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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 reproducing
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
Cb (Compact Disk), an MP (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

When



which the user is already famliar with, and a witable
data to be witten therein as is

includes an MD, a CD-R a CO-RW a DVD-R, a DVD-RW a DVD+RW and a

DVD- RAM

By adopting a magnet o-opti cal

recordi ng-nmet hod or a pi gnented-coat change recording-nmethod for the
writable category, data can be recorded onto a disk of this category

pi gnent ed- coat
once recording-nethod. Since this pignmented-coat change

allows data,recording once and.inhibjts  renewal of data onto the dis
FoPmahtdn he i ghsk

di sk i s good™

8rma ESGPRGEAppTi & or the like. On the other

the nagneto-optical recording method and the phase-change

recor di ng- et hod

of data. The applications allowing renewal of data include mainly an
appl i cati on®BtY FREBFErViginaldisg kg nds, of ebnR@litandta PHRtR@Mng nusica
data, novies, ganes and application prograns. In addition, in recent
a hi gh- densvkychopbecasedi sk aht¢ady afdhibienyvwiike #ad deenitevbioped in
2 an effort to produce the product on a very large scale. Typically,
i s recordedcontocay habhodemsidatapte dad driktemdtheaciouts ftom t he di sk
under a condition

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 applications 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 high-density

optical disk called .a blue-ray disc has been developed in
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requiring a conbination of a laser with 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 gnmbit, 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 bl ock of 64 KB
(kil obytes). There are also two types of optical disk having such a high

i tical disks of a wite-once ;%pe and. optical disks of a

density, i.e.,
writable typg. e?ﬁoﬁﬁ bRePRPTHne t b F eRBrEdiat A oht BB 9 aF U Bk
allowing data to be recorded therein by adoption of the rmagneto-optical
recordi ng net hod, THEGHRGentERdat reaatie edsr @ Ag-Sedfed iy t he
phase-change recordi ng- nmet hod, guide neans for tracking data tracks is
required. 9JRbsCal @idbvandsreardared Fromdviamcdizl wedse ascendpiiwt oove.
The groove or a land is used as a data track. A land is a nenber having a
shape resenbéiingriangezt combBnat borwawf bet weeer twiotladi aceme Llepoovest I n
addition, it is also necessary to record addresses so that data can be
recorded at4@5 pnredab@ram nglojective lens with an NA of 0.85 to be

reproduced. The laser required in this condition is the

so-called blue laser. With the optical disk having a

track pitch of 0.32 gm, a line density of 0.12 gm/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 onto and reproduced from the disk in

recording/reproduction units, which are each a data block

of 64 KB (kilcbytes).

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 required.
Thus, a groove 1is created in advance to serve as a

pregroove. The groove or a land is used as a data track.

A land 1s a member having a shape resembling a section



| 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 informati on conveyed by a reflected
| i ght beam Thus, data can be recorded at a predetern ned | ocation and
reproduced froma predeterm ned |ocation without creating for exanple pit

dat a shomﬁnglag add%eﬁseor %he | ke in_advance on the track. By adding
addr esses a5 3 fBBbP PhESGrobl8, A1 ¥ 3PS ho? TOREE®ssary to discretely provide

an address area or_the, like on tracks as an area for recording typically
pit data ropreser MAHATYscd: F fis® AAPSHs TR EHEL s not
required, the capacity for storing actual data_is increased by a quantity
“proport i onaPAf5eEReS eFP nt hat edat adarRske aFeeorded t2F s2 t BrHRC HRFBRENS Rat
absolute-tine (address) information inplenented by a groove wobbled as
described &p6ebips tafliecatead RV (2@Sbtes e2Ti el PR Preyroove)daka

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 walis 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 ADI P (Address in Pregroove). In addition, in the case of recording nedia
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 the defective location to allow, proper yecording and

reproduct i on operattohs td Be n%%ﬁ#iéhFEnék?éiﬂﬁéﬁ%éﬁ%Téﬁéégﬁﬁéﬁ nmanagenent

technol ogy i.s _disclosed,in. docunenis including Japanese Unexanihed Patent

Publ i cati on*R°r38 %932i?@é?mﬁﬂﬁggaBﬁn@sgr@%Y%nWOEgiﬂd %ﬁeﬂeRBE?b%ﬁo

60- 74020 and, Hei 11-39801. By the wa it is naturallé i npossi ble to record
¥

y , c
data into aRPSVPeddyCréiBrdal AFER (APachrteeTdReelnoBregaPOVRLOPHI Ng
medium that is, an area in which data 5 1L has been recorded before.

Exanpl es of 28RhBDWPi (Bdgress épt Feapree¥et ding nediumare a CD-R, a DVD-R

and a hi gh-
In addition, in the case of recording media usable

‘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 defeét management technology whereby an
alternate recording-area is provided so that, if a
location improper 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 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-
open Nos. Sho 60-74020 and Hei 11-39801.

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

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



density recording medium which function as a wite-once disk.
Specifications of nost file systens to be recorded on an optical recording
medi um are defined by assum ng the use of the optical recording medi um as

a ROMtype disk or a RAMtype disk. 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
data to be stored therein only once limt functions of the
system and i ncl ude special functions. The specifications of

not. bocone IFAGRBobtr AFISen T HEr b1 hePRETEE @ EAPS PEE 5y

keeping up Wt of an information-process

medi um al | ow ng
ordinary file
a file system

é_]tscystern does
em capabl e of

h vari ety of OSes i ng, appar at us
and ot her f?PElc%s¥%%r%%%dPe WS el ¢ R i 3 PP iaaqg%gaff'hey are.
Wite-once nedia is widely used typically in applications of preserving
data. |f theeRFiEe-bReer dbed aeedhiial ol fe fidReEtieh Ihed PARLH§TRNES st em by

keeping the general specifications of the file systemas th
usability ofi$khe wite-once nmedia can be further 6 enhanced.
allow a wdely used file system such as

ey are, the
In order to

Specifications 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 functicns of the ordinary

file system and include special functions.

