-address process nay be carried out in sone cases.
First of all, at a step F111, the systemcontroller 60 executes control to
wite the data into the specified address. That is to say, the optical

pi ckup 51 is driven to nmake an access to the specified address and record
the data of the wite request into the address. .If the operation to wite
the data into the address is conpleted nornmally, the flow of the
processing goes on fromthe step F112 to the step F113 at which the space
88 bitmap stored i¥f tdetxdohe semady 60zen scapoaded. atTaiputspecifiiedet ai l
the space bitmap is searched for a bit corresponding to a cluster in which
t he data hasdtieeas wpi theth thesptooessand whetbi thesdses 6 ahwal ue

i ndi cating that data has been witten into the cluster. Then, the
execution otimbecanonesshagihpletbatat]ten thRgueshershendedthef fibe
operation carried out at the step F111 to wite the data into the address

i's not Conpb@teﬂenﬁfaabbyin ngo@s ahtebnat etagdress proegssyfonagthAn is in
an on state, on the other hand, the flow of the processing goes on from

the step FlidgetQribe pteReEdlfeptisbatt B9 PRLedibhahatheshbel FAL2 is
execut ed
FIG. 19.
The process to write user data into the address as
represented by.the flowchart shown in FIG. 18 is a
process requested by a command to write the data into the
address at which no data has been recorded. Thus, the
process to write user data into the address as
represented by the flowchart shown in FIG. 18 is an
ordinary write process. If an error is generated in the
course of the write process due to a defect such as an
injury on the disk 1, however, an alternate-address
process may be carried out in some cases.
First of all, at a step F1ll, the system controller
60 executes control to write the data into the specified
address. That is to say, the optical pickup 51 is driven
to make an access to the specified address and record the
data of the write request into the address.
‘If the operation to write the data into the address

is completed normally, the flow of the processing goes on

from the step F112 to the step F113 at which the space
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al so to determ ne whether or not the alternate-address process function is
in an on state by checking whether or not an I SA and/or an OSA have been
defined. If at least either an | SA or an OSA has been defined, an

al ternate- address process can be carried out. In this case, the

al ternat e-address process function is determined to be in an on state. An
| SA or an OSA is determ ned to have been defined if the size of the I SA or
the CSA in the TDDS of the TDMA has been set at a value other than a zero.
That is to say, at a formatting tinme of the disk 1, at |east either an 89
| SA or an (BAtmapdetbmed &a aheachtuhkl yeexirgt 60g ial tpdaatd. arba byt
specifying its size at a value other than a zero in a TDDS and recordi ng
the TDDS inithenfieshilJDbhe Apads Bliteapatkveeabencaxaopl @ bas OSA can be
redefined by setting its size at a value other than a zero in an operation

to update acdbbBSsbBnaih Af tetsakl, ihf wAticheask ehthehaanpksA or an OSA
exi sts, the alternate-address process function is determned to be in an

on state. IpriBtancanes theel! QWa ehet BetProceasi g gogs108 to the step
S114. If the determination result obtained at the step F112 indicates that

B?LEQE; ?EngﬁﬁégﬁEiﬁB ERAre¥heLShas! BdbRak99+LRAt nEBeLALL BRatgzaddr ess
Then, the execution of the processing for the write
request is ended.

If the cperation carried out at fhe step F1il to
write the data into the address is not completed normally
and an alternate-address process function is in an on
state, on the other hand, the flow of the processing goes
on from the step Fll2 to the step Fl114.

It is to be noted that the step F1l12 is executed
also to determine whether or not the alternate-address
process function is in an on state by checking whether or
not an ISA and/or an OSA have been defined. If at least
either an ISA or an OSA has been defined, an alternate-
address process can be carried out. In this case, the
alternate-address process function is determined to be in
an on state.

An ISA or an OSA is determined to have been defined
if the size of the ISA or the OSA in the TDDS of the TDMA

has been set at a value other than a zero. That is to say,

at a formatting time of the disk 1, at least either an
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has been made ineffective, on the other hand, the flow of the processing
goes on to the step S113. It is to be noted that, at this step, the space
bitmap stored in the .cache nenory 60a is searched for a bit correspondi ng
to a cluster at the specified address and the bit is set at a value

i ndi cating that data has been recorded in the cluster. Then, the execution
of the processing is ended. |In this case, however, the wite request is
ended in an error. In spite of the fact that a wite error has been
generated, at the bit in the space bitmap, a flag 90 indicating that data
has been retskded an DBa t¢kuskérinedomsespondingliy theésbithgi s set in the
sane way as a nornmal termnation of the processing. The setting of the
flag nmeans thatrhheedateat byespeeariyinganagediby usi agvalhe spaee bitnmap as
a cluster in which data has been recorded. Thus, even if a request is

recei ved astaanf @quesb g w irbesdaha irBterthggdehectrbpe aneahel @iwkikch the
error has been generated, by referring to the space bitnmap, the processing

of the requephpacannfesgasiierhoive W thr acRi@bn deosgeooh e€ihisbency. As
descri bed above, if the alternate-address process function is determ ned

?g EE: step ELleih@dbBy! Bet@0n8Ni3kakezet e Gl QW10E LREER @RERSENY goes on

zero in an operation to update a TDDS in a TDMA.

After all, if at least either an ISA or an QSA
exists, the alternate-address proéesé function is
determined to be in an on state. In this case, the flow
of the processing goes on to the step S114.

If the determination result obtained at the step
F112 indicates that neither an ISA nor an 0SA exists,
indicating that the alternate-address process function
has been made ineffective, on the other hand, the flow of
the processing goes on to the step S113. It is to be
noted that, at this step, the space bitmap stored in the
‘cache memory 60a is searched for a bit corresponding to a
cluster at the specified address and the bit is set at a
value indicating that data has been recorded in the
cluster. Then, the execution of the processing is ended.
In this case, however, the write request is ended in an
error.

In spite of the fact that a write error has been

generated, at the bit in the space bitmap, a flag
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step F114, first of all, to determ ne whether or not the alternate-address
process can be actually carried out. In order to carry out the

al ternat e- address process, the spare area, that is, either the I SA or the
OSA, nust have a free area for at |east recording the data requested in
the wite operation. In addition, the TDVA nust have a margin allow ng an
entry of the alternate- address information ati for nmanaging this

al ternate- address process to be added, that is, allowing the TDFL to be
updated. It is possible to determ ne whether or not the I SA 91 or the OSA
has such a fneékcateagbyhehedktaghtbebaanbeecotdedniisethé SALGSAec!| usters

I ncluded in the defect-list managenent information shown in FIG 7. As
descri bed eartésponBibrgdebechel bst pBNAagenent thaf sanatwan &s aincluded in
a TDFL as shown in FIG 11. If at |least either the I SA or the CSA has a

free area apgmbibetdbVfnhescn §Brghe poocepdang. the fdaweialg ddheche
processing carried out by the systemcontroller 60 goes on fromthe step

F114 to a SEEQ?Fﬂtégn@-t tMRtchnkhgeroRt L 6@l apbakup éanagedrbyeﬁsm%nake_ an
access to the I'SA or the OSA and record the data requested in the wite

operation ipfQ LPecLrBetALEAakNat BEuLBA-Oint R R Gt ESREST LYEhY -

recorded. Thus, even if a request is received as a
request to write data into the defective area, in which
the error has been generated, by referriﬁg to the space
bitmap, the processing of the request can be carried out
with a high degree of efficiency.

As described above, if the alternate-address
process function is determined at the step F112 to be in
an on state, the flow of the processing goes on to the
step F114, first of all, to determine whether or not the
alternate-address process can be actually carried out.

In order to carry out the alternate-address process,
the spare area, that is, either the ISA or the OSA, must
have a free area for at least recording the data
requested in the write operation. In addition, the TDMA
must have a margin allowing an entry of the alternate-
address information ati for managing this alternate-
address process to be added, that is, allowing the TDFL
to be updated.

It is possible to determine whether or not the ISA
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Then, at the next step F116, after the wite operation requiring the

al ternat e-address process, the TDFL and the space bitmap, which have been
stored in the cache nenory 60a, are updated. To put it in detail, the
contents of the TDFL are wupdated by newly adding an entry of the
alternate-address information ati representing the present alternate-
address process as shown in FIG 8 to the TDFL. In addition, in accordance
with the addition of such an entry, the nunber of catal oged DFL entries in
the defect- |ist nmanagenent information shown in FIG 7 is increased 92
whi | e t he napbeheobsSENnbsedsuSA/ &SArekustreasbinchbekidef ebé- hiimbemanfigenent
information shown in FIG 7 is decreased. If the alternate-address process
is carried uaute@niengoshustestetbeinuhbaedoincahal ageédcbDFLientries is
incremented by one while the nunber of unused | SA/ OSA clusters is

decr ement edmb¥ag§B8Rentt ihSokRabeoNOEREWhhah BIGPr DCesss tdegeriasaie the
alternate-address information ati wll be described later. In addition, a

bit includedsinithe sRaCEeBLLIBP: 38 mBnBhbmeAL eAPEPALRYCH0LE Cluster at
the address, at which an error of the requested wite operation has been

generated, ig§-$g8heat ia ¥abHeri Bdi cAbLAY i hhatcdata has been recorded in the
cluster. By tﬁe sanme toéen, a %It

If at least either the ISA or the OSA has a free
area and the TDMA has a margin for update, the flow of
the processing cérried out by the systém controlier 60
goes on from the step Fl1l4 to a step F115 at which the
optical pickup 51 is driven to make an access to the ISA
or the O0SA and record the data requested in the write
operation into the free area in the ISA or the OSA
respectively.

Then, at the next step Fll6, after the write
operation requiring the alternate-address process, the
TDFL and the space bitmap, which have been stored in the
cache memory 60a, are updated.

To put it in detail, the contents of the TDFL are
updated by newly adding an entry of the alternate-address
information ati representing the present alternate-
address process as shown in FIG. 8 to the TDFL. 1In
addition, in accordance with the addition of such an

entry, the number of cataloged DFL entries in the defect-

list management information shown in FIG. 7 is increased
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included in the space bitmap as a bit corresponding to an |SA or OSA
cluster, in which the data has been actually recorded, is set at a val ue

i ndicating that data has been recorded in the cluster. Then, the execution
of the processing of the wite request is ended. In this case, however, a
wite error has been generated at the address specified in the wite
request, by carrying out the alternate-address process, the wite
operation can be conpleted. Fromthe standpoint of the host apparatus, the
processing of the wite is ended normally. 93 If the determ nation result
obt ai ned at whhaéestbp nEtb4ri ndi catesdt hak/A8At hénsthes| $A hbe t he OSA has a
free area or the TDVA does not have a margin for TDFL to be updated, the
fl ow of thedpfecesiisg manapgedentit ihyotrhetisystbowoomnhr BGer 760sgoes on to
a step F117 at which an error report is returned to the host apparatus and

the executdenreksktHe prHCEBRSi aADtesneneleskddtds s hersedes nl nats oni edsul t
obtained at the step F101 of the flowchart shown in FIG 17 indicates that

data has al pgadynbegs kecerdeqd ahet REmBEEr 8%Scepatbhiadprinchieivki te
request made by the host apparatus as evidenced by the fact that a bit

i ncl uded injtherspagentBit BRPoas anbhkt eAer aaReRd BE LAudeal ¥Shebsat the
addr ess -
clusters is decremented by cne. It is to be noted that a
process to generate the alternate-address information ati
will be described later.

In addition, a bit included in the space bitmap as
a bit corresponding to a cluster at the address, at which
an error of the requested write operation has been
generated, is set at a value indicating that data has
been recorded in the cluster. By the same token, a bit
included in the space bitmap as a bit corresponding to an
ISA or OSA cluster, in which the data has been actually
recorded, 1s set at a value indicating that data has been
recorded in the cluster.

Then, the execution of the processing of the write
request is ended. In this case, however, a write error
has been generated at the address specified in the write
request, by carrying out the alternate-address process,
the write operation can be completed. From the standpoint
of the host apparatus, the processing of the write is

ended normally.

93



has been set at a value indicating that data has been recorded in the
cluster, the flow of the processing goes on to the step F103 as descri bed
earlier. At this step, the overwite function process represented by the
flowmchart shown in FIG 19 is carried out. The flowhart begins with a step
F121 at which the systemcontroller 60 determ nes whether or not the
overwite function or the data renewal function is effective. The system
controller 60 is capable of determ ning whether or not the overwite
function is effective by referring to a flag included in the TDDS 94 shown
in FIG 12 as a fl&f tinelidsiteng vdietidrerresuhotobteinedextwrihe $tegtion is
usable. If the flag indicating whether or not the overwite function is

usabl e is nptlgeindticitendtrnati ngithar the IERnabironhksoBAt hekfective, the
flow of the processing goes on to a step F122 at which an error report

i ndi cating Fpeeraeeh speehti eaMhORceE hbe adgeessmhsgiheFurnedrLotbhe host
apparatus and the execution of the processing is ended. If the flag

i ndi cating B@eﬁﬁéétgﬁ,nghet@QOQV@EWEhEeprBHEQEEQ? tarwsahll Butspgetnat 1
indicating that the data renewal function is effective, on the other hand,

the procesgingeflf chRe-Aatar" gACYBLsf HACLL0R LEepl @189dat which an
error report is returned to the host apparatus and the
execution of the processing is ended.

If the determination result obtained at the step
F101 of the flowchart shown in FIG. 17 indicates that
data has already been recorded at the address specified
in the wrife request made by the host apparatus as
evidenced by the fact that a bit included in the space
bitmap as a bit corresponding to a cluster at the address
has been set at a value indicating that data has been
recorded in the cluster, the flow of the processing goes
on to the step F103 as described earlier. At this step,
the overwrite function process represented by the
flowchart shown in FIG. 19 is carried out.

The flowchart begins with a step F121 at which the
system controcller 60 determines whether or not the
overwrite function or the data renewal function is
effective. The system controller 60 is capable of
determining whether or not the overwrite function is

effective by referring to a flag included in the TDDS
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In this case, the flow of the processing goes on to a step F123 first of
all to determ ne whether or not the alternate-address process can be
carried out. As described above, in order to carry out the alternate-
address process, the spare area, that is, either the I SA or the OSA nust
have a free area for at |east recording the data requested in the wite
operation and, in addition, the TDVMA nust have a margin allowing an entry
of the alternate-address information ati for nmanaging this

al ternat e- address process to be added, that is, allowing the TDFL to be
updat ed. 95shbwat ihea@3t.ellthes thélbSAinditheit§Awvhasharf oeencar €heand t he
TDVA has a nmargin allowng an entry of the alternate-address information
ati for managengrifBiesfahterpat esaddepss.process to be added, the flow of
the processing carried out by the systemcontroller 60 goes on fromthe

step F123 to a stepr RlRd fadvidy ddei optieathePi sKUpBlths skémenit® make
an access to the SA or the OSA and record the data requested in the wite

operation phetiBg fte@sapea LB hbe Lo gt thenGSAstespeehb¥ethe Then, at
the next step F125, after the wite operation requiring execution of. the

al ternat e- agdress nPEACRSE: oFRECIGL, aRdet Re gPREeRL! PRBceWRLAR have been
stored in tge cache menory 80a, are upgateg. To put 1t7in
goes on to a step F122 at which an error report
indicating incorrect specification of the address is
returned to the host apparatus and the execution of the
processing is ended.
| If the flag indicating whether or not the overwrite
function is usable is set at 1 indicating that the data
renewal function is effective, on the other hand, the
processing of the data renewal function i1s started.
In this case, the flow of the processing goes on to
a step F123 first of all to determine whether or not the
alternate-address process can be carried out. As
described above, in order to carry out the alternate-
address process, the spare area, that is, either the ISA
or the OSA, must have a free area for at least recording
the data requested in the write operation and, in
addition, the TDMA must have a margin allowing an entry
of the alternate-address information ati for managing

this alternate-address process to be added, that is,

allowing the TDFL to be updated.
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detail, the contents of the TDFL are updated by newy adding an entry of
the alternate-address information ati representing the present

al ternat e- address process as shown in FIG 8 to the TDFL. However, data at
t he sane address may have been renewed before and an entry of the
alternate-address information ati representing the alternate-address
process for the renewal has thus been catal oged on the TDFL. In such a
case, first of all, all pieces of alternate-address infornmation ati
cataloged in the TDFL are searched for an entry including the address as
an 96 alternate salff cet adshsisseidienl tler nEdZe-addries SOSA Haw rmtfoee ati  has
been cataloged in the TDFL as an entry including the address as an

al ternate spuegeanaddnesspoMhhrasl dennateéndasl bRahgoanaddtegsorfnehaded in
the alternate-address information ati is changed to the address in the |SA

or the OSA abtBefatBeadBFbssonhabprnAgiosushiakber nghegaddr eassi nformation
ati as an entry has been stored in the cache nenory 60a at the present

point  of thMeerhReeChangEsof ptBgeakt ebNBLeadaskl NnaheoR187dpeSEhe0f the
alternate-address information ati can nade with ease. It is to be noted

el 4 Lokt SATEaTP TR cu B8y EXETKYLLER LORTpELLegerdegoon the
on from the step Fl23 to a step Fl24 at which the optical
pickup 51 is driven to make an access to the ISA or the
OSA and record the data requested in the write operation
into the free area in the ISA or the 0OSA respectively.

Then, at the next step F125, after the write
operation requiring execution of the alternate-address
process, the TDFL and the space bitmap, which have been
stored in the cache memory 60a, are updated. To put it in
detail, the contents of the TDFL are updated by newly
adding an entry of the alternate-address information ati
representing the present alternate-address process as
shown in FIG. 8 to the TDFL.

However, data at the same address may have been
renewed before and an entry of the alternate-address
information ati representing the alternate-address
process for the renewal has thus been cataloged on the
TDFL. In such a case, first of all, all pieces of

alternate-address information ati cataloged in the TDFL

are searched for an entry including the address as an
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the TDFL before adding a new entry to the TDFL. If a new entry of the
alternate-address information ati is added to the TDFL, the nunber of
cataloged DFL entries in the defect-1list managenent information shown in
FIG 7 is increased while the nunber of unused | SA/OSA clusters in the
defect-1ist managenment information shown in FIG 7 is decreased. In
addition, a bit included in the space bitmap as a bit corresponding to an
| SA or OSA cluster, in which the data has been actually recorded, is set
at a value indicating that data has been recorded in the cluster. 97 Then,
t he executiahtefnehe proressaddresst helfwadlieernaprexidiessended. By carrying
out the processing to use the |ISA or the OSA as descri bed above, the

syst em cont tafbemna6fonhsataphbkebetncoptafogethin theaTPEhenal anr equest,
which is a request to wite data into an address at which data has been
recorded. |&nthe detendingtthe redubksobkabnedlaerhheesseprc&l23 indicates
that neither the I SA nor the OSA has a free area or the TDVA does not have

a margin al hawkBgsanthenbliyelhatBedaktennatenaddaesssi nheloatdonnati for
managi ng this al ternate-address process to be added, on the other hand,

the flow/Oftheea@E@Eﬁgﬁbngdeéégsegneakmaz1ohhat§y§geahga@baotbethao goes on

to a step F126 at which
address in the ISA or the OSA. Since the TDFL containing
such alternate-address information ati as an entry has
been stored in the cache memory 60a at the pfesent peint
of time, the change of the alternate destination address
of the alternate-address informetion ati can made with
ease. It is to be noted that, without the cache memory
60a, every time the TDFL recorded on the disk 1 is
updated, the already cataloged entry must be deleted from
the TDFL before adding a new entry to the TDFL.