The specifications cof 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 is 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



the FAT file systemand a file systemfor RAMs or hard disks 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
system for such a witable recording nediumas it is in the first place.
In addition, when the optical disk is nounted on a disk drive or

di smount ed frﬁn1it the recording face of the disk may be injured in
dependence SREFRESHrate in which the disk is kept in the drive and the way
in which the disk is used. For_ this reason, the aforenentioned _technique
of managi ng def ect REIHedP ot et Wige Ll difad TR mitenvsud dgfce
medi a nust be cagable of coping with a defect caused by an injury. In

addi tion, ihPehEAEaSklefsypkeRoav@nd i Bhie SrFtem HpreRMNt|ewl haidk, data is
recorded in _a state of being conpacted sequentially in areas starting from
the inner @iaks ¥o pat aprlimddéraiviritehones saddaspacdtl eft, Detweesr, an
area already including recorded data and an area in 7 which data is to be
recorded nextiufMhisonstbegrnise ddea Twhwethd onahe diddréss deyetlopedoi th a

ROM t ype di sk used
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 aforementioned
technique 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



as a base so that, if an unrecorded area exists, a reproduction operation
cannot be carried out. Such a situation limts the freedomof a

random access operation carried out on the wite-once nedia. 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
i s described above, contenporary wite- once nedia or, in particular,

write-once nedi Lmpl ene teg by a hi ?-den ity.aopti,cal disk having a
recordi ng c§§é8ﬁt§ag$ ar F%a t §%°%£P$ k%e§ﬁe %3F6¥6ﬁ%ﬁFrﬁﬂﬁﬁaa¥U%-ray
disk, is required, to e%,tge, followi ng requirenents. The wjte-once nmedia
shall be ¢ Bﬁﬁ?@tb?nggn W glﬂdgﬁv% '3 n%ggmgad%@%%?%p%ydl%§eEﬁ?@on of
proper managenent, inproving the random accessibility, reducing the
rocessi ng £9afl BoFReSBythakr B diREEFePrRYRT¢BCEbYEF at@ds, keeping up
P! 9 y LT ;
with a general-purpose file systemby the capability of renewing data and
mai nt ai ni ngFePRPALFBi PRt YPAF I HLOR | Cabiet ope i earr8edi &ks- afumdl |2 as
reproduction-only disks. Disclosure of Invention
situation limits the freedom 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



Exanpl e enbodi nents may i nprove usability of a wite-once recording nedium
by allow ng data stored on the wite-once recording nediumto be renewed
and by executing proper managenent of defects. According to a first aspect
of the present invention, there is provided a recording nmedi um provi ded
with a wite-once area allowing data to be recorded therein once and
conprising a main data area as well as a managenent/control area for
r ecor di ngliskarageihestrepontation-onhyfdisksat i on 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
r ecor di ndPistinsareiefdnyantian def ect existing in said regul ar
recordi ng/ reproduction, area or for recording data in a process to renew
data; sai d nafFxg@RieneMbodiments apasa ipproyei wsabilily fof rastwriteooce aeeordidgr ess
managenent i nformation area for recording first alternate-address
managenemediun by affewing datastoresinery thegrite topce aecording mesdisinp tobe senewedsi ng sai d
alternate area and a second alternate-address nanagenent information area
f or recomdf Yy exequiing araper managerdentss defgaisagement i nformation in an
updat eabl e state; and said main data area or said managenent/control area
is used for réeeprdinggtons ifirste aspaeivaf tthe rpresamitievantian,c there s ipndvidadagi on f or
each data unit of said main data area and each data wunit of said
manage e fRosdng meadivin quovded witbr anwriterance dresnallovgngvsiatede ber regotdedat a  has -
been witten into said data unit. In exanple enbodi nents, using the
al t er nat theseidcessapt oBRisingd NMaimdate-arer agiwekbss amanagement/cantobangat i on i s
additionally recorded in the second al ternate- address nanagenent
i nf or mat faeeardiag amanagementrantrohinfaratien fongeasrdieg datadntel said meiredataddr ess
managenent information is al so recorded.

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 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 information indicating whether or not data
has been written into said data unit.

In example embodiments, using the alternate-address process, alternate-



In addition, in accordance with a data-witing process, the
witten/unwitten state indication information is additionally recorded in
t he second al ternate-address nanagenent information area and information

i ndicating effective alternate-address managenent information is also
recorded. As an alternative, a witten/unwitten state indication
information area for recording the witten/unwitten state indication

i nf or mat izddress niheydnaked ihforfbEord® BddidatAlyaFfeddudel Nn ARE QESHACAAtdL a
data-writing process, the witten/unwitten state indication information
s addi ti;ARRL] ah SEAIAPthibndiBR oL LRI fflctid Srechilifaldion
information area anhd [ast witten/funwitten state 1 ndication information in
the wri tta%&[egusnr\{\l/rariig ten st ?te 'h.ndic tion idn({vormati on area is nade effective.
In this ¢ase” AP&tion T H ™ HOA SR NAt ¥ Yt ea of the main data area is used
as the witten/ynwitien state i ngi cation_information area, and

i nformation i n@é@é‘f’ﬂeﬂl pegordapes Walher daavrithig Moressoleoritemdnyritistnat e ar ea
is used as the witten/unwitten state indication informtion area and,
hence, c&ttoindiwtior iformatiar saadddamally redondedaint die rratand dttdnassddresscess.
According to a second aspect of the present invention, there is provided a
r ecor di ngnappanatt usfopnatiord &@a faad iafofrastortindiating iciisttpreoal tethetc-wddrbssa
wite-once area allowing data to be recorded therein once and conprising a

mai N dat aakSand ifBirhatdh ifalsHBRBEARAENt / control area for recording
managenent/control information for recording data into said main data area

and reproduci g detRchiarm selIR,BRLR AREHANSLR! HromdRbd 1B fudata area

conprises a regu recordin repPo I on area als 10 recorded
into and repr.oduced fromas well as an.alternate area for.recording data
due to AGETEE MeoyrlieR REVRHER SPlf Ralaiioh I eRepenn FepEkic e dReEr ea or
for recording data in _a process to renew data; said managenment/control

ar ea Conﬁpqas%rga,amf pecordagce ayitytaedata-writing process, the written/unwritten state

indication information is additionally recorded in the 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.

According to a second aspect of the present invention, there is provided a
recording 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:

said main data area comprises a regular recording/reproduction area which data is

10



address managenent information area for recording first alternate-address
managenent i nformation for nmanagi ng alternate-address process using said
alternate area and a second alternate-address nmanagenent information area
for recording said alternate-address managenent information in an

updat eabl e state; and said nmain data area or said nanagenent/control area
is used for recording witten/unwitten state indication information for
each dat aecordéd dito s@d epraiutedfibin a3rvedl adh glaehate atea forictording dad due :
managenent/control area as information indicating whether or not data has

been  writhheRfdcNEAsHR id sBRlRgHA fecordRiofcpBaRERINNYe ARTBF ALHRL { {nSi NY:

wite neans for witing data onto said recording nmedium confirmtion

nmeans for i.nj et har b rded .at addr ess
rel ated taoﬂ[g(\l)rcgasilEI 3[1] \%ﬁ ‘lgat/i&rgg]d’ rsglgurgsl]tiag@ %‘tgnaﬁ&h%gpgaﬁaac ?‘ﬂ)r{ssgslcg f??gtl ar‘ll% a%lg' area on
t he basis Bf said witt n/_ufnwritten sta%e i ndi.cation iaformati n;

det er ni n&CPERS nBRARSTRHNE § RIQFRANTN A6t e fHerreEtdmgt st Alfeaaieaddestidr ess
process using said alternate area as well as said second alternate- address
nmanage e Akanagesentapfosmation frdagnapmecdicratetadsiiess pierEswriing suid lteviztereans f or
controlling said wite nmeans to wite data at said address related to said
dat a- wr i targagandr @ egeend aliemlaigpddtdash granagainaent infoendtiomvaréd feenesirding sarddi cat i on
information if said confirmation neans determ nes that data has not been

recor ded abrnari-slldesid heS8gerRdnd i EBrmitdnSial l hahRak istatd)And QGdeB4inMia
controlling said wite neans to wite data related to said data-witing

request igfaSal hidlsh Fa0ah EnRbRAoPReIH hsdS INUALING HAC A ERAALEE address

managenment informatio al witten/unwitten~state I ndicatlon

i nf or mat i i.f saikd confpkrmati neans deter.m,nes that, da as.been
recorded’ a@cgsflé)ln niojpaton, jog sach gﬁ%ﬂ%@ 0? Salgéi“ﬂn JAR% 19 eﬁlﬁfl ?@gdﬁgﬁtﬁher eas
said determ nation ans . determ nes that_ sajd alternate-address process
can be caMfimyragepenticaniolares as winamtion sadicatingavhgther or gghdate hankes al so

updates the alternate- o .
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/unwritten state
indication information; determination means for determining whether or not an
alternate-address process using said alternate area as well as said second alternate-
address management information area can be carried out; and write control means for
controlling said write means to write data at said address related to said data-writing
request and updating said written/unwritten state indication information if said
confirmation means determines that data has not been recorded at said address related
to said data-writing request but controlling said 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

11



address managenent information by additionally recording alternate-address
managenent information in the second alternate-address managenent 12
information area of the recording nmediumand records information
indicating effective alternate-address nanagenent information. On top of
that, the wite control neans also wupdates the witten/unwitten state
indication information by additionally recording witten/unwitten state
- i ndi cat i cddiens aelatetdi 6n shd tihe-va@ogndeqicste whateas it rdessmimatiag emeants
information area of the recording mnediumand records information

i ndi cat i rigtepiniiRs thaV Said WhérhateadmRY prot&B cat Bé arlibdlb@at i on information. As an
alternative, the wite control neans updates the witten/unwitten state

| ndi cation 1 Nigle@RhbRMnibodirfitl, (he Wil Yodifth Hehl dish oA MCIden state

indication in mation 1n the main data area o e recording nedium In
addi tion,_.the recording apparat.us further. h set _neans, for setting an
ndi cat ot (R SPRARRIST. b adfifiodPe et Tre el

i nformation recorde on the recording neduﬁn1as i nformation indicating
that t héPBREPGH Ifprmfondp theseaend alicanpts-pddres pategedeitta area of the
recording nediumis used as the witten/unwitten state indication

informati on area and, hence, cannot serve as an area used for the
al t ernat e- addr ess process

12



and on the basis of the substance of data recorded in the portion existing
in the alternate area as the 13 witten/unwitten state indication
information area in a configuration wherein the wite control nmeans uses
the portion of the alternate area as the witten/unwitten state

indication information area and additionally records the witten/unwitten
state indication information in the witten/unwitten state indication
information area. According to a third aspect of the present invention,
there is provided a reproduction apparatus provided for a recordi ng nmedi um
provided with_a wite-once area allow ng data to be recorded _therein once
and conpri stRECIMARIANJAE SR aPEatRe TSRPTIERT SMAHABARAL TR EDI area for
recordi ng managenent/control information for recording data into said main
data area ahBIPEPRBHNRI hEddeRBlng onf 5266 i #l Baknate caddy®mePei n: said main
data area conprises a regular recording/reproduction area which data is
recor ded inménaﬁﬁmﬁébrb@g@é@ati@m1as well as an alternate area for
recording data due to a defect existing in said regular

recor di ngi r epr oducit dirrarega tdratf,orther egdrtdi mepndatcd meaanspradeess t o renew
data; sai d managenent/control area conprises a first alternate-address
managenent updatemnt tiva wreatdofumecdrithmosfatrstimdiesinade- address
managenent information for managi ng alternate-address process using said

al ternat e afefoanst bosaspidl i esmal By ackh @S AR Nagentest /imforihedn on ar ea
for recording said alternate-address managenent information in an

updat eabl e state; iacatidd Al Bordl 8 {He Sl hRNAgEBM/Lontrol area
is used for recording witten/unwitten state indication information for

each data unidr s sflithdBHdhlalir Al 1 ANhAAP oAl Yldo 1 A d

managenent/control area as information cating et he r not data has

P:_gg- \rlrweghts Oc%imrnga | 'no!céj@c}r_ad rﬂ&goﬁ@&&neﬁrn%%%&!ﬂg; ae‘k?éé‘éi‘k?e conpri si ng:

g out data fromsaid recording medium first
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 main data area of the recording medium.

In addition, the recording apparatus further has
set means for setting an indicatcr 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

portiocn existing in the alternate area as the
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confirmation neans for determ ning whether or not data has been recorded at
an 14 address related to a read request to read out data from said main
data area on the basis of said witten/unwitten state indication ,

i nformation; second confirmation means for determ ning whether or not said
address related to said read request to read out data fromsaid nmain data
area i s an address conpleting an alternate-address process on the basis of
sai d al t ermisemémaaiftes ssatereindigatien infomdationmedreo iy aanchfrgesadionowherein theans f or
controlling said read neans to read out data fromsaid address related to

sai d r eadvritt eontfis imdahs G&sGhd porfibn 6PME ialtEMbieAfcaBans waGb@UAWAREN §thRt dat a
has been recorded at said address related to said read request and said

second copfitdiidRt {IGmIRBAS St zﬁfdmaﬁ'&iﬁonatl tecdfdsd tl?cd%rﬁf%ﬁ/ﬂnﬁléﬁﬁeﬁdstﬁtg sai d
read request is not an address conpl et g an a t er nat e- ress process,

but contr rel aid read
request f I?d(%!ﬁ%tfég %ﬁhq%tlo ngtﬂgg‘gﬁgg&%wﬁﬁ aglms o i0 %{O&aﬁ%’t e- addr ess
managemnent tion if.said first confirmati on neans deter es t hat
“data has beenr‘l‘r"@ Higetp 3t thin ai‘stﬂe%fd?if?g?splfeé?‘%tléﬂe”ct’é’nsél?eﬂe r’%é’&o‘flgl?jﬂést and
sai d second confirmati on neans determ nes that said address related to
sai d readenredfistion apparafks aeyidesisior arrproeding gnetium airedderthwish adwritesencer ocess.
According to a fourth aspect of the present invention, there is provided a
r ecor di ngreastlbatngdoeitddd merrded theodn cbhu:gamadbmpﬁﬁn@\ai wieid datd Brea dar i t e- once
area allowing data to be recorded therein once and conprising a nmain data

area as WelllasasmaagbRBRGRDAREL Ar@@mrrr@éor&hg%Jnagexﬁ@ﬁ%ﬂﬂraqnmmt / control
information for recording data into said nain data area and reproducing

data fr 0%&?&1% Eht&' @51 idiff aa%%a%ﬂ Te rﬁ@ﬁdﬁné;&%tg ﬁ%ﬁ{ ?az@gﬁgn %Tglreldses a

regul ar recor repro UCtI on area V\Ihl recor

e RN R A R ST

recordi ngatg % ?eclopded 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 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 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