If a new entry of the alternate—-address information
ati is added to the TDFL, the number of cataloged DFL
entries in the defect-list management information shown
in FIG. 7 is increased while the number of unused ISA/OSA
clusters in the defect-list management information shown
in FIG. 7 is decreased.

In addition, a bit included in the space bitmap as
a bit corresponding to an ISA or OSA cluster, in which

the data has been actually recorded, is set at a value

indicating that data has been recorded in the cluster.
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an error report indicating no free wite area is returned to the host
apparatus and the execution of the processing is ended. By the way, at the
step F116 of the flowchart shown in FIG 18 and the step F125 of the
flowchart shown in FIG 19, alternate-address information ati is newy
generated for the alternate-address process by the system controller 60 in
processi ng represented by the flowhart shown in FIG 20. The fl owchart
shown in FIG 20 begins with a step F151 to determ ne whether or not the

al ternat e-address 98 process is a process carried out on a plurality of
physi cal |y conti nuthesn clist ersecutfidrhes faltther reneceskimes o hrideeserite a
process carried out on a cluster or a plurality of physically

di scont i nuodsgaésst ssentibd. f IBw ofrthiengpracesshagpgoesssiong tto axst ep F154
at which alternate-address information ati is generated for the cluster or

each of thethghyshcakl yhdi espnasndessribedt ebsvel nthbi sysasm, status 1 of
the data structure shown in FIG 8 is set at 0000 for each

al ternat e- address1iat-osnat k0BaghblascifscbpengagethWat Batherenenal
al t ernat e- address process. Then, at the next step F155, each

?ELETnate'agg&§é§tln&HEGEtEQnaaEEquggﬂeE@tﬁgiE@ bHBks WAYol naddadets the
at which data has been recorded.

If the determination result obtained at the step
F123 indicates that neither the ISA nor the OSA has a
free area or the TDMA does not have a margin allowing an
entry of the alternate-address information ati for
managing this alternate-address process to be added, on
the other hand, the flow of the processing carried out by
the system controller 60 goes on to a step F126 at which
an error report indicating no free write area is returned
to the host apparatus and the execution of the processing
is ended.

By the way, at the step F1l16 of the flowchart shown
in FIG. 18 and the step F125 of the flowchart shown in
FIG. 19, alternate-address information ati is newly
generated for the alternate-address process by the system
controller 60 in processing represented by the flowchart
shown in ¥IG. 20.

The flowchart shown in FIG. 20 begins with a step

F151 to determine whether or not the alternate-address
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If the alternate-address process is a process carried out on a plurality
of physically continuous alternate source and alternate destination
clusters, on the other hand, the flow of the processing goes on to a step
F152 at which, first of all, alternate-address information ati is
generated for clusters at the beginnings of the alternate source and
alternate destination clusters, and status 1 of the alternate- address
information ati is set at 0101. Then, at the next step F153,
alternate-address information ati is generated for clusters at the ends of
the alter napeoseascésandprgocabseraareedesufnani anpéhustéty, o8nd status | of
the alternate-address information ati is set at 1010. Then, at the next .
step F155, phgsiwelpiyecestohualitechaséeraddress information ati generated
inthis way are added to the TDFL. By carrying out the processing

descri bed above, EFerhanbldetaat-cadikesspproeessidor phoees®r nore

physi cal |y continuous clusters can be managed by using only two pieces of
al ternat e- agdressdi aher Bat konlakterSo?: aDpllarketiehi b Byiysetediing to a

flowchart shown in FIG 21, the follow ng description explains processing
carried out gh¥cohRensyakepmgential | enc6@1bq bepradugecdaktaihgogote di sk
on to a step F154 at which alternate-address information
ati is generated for the cluster or each of the
physically discontinuous clusters. In this case, status 1
of the data structure shown in FIG. 8 is set at 0000 for
each alternate-address information ati as is the case
with the normal alternate-address process. Then, at the
next step F155, each alternate-address information ati
generated in this way is added to the TDFL.
If the alternate-address process is a process
carried out on a plurality of physically continuous
alternate source and alternate destination clusters, on
the other hand, the flow of the processing goes on to a
step F152 at which, first of all, alternate-address
information ati is generated for clusters at the
beginnings of the alternate source and alternate
destination clusters, and status 1 of the alternate-
address information ati is set at 0101. Then, at the next

step F153, alternate-address information ati is generated

for clusters at the ends of the alternate source and
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1 nounted on the disk drive. Assune that the systemcontroller 60 receives
a request to read out data recorded at an address specified in the
request from a host apparatus such as the AV system 120. In this case, the
flomchart representing the processing begins with a step F201 at which the
system controller 60 refers to a space bitmap to determ ne whether or not
data has been stored in the address specified in the request. |If no data
has been stored in the address specified 100 in the request, the flow of
the processing goes on to a step F202 at which an error report indicating
that the spetéthetdeaddsessatsoanclionsverectanddsessusslrefuthed to the
host apparatus. |If data has been stored in the address specified in the

request, onatherntherabandsst herblawtobnt bei psosessktglghes drnhém, a step
F203 at which the TDFL is searched for alternate-address information ati

including gherspegikiedtagddress, ashantabt pieake s8untecaddeass in order
to determ ne whether or not an entry including the specified address has

been catal ogadr-e8st hardPhkeibh attegbateaaddr easthnbonEpt ke abibedncl udi ng
the specified address as an alternate source address is not found in the

search, the.fl oy okpthe processing goes on

By carrying out the processing described above,
even an alternate-address process for three or more
physically continuous clusters can be managed by using

only two pieces of alternate—address information ati.

5-2: Data Fetching

By referring to a flowchart shown in FIG. 21, the
following description explains processing carried out by
the system controller 60 to reproduce data from the disk
1 mounted on the disk drive.

Assume that the system controller 60 receives a
request to read out data recorded at an address specified
in the request from a host apparatus such as the AV
system 120. In this case, the flowchart representing the
processing begins with a step F201 at which the system
controller 60 refers to a space bitmap to determine
whethexr or not data has been stored in the address
specified in the request.

If no data has been stored in the address specified
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fromthe step F203 to a step F204 at which data is reproduced froman area
starting at the specified address before ending the execution of the
processing, which is a nornal process to reproduce data fromthe user-data
area. If the determ nation result obtained at the step F203 indicates that
alternate-address information ati including the specified address as an
alternate source address has been found in the search, on the other hand,
the flow of the processing goes on fromthe step F203 to a step F205 at

whi ch an alternate destination address is 101 acquired fromthe

al t er nat e- addr ehe rabjoessat i aheattiiowTbifs thal pepnateidgstiorat bantaddress i s
an address in an | SA or an OSA Then, at the next step F206, the system

control I er s@aﬁr #ads aut whata Bhoertbe kEpoer CHAiaddiesgsihahi echehas been
cataloged in the alternate-address information ati as an alternate

destinati onsaddresed andrbkanskens tiheorieptoddeedsdata tetiiteclosb
apparatus such as the AV system 120 before ending the execution of the

processing. +B¥ ¢aktYLPga@Ukykhe processing described above, even if a
request to reproduce data is received after the data has been renewed, the

most recent data CAp Bevarf ds APPLAPEfat LY. 30M. L5 aBSEET FEdyt Pt he
host. 5-3: Updating d? t%e #%ﬁﬁ? pace Bitmap
the request, on the other hand, the flow of the
processing goes on to a step F203 at which the TDFL is
searched for alternate-address information ati including
the specified address as an alternate source address in
order to determine whether or not an entry incliluding the
specified address has been catalcocged on the TDFL.

If alternate-address information ati including the
specifiedﬁaddress as an alternate source address is not
found in the search, the flow of the processing goes on
from the step F203 to a step F204 at which data is
reproduced from an area starting at the specified address
before ending the execution of the processing, which is a
normal process to reproduce data from the user-data area.

If the determination result cbtained at the step
F203 indicates that alternate-address information ati
including the specified address as an alternate source
address has been found in the search, on the other hand,

the flow of the processing goes on from the step F203 to

a step F205 at which an alternate destination address is
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In the processing described above, the TDFL stored in the cache nenory 60a
is updated in case the process to wite data into a cluster is acconpanied
by an alternate- address process and the space bitmap al so stored in the
cache nmenory 60a is updated to reflect the data wite process. At a
certain point of tine, the updated TDFL and space bitnmap need to be
transferred to the TDVA recorded on the disk 1. That is to say, it is
necessary to update the state of managenent based on alternate-address 102
processes and the recording state, which are states recorded on the disk
1. It is nostgdéskedaliiremt thapdaternbheeTBAreecsoidédromatibheadisk Thas a
point of tinme the disk 1 is about to be ejected fromthe disk drive even

t hough the tilpkefgate depdahettibe ZBMAeks et ahi aHtiedstsoihhant T8RNgrt 0 e ect
the disk 1. Besides the timng to eject the disk 1, the TDVA can al so be
updat ed whegnt beapower supply of the disk drive is turned off or updated
periodically. FIG 22 shows a flowchart representing process to update the

TDVA recorded on tfigegl] skt lehdtndkt ebeshi PM06! | e O§ydhen | bdgeréNEeByst em
controller 60 determ nes whether or not it is necessary to update the

contents of got hgs §OMy it Béfta' %m}em%ee&sgr Eobsht ali8irB8SESFRL ¥t fascat al og
t he updated TDFL or space bitnmap in

been cataloged in the alternate-address information ati
as an alternate destination address, and transfers the
reproduced data to the host apparatus such as the AV
system 120 before ending the execution of the processing.

By carrying out the processing described above,
even i1f a request to reproduce data is received after the
data has been ;enewed, the mest recent data can be

repreduced appropriateiy and transferred to the host.

5-3: Updating of the TDFL/Space Bitmap

In the processing described above, the TDFL stored
in the cache memory 60a is updated in case the process to
write data into a cluster is accompanied by an alternate-
address process and the space bitmap also stored in the
cache memory 60a is updated to reflect the data write
process. At a certain point of time, the updated TDFL and
space bitmap need to be transferred to the TDMA recorded
on the disk 1. That is to say, it is necessary to update

the state of management based on alternate-address
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necessary, a process to update information in the TDMA is «carried out. At
an ejection tine or the like, the system controller 60 carries out
processing to update the TDFL and/or the space bitnmap. This processing
starts at a step F301 of the flowhart shown in FIG 22. The flowchart
actually begins with a step F302 to determ ne whether or not the TDFL
stored in the cache nenory 60a has been updated. If the TDFL has been
updat ed, 103 the flow of the processing goes on to a step F303 at which a
TDDS shown in FIG 12 is added to the updated TDFL, being recorded in the
| ast sect or pobcthee$DRhd Thenreabrthegnexttst ephkEd8B4arthetepescal pickup 51
is driven to record the TDFL at the beginning of a free area in the TDVA
recorded onrtherdesgkoh. the Bsskolbe noted that, at that tinme, since data
is newWy recorded in the TDVA, the space bitmap stored in the cache nenory

60a is also updated.idhedst adéel rdbes TEFLupSatecoderDin tdeod@b, o he
flow of the processing goes on to a step F305. The flow of the processing

al so goes opnhkodthe stap E3Psihtopkt RemesteRr E3Q% heecaugsobetdDbk was not
updated. In either case, the space bitmap stored in the cache nenory 60a
I's checkedehacdgherrbRec ek A-ipet «VBE RhbUBR hAe ReRAng to
update the TDMA is not limited to the timing to eject the
disk 1. Besides the timing to eject the disk 1, the TDMA
can also be updated when the power supply of the disk
drive is turned off or updated periodically.
FIG. 22 shows a flowchart representing process to
update the TDMA recorded on the disk 1. At an ejection
time or the like, the system controller 60 determines
whether or not it is necessary to update the contents of
the TDMA, that is, whether or not it is necessary to
catalog the updated TDFL or space bitmap in the TDMA. If
necessary, a process to update information in the TDMA is
carried out.
At an ejection time or the like, the system
contreoller 60 carries out processing to update the TDFL
and/or the space bitmap. This processing starts at a step
F301 of thé flowchart shown in FIG. 22.
The flowchart actually begins with a step ¥F302 to

determine whether or not the TDFL stored in the cache

memory 60a has been updated. If the TDFL has been updated,
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updated. If the TDFL has been updated as described above, at |east, the
space bitmap has al so been updated at that time. This is because an

al ternat e- address process has been carried out so that the space bitnmap
has al so been updated as well in accordance with the alternate-address
process. In addition, the space bitmap is also updated in accordance with
an operation to record data in a cluster even if no alternate-address
process has been carried out. 104 If the space bitmap stored in the cache
menory 60a has been updated in one of the situations described above, the
fl ow of thetheofessi ad ghesponceesangt gpeB308, tat a shephF8A8 &BDS shown in
FIG 12 is added to the updated space bitnmap stored in the cache nenory
60a, bei ng wheehr dedpbs thewhash §€Gton2ofist hkedepace bhemapdafhen, at the
next step F307, the optical pickup 51 is driven to record the space bitmp

at the begi nprng Bkiagf FeEo2HEA ihnthBelibWAseeesrded eRet lrordi sk 1.
Finally, the execution of the processing to record the updated TDFL

and/or the updat edrgpace;bi tH@Péf theg DM 8! ae SbeféddNpiékBp 01t he
like is ended. It is to be noted that, if no data has been witten into

the disk 1 86 aklv8hnes tBecdhsknl WagLRUNLAd BBgihAenG! 8k drifvge the flow
of the processing represented by

area in the TDMA recorded on the disk 1. It is to be

noted that, at that time, since data is newly recorded in

the TDMA, the space bitmap stored in the cache memory 60a

is also updated.

Then, after the TDFL is recorded in the TDMA, the
flow of the processing goes on to a step F305. The flow
of the processing alsoc goes on to the step F305 from the
step F302 because the TDFL was not updated. In either
case, the space bitmap stored in the cache memory 60a is
checked to determine whether or not the bitmap has been
updated.

If the TDFL has been updated as described above, at
least, the space bitmap has alsoc been updated at that
time. This is because an alternate-address process has
been carried out so that the space bitmap has also been
updated as well in accordance with the alternate-address
process. In addition, the space bitmap is also updated in

accordance with an operation to record data in a cluster

even if no alternate-address process has been carried out.
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the flomchart shown in FIG 22 goes fromthe step F302 to the end by way
of the step F305 without recording an updated TDFL and/or an updated space
bitmap in the TDVA. At the steps F304 and F307, the TDFL and the space
bitmap are recorded sequentially at the beginning of a free area in the
TDVA recorded on the disk 1 as explained earlier by referring to FIGS. 14
and 15. In the case of a two-layer disk, the TDVA on layer O is used first
as an area for recording the TDFL and the space bitmap and, 105 after no
nore free area is left in the TDVA on layer 0, the TDVA on layer 1 is
used. In addition,If rtidesmwase miftnxgt hsttdwedne: |Eyercalisk mamocy Eda

two-| ayer disk, a TDDS added to the last TDFL or space bitmap in the TDVA,

bei ng recorggd bBehhephaskd sectdle off tdie | astudidnordéderiloed spcter of
the last space bitmap is the effective TDDS, which points to the

effective Thrk @mewtbg_eﬁéegkb&@sgpﬁgegbésnaﬁ-tByatbeepaysowmeata TDFL is
additionally recorded in the TDVA at the step F303, F304, a techni que nmay

al so be adgg&eﬁ ffcarsBBCEhYAR! ent peBNI gUe; EoLqHEat EHCEHE BPdabbgces of
alternate-address information ati stored in the cache nenory 60a. FIG 23

shows a f'O@,%Qégt pLERLESEELLEY n! ¥RLCBLCnB! hERBALCsAL(r 88nbNT OF MaLi On

restructure process.

recorded in the last sector of the space bitmap. Then, at
the next step F307, the optical pickup 51 is driven to
record the space bitmaﬁ at the beginning of a free area
in the TDMA recorded on the disk 1. Finally, the
execution of the processing to record the updated TDFL
and/or the updated space bitmap in the TDMA at an
ejection time or the like is ended.

It is to be noted that, if no data has been written
into the disk 1 at all since the disk 1 was mounted on
the disk drive, the flow of the processing represented by
the flowchart shown in FIG. 22 goes from the step F302 to
the end by way of the step F305 without recording an
updated TDFL and/or an updated space bitmap in the TDMA.

At the steps F304 and F307, the TDFL and the space
bitmap are recorded sequentially at the beginning of a
free area in the TDMA recorded on the disk 1 as explained
earlier by referring to FIGS. 14 and 15. 1In the case of a
two-layer disk, the TDMA on layer 0 is used first as an

area for recording the TDFL and the space bitmap and,
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process can be carried out typically before the step F303 of the flowchart
showmn in FIG 22. At a step F351, pieces of alternate-address infornmation
ati catal oged on the TDFL stored in the cache nenory 60a are searched to
verify whether or not the follow ng condition exists. The source and
destination clusters represented by specific pieces of alternate- address
information ati are respectively physical continuation of the source and
destination clusters 106 represented by the other specific pieces of
alternate- address information ati. If such specific pieces of

al t ernat e- addtessnol nbeematreanaath wer écefiot iheehef 0DMA bn fLhgegelych, the
fl ow of the processing goes fromthe step F352 back to the step F303 of

the flowchatheshomn bA Eb@erll wstlewdl. carrying out any process. |f such
two specific pieces of alternate-address information ati were found in the

search, on the othes ad@ihiod heid | one otaidesPriosEssting G9es1 Hyet adBskt ep
F353 at which the specific pieces of alternate-address information ati are

syntheSIzedaﬁartheetaetmg§@roﬁlskessr@@bgraaaeahgaltﬂeelag%p@DE§5grand F353
are executed repeatedly to synthésize any pair of such specific pieces of

al ternate- space bitmap in the TDMA, being recorded in the last

sector of the last TDFL or the last sector of the last
space bitmap is the effective TDDS, which points to the
effective TDFL and the effective space bitmap.

By the way, when a TDFL is additionally recorded in
the TDMA at the step F303, F304, a technique may also be
adopted as a conceivable téchnique for restructuring
pieces of alternate-address information ati stored in the
cache memory 60a.

FIG. 23 shows a flowchart representing a typical
alternate-address information restructure process. This
process can be carried out typically before the step F303
of the flowchart shown in FIG. 22.