14



a process to renew data; said managenent/control area conprises a first
alternate 15 address managenent information area for recording first

al ternat e-address nmanagenent information for managi ng alternate-address
process using said alternate area and a second alternate-address
managenent information area for recording said alternate-address
managenent information in an updateable state; and said main data area or
sai d nmanaddmentelatahtoraadcadiregacst $o terd duf data freangaii mgindatd srembutherbasisen st at e
i ndication information for each data unit of said main data area and each

dat a uni tofedid vedtteh AHRAAGATRAE [HURAHOR inffB@ioAS séc0he coMitnioh Aafatdng
whet her or not data has been witten into said data unit, said recording

met hod  C QR i 0 wh@hEOH Eéqg%ﬁfdi a%ref%E %iét%{i do gﬁg%ﬂ fy;%ﬁgst%?éaﬁq{ut Qhtanot data

has been recorded at an address relate at a- rting request to wite

data in i d in.data area on.the basis.of said witten/unwitten state
i ndi cati glﬁm? %f’fq%m%’% ?%tﬁjareg EES ?‘?actofrg’rlna?@eaﬁl n’&&%’%‘i’iﬁ?sﬁipﬁ‘ﬂzesmﬁ‘ﬁer or not
an al ternat.e-address process using said alternate area and said second

al t o nat SasHaf s HRlForfidress impAng Berasnt shfoamations #rd seadcenntobmeant fora i r st
wite step of witing data at said address related to said data-witing
request &peiralbagisiidgeathingansiia read ot datai frome rsast addeessrrdiatedt ioonaid rdadr mat i on
if a determnation result obtained at said confirmation step indicates

t hat dat aequast ifigdid fies confamitide dneahs deteniackithesdats Biscbeet récordedait daid
data-writing request; and a second wite step of witing data related to

sai d dat gddratsl feldidll toChiBdad! Bq e thPbdi@583n8 BhffnAdbnYRkdnsdidiRfiRs! ng sai d
al ternat e-address managenent "information and said witten/unwitten state

i ndi cati LT E:emi Qﬁ(ﬁ@gs' ﬁtédfto %aidﬁ'géflf?g{l%?ﬁ;@@gé g&&i‘leés c%%pz‘ié}%%%n%itgﬁl%{eq

confirmation step Indicates that N~ recor _ addr ess
Ot ai ned A e B P e ToR S2H G MESdp Sec padoEnfeiis] PerHLRaS addr ess
process can be carried out.
request from said alternate area on the basis of said alternate-address management
information if said first confirmation means determines that data 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.
According to a fourth aspect of the present invention, there is provided 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; said management/control area comprises a first alternate-~

15



According to a fifth aspect of the present invention, there is provided a
16 reproduction nethod provided for a recordi ng nedi um provided with a
wite-once area allow ng 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 nmain data area wherein: said nmain data area
conpr i sesddreseguhsageneaor difmgdatiepr agerct foon receedinghifodt  ak@tratd-sddressor ded
into and reproduced fromas well as an alternate area for recording data

~ due to angighgsher®thidithighn Pr SRindgin® Gltbiatet RIIBSE pRibesCRiRsEd laRmakea or for
recording data in a process to renew data; said nanagenent/control area

conpri se i { S atioR T i for
recordi ngr%i arngtz{ ie}c?%% %@%@%g‘g@%gﬁ@%ﬁ%ﬁem |a}#) grair)r%{@ %)'rrl%gf% gerlllggi ng

al t er nat e;,addr e rocess using said .alternate.area and a.second

ot or nat S1ETAFERERE REFRRaR! FvSn 8 b SR RuF SER. A5 afia SRS Hipe

al t ernat e- address managenent information in an updateable state; and said
mai n dat &4r¥as %}ﬁ%ﬁ@g@wﬁ AP Snbsed) fog regordigs yeditey grvitsaostaieng
witten/unwitten state indication information for each data unit of said
mai n dat #ndagasian infetmatiophfod gach datd tnip of said dnaim datgemerandcoch dah vaited as
information indicating whether or not data has been witten into said data
uni t, sakgid mepagdnetticontrotedréiogs wtirpiation hglicatidg fwheger 00Nt dat@haieeat ep of
determ ni ng whether or not data has been recorded at an address related to

a read rQgiiRatintoGaldedfla Qi AR RcHHIRIP SRS BinPriSRkaa 86 ARk RRphAsi s of
said witten/unwitten state indication informati on; a second confirmation

step of N r ' r I id read
request fl %@%ﬁi@ﬁ]%ﬁ&ﬁ%\f%l H‘ﬁrdoa?ﬁ[ g%oée&rrlgﬂlegmgg?aa?%? élg&%egst lgegatéa&d)aﬂ: gs(%tagorrpl eting
an alternatt.e- addr ess roces§ on.the., basi s .of said alterpate-addr.ess
managenmeREINEF BYHET h: water dptde i aifl Jpap diter d5Ri oy thEubated £418m sai d
address related to said read request if a determnation result
written/unwritten state indication information; a determination step of determining

whether or not an alternate-address process using said alternate area and said second
alternatc-address management information area can be carried out; a first write step of
writing data at said address related to said data-writing request and updating said
written/unwritten state indication information if a determination result obtained at said
confirmation step indicates that data has not been recorded at said address related to
said data-writing request; and a second write step of writing 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 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 out.

According to a fifth aspect of the present invention, there is provided a

16




obtained at said first confirmation step indicates that data has been
recorded at said 17 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 not an address

conpl eting an alternate-address process; and a second read step of reading
out data related to said read request fromsaid alternate area on the
basi s of reppduciionanetho@ praddede iy armavagne ntediund provadédowithfa aritkedmoeni nat i on
result obtained at said first confirmation step indicates that data has

been recardedlmtingdard taddr essrded ltiadraid dnee S8l GompaigifleLaAURSYat@REkads
determ nation result obtained at said second confirmation step indicates

that sai dvelal £5Endgehidh@hnk] 52h forf &@&dfr&%ﬁ%%%%gn%nﬁgﬁﬁ aBGRL i Ng an

al t ernat e- address process. Thus, in exanple e I ments, the wite-once

recordin ' ' [ recor.di.nglir oduction ar.ea, an
al t er nat gedﬁgggﬁgﬂa?ﬁ% Flsé?] QZP%grdﬁgi?& g%ag%lcﬁlrrg ?dg%ggatgﬁ{eo Szflﬁflbaln?rg?tflgﬁaand a
second al t,er nat e:ia\ddre managenent i nformti on, rea. In 17a additi on,

wri tten/ OFRFSRY i DR it AERACmIBBISeY Af el e dingdepradtigadireagyyhic

additional |y recordi_ntg al ternate-address nanagenment information related to
an al t er fateds dererdedsinionansicreproduped fremsascweldl as pr aitomats- arerl fe secardinggenent
i nformati on area, the second alternate-address managenent information area
can be udeld dwe &m aadefactl existimgplirersefdt repglar rreaedialg/reprodadtwn hma asgtdfdri on, the
witten/unwitten state indication information is used as information for
det er m nirét@rding 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 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 information; a second confirmation step of

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; a first read step of reading

out data from said address related to said read request if a determination result

obtained at said first confirmation step indicates that data has been recorded at said

17



whet her or not data has been recorded in each data unit (or a cluster) on
the recording nedium Thus, it is possible to inplenent managenent of
defects and renewal of data in wite-once nedia. Wen the recording
apparatus receives a data- witing request, for exanple, the
witten/unwitten state indication information can be used as information
for determ ning whether or not data has been recorded at an address

speci f i eddilress tedatedtpusast read feqiastani aslebemmations centiedtanedt disaidddeass
specified in the request, data to be witten is recorded in the alternate
area. | n cafiflirhdtion, stefd yndid¥at thagsal taddnsd ecladd e ssidRa@ gedR isi it amnat i on

t hrough addition of information on the alternate-address process carried
out inr i it i. —Vhptually, a
dat a 1 enoaa o S O e e R bl e’ by
updati ng t te- [ nt dnfqQrmatio [ ou . ition of

i nf or mat id%{n'dl rgfﬁl&t%ﬁg Sgﬁ%ﬁ g?ﬁ%ﬁ‘@%ﬁ%ﬁﬁ‘?@ é& %lke%%gg% ac%lpdrl% %lglso%tgafcﬂﬁ%g&%?'di ng the
data to tgig witten in the al t.ern?te area dye to def,eccti exi s(iiifn at the
addr ess & frasaes et vafqragtien il amerpinaten sruduebiriord 4 il recei ves
a data reproduction request, the witten/unwitten state indication

i nf or mat iconfiEzatiopstapsiadicates tht datades beenf igeorded 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.

Thus, in example embodiments, the write-once recording medium includes a
regular recording/reproduction area, an alternate area, a first alternate-address
management information and a second alternate-address management information

area. In
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determ ni ng whet her 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
If the address specified in the data reproduction request is an address
shown in nost recently updated alternate-address managenent information,
the data to be reproduced is read out froman alternate destination
address shown in the nost recently updated alternate- address nanagenent
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
dat a resul??ﬁbt}?%m‘ﬁ“riém%‘%\gﬂlmb’flﬁ%‘f% %%‘}%c”trég“f%t%ﬁp Jéﬁ%‘?%’i%g%ddress

process in the past due to the  existence of a defect. 19 BRI EF DESCRI PTI ON
OF THE DRAWRGE-EP¥Seq: | SYardedfiisnatldny reicagiddmds Rawiehg atfe 2898 g ss
structure of a disk provided by an enbodi ment of the present invention;
FIG 2 is dreeipeaent oryt olimeaiycon stovird the antalikennatofaddeses | ayer di sk
provi ded by the enbodinent; FIG 3 is an explanatory diagram show ng the
structure dfrecesw-lmyldre distonpt oyl terhdye tandmrdodiaregsner® G 4 i s an

expl anatory di agram showi ng a DVA of a
information area, the second alternate-address management

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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di sk provided by the enbodinent; FIG 5 is a diagramshow ng the contents
of a DDS of a disk provided by the enbodinent; FIG 6 is a diagram show ng
the contents of a DFL of a disk provided by the enbodinent; FIG 7 is a
di agram show ng defect |ist managenent information of a DFL and TDFL of a

di sk provided by the enbodinment; FIG 8 is a di agram show ng
alternate-address information of a DFL and TDFL of a disk provided by the

enbodiment; FIG 9 is an explanatory diagram showing a TDVA of a disk

provi ded by the enbodinent FIG 10 is an explanatory di agram show ng a
FIG 11 is an

space 20 pv b of a d| rovi ded by the enbodi nment;

e>F<)pI anat orylHP 8?“5 §ﬂovm%‘gl§eacg)ﬂﬂ_n‘—i‘ﬁemed¥§jl%%@ FrAA s SREIHE R Modi nent :
FIG 12 is an explanatory di agram showing a TDDS of a di sk provided by t he
enbodi nent ; URf&t1ag ?ét%n%%ra%%%w BRABFERPRR oW FRTEME 1 SA thAeEBA of a
di sk prOV|ded by the enbodinent; FIG 14 is an explanatory di agram show ng
a dat a- recégﬁiggoﬁrIér1Fﬁ0émQFA%Do©natH?sklb¢bw$tﬁmﬁﬂﬁr¢m% process

carried out in recording the data to be written in the
alternate area due to a defect existing at the address
specified 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 tb an
alternate-address process in the past due to the

existence of a defect.
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enbodiment; FIG 15 is an explanatory diagramshowing a utilization stage
of a TDMA of the two-layer disk provided by the enbodinent; FIG 16 is a
bl ock diagram of a disk drive provided by the enbodinent; FIG 17 shows a
fl omchart representing a data- witing process provided by the enbodi nent;
FIG 18 shows a flowchart representing a user-data- witing process

provi ded by the enbodinent; FIG 19 shows a flowchart representing an
overwite function process provided by the enbodinment; FIG 20 shows a

fl omchart representing a process of generating alternate-address
information in accordance wth by the enbodinent; 21 FIG 21 shows a
flowhart representing a data- fetching process provided by the enbodi nent;