At a step F351, pieces of alternate-—address
information ati cataloged on the TDFL stored in the cache
memory 60a are searched to verlfy whether or not the
following condition exists. The source and destination
clusters represented by specific pieces of alternate-
address information ati are respectively physical

continuation of the source and destination clusters
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address information ati. After all such specific pieces of

al ternate-address information ati are processed, the flow of the
processi ng goes fromthe step F352 back to the step F303. FIG 24 is an
expl anatory di agram showi ng the alternate-address information restructure
process. Assune for exanple that, as shown in FIG 24A requests to wite
data into clusters CL1, Cl2, Cl13 and Cl4 are received separately, and data
is witten into 107 clusters CL11, Cl112, Cl113 and Cl14 respectively in an
OSA through an alternate-address process. In this case, since the four
requests torepreeeflabd binthet behekuspecsfarepiecesved agparateby, four

pi eces of alternate-address information ati are each catal oged as an
entry havi ngggtatysiaretmf098nastshown in FIG 24B. However, two pi eces of
al ternate-address information ati having status 1 of 0101 and status 1 of

1010 respectively ganshen aié;sééfﬂlé pfotks abt ef NEd EnaBsl @$se £ONt | NUOUS
destination clusters CL1, Cl3 and Cl14 and four alternate-address

conti nuous §BEBEﬁa€£Hﬁt§E§ wikdlnoblbenClednandnCiad ysgdchh thies exanple.

Thus, as shown I1n FIG 24C, the four entries can be restrucfured into a

start entry sibhNos! 8hisploBbsQRY gbBE E2bhNens! Btbpspubeenabystsr Al as
the step F303 of the flowchart shown in FIG. 11 without
carrying out any process.

If such two specific pieées of alternate-address
information ati were found in the search, on the other
hand, the flow of the processing goes on to a step F353
at which the specific pieces of alternate-address
information ati are synthesized for the purpose of
restructuring them.

The steps F352 and F353 are executed repeatedly to
synthesize any pair of such specific pieces of alternate-
address information ati. After all such specific pieces
of alternate-address information atl are processed, the
flow of the processing goces from the step ¥F352 back to
the step F303.

FIG. 24 is an explanatory diagram showing the
alternate-address information restructure process.

Assume for example that, as shown in FIG. 242,

requests to write data into clusters CL1, C12, Cl3 and

Cl4 are recelved separately, and data is written into
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destination cluster Cl11 and an end entry with status 1 of 1010 indicating

end source cluster Cl4 as well as end destination cluster

Cl14. As a

result, the nunber of pieces of alternate-address information ati recorded
on the disk 1 can be reduced. It is to be noted that such restructuring of

al ternat e-address information can of course be applied to

any pair of

entries with status 1 of 0101 and 1010 indicating a plurality of
continuous source and a 108 plurality of destination clusters as descri bed
above. For exanple, a first pair of entries represents a plurality of
first continlagseseuctlcl a3teyscand anpl ailaki rgspkctiivedly d¢antnn06ds

destination clusters. By the sane token, a second pair of

entries is a

pai r provi dedrbaghaanphltakhbyeotdageesdpeontisguous source clusters and a
plurality of second continuous destination clusters. If the second

CoNntinuoUs SOUrce Th USKEE ScAEE, as Lo | fval fOllr Héqhdet$i £61wEDPE | AMIOAIS
source clusters and the second continuous destination clusters are a

continuationnet, the chhkskreoptknyarsidest kBakkaRethyskRLS plibeeki bgt pair
of entries and the second pair of entries can be restructured into a new

pair of entah%érngeeagehkgee,iggog?ekeeﬂ!gkxfgkecgabhnag%él%ggacgs and

destination clusters represent a pair of entries

an entry having status 1 of 0000 as shown in FIG. 24B.

However, two pieces of alternate-address

information ati having status 1 of 0101 and status 1 of

1010 respectively can be applied to four alternate-

address continuous destination clusters CL1, Cl2, Cl3 and

Cl4 and four alternate-address continuous source clusters

CL11, Cl112, Cl13 and Cl1l4 used in this example.

Thus, as shown in FIG. 24C, the four entries can be

restructured into a start entry with status 1 of 0101

indicating start source cluster Cll as well as start

destination cluster Clll and an end entry with status 1

of 1010 indicating end source cluster Cl4 as well as end

destination cluster Cli4. As a result, the number of

pieces of alternate-address information ati recorded on

the disk 1 can be reduced.

It is to be noted that such restructuring of

alternate—address information can of course be applied to

any pair of entries with status 1 of 0101 and 1010

indicating a plurality of continuous source and a
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with status 1 of 0101 and status 1 of 1010 as descri bed above are
respectively continuations of source and destination clusters represented
another entry with status 1 of 0000, the pair of entries can be
restructured into a new pair including the other entry. 5-4: Conversion
into Conpatible Disks By the way, in a witable optical disk, nmanagenent
of alternate addresses is executed by using alternate 109 address
managenent information stored in the DVA recorded on the disk. That is to
say, unlike the disk 1 provided by the enbodinent, a TDVA is not provided
so that theplakigitgt efaddsessatmhinageireateraf asndesonibedr edown.t higor DVA
itself is renewed to keep up with an executed alternate-address process.

The data steuahple, ok FhesDMlaireedr datroasareprtabhesopt ptakadisk is the
sanme as the DMA recorded on the disk 1 provided by the enbodinent. In the

write-once gptikcaktdeskephoviidedolyckheluegbedi ARAt a pRutheieyher hand,
data can be witten into an area including the TDVA only once so that the

enbodi ment H§§EtaegﬂﬁiﬁubﬁghHEQH@nBQiHHdélﬁs%@@sTtﬁﬁﬁFﬂheagghégtoken,
al ternat e- address managenent information to the T . Thus, in order nake

a disk drive §QEofa"phiabhbe oARtieal idi akpaapaBlevabebRbeddci ng data from
plurality of second continuous source clusters and a
plurality of second continuous destination clusters. If
the second continuous source clusters are a continuation
of the first continuous source clusters and the second
continuous destination clusters are a continuation of the
first continuous destination clusters, the first pair of
entries and the second pair of entries can be
restructured into é new pair of entries.

In addition, if a plurality of continuous source
and destination clusters represented by a pair of entries
with status 1 of 0101 and status 1 of 1010 as described
above are respectively continuations of source and
destination clusters represented another entry with

status 1 of 0000, the pair of entries can be restructured

into a new pair including the other entry.

5-4: Conversion into Compatible Disks
By the way, in a writable optical disk, management

of alternate addresses is executed by using alternate-
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provi ded by the enbodinment, it is necessary to reflect nost recent

al t er nat e- addr ess managenent information recorded in the TDVA in the DVA
In addition, in the case of a witable optical disk or the like,
alternate-address information ati is recorded in the DVA for each cluster
even if an alternate-address process is carried out on clusters |ocated
in a contiguous area. In the case of a wite-once 110 optical disk |ike the
one provided by the present invention, that is, in the case of a disk with
a recording capacity decreasing due to data witten therein, however, it

i s special | gddnpestmahaemefit ethFfyvehytiubnl szeretthénl| thet BMAareacnfletthe
"TDMA. It is thus desirable to adopt a nethod of not increasing the size of

the TDFL even tReafisgktl ermaiie-iaddiessa pr anelsiskeatlie afli oiutl grrowldesi ers of a
contiguous area. Thus, instead of including all cluster addresses

conpl eting By ehéeenBbaindt pss TOMACESSnas prbeinabiesaddngssthaf ormation
ati in the tenporary defect managenent information TDFL recorded in the

TDVA, a burgirbransalsahipssEonaREgERBRESEAEEEMAYi8n Babke@f i8NtREES Wi th
status 1 of 0101 and status 1 of 1010 as descri bed above is adopted so as

to reduce thgs puber of PLACGSIOLorREGRIAH QLEATBA!Exaddteas | nformation
. y, If addresses of three or
alternate-address process. The data structure of the DMA
recorded on a writable optical disk is the same as the
DMA recorded on the disk 1 provided by the embodiment.
In the write-once optical disk provided by the
embodiment, on the other hand, data can be written into
an area including the TDMA only once so that the
embodiment must adopt a technique to update the TDMA by
adding alternate-address management information to the
TDMA.
Thus, in order make a disk drive for a writable
optical disk capable of reproducing data from the disk 1
provided by the embodiment, it is necessary to reflect
most recent alternate-address management information
recorded in the TDMA in the DMA.
In addition, in the case of a writable optical disk
or the like, alternate-address information ati is
recorded in the DMA for each cluster even if an

alternate—address process is carried out on clusters

located in a contiguous area. In the case of a write-once
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nore continuous clusters are subjected to an alternate- address process, a
contiguous area is allocated as alternate-address destinations for the
addresses so that only two entries of the alternate-address information
ati need to be catal oged on the TDFL. In the case of a wite-once optical
di sk provided by the enbodi ment, alternate-address information ati is
catal oged on the TDFL every tine an alternate-address 111 process is
carried out. Thus, the size of information cataloged on the TDFL changes.
That is to say, as the nunber of clusters subjected to the

al ternat e- aggt €881 pisresskencheasns, ptheidedebof thaf preamendn catal oged on
the TDFL also rises. By collecting a plurality of continuous clusters

subj ected ton@8nalbgl Nneheragddyess tRE0Eess bAte aigkowpthfacl usters dealt
with by carrying out the alternate-address process only once as descri bed

above, howeygrorlififgi Bepgaseyl HetPehsused @Weea salhhe wibdtgedihétein,
conpatibility of the wite-once optical disk inplenented by the enbodi nent

with the witgblgropticak sgbskal 3yt akkgDrtRhe £onskderatiy ey htilsze
desirable to provide the wite-once optical disk with the ?ornat of a DFL

s o 8T8 Lol o BRECSPRAS! . 28 B red e el 0Pt o
adopt a method of not increasing the size of the TDFL
even in an alternate-address process carried out on
clusters of a contiguous area. Thus, instead of including
all cluster addresses completing an alternate-address
process as alternate-address information ati in the
temporary defect management information TDFL recorded in
the TDMA, a burst-transmission format represented by a
pair of entries with status 1 of 0101 and status 1 of
1010 as described above is adopted sc as to reduce the
number of pieces of recorded alternate-address
information ati. That is to say, if addresses of three or
more continuous clusters are subjected to an alternate-
address process, a contiguous area is allocated as
alternate-address destinations for the addresses so that
only two entries of the alternate-address information ati
need to be cataloged on the TDFL.

In the case of a write-once optical disk provided
by the embodiment, alternate-address information ati is

cataloged on the TDFL every time an alternate-address
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as a result of conversion of a TDFL recorded in the TDVA. To put it
concretely, it is desirable to record all pieces of alternate-address
information ati in a format wth status 1 set at 0000. By using such a
format, it is not necessary for the disk drive to switch processing
related to information stored in the DVA fromone conpatible with the
write-once optical disk to one conpatible with the witable optical disk
or vice versa 112 so that a processing |oad borne by the disk driver can be
reduced. For the reason described above, when information recorded in the
TDMVA is trapsheesedikockhei B ctecorTags, ofhd hei g skf linformeissimg
represented by a flowhart shown in FIG 25 is carried out. It is to be

noted that the1bgtarsnttpe tpanstrangdst o thwer DA ¢ ddyalas the
al t er nat e- address nmanagenent information so that data can no | onger be

renewed by ysipgrtBe IBYAceTBUSuLERELAr 06C8RENE1EBrhhBASEAHrBEOr Mati on
recorded in the TDMA to the DVA fecorded on the disk 1 is carried out

typi0a||y_aﬁrgcgggahhégéggggapiﬁge §Z%EﬁﬁégﬁgB%ﬁﬁtiBﬂecaEéQ%@%%iBH to

transfer infornmation recor in the e DMA recordéd on the disk

L Teans & P RESAREL GAMLELE L Meagl ol ol 2 ek iRt b1 1y
continuous clusters subjected to an alternate-address
process into a group of clusters dealt with by carrying
out the alternate-—address process only once as described
above, however, the increase in TDFL used area can be
reduced.

If compatibility of the write-once optical disk
implemented by the embodiment with the writable optical
disk is taken into consideration, it is desirable to
provide the write-once optical disk with the format of a
DFL in the DMA identical with the corresponding format in
the writable optical disk. The DFL in the DMA is obtained
as a result of conversion of a TDFL recorded in the TDMA.

To put it concretely, it is desirable to record all
pieces of alternate-address information ati in a format
with status 1 set at 0000. By using such a format, it is
not necessary for the disk drive to switch processing
related to information stored in the DMA from one

compatible with the write-once optical disk to one

compatible with the writable optical disk or vice versa
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Wien the processing to transfer information recorded in the TDVA to the
DVA to convert the disk 1 into a disk having conpatibility with a witable
optical disk is carried out, first of all, at a step F401 of the

flowmchart shown in FIG 25, the systemcontroller 60 carries out a process
to transfer a TDFL and/or a space bit map fromthe cache nenory 60a to the
TDVA. Since this process is simlar to the process represented by the 113
flowmchart shown in FIG 22 as processing carried out at an injection tine
or the like, its detailed description is not repeated. Then, at the next
step F402, tbhetnwstarpeedesIDRS loedobdedei byt hikel dsskséciverotanhee TDMVA i s
read out to create information of the DDS shown in FIG 5. Subsequently,
the flow of -£hgc-pROCESSI Ng goes on to the next step F403 to determ ne

whet her or not the TDFL includes one or nore pieces of alternate-address

information ati. Thus,tidrsdadn abdsciNfedusiovecamed Diifoimatens out from
the TDVA. As explained earlier b referring to FIG 14, information on the

. | y
recording - Loggtien of the ehsCiLve IREkeeaBdbecObhal DAl EeeBriag | TODS

The nunber catal oged pieces of alternate-address information ati can be

obtained from{he defgch;! Lsbc.TBIAGETERLLBROEARLL0R @fokBRaFRFL as the

nunber of

shown in FIG. 25 is carried out. It is to be noted that
the information transferred to the DMA is final
alternate-address management information so that data can
no longer be renewed by using the TDMA. Thus, the
processing to transfer information recorded in the TDMA
to the DMA recorded on the disk 1 is carried out
typically as a finalize-time process. 1In addition, the
processing to transfer information recorded in the TDMA
to the DMA recorded on the disk 1 means a process to
convert the disk 1 into a disk having compatibility with
a writable optical disk.

When the processing to transfer information
recorded in the TDMA to the DMA to convert the disk 1
into a disk having compatibility with a writable optical
disk is carried out, first of all, at a step F401 of the
flowchart shown in FIG. 25, the system controller 60
carries out a process to transfer a TDFL and/or a space
bit map from the cache memory 60a to the TDMA. Since this

process is similar to the process represented by the
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catal oged DFL entries. The nunber of catal oged pieces of alternate-address
information ati set at O indicates that no alternate- address information
ati is cataloged. In this case, the flow of the processing goes on to a
step F404 at which the TDDS is deleted fromthe TDFL to | eave data for
creating a DFL like the one showmn in FIG 6. This is because, as shown in
FIG 11, the TDFL includes the TDDS. 114 Then, at the next step F408, the
created DDS and DFL are recorded in DVA 1, DVA2, DVA 3 and DVA 4, which
have been allocated on the disk 1, before the execution of the processing
is ended. |f1éhendetesnbnat ianFresubl ebtpioedsainyheastepd &403atndi cates
that the nunber of catal oged pieces of alternate-address information ati
is 1 or greghefnj@Btibe tohBebrhand, 11he, fiow akrhheenr aeessipgigres on to
a step F405 to determ ne whether or not an alternate-address process has
been carri egsolt+0p.gQRtLQUOUs al ternate- address source and destination

areas. At the step F405, first of all, status 1 of alternate-address
information ati cajalpged. g, d he JOFL o aspfdb ety hgst et&hed: Tops
Al t er nat e- addr essalfk?# ormati on 2?? V\ng-fﬁ?st at'us 1 of 05101 lTgndi cates that an

al ternate-address 4P QCeRs as.PEENEa" kedngUbnfR §aNLLAHOYTcaLber nat e-

create information of the DDS shown in FIG. 5.

Subsequently, the flow of the processing goes on to
the next step F403 to determine whether or not the TDFL
includes one or more pieces of alternate-address
information ati. Thus, first of all, the most recent TDFL
is read out from the TDMA. As explained earlier by
referring to FIG. 14, information on the recording
location of the effective TDFL can be obtained from the
TDDS. The number of cataloged pieces of alternate-address
information ati can be obtained from the defect-list
management information of the TDFL as the number of
cataloged DFL entries.

The number of cataloged pleces of alternate-address
information ati set at 0 indicates that no alternate-
address information ati is cataloged. In this case, the
flow of the processing goes on to a step F404 at which
the TDDS is deleted from the TDFL to leave data for
creating a DFL like the one shown in FIG. 6. This is

because, as shown in FIG. 11, the TDFL includes the TDDS.
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address source and destination areas represented by the alternate-address
information ati. On the other hand, all the entries catal oged on the TDFL
having status 1 of 0000 indicate that no alternate- address process has
been carried out on continuous alternate-address source and destination
areas. In this case, the flow of the processing goes on to a step F406 at
which the TDDS is deleted fromthe TDFL to | eave data 115 for creating a
DFL. If an alternate-address process has been carried out on continuous

al ternat e-address source and destination areas, first of all, at a step
F409, entries W tthestatats thofnd0taae BAOE edcho dhentlDid . DOhesel entries
each represent alternate-address information ati for an alternate-address

process carpredaedt refoadsar il pMang; t DMBPe PHEAr 3candi BMANG, ovhackour ce
cluster and a destination cluster. Then, at the next step F410,

al ter nat e- aggt8SgechnNh0I8BLEEA 8hi tWkt Biskat ysbdreke0tnd ksecacqiubned and
the alternate source address in the alternate-address information ati is

saved as a gtatheagddresss Jhegngedl ternate-address information ati
following the alternate-address information ati with status 1 of 0101 s

acquired and the afennat g SO 680N eSSk Tk tetained at the step

F403 indicates that the number of cataloged pieces of
alternate-address information ati is 1 or greater, on the
other hand, the flow of the processing goes on to a step
F405 to determine whether or not an alternate-address
process has been carried out on continuous alternate-
address source and destinaticn areas.

At the step F405, first of all, status 1 of
alternate—-address information ati cataloged on the TDFL
as an entry is fetched. Alternate-address information ati
with status 1 of 0101 indicates that an alternate-address
process has been carried out on continuous alternate-
address source and destination areas represented by the
alternate-address information ati.