FIG 22 sho%g a flowhart representing a _TDFL/space-bitmap update process
provi ded byPERBY BRBoBF FERYY BF FHBIDRABWECE f1 owchart representing a
process of restructuring alternate-address information in accordance wth

t he enbodi nent; FIXIG24 i & SENIATRIOEY @ idgam s iny tthe area

structure of a disk provided by an embodiment of 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 1s 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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process of restructuring alternate-address information in accordance with
the enbodinment; FIG 25 shows a flowchart representing a process of
converting a disk provided by the enbodinment into a conpatible disk in
accordance with the enmbodinent; FIG 26 is an explanatory di agram show ng a
TDVA of a disk provided by another enbodinent; FIG 27 is an expl anatory
di agram showi ng a TDDS of a disk provided by the other enbodinent; FIG 28
is an explanatory diagram showing an I SA and OSA of a disk provided by the
ot her enmbodi nment; FIGS. 29A and 29B are each an expl anatory di agram
showi ng spare_area full flags provided by the other enbodinent; FIG 30
shows a fI(a)]% 3Py ? p‘?e‘géﬁ}?i Bﬁg‘él‘a%gaby Zézlh‘%vr?lfﬂwﬁlrb‘?%Eéss provi ded by the
ot her enbodi nent; FIG 31 shows a flowchart representing a process of
setting a renewal ¥iffrctilontS Pracedt@aide i (H ad@mothar L rehtodiéntet FI G
32 shows a flowchart representing a data- fetching process provided by the
ot her enbod? nght* RRAYViHeE bR3thhowpbedfmevkhart representing a -

TDFL/ space-bi t map update process provided by the other enbodi nent.
FIG. 12 is an explanatory diagram showing a TDDS of

a disk provided by the embodiment;
lFIG. 13 is 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 is 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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Best Mobde for Carrying out the Invention The follow ng description explains
an enbodi nent provided by the present invention as an enbodi nent

i npl enenting an optical disk and a disk drive enployed in a recording
apparatus and/or a reproduction apparatus as a disk drive designed for the
optical disk. The description conprises chapters arranged in the foll ow ng
order: 1: Disk Structure 2: DVMAs 3: First TDVA Method 3-1: TDVAs 3-2:

| SAs and OSAs 3-3: TDVA-Using Method 23 4: Disk Drive 5: Operations for
the First TDVA Method 5-1: Data Witing 5-2: Data Fetching 5-3: Updating

of the TOFLISpace sBELeR hefls SUMRLGN! ILe CUIRLDLS g 6, Effects
BAs fetching process provided by the embodiment;

FIG. 22 shows a flowchart representing a
TDFL/space~-bitmap update process provided by the
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 piovided 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 OSA of a disk provided by the other embodiment:

FIGS. 2%A and 29B are each an explanatory diagram
showing spare area full flags provided by the other
embodiment;

FIG. 30 shows a flowchart representing a data-
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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
Conpati ble Disks 9: Effects for the Second TDVA Method 1: Disk Structure
First of all, an optical disk provided by the enbodinent is explained. The
optical disk can be inplenented by a wite-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 paraneters of the
hi gh-density 24 optical disk provided by the enmbodi nent are expl ained as

foll Th ' ' th dj sk d t h nmbodi t
oo s AP S o b e AP L, LR B st et
That t : I t of th tical
di sk provi ded by {HS erbbdi er“asflsq”vfﬁ%aaa“frie BRI & B3O
Di sk t d a disk of PDigital V tile Disk t As

sk) sys eg%gg a disk o f F%%é %gl a ersatile S system a

recording/r et ? oh*Ta¢ert, chlt | RECOPRRCE A B | BheseEeBy usi ng
an optical system having a
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 fecllowing 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: Disk Structure
2: DMAs
3: First TDMA Method

3-1: TDMAs

3-2: ISAs and OSAs

3-3: TDMA-Using Method
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hi gh NA of typically 0.85, setting the track pitch at a small value of
typically 0.32 mcrons and setting the Iline density at a high val ue of
typically 0.12 mcrons per bit, it is possible to inplenent a user-data
storage capacity of about 23 Cohyte to 25 Goyte for an optical disk with a
diameter of 12 cm |In addition, a two-layer disk is also devel oped. A
two-layer disk is an optical disk having two recording |ayers. In the case
of a two-layer disk, a user-data capacity of about 50G can be achi eved.
FIG 1 is an explanatory diagram showi ng the layout (or the area
structure) gt t&ﬁseq§ire di sk. The recording area of the disk includes a

| ead-in 5°zone o% He’F nnernmost circunference, a data zone on a niddle

ci rcunferengce d a | ead-out zgne on the outermpst circunference. The

| ead-in zond; t e?ﬁﬁ%?%ﬁn#?%uﬁ%%Pﬁ%qﬁﬁuEQMﬁ Ne; serve as recording and
reproduction areas as follows. . A prerecorded information area PIC on the

i nnermost side of°the Pé4d W51%4RE is a reproduction-only area. An area
starting with a nmanagenent/control information area of the |ead-in zone and
ending with the | oubPazané&eitshinged as a wite-once area allowing data

to be witten therein only once.
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
71-2: ISAs and OSAs
8: Operations for the Second TDMA Method
8-1: Data Writing
B-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 is 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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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
allowing data to be recorded on the groove. However, the scope of the
present invention is not limted to the optical disk with such a recording
track. For exanple, the present invention can also be applied to an

optical disk_adopti | and, r.ecoy di ng-t echni,que whereby data i s recorded
oh a Tand bEPUGER t HOSRAPAREHISS 2BY oF HovEEOORANERt: £F 6ne P aaL prasent
i nvention cgghﬁlso be applied to an optical disk adopting a | and/ groove

recordi ng-t PHte whereby data is recorded on a land and a groove. In
addition, the groove used as a recording track in an optical disk has a
shape wobbl ed by ahubtshgizg gialthermmticldisis imrayidad Jutihen opti cal
di sk detects both edge positions of the groove froma reflected |ight
beam of a | 8Bepdspentridi exeresocdhen geooveof Thediamgtextehci2hgnm
conponents fluctuating in the radial direction of the disk as fluctuations
of both theand a disk thickness of 1.2 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 1s 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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edge positions in an operation to nove the | aser spot along the recording
track, the wobble signal can be reproduced. This wobble signal is

nodul ated by informati on 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 the information on addresses, the disk drive is capable of
controlling addresses, at which data are to be recorded or reproduced. The
| ead-in zone shown in FIG 1 is an area on the inner side a circunference

havi typjcal jus, of 24 M. 27 bet i rcunt i th
A Taotus of P29, 9 ek i BTl b KA U T 1 A TR B Tmin: the

| ead-in zone. is.the prerecorded infornmati on area PIC ﬁgﬁ prer ecor ded

i nf or mat i onmh?(iﬁeﬁf ?‘émﬁ%]é%n?%ran tr TEPT oRRT | Th-OHE YO i on as
t he wobbling, statfe of the groove. The reproduction-only information

i ncl udes disk*THFOTHEtTSN such as recordi ng/ reproducti on power conditions,
information on areas on the disk and information used for copy protection.
It is to be notedThehdeeacdhdde zsincoedhst dafRozeae Gmde &ealleadré@Utecor ded on

the disk as enboss pits or the like.
zone serve as recording and reproduction areas as follows.

A prerecorded information area PIC on the innermost side
of the lead-in zone is a reproduction-only area. An area
starting with a management/control information area of
the lead-in zone and ending with the lead-out zone 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 is 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-technique

whereby data is recorded on a land between two adjacent
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A BCA (Burst Cutting Area) not shown in the figure may be provided on a
circunference on the inner side of the prerecorded information area PIC in
sonme cases. The BCA is used for storing a unique ID peculiar to the disk
recording nmediumin such a state that the ID cannot be renewed. The uni que
IDis recorded marks created in a concentric-circle shape to formrecorded
data in a bar- code format. An area between a circunference with a radius
of 23.1 mmand a circunference with a radius of 24.0 mmin the lead-in
zone is a managenent/control information area. The managenent/contro

informatio as I term.ned_ar or; i_nclud control data
arca 26 S TR (Do Gt TEASaSHent U Ba LR TS FaSBoF ATy Seodt
Managemnent ) test wite area (QPC) .and a buff area. The control
data area i%gcqetg)a%%arion atlheOptrﬁa%aageC%E%}{ /ac(g%ﬁtr]d}g i%hf t9"0Par ea i s used for
recordi ng managenent/cqontrol informati pn such as a di sk type, a, disk

si ze, a dis¥ ¥h L& QﬁﬂﬁesﬁhqﬁégkégﬂﬁiGﬁhﬁﬁﬂqrigf‘?bﬁgﬁﬁFKECA

i nformation, transfer rate, data-zone position information, a recording

| i ne speed &\ @ ng/ reproduction | aser power information. The test

wite area (OPC) included in the
' +~ In addition, the groove used as a recording 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 demodulating
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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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 a region for adjusting the recording/reproduction
conditions. In the case of an ordinary optical disk, the DMA included in

t he managenent/control information area is used for recording

al t ernat e- address managenent information for managi ng defects. In the case
of a wite- once optical disk provided by the enbodinent homever, t he DVA

is used for recor difNg; A0 WM Yed e, akiLLDMS 1‘?‘@'@'%‘?

informati on of defects but al so 29 nanagenent contro |nforna |oﬁffor

|l enent | ngadat fn £RACHALS L ERLLRRLT GaLy diSkyl Bt HESoqaseLy 1o

particul arly, the DMVA |'s use recor |ng I nanag

d CSA n o] e . des . later. |n. order to
ﬁgke rengara?ggnE ;E%oégﬁ%lggb§ﬂga fﬁﬁecﬂggegflﬁ Oﬁpﬁg?ﬂ%t@rﬁadPﬁgs
al so be updated when data is

process, the cont tes of the CE%A ’bﬁ?

renewed. For updat gQ%eerec%cfﬁ SHTHFOHRE oA 2 45 FASvAL S 155DV ed.

Al t er nat e- addr ess _nana information is added and/or recorded in the
TDVA and upﬁ CEHY r OTR ? cho?lﬂ% y information as the wobbling

state of the groove. 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 also 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-
éode 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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Last (nost recent) alternate-address nmanagenent information recorded in the
TDVA is eventually transferred to the DMA. The DVA and the TDVA w Il | be
described later in detail. The area on the circunferences with radii in
the range 24.0 to 58.0 nmexternal to the |ead-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

provi ded on_t st crrc ere ce_o ata zone. t he ot her
hand, an OSA P@ﬁtzs e %P%%?m?g 59? ed? ﬁD@% 9%%P8Fﬁ5¥tD%??EEnference
of the dataMzone e descrlbed | ater, the ISA and t he_OSA are each
used as an “arfEPHEEE %F%% prdviash ¥oitaefBets (ARG fordi ApPehERTing data
renewal s (overwriting). The | SA begins fromthe start position of the data
zone and i néf@des 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, whiciheganaal sathaan pusiudesh in the

management/control information area is used for recording
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 is a region for adjusting 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
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of the data zone. The sizes of the | SA and the OSA are described in the
DVA. A user-data area in the data zone is an area sandw ched by the | SA
and the OSA. This user-data area is an ordinary recordi ng/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

| ocation of the user-data area and are recorded in the DVA. The area on
the circunferences with radii in the range 58.0 to 58.5 mmexternal to the
data zone is the |ead-out zone. The | ead-out zone is a managenent /control

information_area havk?g a frgde%grnined fo%nat.to i ncl ude 3% E control data
area, a DVA"SRAYEUBLFSEPREFRL. TMCRTRFKRY fRE ORI FBFREGAEE 37ER included in
the lead-in zone, _the control data_area of the |ead-out zone is used for
storing var FBASYRIAJER of M RraPRELRRht AEdht r ol iHHicT RSN PAEy GHe

t oken, much |ike the DVA included in the |ead-in zone, the DVA of the

| ead- out zohBei BMlséy wsednfonreacebiingcbPyi Hy pepageheIPrRaEHaRi on of

the 1 SA and managenent information of the OSA. FIG 2 is a diagram show ng
a typical s®RUcPBRenppagemen habrfermatiecont violch nfbl helpé oheaceabed a

one-l ayer disk having only one recording |ayer.
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 (most 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 5B.0 mm exte:nal to the lead-in zone is
used as a data zone. The data zone 1s an area, which user
data is actually recorded into and reproduced from. The
start address ADdts and end address ADdte of the data
zone afe included in the data zone position information
recorded in the control data area described earlier.

An ISA (Inner Spare Area) 1s provided on the
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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 | ead-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 figure. This is
because, in actuality, a portion of the control data area is used as a DVA
for exanple. Since the structure of a DVMA is an essential of the present
invention, the control, data area is_not shown in the fiqure. As described

above, the LBBEIRASENGITeRBIBEENcoNeE T2 F3kd uBRE our®  qtheT pwvA 1 to
DVA 4. DVA 1 to DVA 4 are each used as an area for recording the same
al t er nat e- agAPess2 PPy e MBRECT nfRR ARt 2B ) Ho%weREPVidedDVA F2€provi ded as an
area used for tenporarily recording alternate-address managenent
i nf or mat i oncahermeyeryircuplarcate ephatlee sdiir2ssopeocdss Wild ddrri ed out
due to renewal of data or a defect, new alternate-address managenent
i nf or mat i ondéscatoidi babtty thecbfiemnd nthdeOIOMNr ¢ ccapdatecd has i@ or mat i on
already recorded therein. Thus, till the disk is finalized, for exanple,
t he alternate area provided for defects and for implementing
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 OSA 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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DMAs are not used. Instead, the alternate-address managenent is carried
out and new al ternate-address nanagenent 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 alternate-address process based on the DVA can be
carried out. FIG 3 is a diagramshow ng 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, O in a direction fromthe inner side of the disk to
33 the outef SPAETPhePRLE, 2582 5amelHe ?ﬂdtﬁeb‘dgg%ro?r%ﬁe- M“Eﬁbrl]d?esk. On