On the other hand, all the entries cataloged on the
TDFL having status 1 of 0000 indicate that no alternate-
address process has been carried out on continuous
alternate—-address source and destination areas. In this
case, the flow of the processing goes on to a step F406

at which the TDDS is deleted from the TDFL tc leave data
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followi ng alternate-address information ati is saved as an end address EA
Then, at the next step F411, alternate-address information ati wth status
1 of 0000 is cataloged on the DFL as alternate-address infornmation ati
including the start address SA as the alternate source address.
Subsequently, the start address SAis increnented by 1 (SA = SA + 1).

Then, alternate-address information ati 116 with status 1 of 0000 is

catal oged on the DFL as alternate-address information ati including the
incremented start address (SA + 1) as the alternate source address. These
processes afercarehedngua DFepeatedly till the increnented start address SA
reaches the end address EA. By carrying out these processes repeatedly as

descri bed above, aif eimaiE-adtiiessaddidsy RtdssAthad afg@setitnigedont i nuous
al ternat e-address source and destination areas is catal oged on the DFL as

a . pluralityuefofntbhesnBa6h deserhhtBYaabitespakeuaddrgag information ati
representing a nor mal one-to-one parr consli sting of a source cluster and a

destinationgekpshgtiofhgPead! ERgsbext glhep E414, stBg Fhb, i snseaeghed for
ot her alternate-address information entry with status 1 of 10101". If such

an entry 1eyiedndeLentne 32ap60o Le cbpP¥uoto! BRePDREESSIRGsgOES back to
the step F410 to

entries each represent alternate-address information ati
for an alternate-address process carried out on a normal
one-to-one pair consisting of a source cluster and a
destination cluster.

Then, at the next step F410, alternate-address
information ati with status 1 of 0101 is acquired and the
alternate source address in the alternate-address
information ati is saved as a start address SA. Then,
alternate-address information ati following the
alternate—address information ati with status 1 of 0101
is acquired and the alternate source address in the
following alternate-address information ati is saved as
an end address EA.

Then, at the next step F41ll, alternate-address
information ati with status 1 of 0000 is cataloged on the
DFL as alternate-address information ati including the
start address SA as the alternate source address.
Subsequently, the start address SA is incremented by 1

(SA = SA + 1). Then, alternate-address information ati
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repeat the processes described above. That is to say, the processes of the
steps F410 and F411 are carried out on all pieces of alternate-address
information ati with status 1 of 0101 on the TDFL. Then, the flow of the
processi ng goes on fromthe step F406 or the step F412 to a step F407 at
which the pieces of alternate-address information ati catal oged on the
created DFL are rearranged in an order of increasing 117 alternate source
addresses. Then, at the next step F408, the created DDS and DFL are
recorded in DVA 1, DVA 2, DVA 3 and DVA 4, which have been allocated on

t he disk 1,whehoseathe &xe€uD0DO0 ief ckhelpgyecesai ngei BFanded. By carrying
out the processing descri bed above, alternate-address information recorded

in the TDVAaiserhaeerdadrenst harbiAabyoaonrver thagutihagi aher mation into
entries each having status 1 of 0000. The disk drive designed for a

writable optheakmdhskd Eeads aqubirkBEor ARt iron)f eemhBeaPMArhatwerify the
state of the alternate-address process. Since the disk 1 provided by the

enbOdin?nt.Eéu?@@ygﬁﬁ§gsgntOr@egésﬁrgégéggsaa£§mba§ff@&e§u@5 descri bed
above, it is possible to verify the state of the alternate-address process

and carry OopL,.RLaGeyski9:1l RhACTALIANERL WL Behike ShatBskNshheaaiesWaY

the end address EA. By carrying out these processes
repeatedly as described above, alternate-address
information ati representing continuous alternate-address
source and destination areas is cataloged on the DFL as a
plurality of entries each describing alternate-address
information ati representing a normal one-to-one pair
consisting of a source cluster and a destination cluster.

Then, at the next step F412, the TDFL is searched
for other alternate-address information entry with status
1 of ‘0101’. If such an entry is found in the search, the
flow of the processing goes back to the step F410 to
repeat the processes described above. That is to say, the
processes of the steps F410 and F411 are carried out on
all pieces of alternate-address information ati with
status 1 of 0101 on the TDFL.

Then, the flow of the processing goes on from the
step F406 or the step F412 to a step F407 at which the
pieces of alternate-address information ati cataloged on

the created DFL are rearranged in an order of increasing
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as the ordinary witable optical disk. 6: Effects of the First TDVA Met hod
The disk 1 and the disk drive, which are inplenented by the enbodi nent,
have the followi ng effects. In accordance with the enbodinent, a wite
request can be made nore than once to wite data at the sane address in a
wite-once optical disk. Thus, it is 118 possible to apply a file system
whi ch used to be unusable, to the conventional wite-once optical disk.
For exanple, a file systemfor a variety of operating systenms (OS) can be
applied as it is. An exanple of such a file systemis a FAT file system

| n addi ti onaltataatansohecexaldngedenit hout bei ng conscious of differences
in GS. On top of that, the wite-once optical disk makes it possible to

renew not only usernhélgf aatbuthe ofeLOUsisey F4d8 pctios yeiedosdadd®damwd the FAT
or the like recorded in the user-data area. Thus, the wite-once optical

di sk proviges geavesteraedt hat peiat @, spgh as dvnegt auy pDMAf @ mahiieR of the
FAT or the like can be updated from tine to tinme. Assum ng that the AV

system 120 jgyHsgdenvihdegcarda pHstRal adakaicapeberdt chbzedeastypdat eabl e
nmedia as long as a free area of an I SA or an OSA renmains. In addition, an
operation t8frEﬁ@rgrgéggsﬁﬂboignended.
By carrying out the processing described above,
alternate-address information recorded in the TDMA is
recorded in the DMA by converting the information into
entries each having status 1 of 0000.
The disk drive designed for a writable optical disk
reads out information from the DMA to wverify the state of
the alternate-address process. Since the disk 1 provided
by the embodiment is converted into a disk having a DMA
created as described above, it is possible to verify the
state of the alternate-address process and carry out

processing in accordance with the state in the same way

as the ordinary writable optical disk.

6: Effects of the First TDMA Method
The disk 1 and the disk drive, which are
implemented by the embodiment, have the following effects.
In accordance with the embodiment, a write request
can be made more than once to write data at the same

address in a write-once optical disk. Thus, it is
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address specified by a host conputer or the like as an address in the
write-once optical disk or read out data fromsuch an address is a heavy
processing load for the disk drive. If a wite instruction specifying an
address is received and the address is known as an address at which data
has al ready been recorded before, an error report can be returned w thout
actual ly maki ng an access 119 to the wite-once optical disk. In order to
i npl enent such a configuration, it is necessary to manage the recording
states of the wite-once optical disk and, in this enbodi nent, a space
bitmap i s usedshslarvansapply anpleeesyshngmi hehiehagee@ntodbet he recordi ng
states. By preparing a space bitmp, randomrecording on a wite-once
optical di sknhexybng, atbatge sbovageicaphcwtytecancbecptiptebedi k. wit hout

i mposi ng a processing load on the disk drive. In addition, since recording

states of pbiesnahglaleasreds bestmnaged, aanaaiteynafeogesatnayi on
address used in an alternate-address process of a defect or a |ogical

overw i tingsPEOERSS (68N _anaﬁgué%ﬁﬂié\éitﬁguit 26t ugdid Yo i 19 A AEess to
the wite-once optical disk. On top of that, by using the space bitmap for

TSNS, 0 RSAETEILUSONI o ATHRETELLT,pheis, i ocpiathuon e gish o Lo
infornationbe exchanged without being conscious of differences in 0S.

On top of that, the write-once optical disk makes
it possible to renew not only user data but, of course,
directory information of the FAT or the like recorded in
the user-data area. Thus, the write-once optical disk
provides convenience that data such as directory
information of the FAT or the like can be updated from
time to time. |

Assuming that the AV system 120 is used, video and
musical data can be utilized as updateable media as long
as a free area of an ISA or an OSA remains.

In addition, an operation to record data into an
address specified by a host computer or the like as an
address in the write-cnce optical disk or read out data
from such an address is a heavy processing load for the
disk drive. If a write instruction specifying an address
is received and the address is known as an address at

which data has already been recorded before, an error

report can be returned without actually making an access
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can al so be managed. In particular, the managenent of the test area OPC
serving as an area for adjusting the power of the |laser beamis effective.
Wth the conventional technique, an access nust be actually nade to the
disk in order to search the disk for the address included in the OPC as
an address at which data should be witten. It is thus quite within the
bounds of possibility that an area 120 in which data has been recorded by
using a snall laser power is interpreted as an unrecorded area. By using
the space bitmap for al so managi ng the OPC area, however, it is possible
to avoi d sugb Phei nketprehati optiByl canbkni M tdwedey erowinEl dnect i on
described before with the space bitmap, the processing |oad borne by the

di sk drive gapnhbg refecgdralheh,i sttOssaycessarg tobmbnugef then the pieces
of processing represented by the flowharts shown in FIGS. 17 to 21,

wi t hout act yabbyaiaki 88a88sa6¢eshet Oribe-dhek, optik&1passkbkad) oifet ermine
whet her or not the doverwite function is to be activated. |In addition, by

putting a defect b¥BoatRanfet 80LEdcal narihp! 85t 1BBAARY AULAQURGLNGS Of ! he
area in recorded status in the space bitmp, it is possible to elimnate a

o ATV BEREST Dokttt 2 el sELre paCiterspensed by o

overwite By preparing a space bitmap, random recording on a
write-once optical disk having a large storage capacity
can be implemented without imposing a processing load on
the disk drive. In addition, since recording states of
alternate areas can be managed, an alternate destination
address used in an alternate-address process of a defect
or a logical overwriting process can be acquired without
actually making an access to the write-once optical disk.

On top of that, by using the space bitmap for

managing management/control information areas allocated
on the disk as the lead-in and the lead-out zones,
recording states of the management/control information
can also be managed. 1In particular, the management of the
test area OPC serving as an area for adjusting the power
of the laser beam is effective. With the conventional
technique, an access must be actually made to the disk in
order to search the disk for the address included in the

OPC as an address at which data should be written. It is

thus quite within the bounds of possibility that an area
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function, it is possible to carry out a wite process, which appears to
the host as a process having no wite error. On top of that, an updated
TDML serving as alternate address managenent information and an updated
space bitmap are additionally recorded in the TDVA and, at the sane tineg,
information indicating the effective 121 TDFL and/or the effective space
bitmap is also recorded as well. Thus, the effective TDFL and/or the
effective space bitmap can be identified at each point of tinme. That is
to say, the disk drive is capable of correctly grasping the updating state
of the alteipakrisHdaesa hasnpgenenkcobpfiedmayi opingnaaddaliobaséhe fact
that the space bitmap is recorded in the TDVA neans that the data zone

serving as pgw8Ri NsalfBetpret 6086 8 thecEpREBdbatelRp B wOingiSEEE For
exanple, the 1SA or the It ke is not used. Thus, it is possible to carry

out an alteg QE@-B§€&§%ng£08§§§ mehhgchivehy obt! hzEAY moWatarzome and any
one of an ISA and an A, which each serve as an alternate-address area.

Forexanpl e; oeLL0et 28 L5A,06: ANsEEA h3o3RLECeArARian. al tor nate-addr ess

area to be used In an alternate-a Ss process typically on the basis of

preference of an anga . Ghaser 4 e, AlLAINAL e RS AHESHedy Sel ecting

before with the space bitmap, the processing load borne.
by the disk drive can be reduced. That is teo say, as is
obvious from the pieces'of processing represented by the
flowcharts shown in FIGS. 17 to 21, without actually
making an access to the disk, it is possible to determine
whether or not the overwrite function is to be activated.

In addition, by putting a defective area detected
at a write time and surroundings of the area in recorded
status in the space bitmap, it is possible to eliminate a
time-consuming process to record data at a defective
address caused by an injury. In addition, by combining
this feature of the space bitmap and the overwrite
function, it is possible to carry out a write process,
which appears to the host as a process having no write
error.

On top of that, an updated TDML serving as
alternate address management information and an updated
space bitmap are additionally recorded in the TDMA and,

at the same time, information indicating the effective

121



either an I SA or an OSA in this way, an operation to make an access to
data conpleting the alternate-address process can be made efficient. On top
of that, in an operation to wite data onto the disk 1, data nmay not be
witten into a specified area due to a defect detected in the area and, if
data is received continuously thereafter, by carrying out an 122

al ternat e- address process, the wite operation can be continued w thout
returning an error report. For clarity, refer to the flowharts shown in
FIGS. 17 and 18. In addition, if an operation to wite data into a
speci fi ed arpeLcandgbrbeheaerfedtout dpectobiatdepett allebectedrdadthe area,
in many cases, areas surrounding the defective area are nost |ikely also

areas into wki ghi1dateheanngie berfeeoieledrDim dfdSocasite GF Medt Bvrocess
can be carried out as a process assum ng that predeterm ned areas

foll owing tBgadef petip akBanar eqahsoridaf get kuenapeastt efWhiipb. no access
is actually made. If data for these areas has already been received by the

di sk driVe’TﬂQtahEeﬁgagﬁ‘?dgﬁéséi9k0&§§§eP§B bepaRiEi 8¢ cowLeeR1yhe areas.
In this case, even i th?ee or nore continuous clusters are subjected to

o b P SR PR Ero R gt segty can be

management information.

In addition, the fact that the space bitmap is
recorded in the TDMA means that the data-zone serving as
a main area for recording the space bit map is not used.
For example, the ISA or the like is not used. Thus, it is
possible to carry out an alternate-address process
effectively utilizing a data zone and any one of an ISA
and an OSA, which each serve as an alternate-address area.
For example, either an ISA or an OSA is selected as an
alternate-address area to be used in an alternate-address
process typically on the basis of preference of an area
closer to the alternate source address. By selecting
either an ISA or an OSA in this way, an operation to make
an access to data completing the alternate-address
process can be made efficient.

On top of that, in an operation to write data onto
the disk 1, data may not be written into a specified area

due to a defect detected in the area and, if data is

received continucusly thereafter, by carrying out an
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size of the used wite area can be reduced. On top of that, by carrying out
a process on the space bitmap to treat a processed area as an area, in

whi ch data has been witten in this way, an illegal access can be avoi ded.
If no data for areas following an area, in which data cannot be witten,
has been received by the disk 123 drive, on the other hand, predeterm ned
ones of the follow ng areas are catal oged on the TDFL as defective
clusters each having an allocated alternate destination and treated on the
space bitmap as areas, in which data has already been witten. If an

instructi onalgeyhbte-gdabisessNpOosyEh, athareaits opecavednfecambbe host
thereafter, the disk drive refers to the space bitmap to find out that

the area iscghtahgda WDtMbLehrdetaniag ahreadyrbeeporwl i teen.claridy s case,
the overwite function can be executed to record the data w t hout

generating ROrEEr k. th8 eﬁgw&hgﬁtsssﬁsﬁnthﬁ PMBshas7t hegsape data
structure as the witable disk, data can be reproduced by a reproduction

system from the digk A W orH0di Jent, aven- d fadhe 1.eps oduction
syst em desi gned foreéﬁéaéﬁa e dis I's used. Q%DSecond TDVA Method 7-1:

T E specified area cannot be carried out due to a defect

detected in the area, in many cases, areas surrounding
the defective area are most likely also areas into which
data cannot be recorded. In this case, a writé process
can be carried out as a process assuming that
predetermined areas following the defective area are also
defective areas to which no access is actually made. If
data for these areas has already been received by the
disk drive, an alternate-address process can be carried
out on the areas. In this case, even if three or more
continuous clusters are subjected to an alternate-address
process, alternate-address information ati can be
cataloged on the TDFL only as two entries so that the
size of the used write area can be reduced.

On top of that, by carrying out a process on the
space bitmap to treat a processed area as an area, in
which data has been written in this way,lan illegal
access can be avoided.

If no data for areas following an area, in which

data cannot be written, has been received by the disk

123



Next, a second TDVA nethod is explained. It is to be noted that,

basically, the second TDVA nethod has a nunber of simlarities to the
first one described so far. Thus, only differences between the two nethods
are mainly explained. The structure of the disks are the sanme as those 124
shown in FIGS. 1 to 3. In addition, the data structures of the DVA are

al so the sane as those shown in FIGS. 4 to 8. However, the second TDVA
nmethod is different from the first one in that, in the case of the second
TDVA nethod, a space bitmap is not recorded in the TDVA. Instead, a space

bitmap is rgeordedohnthBectBr HhRd(lapaedbtuehtinedobnebeoIDMAci s shown in
FIG 26. The size of the TDMA is 2,048 clusters. One to four clusters

i dentified by1¢hishg’ aPuARCESe1lchOatodEl BHeEhaSTDELUSEEREEROEIvRCOrding a
TDFL (tenporary deféect list). A cluster identified by cluster nunber nis

R e L i e
Lo, e oo hErE s S8, TR O iR FaBhe Zufhpith Bpepbat e
begi nni ng OLa% L %%a%&e%een written. If an instruction to write data
into such an area is received from the host thereafter,
the disk drive refers to the space bitmap to find out
that the area is an area, in which data has already been
written. In this case, the overwrite function can be
executed to record the data without generating an error.

In addition, since the DMA has the same data
structure as the writable disk, data can be reproduced by
a reproduction system from the disk provided by the

embodiment even if the reproduction system designed for a

writable disk is used.

7: Second TDMA Method
7-1: TDMAs

Next, a second TDMA method is explained. It is to
be noted that, basically, the second TDMA method has a
number of similarities to the first one described so far.
Thus, only differences between the two methods are mainly
explained.

The structure of the disks are the same as those
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in the TDMA. That is to say, the updated set is recorded in an area

i medi ately followng a recorded TDDS. Not shown in a figure, the data
structure of the TDFL having a size in the range one to four bytes is al
but the same as that shown in FIG 11. In the case of the second TDVA

met hod, however, unlike the first nmethod, a 125 TDDS is not recorded in the
| ast sector of the TDFL. That is to say, the area follow ng the
alternate-address information ati termnator as shown in FIG 11 is al
filled up with codes of 00h. Thus, the TDDS is recorded in a cluster
different fgeswhhenckossers used. f din adetidridimg the JdEDREL stscwttowres n FI G
26. The data structure of the defect-list managenent information included
in the TDFLoFstr4apthyatbeasasethé simndt ashombsénskb@ In FDGAddétton, the
data structure of the alternate-address information ati is entirely
identical wgth that shown in FIG 8. A pair of pieces of alternate-address
information ati with values of status 1 set at 0101 and 1010 is

interpreted as a Ralker ENtHd &S cdRPIBASNhdihSd P 3Ir @ # #r &t cORdm NUOUS
clusters serving as an alternate source and a plurality of continuous

fhe data ot gt rEss o gL e R H P R ten e SR T o T her "t han

method, a space bitmap is not recorded in the TDMA.
Instead, a space bitmap is recorded in the ISA.

The data structure of the TDMA is shown in FIG. 26.
The size of the TDMA is 2,048 clusters. One to four
clusters identified by cluster numbers 1 to 4 are used as
clusters for recording a TDFL (temporary defect list).

A cluster identified by cluster number n is used as
a cluster for recording a TDDS (temporary disk definition
structure), which is detailed information on the optical
recording medium.

In the TDMA, the TDFL and the TDDS are recorded as
a set. If an updated set is additionally recorded in the
TDMA, the set i1s written at the beginning of a free area
in the TDMA. That is to say, the updated set is recorded
in an area immediately following a recorded TDDS.

Not shown in a figure, the data structure of the
TDFL having a size in the range one to four bytes is all

but the zame as that shown in FIG. 11. In the case of the

second TDMA method, however, unlike the first method, a
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clusters for recording the TDFL. In this case, the size of the TDDS is one
cluster, which is the sanme as the DDS shown in FIG 5. The contents of the
TDDS are all but the sanme as those expl ained before by referring to FIG

5. As is obvious from conparison of the data structures shown in FIGS. 5
and 27, however, bytes starting with a byte at 126 byte position 4 are
bytes used for recording the sequence number of the TDDS, bytes starting
with a byte at byte position 16 are bytes used for recording the physical
address of the first sector in a drive area inside the TDVA and bytes

starting withpg byt godt rbybeqdpasihi eRe24asar sebybesoselef DDFLecaTditng t he
physical address AD DFL of the first sector in the TDFL inside the TDVA.

It is to be;potgdshh at thkNathe €838oRing twe- hayeknadeskddaesbVA is
provi ded for each of layers 0 and 1. Much |ike the first TDVA net hod

descri bed a?ﬁfgrmhklb% QSEbPhﬁngeoédsetsﬁoWQNBnUktblanglbesmmlque
wher eby, first DﬁA provided for layer O is used as a TDMA for

P00 F PSRRI SO0BTE g5 PRI gt sl €

rovi ayer 1 1s used. 7-2: |SAs and

Cose F1G 28013 B oguam OIS 00k Stdtsc88 oL B case of This
recording the TDFL as shown in FIG. 26.

The data structure of the defect-list management
information included in the TDFL is exactly the same as
that shown in FIG. 7. In addition, the data structure of
the alternate-address information ati is entirely
identical with that shown in FIG. 8. A pair of pieces of
alternate-address information ati with vaiues of status 1
set at 0101 and 1010 is interpreted as a pair of entries
representing a plurality of continuous clusters serving
as an alternate source and a plurality of continuous
clusters serving as an alternate destination.

FIG. 27 is a diagram showing the data structure of
the TDDS, which is recorded in a cluster other than
clusters for recording the TDFL. In this case, the size
of the TDDS is one cluster, which is the same as the DDS
shown in FIG. 5. The contents of the TDDS are all but the
same as those explained before by referring to FIG. 5. As

is obvious from comparison of the data structures shown

in FIGS. 5 and 27, however, bytes starting with a byte at
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alternate area. The I1SA is used as an area for recording space bitnmaps.
The sizes of the I SA and the OSA are defined in the DDS and the TDDS. The
size of the ISAis determined at an initialization tinme and remains
constant thereafter. 127 However, the size of the OSA can be changed even
after data is recorded in the OSA. Wen recording data into the OSA in an
al ternate- address process, the data is witten in an area starting wth
the last cluster of the CSAin a direction toward the cluster at the

begi nni ng of the OSA without skipping any clusters |ocated between the

last and thgy EégﬁﬂgﬁﬁﬂonchuﬁkérBytEBeubé& Fsrugedonaengl uskeseghitaceanot her
starting with the cluster at the beginning of the ISA as an area for

recording spagBeRi HEBRReSBMIE, tg 5t§§t§ﬂgwﬁltﬁ at Botki gurpycdo put it
in detail, nmuch Iike the first T net hod descri bed earlier, the size of

a space bit gBR1$on0Rg QE@SB9Ee§nquBekar%Ecgnagﬁgbthaaghyglegqorded in
the first uster. Wien the“space bitmap is updatéd thereafter, the

(paated SPagBaREbIans abeorded gt BNl JPLLIE a&e%hﬁnegabn@heg of the

free area o I'nt area |nne ately succeeding the | ast

recorded spapg BLLUMBQreY ts@g%tclsge%atﬂgaabgrtsea%pgg,@ebsg\g@aeohh%
are bytes used for recording the physical address AD_DFL
of the first sector in the TDFL inside the TDMA.

It is to be noted that, in the case of a two-layer
disk, a TDMA is provided for each of layers 0 and 1. Much
like the first TDMA method described above, it is
possible to adopt a TDMA-utilizing technique whereby,
first, the TDMA provided for layer 0 is used as a TDMA
for updating the TDFL and the TDDS and, as the TDMA
provided for layer 0 is used up entirely, the TDMA

provided for layer 1 is used.

7~2: ISAs and OSAs

FIG. 28 is a diagram showing an ISA and an OSA. 1In
the case of this embodiment, only the OSA is used as an
alternate area. The ISA is used as an area for recording
space bitmaps.

The sizes of the ISA and the OSA are definéd in the
DDS and the TDDS. The size of the ISA is determined at an

initialization time and remains constant thereafter.
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| ast recorded space bitmap and the new space bitmap. Thus, the |ast space
bi t map anong bitnmaps recorded in the | SA becones the effective
information. In the case of the I SA shown in FIG 28, space bitmp SBM5
is the effective information. 128 The data structure of the space bitnmap
is all but the sane as that shown in FIG 10 except that, in the case of
the space bitmap for the second TDVA nethod, wunlike the data structure
shown in FIG 10, the last sector is not used as a sector for recording a
TDDS. It is to be noted that, in the case of a two-1layer disk, a space

bi t map proviidedvEe; kayekilei 8rrenerded cAn bBechSAgkar ekayenf@ewhile a
space bitmap provided for layer 1 is recorded in the |ISA for |ayer 1.

However, thgatsAikokekayaed0iandntheshSA for layer 1 can be regarded as a
single area with a large size wthout regard to whether the space bitnmap

I's a bitmap prov'ﬁ'ﬁ@'ané?éfa’ﬁ'i 0iffalintd LHiSoSRSEn dMeailSéceitéayer O

Is first used as an area tor storlng space bitmaps provided for both

layers and, agﬁrggg b?%ggs' AYBE gilcprow FL1URANLN EhYa LOCkS0:0hyl aVver |

is used. By en-a by t i ment as -a di sk

wiih an | SALher 6oL 4350 £90o0LE0R6008 BRACT DL HERBCLS IOVl g on anot her

the cluster at the beginning of the O0SA without skipping
any clusters located between the last and the beginning
clusters.

The ISA is used one cluster after another starting
with the cluster at the beginning of the ISA as an area
for recording space bitmaps SBM#1 to SBM#5 as shown in
the figure. To put it in detail, much like the first TDMA
method described earlier, the size of a space bitmap is
one cluster and the first space bitmap is recorded in the
first cluster. When the space bitmap is updated
thereafter, the updated space bitmap is recorded as a new
bitmap at the beginning of the free area of the ISA, that
is, in the area immediately succeeding the last recorded
space bitmap, without creating a free space between the
last recorded space bitmap and the new space bitmap.

Thus, the last space bitmap among bitmaps recorded
in the ISA becomes the effective information. In the case
of the ISA shown in FIG. 28, space bitmap SBM#5 is the

effective information.
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It is necessary to prevent the |ISA from being used inadvertently as an
alternate area. In order to prevent such an |ISA from bei ng used

i nadvertently as an alternate area, spare area full flags of the TDDS
shown in FIG 27 are used. 129 In the case of a one-layer disk, the spare
area full flags having a size of 1 byte has a format shown in FIG 29A
In the case of a two-layer disk, on the other hand, the spare area ful
flags having a size of 1 byte has a format shown in FIG 29B. First of
all, in the case of a one-layer disk showmm in FIG 29A, bits b7 to b2 are

reserved. A bit DiTHS @dta GiQictPes B fabdcd [Btmdp viad ue1 Dfbdt i s set
in this outer spare area full flag to indicate that the whole OSA has

been filled.yp WhkB dat ahhecondpd thepesn. 16 BkbeP® thstanihnege spare area
full flag. Avalue of 1 is set in this inner spare area full flag to

i ndi cat e thé& Lhgs Wﬁga 85§é\ Eﬁmﬁge@ofvz' kh@dseeowdt Apfiat Ackgear ded therein.

In the case o a two wn I n 29B, on the ot her hand, in

addition touﬂhaﬁasghangﬁpg BLrc §9§S§a¥§plgps%zeblﬁé b2ngndagg are

respectively an | ag of "the second layer. In

e OgafﬁesFl%gfbggaggtbts%aeageapsgakg%'¥o%nrg§ cGyhl bl 8gpsand 1 SA ful

It is to be noted that, in the case of a two-layer
disk, a space bitmap provided for layer 0 is recorded in
the ISA for layer 0 while a space bitmap provided for
layer 1 is recorded in the ISA for layer 1.

However, the ISA for layer 0 and the ISA for layer
1 can be regarded as a single area with a large size
without regard to whether the space bitmap is a bitmap
provided for layer 0 or 1. In this case, the ISA of layer
0 is first used as an area for storing space bitmaps
provided for both layers and, as the ISA of layer 0 is
used up entirely, the ISA of layer 1 is used.

By the way, when a disk 1 provided by this
embodiment as a disk with an ISA thereof used for
recording space bitmaps is mounted on another disk drive,
it is necessary to prevent the ISA from being used
inadvertently as an alternate area. In order to prevent
such an ISA from being used inadvertently as an alternate
area, spare area full flags of the TDDS shown in FIG. 27

are used.
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Thus, if a space bitmap is recorded in an ISA as is the case wth this
enbodi ment, the inner spare area full flag provided for the ISAis set at
1. By doing so, since the disk 1 appears to another disk drive as a disk
with no free area left in the I SA the other disk drive can be 130
prevented fromusing the I SA for an alternate-address process. 8:
Qperations for the Second TDVA Method 8-1: Data Witing In the case of the
second TDVA nethod, the system controller 60 carries out data-witing
processing represented by a flowhart shown in FIG 30. Also in the case

of the second TDMANBIHOG dd d5 a assrRd/dhalisigt thepaipdrefatdare the
data-writing processing described belowis about to be carried out, the

disk 1 has boen epugheapinghe disk driyeoand RadlklormafDbRorndia space
bi t map have been transferred fromthe recorded on the nounted disk 1

to the cachg 602 BRALL o O, BrPrasesscié convert
a |ogical %gEess into a 5ﬂy3|cal aghress fromtime to tine is also

omi ted froputhe LRL! guLog descr kol i opalet nkiEnays eMEDET ol boeetO

recerve ar a certain a I‘ESS roma host apparatus

h
such as the, AV system 120, |0 {1 5;gasgopthe system

First of all, in the case of a one-layer disk shown
in FIG. 29A, bits b7 to b2 are reserved. A bit bl is an
outer spare area full flag. A value of 1 is set in this
outer spare area full flag to indicate that the whole OSA
has been filled up with data recorded therein. A bit b0
is an inner spare area full flag. A value of 1 is set in
this inner spare area full flag to indicate that the
whole ISA has been filled up with data recorded therein.

In the case of a two-layer disk shown in FIG. 29B,
on the other hand, in addition to bits bl and b0 of a
one-layer disk, bits b2 and b3 are respectively an OSA
full flag and ISA full flag of the second layer. In this
case, bits b0 and bl are respectively an OSA full flag
and ISA full flag of the first layer.

Thus, if a space bitmap is recorded in an ISA as is
the case with this embodiment, the inner spare area full
flag provided for the ISA is set at 1. By doing so, since
the disk 1 appears to‘another disk drive as a disk with

no free area left in the ISA, the other disk drive can be
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controller 60 starts the processing represented by the flowhart shown in
FIG 30. The flowhart begins with a step F501 at which the system
controller 60 refers to the space bitnmap stored in the cache nenory 60a
(or the 131 recent bitmap updated in the cache nenory 60a) to determ ne
whet her or not data has been recorded at the address specified in the
wite request. If no data has been recorded at the specified address, the
fl ow of the processing goes on fromthe step F502 to a step F503, at which
a normal wite process is carried out to execute a comand to wite data

at the addpessentbatl ri-smtOs$AY tAL thR EBP3ant beteynkesr-aadieskl er 60
executes control to wite data at the specified address. In other words,

t he opti cal Ebgggg.Sl is driven to nmake an access to the specified address
and record Fhe ata to be witten as requested at the specified address.

As the data-witing process is normally ended, the flow of the processing
goes on to a step F504 at which a space bitmap stored in the cache nenory

60a i s updated.. That.is_t i I} ggat in;the space bitmap to a
cluster in ghid%p?ﬁ%thgf% ﬁ%éa%%%ﬁsé%%??é% 'S ﬁékﬁgﬁ a value indicating
that data hgs bee gwiﬁteg.in the cluster. Then, the execution of the
processi ng Earri eg?td Writing

In the case of the second TDMA method, the system
controller 60 carries out data-writing processing
represented by a flowchart shown in FIG. 30.

Also in the case of the second TDMA method, it is
assumed that, at a point of time the data-writing
processing described below is about to be carried out,
the disk 1 has been mounted on the disk drive and a TDFL,
a TDDS and a space bitmap have been transferred from the
TDMA recorded on the mounted disk 1 to the cache memory
60a. lIn addition, explanation of a process to convert a
logical address into a physical address from time to time
is also omitted from the following description.

Let the system controller 60 receive a request to
write data at a certain address from a host apparatus
such as the AV system 120. In this case, the system
controller 60 starts the processing represented by the
flowchart shown in FIG. 30. The flowchart begins with a
step F501 at which the system controller 60 refers to the

space bitmap stored in the cache memory 60a (or the

131



out in response to the wite request is ended. If an error is generated in
the course of the wite processing due to, anong other causes, an injury
on the disk 1, an alternate-address process nay be carried out 132 in sone
cases. In this case, an alternate-address process |ike the one expl ained
earlier by referring to the flowhart showmn in FIG 18 is carried out. It
is to be noted that a step to carry out this alternate-address process is
not included in the description of the flowhart shown in FIG 30. If the
determ nation result obtained at the step F502 reveals a space bitnmap

i ndi cating thatndabathap bpeatetechr drd abchBemafldrgssoapeenfied in the
wite request received fromthe host apparatus, on the other hand, the

flow of theypteeRSSENGHEERErOBrt Ao 8LER hBE5hebh kBb&rdshten: the system
controller 60 determ nes whether or not the function to renew data is

ef fective. éﬁdkﬁsgosg@c'EQEQdihhéﬁeaWEEEQtEQQuEQt@nable the function to
renew data w e xpﬁalned later by referring to a flowhart shown in

Pr ocessi ng goes ontt o'd 18 EROE T iy SR ar er ror T EBert 1S returned to
the host apgga%gg%,b%kgr%lgaeofe%gguﬁkggeggihgegBEgCSES%ngi%h%ng%gp
F502 to a step F503, at which a normal write process is
carried out to execute a command to write data at the
address.
That is to say, at the F503, the system controller
60 executes control to write data at the specified
address. In other words, the optical pickup 51 is driven
to make an access to the specified address and record the
data to be written as requested at the specified address.
As the data-writing process is normally ended, the
flow of the processing goes on to a step F504 at which a
space bitmap stored in the cache memory 60a is updated.
That is to say, a bit allocated in the space bitmap to a
cluster in which the data has been written is set at a
value indicating that data has been written in the
cluster. Then, the execution of the processing carried
ocut in response to the write request is ended.
If an error is generated in the course of the write

processing due to, among other causes, an injury on the

disk 1, an alternate-address process may be carried out
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If the function to renew data is effective, on the other hand, the flow of
the processing goes on to a step F507 to determine first of all whether or
not an alternate-address process for renewi ng data can be 133 actually
carried out. In order to carry out the alternate-address process, the
spare area OSA nust have a free area for at least recording the data
requested in the wite operation. In addition, the TDVA nust have a margin
allowing an entry of the alternate-address information ati for nanagi ng
this alternate-address process to be added, that is, allowng the TDFL to

be updat ed. s hf sbhe OBAcBasS B fHieEs Ak Anth tdrer JMA dasddres@ngiscddd owi ng
an entry of the alternate-address information ati for nmanaging this

al ternat e- agddgesshePERECSSp 19108328481 e LBy T Lovepbihherpr erESSi Ng carried
out by the systemcontroller 60 goes on fromthe step  F507 to a step F508

at which thegRbhGet BhGKHPiRlriE. 1 YeNcho MBKCoAR. acResss Ly e CBA and

record the data be witten as requested this time in the OSA. Then, at

t he next stegthO?haEhg ggggetp E?? gat Eﬁlbnaﬁggrﬁgﬁg e ARMRLY 60a is

updat ed. Tha 0 Sa I'n"the space bitnap to an OSA
cluster ingluding a0 AU £55: AhothEchboadata BEs hese whtten

flowchart shown in FIG. 30.

If the determination result obtained at the step
F502 reveals a space bitmap indicating that data has been
recorded at the address specified in the write request
received from the host apparatus, on the other hand, the
flow of the processing goes on to a step F505. At this
step, the system controller 60 determines whether or not
the function to renew data is effective. It is to be
noted that a function to enable the function to renew
data will be explained later by referring to a flowchart
shown in FIG. 31.

If the function to renew data is not effective, the
flow of the processing goes on to a step Fb06 at which an
error report is returned to the host apparatus before the
execution of the processing is ended.

If the function to renew data is effective, on the
other hand, the flow of the processing goes on to a step
F507 to determine first of all whether or not an

alternate-address process for renewing data can be
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in an alternate-address process carried out to renew data is set at a

val ue indicating that data has been witten in the cluster. Subsequently,
at the next step F510, the TDFL 134 stored in the cache nenory 60a is
updated. That is to say, " alternate-address information ati representing
the alternate-address process carried out this tine is newy added as an
entry to the TDFL. As an alternative, if alternate-address information ati
including the sane alternate source address as the address specified in
the wite request already exists as an entry in the TDFL, this entry is
renewed. |nzaddkiioncaanigRt ptcount included in the defect-1list
managenent information as a count representing the nunber of catal oged DFL

entries is incremgtedyd €3sgaptyesat enaddiessnhpéosamiesn prbcess, newy
added to the TDFL, and the number of unused OSA <clusters is decrenented.

Then, the expgutpon oL LheosR! AEEsshAgeCar khed Qubal Boresponsgsto the write

request is ende y carrying out t processing to use the OSA as
descr b w00ts A5, B STLECILERLLECaCDul SpBapalLe Shereoplan il 2
recorded befare, ;that b3 ppf@PLId:"hhhea" 94EEh L21660RY 9R! Bntry

of the alternate~address information ati for managing

this alternate-address process to be added, that is,

allowing the TDFL.to be updated.

If the OSA has a free area and the TDMA has a
margin allowing an entry of the alternate-address
information ati for managing this alternate-address
process to be added, the flow of the processing carried
out Ey the system controller 60 goes on from the step
F507 to a step F508 at which the optical pickup 51 is
driven to make an access to the 0SA and record the data
to be written as requested this time in the OSA.

Then, at the next step F509, the space bitmap
stored in the cache memory 60a is updated. That is to say,
a bit allocated in the space bitmap to an OSA cluster
including an address at which the data has been written
in an alternate—address process carried out to renew data
is set at a value indicating that data has been written

in the cluster.

Subsequently, at the next step F510, the TDFL
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If the determ nation result obtained at the step F507 indicates that the
OCSA does not have a free area for at l|least recording the data requested in
the wite operation or the TDVA does not have a margin allow ng an 135
entry of the alternate-address information ati for managing this

al ternat e- address process to be added, on the other hand, an

al t er nat e- address process cannot be <carried out. In this case, the flow of
the processing goes on to a step F511 at which an error report indicating
that there is no area for witing the data is returned to the host

appar atus begkeredt he execdhicee akmotke sprOGeSsipAgtied.entrdt: Lt ts kaype
noted that alternate-address information ati can be newy generated at the

step F510 GHotkehheetahheecaxesHlrsdmaktiehnake- adgrhessnprigagesneby carrying
out the processing represented by the flowhart™ shown in FIG 20. It is

al so worth Q?EEQﬂaEEaégdggf%ggrbgésgs%Qr@%e@nou@r%ﬁiEOEiﬁ@CQ%dh@91§ space

bi t map does not 1 nclu area, a recording operation for updating

the space bLLABR AGANALABE\CAL kAL Gy, | Talhhs £RSEnLbe Lol | oW ng

typi cal counterneasures can-be taken to allow a process fecordi ng user

data to be gatiied Qubiq WIgn:Aediaketbh athe shBARGRhe! AGHYII N0
alternate source address as the address specified in the
write request already exists as an entry in the TDFL,
this entry is renewed. 1In addition, an entry count
included in the defect-list management information as a
count representing the number of catalcocged DFL entries is
incremented in case alternate-address information ati is
newly added to the TDFL, and the number of unused OSA
clusters 1s decremented. Then, the execution of the
processing carried out in response to the write request
is ended.

By carrying out the processing to use the OSA as
described above, the system controcller 60 is capable of
coping with a reguest to write data into an address, at
which data has already been recorded before, that is,
coping with a request to renew data.

If the determination result obtained at the step
F507 indicates that the OSA does not have a free area for

at least recording the data requested in the write

operation or the TDMA does not have a margin allowing an
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space bitmaps but having no left free area is nounted on the disk drive,
the disk drive checks an RF signal serving as a reproduced-data signal for
a free area available on the disk on the basis of the nobst recent 136
space bitmap and reconstructs the space bitmaps. *For a disk with the | SA

t hereof including recorded space bitmaps but having no left free area, the
disk drive allows only limted wite operations (or sequential wite
operations) to be carried out to record data in an area follow ng the | ast
address of recorded user data. By the way, in the case of the present

embodi ment , ent B¢ bfAche uySedraste-sparesarearbemateonrdtngfspace bitmaps.
Thus, it is necessary to nmake the data renewal function effective or

i neffecti venhRageRENERNSEa PR rihet heHaREsBObrbBesdi 8k benauatad en the disk
drive is a disk allowing the | SA to be used as a spare area for recording

space bitnmapge Atnbhensh8p EROR1tbPBas¥sheAreqst pebkeksbBanfetepni nes
whet her or not the function to renew data has been put in effective

status, whi g, Lse8hypY. 1P Il 0028 NOREPEESPI LAY Phecdiovkhart shown

in FIG 31. e processing to set the data renewal function as Tepresented

by the flonehatt Shewn.i0:ELGrs31 b8 GRGERSn B¥koLYREEBLLY when the disk

indicating that there is no area for writing the data is
returned to the host apparatus before the execution of
the processing is ended.

It is to be noted that alternate-address
information ati can be newly generated at the step F510
to reflect the executed alternate-address process by
carrying out the processing represented by the flowchart
shown in FIG. 20.

It is also worth noting that, if the ISA used as an
area for recording a space bitmap does not include a free
area, a recording operation for updating the space bitmap
cannot be carried out. In this case, the following
typical countermeasures can be taken to allow a process
of recording user data to be carried out:

*When a disk with the ISA thereof including recorded
space bitmaps but having no left free area is mounted on
the disk drive, the disk drive checks an RF signal
serving as a reproduced-data signal for a free area

available on the disk on the basis of the most recent
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drive. Wien the disk | is nounted on the disk drive, the systemcontroller
60 checks the TDDS of the disk 1 to examne bit bO of the spare area ful
flags provided at 137 byte position 52 at a step F601. As described earlier
by referring to FIGS. 29A and 29B, in the disk 1 provided by the present
enbodi nent as a disk including the | SA used as an area for recording

space bitmaps, bit bOis set at 1. Even in the case of a disk including
the 1 SA used as an alternate area, bit bO is set at 1 as the entire ISAis
used up. That is to say, at least, if the disk is a disk provided by the
present enbpdceaeptitmbpt ah® recsestatictsande bpathebditmkpes not a disk
provi ded by the present enbodinent, bit bOis set at 0 or 1. Thus, at

least, if bit bO pgrsgtdabkOvithetdesksal shapbod dhekupinyi dedobyed he
present enbodi nent. Thus, if bit bOis set at 0, the flow of the

processi ng g?ﬁéeoﬁitﬁaﬂssbﬁﬁ F804nat nehielitt Feebungthpnthbodigrew data is
turned off. ITn this case, the disk drive is not capable of carrying out an

a!ternate-aggﬁ%ésa@&99§8én§9d1§m@Eeeeﬁ§itEoo§@9gtéoﬁssmagesehhga@iam this
disk. That 1s to say, the Steps F507 to F511 of the flowchart shown in

FIG 30 arg.eL 8x8¢UteHnsh N8ddLt £ARribRCBEERCFPHARH HHEa in an

area following the last address of recorded user data.

By the way, in the case of the present embodiment,
the ISA is used as a spare area for recordiﬁg space
bitmaps. Thus, it is necessary to make the data renewal
function effective or ineffective in dependence on
whether or not the disk 1 mounted on the disk drive is a
disk allowing the ISA to be used as a spare area for
recording space bitmaps.

At the step F505, the system controller 60
determines whether or not the function to renew data has
been put in effective status, which i1s set by the
processing represented by the flowchart shown in FIG. 31.

The processing to set the data renewal function as
represented by the flowchart shown in FIG. 31 is carried
out typically when the disk 1 is mounted on the disk
drive.

When the disk 1 is mounted on the disk drive, the
system controller 60 checks the TDDS of the disk 1 to

examine bit b0 of the spare area full flags provided at
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flowmchart shown in FIG 30 to update a space bitmap for the case of an
ordinary wite operation is also not executed. However, details of
operations for a disk not provided by the present enbodi nent are not
explicitly 138 included in the flowhart shown in FIG 30. Thus, the data
renewal operation of the present enbodinent is not carried out even though
the state of the | SA and the reproduction conpatibility are maintained. |If
the exam nation result obtained at the step F601 indicates that bit bOis
1, on the other hand, the flow of the processing goes on to a step F602 at

mhich the _bg@b gbusteenobot e hSAtkp egamined. This is because it is
quite within the bounds of possibility that the disk nounted on the disk

drive is the di sk & aydsledhyd tderl peesentrefdedim@nte rics hexdmsingl uster
of the ISAis a cluster for recording a space bitmap, the flow of the

processing g9gs iAn+hEoAkkRe1speRvEBRE b9 anst gPeEBA® ERbbEARcAUt akhe space
bitmap and store the bitmap in"the cache " nenory 60a. Then, at the next

st F606, tha. >t 3 i tgal i ; h
€p L Slgg?ggg?ﬂdﬂﬁg Eﬁ@eﬁgﬂgﬁg%ang'§n”§g§aeEB§CEbﬁ%rdHEgt e

exani nation resu alned at t 3 reveals that the | ast cluster

of ‘the 1SA L3.8! g1 0hORY, 181 cPBoNYs Qe URLS! e OERT h 025 8PEES, DI t MBP,
disk including the ISA used as an alternate area, bit b0
is set at 1 as the entire ISA is used up. That is to say,
at least, if the disk is a disk provided by the present
embodiment, bit b0 is set at 1 and, if the disk is not a
disk provided by the present embodiment, bit b0 is set at
0 or 1. Thus, at least, if bit b0 is set at 0, the disk
is not a disk provided by the present embodiment.

Thus, if bit b0 is set at 0, the flow of the
processing goes on to a step F604 at which the function
to renew data is turned off.

In this case, the disk drive is not capable of
carrying out an alternate-address process and a process
to record a space bitmap on this disk. That is to say,
the steps F507 to F511 of the flowchart shown in FIG. 30
are not executed. 1In addition, the step F504 of the
flowchart shown in FIG. 30 to update a space bitmap for
the case of an ordinary write operation is also not

executed. However, details of operations for a disk not

provided by the present embodiment are not explicitly
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ot her hand, the flow of the processing goes on to the step F604 at which
the function to renew data is made ineffective. By carrying out the
processing to set the status of 139 the data renewal function described
above, the function to renew data is nade effective for a disk provided by
the present invention as a disk including an | SA as an area for recording
a space bitmap. In the case of a disk wusing the ISA as an alternate area,
on the other hand, the ISAis not used as an area for recording a space
bitmap and the data renewal function provided by the present enbodinent is
not made ef{geiliyedeithehe Ahowekxanpl shokntbe BIsk BSing the | SA as an
alternate area is a disk containing data recorded by another disk drive.

8-2: Data Fetchi ngriBys f eftes rddigh teerdedd DVWHaFd £ SHOWE i thd|IgzesSht t he
foll ow ng description explains processing carried out by the system

control l er Sfh,gaPheyediknnbhecdiskedr b€ E9en' REQGHCEREaLRatEORE he disk 1
at -a reproduction tine. Assune that the systemcontroller 60 receives a

request speg%gy&ga %BdaQ%ke%%Jfb&dB%#?ﬁ”%émﬁéhfﬁ%%&ﬂ&“argaﬁ§1ﬁ€§9ﬁééd at

the address troma host apparatus suc as the AV system 120. In this case,
the SyStGﬁ]COﬂthliFrtég)éig&iﬁgkfgﬁ result obtained at the step F601

indicates that bit b0 is 1, on the other hand, the flow
of the processing goes on to a step F602 at which the
last cluster ofrthe ISA is examined. This is because it
is quite within the bounds of possibility that the disk
mounted on the disk drive is the disk provided by the
present embodiment.

If the last cluster of the ISA is a cluster for
recording a space bitmap, the flow of the processing goes
on from the step F603 to a step F605 to read out the
space bitmap and store the bitmap in the cache memory 60a.
Then, at the next step F606, the function for renewing
data 1s made effective.

If the examination result obtained at the step F603
reveals that the last cluster of the ISA is determined to
be not a cluster for recording a space bitmap, on the
other hand, the flow of the processing goes on to the
step F604 at which the function to renew data is made
ineffective.

By carrying out the processing to set the status of

138



the processing starting at a flowhart step F701 at which

t he space bitmap

is referred to in order to determ ne whether or not data has been recorded
in the address 140 specified in the request. If no data has been recorded
in the address specified in the request, the flow of the processing goes
on to a step F702 at which an error report indicating that the specified
address is an incorrect address is returned to the host apparatus, and the
execution of the processing is ended. |If data has been recorded in the
address specified in the request, on the other hand, the flow of the
processi ng gaesdafat ecacmbeprtX08iah wesechibbe IPBkej stheednabedofior

al ternate-address information ati including an alternate source address

mat chi ng thecaddhegsdaspeskf hadei BrEbBecieguest. al HiBR Bkbeinatebaddress
information ati including an alternate source address natching the address

speci fi ed 'ehéhgrégaﬁesanv@ﬁtieﬂngsIa bhexsearthdihBeant hew gk the
processi ng goes on fromthe step F7/03 to a step F704 at which the data is

reproduced Lrom the .sRAchihedanddoessobengpe Lhe execUilonoPla lite

processing 1S ended. |s c

processing is a nornal

reproductlon

process to [eprgdyugg gghaaErBH‘EE%eEEEEédQEQa, on the other hand,

the ISA is not used as an area for recording a space

bitmap and the data renewal function provided by the

present embodiment is not made effective either.

An

example of the disk using the ISA as an alternate area is

a disk containing data recorded by another disk drive.

B-2: Data Fetching

By referring to a flowchart shown in FIG.

32, the

following description explains processing carried out by

the system controller 60 employed in the disk drive to

reproduce data from the disk 1 at a reproduction time.

Assume that the system controller 60 receives a

request specifying an address in the disk 1 to read out

data recorded at the address from a host apparatus such

as the AV system 120.

In this case, the system controller 60 carries out

the processing starting at a flowchart step F701 at which

the space bitmap is referred to in order to determine

whether or not data has been recorded in the address
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area. |If the search result obtained at the step F703 indicates that there
is alternate-address information ati 141 including an alternate source
address matching the address specified in the request, on the other hand,
the flow of the processing goes on fromthe step F703 to a step F705 at
which an alternate source address is extracted fromthe alternate-address
information ati. That is to say, an address in the OSA is acquired. Then,
at the next step F706, the systemcontroller 60 executes control to read
out the data fromthe acquired address in the OSA or the alternate source
address ext gpetedikaonnt breaktgusate-address information ati, and transfer
the reproduced data to the host apparatus such as the AV system 120 before

ending the executipmefddhie 1EHARSSH NBecBYASAT 11y fige Calldtdes processi ng
descri bed above, nost recent data can be correctly reproduced and

transferredghact RechRosh 8RRakakUsst) £ASPENSH L@ EM@”g@oc@ébﬂn@?@b@gUCtiOn
request made by the host after renewal of the data. 8-3: Updating of the

ToFL Space Bt ggp?gggegg?gr@gfiaenwh&ehoas;ogn%w:@pgr%k&nweat&hge the first
that the specified address is an incorrect address is
returned to the host apparatus, and the execution of the
processing is ended.

If data has been recorded in the address specified
in the request, on the other hand, the flow of the
processing goes on to a step F703 at which the TDFL is
searched for alternate-address information ati including
an alternate source address matching the address
specified in the request.

If no alternate-address information ati including
an alternate source address matching the address
specified in the request was found in the search, the
flow of the processing goes on from the step F703 to a
step F704 at which the data is reproduced from the
specified address before the execution of the processing
is ended. This completed processing is a normal
reproduction process to reproduce data from the user-data
area.

If the search result cbtained at the step F703

indicates that there is alternate-address information ati
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an updated TDFL and space bitmap are transferred fromthe cache nenory 60a
to the disk | at a predeterm ned point 142 of tinme such as the tine the
disk 1 is ejected fromthe disk drive. In the case of the second TDVA

met hod, alternate- address managenent information (including the TDFL and
the TDDS) as well as a space bitmap are transferred from the cache nenory
60a to the disk 1 in processing represented by a flowhart shown in FIG
33. The flowchart begins with a step F801 at which the systemcontroller
60 determ nes whether or not the TDFL stored in the cache nenory 60a has
been updat etincltidihe anDklLtstnzed soutbe addhessematyghffig ths been updat ed,
the flow of the processing goes on to a step F802 at which the TDFL is

recorded ataBileebegspacngiest anftre aegackt, bhethbMAtheeondad, onhthe di sk
1. Then, at the next step F803, the TDDS is recorded at the beginning of a

free area ipi1bhRecFDMRer peordeding gbBs &hskrdm thei stép bropotedat hat, when
the TDFL and the TDDS are recorded in the TDVA, the space bitnmap stored in

the cache gﬁaﬁrwﬁgaaewhmerad ﬁoabﬁeyﬁgeéegoagcéeahseés5h@s recording. At
a step F804, the space bitmap stored in th
extracted from the alternate-address information ati.
That is to say, an address in the OSA is acqguired.
Then, at the next step F706, the system controliler
60 executes control to read out the data from the
acquired address in the OSA or the alternate source
address extrécted from the alternate-address information
ati, and transfer the reproduced data to the host
apparatus such as the AV system 120 before ending the
execution of the processing.
By carrying out the processing described above,
mest recent data can be correctly reproduced and
transferred to the host apparatus in response to even a

data reproduction request made by the host after renewal

of the data.

B-3: Updating of the TDFL/Space Bitmap and Conversion
into Compatible Disks

Much like the first TDMA method described before,
an updated TDFL and space bitmap are transferred from the

cache memory 60a to the disk 1 at a predetermined point
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cache nenory 60a is exam ned to determ ne whether or not the bitmp has
been updated. 143 If the space bitnmap stored in the cache nenory 60a has
been updated, the flow of the processing goes on to a step F805 at which
the space bitmap is transferred from the cache nenory 60a to the begi nning
of a free area in the | SA recorded on the disk 1. As described above, the
TDFL and the TDDS are recorded in the TDVA whereas the space bitmap is
recorded in the |ISA so that alternate-address information and information
i ndi cati ng whether or not data has been recorded in each cluster are

refl ected ipfthemdi skci. agnthddtimeonihéh@idbFL dndetbetd®DSramethpdat ed in
the TDVA but, in order to nmaintain reproduction conpatibility with
witable digksk #pfoeemation recorded in the TDMA is transferred to the DVA
at afinalize tinme. At that time, the nost recent TDFL and t he nost recent

TDDS are recorded i tHie ddMr ddowanerseddnd STHMEC SSAAA ! Qa1 teihprd - al |
pi eces of alternate-address information ati wth status 1 other than 0000

into pi ecesaé?&rﬁ!sé%&ﬁé&emég@r§§§ohﬂ£9igﬁt QHc%&ilﬁ\%t Phstapps dn@f 0000 by
carrying out t rocesses of the steps F 05 to 7 of the flowhart

shown in FlgiezéDDg ELTgeLs Lora tQﬁaé@cgfgmgﬁm@&é@£9995ferred from

the cache memcry 60z to the disk 1 in processing
represented by a flowchart shown in FIG. 33.

The flowchart begins with a step F801 at which the
system controller 60 determines whether or not the TDFL
stored in the cache memory 60a has been updated. If the
TDFL stored in the cache memory 60a has been updated, the
flow of the processing goes on to a step F802 at which
the TDFL is recorded at the beginning of a free area in
the TDMA recorded on the disk 1.

Then, at the next step F803, the TDDS is recorded
at the beginning of a free area in the TDMA recorded on
the disk 1.

It is to be noted that, when the TDFL and the TDDS
are recorded in the TDMA, the space bitmap stored in the
cache memory 60a may need to be updated to reflect the
recording.

At a step FB804, the space bkbitmap stored in the
cache memory 60a is examined to determine whether or not

the bitmap has been updated.
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Even by adopting the second TDVA net hod descri bed 144 above, basically, the
sane effects as the first TDVA nethod can be obtained. In the case of the
present enbodi nent, space bitmaps are stored in the |ISA Since the disk

| ayout is not changed, however, the present enbodinment is good from the
standpoi nt of conpatibility with existing disks. In addition, for the |ISA
used as an area for recording space bitnmaps, the spare area full flag is
set at 1 so as to prevent another disk drive fromusing the 1SA as an
alternate area. Since no space bitnmaps are recorded in the TDVA, the TDVA
can be used effectiVetlye aspare dveandprsupdad | hy thdecddid merdothe6TODS.
That is to say, the alternate- address managenent information can be
updat ed nor eaki been tupdkeed, uphwi thoa bdr gae pubhessohgdgbasr enewal . Di sks
provi ded by preferred enbodi nents and di sk drives designed for the disks

have been desepi Fedssatf ahichHewevepackheisaapeief tkhaspeesent fi-awention is
‘'not |imted to the preferred enbodi nents. That is to say, a variety of

nodi ficati opgeWchbhe hBROEINGEaOtoesheNbiadlitnifl bheapresentreRvention are
concei vabl e. For exanple, as a recording nediumof the present invention,
a recordi ngtRRArYA eLREE-qERABN! BReORE k&ak - di Sk
As described above, the TDFL and the TDDS are
recorded in the TDMA whereas the space bitmap is recorded
in the ISA so that alternate-address information and
information indicating whether or not data has been
recorded in each cluster are reflected in the disk 1.
In addition, the TDFL and the TDDS are updated in
the TDMA but, in order to maintain reproduction
compatibility with writable disks, information recorded
in the TDMA is transferred to the DMA at a finalize time.
At that time, the most recent TDFL and the most recent
TDDS are recorded in the DMA. However, it is necessary to
convert all pieces of alternate-address information ati
with status 1 other than 0000 into pieces of alternate-
address information ati with status 1 of 0000 by carrying

out the processes of the steps F405 to F407 of the

flowchart shown in FIG. 25.

8: Effects for the Second TPMA Method

Even by adopting the second TDMA method described
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medi um can be used. Exanples of the recordi ng nedium 145 ot her than the
optical -di sk medium are a nmagneto-optical disk, a magnetic disk and nedi a
based on a sem conductor nenory. As is obvious fromthe above
descriptions, the present invention has the followi ng effects. In
accordance with the present invention, a wite- once recordi ng nmedi um can
be used virtually as a recording nediumallow ng data al ready recorded
thereon to be renewed. Thus, a file systemsuch as a FAT file systemfor
a witable recording mediumcan be used for a wite-once recordi ng nmedi um
As a resultabbhe, phaseéntlliypvehei sampr effdessaasethectirhat TDMR usef ul ness
of a wite-once recording nediumcan be enhanced considerably. For

exanpl e, thpeEAddf cha Bysbpasiwbich is a standard file systemfor
i nformati on-processi ng apparatus such as a personal conputer, allows a

variety of operating tisyst£ss ODnhd prepswdustosdimedt Pegacditable
recording nediumand record data onto only a witable recording nedium

By virtue OEiERSpBF§§@n5t59¥@n3hOEhehQEQY?VSiﬁé@_tﬁ%ﬂaiéi91§¥§&€n1§an al so
be applied to a wite-once recording nediumas it is and allows data to be

gxchanged }‘Yb‘cth&n ghpghggg%y_gughgf p?EEEEEeBﬁEEdEﬁEH@eEsoe%ét EPGm
ystens. These featdres are also good from conpatibility-
the standpoint of compatibility with existing disks.

In addition, for the ISA used as an area for
recording space bitmaps, the spare area full flaé is set
at 1 so as to prevent another disk drive from using the
ISA as an alternate area.

Since no space bitmaps are recorded in the TDMA,
the TDMA can be used effectively as an area for updating
the TDFL and the TDDS. That is to say, the alternate-
address management information can be updated more times
to keep up with a larger number of data renewals.

Disks provided by preferred embodiments and disk
drives designed for the disks have been described so far.
However, the scope of the present invention is not
limited to the preferred embodiments. That is to say, a
variety of modifications within the range of essentials
of the present invention are conceivable.

For example, as a recording medium of the present

invention, a recording medium other than the optical-disk

medium can be used. Examples of the recording medium
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mai nt enance point of view 146 In addition, in accordance with the present
i nvention, a wite-once recordi ng nediumcan be used as a witable
recording mediumas long as an alternate area and an area for updating

al t ernat e- address managenent information remain in the wite-once
recording nmedium Thus, the wite-once recording nmedi umcan be used
effectively. As a result, the present invention provides an effect that
resource wasting can be reduced. On top of that, a space bitmap can be
referred to as information indicating whether or not data has been
recorded i noahgrcthahethewhpthca$-dsel msdautlabacuai hagoatotbptiesdr di ng
medium I n general, a host conputer or the |ike makes a request to record
data at an atldkess msgeretfitceditkh &ha medilesbamsdannaddsesscondacteegor di ng
medi um nounted on a recordi ng apparatus or a request to reproduce data
froman addnessrgpecified in the request as an address in a recording
medi um nounted on a reproduction apparatus, and such requests are a heavy

processing |oad thed {RISSHPEROT MELRYr R EaBSEOTIH e BRI o £PrQERICE | ON
apparatus. By referring to such a space bitmap, however, it is possible to

determ ne "‘Q%E.@ﬁtoinveﬁhgﬁt RaBagnal ES@QMwPﬁgaeffée{:QEd at an address

specified for exanple in a wite request ta has
In accordance with the present invention, a write-

once recording medium can be used virtually as a
recording medium allowing data already recorded thereon
to be renewed. Thus, a file system such as a FAT filé
system for a writable recording medium can be used for a
write-once recording medium. As a result, the present
invention provides an effect that the usefulness of a
write—-once recording medium can be enhanced considerably.
For example, the FAT file system, which is a standard
file system for information-processing apparatus such as
a personal computer, allows a variety of operating
systems (08) to reproduce data from a writable recording
medium and record data onto only a writable recording
medium. By virtue of the present invention, however, the
FAT file system can also be applied to a write-once
recording medium as it is and allows data to be exchanged
without being conscious of differences between operating
systems. These features are also good from compatibility-

maintenance point of view.
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al ready been recorded at the specified address, an error 147 report can be
returned to the host conputer without actually naking an access to the
recording medium As an alternative, the data can be renewed by carrying
out an alternate-address process. In particular, it is also possible to
determ ne whether or not the function to renew data is effective (enabl ed)
w t hout actually making an access to the recording nmedium In addition, by
referring to such a space bitmap, it is possible to determ ne whether or
not data has already been recorded at an address specified for exanple in
a read request. |f To adida has, aln eadyob#ences ecdrideche girddwntspeci fi ed
address, an error report can be returned to the host conputer w thout

actual |y maknkengfoa¢cassriee-bheer eeeptdidiggnediddom fhat besukedsay, ait is
possible to reduce a processing |oad borne by the recordi ng and

reproducti opridppaeat-ésorBihgSReat uveby neeer disngnandteepreducirag data
onto and fromthe recordi ng nedi um by maki ng random accesses to the

recordi ng madiyuRy EQe@deE'QBdaQXnBSbﬂﬂe&h@tbﬂﬁgﬁ%%gbo&ahﬁ%bﬁéhtn9 whet her
or not data has been recorded in any cluster, recording states of

al ternate ageas,canibe FRAAYRC:nTRUS, yrkkel $nRASTLRLE A AGaH:LE. an

alternate destination

Thus, the write-once recording medium can be used
effectively. As a result, the present invention provides
an effect that resource wasting can be reduced.

On top of that, a space bitmap can be referred to
as information indicating whether or not data has been
recorded in any cluster, which is used as a data unit, on
the recording medium. In general, a host computer or the
like makes a request to record data at an address
specified in the request as an address in a reccrding
medium mounted on a recording apparatus or a request to
reproduce data from an address specified in the request
as an address in a recording medium mounted on a
reproduction apparatus, and such requests are a heavy
processing lcad that must be borne by the recording and
reproduction apparatus. By referring to such a space
bitmap, however, it is possible to determine whether or
not data has already been recorded at an address
specified for example in a write request. If data has

already been recorded at the specified address, an error
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address, which is to be used in an alternate-address 148 process carried
out due to the existence of a defect or carried out to renew data, w thout
actually making an access to the recording nmedium On top of that,
managenent/control areas such as the lead-in and | ead-out areas can al so
be managed by wusing the information indicating whether or not data has
been recorded in any cluster. Thus, the information indicating whether or
not data has been recorded in any cluster is suitable for typically a
process to grasp the wused range of the OPC for adjusting a | aser power or
the |ike. d&gbdriscin BsSayrevhemed heo GBte i sSoseacohpdtéorwathéntal -wite area
for adjusting a |l aser power, it is not necessary to actually -nake an

access to tAHEthLTOY GhaPingedh Uatedssitoi shal s6cHpeshPl gedDuYOixk igicorrect
detection as to whether or not data has been recorded in a cluster. In

addi tion, if1tbenhpfesmathondipsi 628108 WERLHER bPrcaptyagachasakeen
recorded in any cluster reveals that an area used as a target of a wite

oper ation i 51 detgetbvsaduesl opBchal U Ak Aol ias, baen d epaigled i

areas surrounding the target area, It is possible to elimnate a process

for recording,dala.al,ag. A0pheRs dhethDE JETEGLI VRet 2h0EL; BhCRAS @ process

t hat -woul d

renew data is effective (enabled) without actually making
an access to the recording medium.

In addition, by referring to such a space bitmap,
it is possible to determine whether or not data has
already been recorded at an address specified for example
in a read request. If no data has already been recorded
at the specified address, an error report can be returned
to the host computer without actually making an access to
the recording medium.

That is to say, it is possible to reduce a
processing load borne by the recording and reproduction
apparatus in respectively recording and reproducing data
onto and from the recording medium by making random
accesses to the recording medium.

In addition, by using the information indicating
whether or not data has been recorded in ény cluster,
recording states of alternate areas can be managed. Thus,
it is possible to acguire an alternate destination

addréss, which is to be used in an alternate-address
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otherwi se take long time to carry out. On top of that, by 149 conbi ni ng
this function with a function to renew data, it 1is possible to carry out a
wite process, which appears to the host as a process involving no wite
error. In addition, in a process to update alternate- address nanagenent

i nformation, alternate-address managenent information is additionally
recorded in the second alternate-address nanagenent information area of
the recording nmedium and information indicating effective

al t ernat e- address managenent information is also recorded. In this way,
effecti ve aptrecaatecaddt edsoutradagetrenthienért saehon of hhdesecondr

al ternat e-address nanagenent information area can be identified. That is

to say, a eeeekddnguertbepenductiben, appanattusacsusapabhexohg garrectly
grasping the updating state of the alternate- address nanagenent

i nformati onagateg¥ety PRENte@brHiAg. meBitiAP of that, in accordance with a
data-writing process, a space bitmap serving as witten/unwitten state

i ndi cation informagi oo So £l e0s 2ddhdh snabd e / ESeordted Hn 4 hey second
al t er nat e- address managenent information area of the recording nedi um and

| nf or mat i onepbngLeaLh NdaghT eCLEVE ur LLLEY Uowr LELEN:St ALeobadi pgti on

information I's recor as we fective witten/unwitten state
i ndi cation hQER&”@BEOEn§89m9€ion indicating whether or not data has

been recorded in any clustex. Thus, the information
indiéating whether or not data has been recorded in any
cluster is suitable for typically a process to grasp the
used range of the OPC for adjusting a laser power or the
like. That is to say, when the OPC is searched for a
‘trial—write area for adjusting a laser power, it is not
necessary to actually make an access to the recording
medium and it is also possible to avoid incorrect
detection as to whether or not data has been recorded in
a cluster,

In addition, if the information indicating whether
or not data has been recorded in any cluster reveals that
an area used as a target of a write operation is
defective due to an injury and data has been recorded in
areas surrounding the target area, 1t is possible to
eliminate a process for recording data at an address in
the defective target area as a process that would

otherwise take long time to carry out. On top of that, by
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identified correctly. 150 In addition, in this case, the witten/unwitten
state indication information is not recorded in a main data area. Thus, an
al ternat e- address process effectively using an alternate-address area in
the main data area can be carried out, and an operation to nmake an access
to the data recorded by carrying out the alternate-address process can be
made nore efficient. If the space bitmap serving as the witten/unwitten
state indication information is recorded in the main data area, on the

ot her hand, the second alternate-address managenent information area can
be utilizedcembéntngekiriasfancéiea Wwothupdatnngioal ter mahewaddtessit
managenent information. That is to say, the nunber of tines

al ternat e- addr psssiBnageseshrriynbat Mt wentkSpupdaked wRicheappss eases so
that data can be renewed nore tines. If the witten/unwitten state

i ndi cation thafapeat kenai proeeesdedvbivangonbi arifsuekrag.the I SA) of an
alternate-address area in the nain data area, information is recorded as

i nformation indi caﬁﬂl@dabﬁon;hﬁap@gﬁ@&@é tdenghd gL nat e Adlglf @ss area
cannot be used for an alternate-address process. Thus, another

recordi ng/ rgpredyst ARa8RRHRL YR 6 aPEoR] EYERESH R A ess
management information is additionally recorded in the
second alternate-address management information area of
the recording medium, and information indicating
effective alternate-address management information is
also recorded. In this way, effective alternate-address
management information in the second alternate-address
management information area can be identified. That is to
say, a recording or reproduction apparatus is capable of
correctly grasping the updating state of the alternate-
address management information at every point of time.

On top of that, in accordance with a data-writing

process, a space bitmap serving as written/unwritten
state indication information is also additionally
recorded in the second alternate-—address management
information area of the recording medium and information
indicating effective written/unwritten state indication
information is recorded as well. Thus, effective
written/unwritten state indication information can be

identified correctly.
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using the portion of the alternate-address area. As a 151 result, an

i ncorrect operation can be avoided. In addition, in the case of the
recordi ng apparatus provided by the present invention, if information
exists as information indicating that the portion of the alternate-
address area cannot be used for an alternate-address process, the data
recorded in the portion of the alternate-address area is read out to
determ ne whether or not data can be renewed. Thus, an incorrect operation
can be avoided. As a result, the present invention provides an effect of
mai nt ai ni ng conpatibidddiytvénd h imrhiercaseorithagdr epradiaiv ot agpar at us.
152 CLAIMS 1. A recording nediumprovided with a wite-once area all ow ng

data to be pegpededdibetebn QNE6rMAEioRONBr hetngedoBn data anea as wel |
as a mnagenent/control area for recordi ng managenent/control information

for recordi ggrdahdehnt Origad d v A1 €9k 9k SR d Pl NSRS QElIC | der St Byd T9m sai d
mai n data area wherein: said nmain data area conprises a regul ar

A R i e T A
exi sting inbgaEQrEEQH|8Et, and an coperation to make an access to the
data recorded by carrying out the alternate-address
process can be made more efficient.

If the space bitmap serving as the
written/unwritten state indication information is
recorded in the main data area, on the other hand, the
second alternate-address management information area can
be utilized effectively as an area for updating
alternate-address management information. That is to say,

‘the number of times alternate-address management
informatiop is updated can be increased so that data can
be renewed more times.

If the written/unwritten state indication
information is recorded in a portion (such as the ISA) of
an alternate—addreés area in the main data area,
information is recorded as information indicating that
the portion of the alternate-address area cannot be used
for an alternate-address process. Thus, another

recording/reproduction apparatus can be prevented from

using the portion of the alternate-address area. As a
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recordi ng/ reproduction area or for recording data in a process to renew
dat a; sai d nmanagenent/control area conprises a first alternate-address
managenent information area for recording first alternate-address
managenent information for managi ng alternate-address processes using said
alternate area and a second al ternate-address nmanagenent information area
for recording said alternate-address nanagenent information in an

updat eabl e state; and said nain data area or said managenent/control area
is used for recording witten/unwitten state indication information for
each data umktuot,sahdinebrrdatacaeeatand ceacbedataidedt ofnsaid
managenent/control area as 153 information indicating whether or not data
has been waiiteRohnt @nsahd daka bfi the2retbedifgokgpBgafadi proascaendi ng to
claim1l wherein, in accordance with said alternate-address process,

al ternate- 369r€§§ prEggaeRhveAtebaRt henihsoraddibhoBak kysr agorded in said
second al ternate-address nmanagenent information area and information

indicating ;jgkbephtY8nakhghipatengddngss+RRNBGSAERE b@thQBBEQ@rhﬁtea|50
recorded. 3. The recording nediumaccording to claiml wherein, in

accordance Wyhhe.ad5dat-8zWeLhhBY BEOGESY £8% dn alternate-address

process, the data recorded in the portion of the
alternate-address area is read out to determine whether
or not data can be renewed. Thus, an incorrect operation
can be avoided. As a result, the present invention
provides an effect of maintalning compatibility with

another recording/reproduction apparatus.
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witten/unwitten state indication information is additionally recorded in
sai d second alternate-address mnanagenent information area and infornmation
indicating effective alternate-address nanagenent information is also
recorded. 4. The recording nediumaccording to claiml wherein a
witten/unwitten state indication information area for recording said
witten/unwitten state indication information is provided in said main
data area, in accordance with a data-witing process, said
witten/unwitten state indication information is additionally recorded in
said witten/unwitten state indicatComiM®formati on area and | ast
witten/unwitten 154 state indication information in said

witten/unwitten 1sta eccadiddaly aedinopratiicedamdan & mdeceicheet i ve. 5.
The recordi ng medi um according to claim4 wherein a portion in an

alternate agea@aoOhlsawiingaiatdate bareacbsddgedhasesai nvei hbhen/ unwritten
state indication information area, and infornmation is recorded to i ndicate

that said peehbens9hgsai fadht 8LPat srakeadsi netisedsag said witten/unwitten
state indication information area and, hence, cannot serve as an area used

for said agﬁéﬁQ@EﬁénE‘?‘%ﬁ%%oPrQE@ésfoﬁ-ré\cBES%Qi R9n38BAEAL YSRELY ded T or

a recordin

information for recording data into said main data area
and reprcducing data from said main data area wherein:

said main data area comprises a regular
recording/reproduction area which data is recorded into
and reproduced from as well as an alternate area for
recording data due to a defect existing in said regqular
recording/reproduction area or for recording data in a
process to renew data;

said management/control area comprises a first
alternate-address management information area for
recording first alternate-address management information
for managing alternate-address processes using said
alternate area and a second alternate-address management
information area for recording said alternate-address
management information in an updateable state; and

said main data area or said management/control area
is used for recording written/unwritten state indication
information for each data unit of said main data area and

each data unit of said management/control area as
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medi um provided with a wite-once area allowng data to be recorded
therein once and conprising a main data area as well as a
managenent/control area for recording managenent/control information for
recording data into said.,main data area and reproducing data fromsaid
main data area wherein: said nmain data area conprises a regul ar
recordi ng/ reproduction area which data is recorded into and reproduced
fromas well as an alternate area for recording data due to a defect
existing in said regular recording/reproduction area or for recording data

in a procesafbomaenew datiscasshd wnsagepeok/ noot detaanes vespri ses a first
155 al ternat e-address managenent information area for recording first

al t er nat e- agdi esen"pAggesend HRterpriton for managi ng al t er nat e- addr ess
process using said alternate area and a second al ternate-address

managenent 'nfOf@Pt'Q%ea&%%oE@&n@e%@HQbﬂga%@d%dﬁ'be&%akﬁa%%ﬁﬁess
managenment information in an updateable state; and said main data area or

sai d_manageyRaLLeAnt il aBRdahBeUREtn 051605 0Fding UL LkBROLYNW i tTen stat e

i ndi cati on or mation or each data unit o sal mai n data area and each

data unit °f>ﬁ§5 %éngi‘ggﬁﬁQEéQQH&EQLs%Sﬁ‘a&émbHEOEH%E:BQtELBH' gating whether

or not data

additionally recorded in said second alternate-address
management information area and information indicating
effective alternate-address management information is
alsoc recorded.

3. The recording medium according toc claim 1
wherein, in accordance with a data-writing process, said
written/unwritten state indication information is
additionally recorded in said second alternate-address
management information area and information indicating
effective alternate-address management Iinformation is
also recorded.

4. The recording medium according to claim 1
wherein a written/unwritten state indication information
area for recording said written/unwritten state
indication information is provided in said main data area,
in accordance with a data-writing process, said
written/unwritten state indication information is
additionally recorded in said written/unwritten state

indication informaticon area and last written/unwritten
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witten into said data unit, said recording apparatus conprising: wite
means for witing data onto said recording nedium confirmation neans for
determ ni ng whether or not data has been recorded at an address related to
a data- witing request to wite data in said main data area on the basis
of said witten/unwitten state indication information; determ nation
nmeans for determ ning whether or not an alternate-address process using
said alternate area as well as said second alternate-address nanagenent
information area can be carried out; and 156 wite control neans for
control li ngssatd whdieatieansnformatiendahasat dsairdtaddreasrietanhed to said
data- witing request and updating said witten/unwitten state indication

i nformati onsthteaiddeentipABl hesriBaNsn dekar iknpadkhatrdatavhas not been
recorded at said address related to said data-witing request but

controlling said witenearsdheity MRdahd IlAEhd ¢o $idrdat a-witing
request in said alternate area as well as updating said alternate-address

management hﬂ_&géﬁﬁt éogorgmenS%daw hiterhypw ht-banost ahed Adicakihen

information 1t sai onfirmation neans determ nes that data has been
area is used as said written/unwritten state indication
information area, and information is recorded to indicate
that said portion of said alternate area is used as said
written/unwritten state indication infafmation érea and,
hence, cannot serve as an area used for séid alternate—
address piocess.

6. A recording apparatus provided for a recoxrding
medium provided with a write-once area allowing data to
be recorded therein once and comprising a main data area
as well as a management/control area for recording
management/control information for recording data into
said main data area and reproducing data from said main
data area wherein:

said main data area comprises a regular
recording/reproduction area which data is recorded into
and reproduced from as well as an alternate area for
recording data due to a defect existing in said regular
recording/reproduction area or for recording data in a

process to renew data;

said management/control area comprises a first
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recorded at said address related to said data-witing request whereas said
determ nation neans determ nes that said alternate-address process can be
carried out. 7. The recording apparatus according to claim6 wherein said
wite control nmeans updates said alternate- address managenent infornmation
by additionally recording alternate-address managenent information in said
second alternate-address managenent information area of said recording
medi um and recording information indicating effective alternate-address
managenent information. 8. The recording apparatus according to claim®6
wher ei n sai diwerheteoatidokssemasagpoahes isdbdmawi bht emeandoirt t en st ate

i ndication information by 157 additionally recording said witten/unwitten
state indi eatbedingf ditati alteinadkdasdeend abheppaketaddresmatimvhagenent
information area of said recording nmediumand recording information

i ndi cating ebleskhuginy bliterhufvwrbtibeasst pireceRdi aatihgnskatior mation. 9.
The recordi ng apparatus according to claim6 wherein said wite control

nmeans updat g§ t82hdteWairbheRhUNW kbbBAdShaterhBdkcabiieB sknhahigkingRtby
additionally recording witten/unwitten state indication information in

said main dahzo,anedieh a2kd ¥8cordiRgdiRBdLEAY alternate-address

management information in an updateable state; and

said main data area or said management/control area
is used for recording written/unwritten state indication
information for each data unit of said main data area and
each data unit of said management/control area as
information indicating whether or not data has been
written into said data unit,

said recording apparatus comprising:

write means for writing data onto said recording
medium;

confirmation means for determining whether or not
data has been recorded at an address related to a data-
writing request to write data in said main data area on
the basis of said written/unwrititen state indication
information;

determination means for determining whether or not
an alternate-address process using sald alternate area as
well as said second alternate-address management

information area can be carried out; and
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10. The recording apparatus according to claim9, said apparatus further
conprising set neans for setting an indicator as to whether or not data
can be renewed on the basis of information recorded on said recording
medium as information indicating that said portion of said alternate area
in said main data area of said recording nmediumis used as said
witten/unwitten state indication information area and, hence, cannot
serve as an area used for said alternate-address process and on the basis
of the substance of data recorded in said portion existing in said
alternate area as waitk awntdcin/moams tfen cdrateolnidigatd ioh wnitor mati on area
in a configuration wherein said wite control neans uses said 158 portion

of said al teenanketarfaias gatd weibhed/ sawkksbenelatatietongdatat dada-
information area and additionally records said witten/unwitten state

i ndi cation yintohgatEgiebd sARMuPHLLERR/ AWK LreBtehpbAwiDdLeAt E0Ate
information area. 11. A reproduction apparatus provided for a recording

medi um provi ded utt Bnai WeblRaPN6R 2E€8adkl e¥hRYrndRtant AebRst ecor ded
therein once and conprising a nain data area as well as a

nanagenent / Gonbah »8Leanker 4ot £CALGT G NBABGNERLLAGR! Lol shnfior mati on for

recordi ng ata into sard nain data area and reproduci ng data from

address related to said data-writing reqguest but
controlling sSaid write means to write data related to
said data-writing request in said alternate area as well
as updating said alternate—address management information
"and said written/unwritten state indication information
if said confirmation means determines that data has been
recorded at said address related to said data-writing
request whereas said determination means determines that
said alternate-address process can be carried out.

7. The recording apparatus according to claim 6
wherein said write control means updates sald alternate-
address management information by additionally recording
alternate-address management information in said second
alternate-address management information area of said
recording medium and recording information indicating
effective alternate-address management information.

8. The recording apparatus according to claim 6
wherein said write control means updates said

written/unwritten state indication information by
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said main data area wherein: said main data area conprises a regul ar
recordi ng/ reproduction area which data is recorded into and reproduced
fromas well as an alternate area for recording data due to a defect
existing in said regular recording/reproduction area or for recording data
in a process to renew data; said managenent/control area conprises a first
al t er nat e- addr ess nmanagenent information area for recording first

al t ernat e- address nmanagenent information for managi ng alternate-address
process using said alternate area and a second al ternate-address
managenent addiofionaéldp aceardongr eedddwngtsanduakt et hahesadtdeess 159
managenent information in an updateable state; and said nmain data area or

sai d managenpat Leenbhoknabenatiénusedshon Eecondi aUterhatensddwessten state
indication information for each data unit of said main data area and each

data unit oha83LEnERNAYRNBRLAEDBAN Qkear 88 38iHNkErBRYIAG madicat hng whet her
or not data has been witten into said data unit, said reproduction

appar at us ceg%i:a&ﬂgi 1headndBaBs {RHiESREhEYepYE HaLa from said recording
medium first confifmation nmeans for determ ning whether or

written/unwritten state indication information.

9. The recording apparatus according to claim 6
wherein said write control means updates said
written/unwritten state indication information by
additionally recording written/unwritten state indication
information in said main data area of said recording
medium.

10. The recording apparatus according to claim 9,
said apparatus further comprising set means for setting
an indicator as to whether or not data can be renewed on
the basis of information recorded cn said recording
medium as information indicating that said portion of
sald alternate area in said main data area of said
recording medium is used as said written/unwritten state
indication information area and, hence, cannot serve as
an area used for said alternate-address process and on
the basis of the substance of data recorded in said
portion existing in said alternate area as said
written/unwritten state indication information area in a

configuration wherein said write control means uses said
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not data has been recorded at an address related to a read request to read
out data fromsaid main data area on the basis of said witten/unwitten
state indication information; second confirmati on neans for determ ning
whet her or not said address related to said read request to read out data
fromsaid main data area is an address conpleting an alternate-address
process on the basis of said alternate-address managenent information; and
read control neans for controlling said read neans to read out data from
said address related to said read request if said first confirmtion neans

determ nes pbatioflab8 Basdbgkberretededeat asasdiaddressenghakedttensai d 160
read request and said second confirmati on neans determ nes that said

address rel gtgtlet onaakdrigndinegumstiohSapeh andagddnessosamleting an
al ternat e- address process, but controlling said read neans to read out

data rel at edechbpqsakdineqdi teaHpshwls ePLaakEa 8kt SRARESL @682 On the basis of
sai d alternate-address managenent information if said first confirmation

means det er i, gL haL, déﬁasﬁﬁé wPS@Eeﬁ?ﬁH%QEgtéﬁ §€é€eagﬂa§§§t£8hated to

said read request and said second confirmation neans determnes that said
address rel é?grﬁgtEShdaESQd request is an address conpleting an
al t er nat e- addr éss process

11. A reproduction apparatus provided for a
recording medium provided with a write-once area allowing
data to be recorded therein once and comprising a main
data area as well as a management/control area for
recording management/control information for recording
data into said main data area and reproducing data from
said main data area wherein:

sald main data area comprises a regular
recording/reproduction area which data is recorded into
and reproduced from as well as an alternate area for
recording data due to a defect existing in said regular
recording/reproduction area or for recording data in a
process to renew data;

said management/control area comprises a first
alternate-address management information area for
recording first alternate-address management information
for managing alternate-address process using said
alternate area and a second alternate—-address management

information area for recording said alternate-address
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12. A recording nethod provided for a recording nediumprovided with a
write-once area allowing data to be recorded therein once and conprising a
main data area as well as a managenent/control area for recording
managenent/control information for recording data into said main data area
and reproducing data fromsaid main data area wherein: said nain data area
conprises a regular recording/reproduction area which data is recorded
into and reproduced fromas well as an alternate area for recording data
due to a defect existing in said regular recording/reproduction area or
for recordi mgndgemenh anfprmeéssnt dnr enewpdataabl6lssaikd; mndgenent/ contr ol
area conprises a first alternate-address managenent information area for
recording first al&®idathetaddies saitedagenentd imdoddgerteon/ cdof rabnageag

al ternat e- address process using said alternate area and a second

al t er nat e- agddr agedngbagesentdihgf erieteanuaneatten seseedingisakdon _
al ternat e-address nmanagenent information in an updateable state; and said

mei n data akgaoehatabd FBRAGEBBNHAEANLNOL 8F€8aibSmHERdJdReR keeardhRg
witten/unwitten state indication information for each data unit of said
main data apgghapdtatdnftdatasyiyt mehagehdntpeagerBat feagtLal area as
information indicating whether or not data has been
written into said data unit,
said reproduction apparatus comprising:
read means for reading out data from said recording
medium;
first confirmation means for determining whether or
not data has been recorded at an address related to a
read request to read out data from said main data area on
the basis of said written/unwritten state indication
information;
second confirmation means for determining whether
or not said address related to said read request to read
out data from said main data area is an address
completing an alternate-address process on the basis of
said alternate—address management information; and
read control means for controlling said read means
to read out data from said address related to said read

request if said first confirmation means determines that

data has been recorded at said address related to said
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information indicating whether or not data has been witten into said data
unit, said recording nmethod conprising: a confirmation step of determ ning
whet her or not data has been recorded at an address related to a data-
witing request to wite data in said main data area on the basis of said
witten/unwitten state indication information; a determ nation step of
determ ni ng whether or not an alternate-address process using said
alternate area and said second alternate-address managenent information
area can be carried out; a first wite step of witing data at said address
162 rel at edreedsaedudataamdi sand sequedt candiupdatbngmsand
witten/unwitten state indication information if a determ nation result
obt ai ned at deakdmdnnki thati enidt efdriesdi ealesethat datd bhaadnekqgheen
recorded at said address related to said data-witing request; and a

second witgsshep @h \Wddrdyg dasn Ied aiedan Oa 58k fhatldt adaké s Ngrogguest in
said alternate area as well as updating said alternate-address nanagenent

i nfor mati onpuandosaird 1 Wi hit 6RAHNWERKt RBRaBkate BAHCALEOAaLAf pEmBEEGN if a
determ nation result obtained at said confirmation step indicates that

data has begn L£g¢@rdgddategdbdt from said alternate area on the

basis of said alternate-address management information if
said first confirmation means determines that dat; has
been recorded at said address related to said read
request and said second confirmation means determines
that said address related to said read request is an
address completing an alternate-address process.

12. A recording method provided for a recording
medium provided with a write-once area allowing data to
be recorded therein once and comprising a main data area
as well as a management/control area for recording
management/control information for recording data into
said main data area and reproducing data from said main
data area wherein:

said main data area comprises a regular
recording/reproduction area which data is recorded into
and reproduced from as well as an alternate area for
recording data due to a defect existing in said regular
recording/reproduction area or for recording data in a

process to renew data;
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address related to said data-witing request whereas a determ nation
result obtained at said determ nation step indicates that said

al ternat e- address process can be carried out. 13. A reproduction nethod
provided for a recording mediumprovided with a wite-once area all ow ng
data to be recorded therein once and conprising a nmain data area as well
as a managenent/control area for recording nmanagenent/control information
for recording data into said nain data area and reproducing data from said
main data area wherein: said nmain data area conprises a regul ar

recordi ng/ r epr oducta ioch neereayeste ety caitarols awsoraegpiides 63F jamk r epr oduced
fromas well as an alternate area for recording data due to a defect

exi sting inatakdnaegubdadresecnadaggherpr dddckinanianearea for recording data
in a process to renew data; said managenent/control area conprises a first

al ter nat e- addegsaingnagesentl totnaBtha@drassambNageh€aOr dhigribtsbn
al t er nat e- addr ess managenent information for nanagi ng alternate-address

process usi pgrSphflagdh§ehDNotenat8aaafdedsspeandsal isingt eaaddress
managenent |nforna?|on area for recording said alternate-address

management LnfQrHRELOR-ER gRguRdabeshheattatRat@Ndddress management
information area for recording sald alternate—address
management information in an updateable state; and

said main data area or said management/contfol area
is used for recording written/unwritten state indication
information for each data unit of said main data area and
each data unit of said management/control area as
information indicating whether or not data has been
written into said data unit,

said recording method comprising:

a confirmation step of determining whether or not
data has been recorded at an address related to a data-
writing request to write data in said main data area on
the basis of said written/unwritten state indication
information;

a determination step of determining whether or not
an alternate-address process using said alternate area
and said second alternate-address management information
area can be carried out;

a first write step of writing data at said address
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said main data area or said managenent/control area is used for recording
witten/unwitten state indication information for each data unit of said
main data area and each data unit of said managenent/control area as
information indicating whether or not data has been witten into said data
unit, said reproduction nmethod conprising: a first confirmation step of
determ ni ng whether or not data has been recorded at an address related to
a read request to read out data fromsaid nain data area on the basis of
said witten/unwitten state indication information; a second confirmation
step of deteebhetedgtwhetbérdidtd-erindhgsaeduadtdr ess uplat édgt sasdi d read
request to read out data fromsaid nain data area i s an address

conpl eting Rpiateayoakei addnessapeocnascanibheinasinadionsakda
al t ernat e- address managenent information; a first read step of reading out

data from sgbderaddbessns ekatied bBt§§h@drQ@dsé@guééhfhimétﬂéheéﬁbﬁatlOn
result obtained at said first confirnmation step indicates that data has

been recordef atasakdcAder 858ar Rhat fdet Beefdldcb8addr §9Us8Ed2BEdRess
determ nation result obtained at said second confirmation step indicates

that said addigesa £6'shed b9:a2hlitenq eguest, sngot an address

a second write step of writing data related to said
data-writing request in said alternate area as well as
updating saild alternate—address management information
and said written/unwritten state indication information
if a determination result obtained at said confirmation
step indicates that data has been recorded at said
address related to said data-writing request whereas a
determination result obtained at said determination step
indicates that said alternate—address process can be
carried but.

13. A reproduction method provided for a recording
medium provided with a write-once area allowing data to
be recorded therein once and comprising a main data area
as well as a management/control area for recording
management/control information for recording data into
said main data area and reproducing data from said main
data area wherein:

sald main data area comprises a regular

recording/reproduction area which data is recorded into
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an al ternate-address process; and a second read step of reading out data
related to said read request fromsaid alternate area on the basis of
sai d alternate-address nanagenent information if a determnation result
obtained at said first confirmation step indicates that data has been
recorded at said address related to said read request and a determ nation
result obtained at said second confirmation step indicates that said
address related to said read request is an address conpleting an
al t ernat e- address process. 165
and reproduced from as well as an alternate area for
recording data due to a defect existing in said regular
recording/reproduction area or for recording data in a
process to renew data;
said management/control area comprises a first
alternate-address management information area for
recoxding first alternate-address management information
for managing alternate-address process using said
alternate area and a second alternate-address management
information area for recording said alternate—address
management information in an updateable state; and
said main data area or said management/control area
is used for recording written/unwritten state indication
information for each data unit of said main data area and
each data unit of said management/control area as
information indicating whether or not data has been
written into said data unit,
said reproduction method comprising:
a first confirmation step of determining whether or
not data has been recorded at an address related to a
read request to read out data from said main data area on
the basis of said written/unwritten state indication

infermation;

a second confirmation step of determining whether
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or not said address related to said read request to read
out data from said main data area is an address
completing én alternate-address process on the basis of
said alternate-address management information;

a first read step of reading out data from said
address related to said read request 1f a determination
result obtained at said first confirmation step indicates
that data has been recorded at said address related to
said read request and a determination result obtained at
said second confirmation step indicates that said address
related to said read request is not an address completing
an alternate-—address process; and

a second read step of reading out data related to
said read request from said alternate area on the basis
of said alternate-address management information if a
determination result obtained at said first confirmation
step indicates that data has been recorded at said
address related to said read request and a determination
result obtained at said second confirmation step
indicates that said address related to said read request

is an address completing an alternate-address process.
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