the other hand, data is recorded onto and  reproduced fromlayer 1 in a
direction fFof FARLEAL efatR| BECH LRRbUEAPLKIR ot Pl PRARREN sEERE L hBRROf . The
val ue of the physical address increases in the directions. That is to say,
t he val ue of°Rhecphyateapreadaf eshe oheddyert 0zomer easesed nfehe direction
fromthe inner side of the disk to the outer side thereof, and the value
of the phys$tarinddvessoes kayds dfimznaasesnthceheroli iefoimatienm the
outer side of the disk to the inner side thereof.
By the same token, much like the DMA included in the
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 O0SA.
FIG. 2 is a diagram showing a typical structure of
the management/control 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 ihcludes 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 control 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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Much i ke the one-layer disk, the lead-in zone on |layer O includes a
variety of areas such as DVA 2, an OPC (a test wite area), TDVA 0 and DVA

1. Since the outernost circunference on layer 0 is not a | ead-out zone, it
is referred to sinply as outer zone 0, which includes DVA 3 and DVA 4. The

outernost circunference on layer 1 is referred to sinply as outer zone 1,
whi ch includes DVA 3 and DMA 4. The innernost circunference of layer 1 is
a | ead-out zone, which includes a variety of areas such as DVA 2, an OPC
(a test wite area), TDVMA 1 and DVA 1. As descri bed above, the lead-in
zone, outer zones O_ and_1 and the | ead-out zone include eight DMAs. In 34
addi tion, eidBRLBfet haUFeB¥RAI ng- FayeP@AlﬁcFEdQEAa4TDNﬁ§*3WH€3§WQ% bf the

| ead-in zone on layer 0 and the size of the | ead-out zone on layer 1 are
equal to th8TesPaEhoRSERedsedl- fRe20RBTORSFAEBNEG- FAgePalEsk. On the ot her
hand, the sizes of outer zones 0 and 1 are equal to the size of the

| ead- out zométernghe- addreayenadpgrment DvAsrihbidata structure of each DVA
recorded in the lead-in zone and the |ead-out zone is explained below 1In
the case of a two-Hasmeremdi sk, ThMie DVAsratsided red e drte AMAS fox out er

zones 0 and 1.
temporarlly recording alternate-address management
information and, every time an alternate-address process
is carried out due to renewal 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
cut.

FIG. 3 is a diagram showing a two-layer disk having
two recording layers. The first recording layer is
referred to as layer O 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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FIG 4 is a diagramshowi ng the structure of the DMA. 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 smallest data-recording unit. O course, the
size of a DMAis not limted to 32 clusters. In FIG 4, the 32 clusters
are identified by cluster nunbers 1 to 32, which each indicate a data
position of each content of the DVMA. The size of each content is expressed
as a cluster count. In the DMA, cluster nunbers 1 to 4 identify four
clusters form ng a segnent for recording a DDS (disc 35 definition
structure), which describes the disc in detail. The contents of the DDS
wi || be desthgbedteat eidpythefeerfi ngstdaFe@s51n| phactaaf! 9f siace the size
of the DDS is one cluster, four identical DDSes are recorded in the
segnent . C Layer dugsber 05 the Stildenthdnd f datx|istwreordast mnig amkgnent
for recording DFL #1, which is the first recording area of a DFL (defect
list) The datprodticadt firemolatbe tleiecé distcwibh Deonetbei betletater by
referring to FIG 6. The size of data stored in the defect list is four
clusters fosfi@gos thsetdofk tofornsaihesarosiatteneaterfaddresses.
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 outer 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, ocuter zones 0

and 1 and the lead-out zone include eight DMAs. In
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Cluster nunbers 9 to 12 identify four clusters formng a segment for
recordi ng DFL #2, which is the second recording area of the defect I|ist.
The second recording area is followed by the third and subsequent
recording areas DFL #3 to DFL #6, which each have a size of four clusters.
The four-cluster segnent DFL #7 used as the seventh recording area of the
defect list is identified by cluster nunbers 29 to 32. As is'obvious from
t he above description, the DMA having a size of 32 clusters includes seven
recording areas of the defect list, i.e., DFL #1 to DFL V. In a wite-once
optical disk allowing data to be 36 recorded therein_once as is the case
wi th the di 3Rdipien;dedchbycofhehenbeaphehny LaverdeintbufesordTeBfAtents of
a DMA, it is necessary to carry out a process referred to as 'finalize'.
In this case, the Y®@resktontehtharkeaddgorame ion skangr recsrditye areas DFL
#1 to DFL U. FIG 5 is a diagramshow ng the data structure of the
contents of sihe ®@DSthecbedddoat theebeyi hayay of athecgd shoWnein FIG 4.
As descri bed above, the DDS has a size of one cluster (= 65,536 bytes). In
the figure,shytecP thet heapoesnt toncobnthiee bagrbayag diskhe @MDSHwvi ng a
size of 65,536 bytes. A byte-count colum shows the nunber of bytes

i ncl uded i nother 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 alsc 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 gourse,
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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each data content. Two bytes indicated 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 fornat.
Four bytes indicated by byte positions 4 to 7 are used as bytes for
recordi ng the nunber of times the DDS has been updated. It is to be noted
that, in this enbodinent, in the finalize process, alternate-address
managenent information is additionally witten into the 37 DVA itself
instead of being used for updating the DVA. The alternate-address
managenent $Fbrhat¢Bnstsuctorel i whichedsprpibesorbepdiag Wi &?lilnto the
DMA in the finalize process. Thus, when the finalize process is
eventual |y carri®e cerntentops (thengdiarii IBD3)e cleadralberbMR @t ns t he
nunber of tinmes the TDDS has been updated. The aforenentioned number of
times the DBSfémsindeen Uifdated iIs slsuaddber sohcei be sheeTbESthas been .
updat ed. Four bytes indicated by byte positions 16 to 19 are used as bytes
for recordibigs Alx DRV athicteld,s ficher sitderitiqely Drsds sest arecaddiesssirof a
drive area in the DVA
the segment.
Cluster numbers 5 to B 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 1list 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 29 to 32.
As is obvicus 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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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 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 for recording a PSN
i ndicating the position of an LSN (| ogical sector nunber) of 0. Four bytes
i ndi cated by byte positions 36 to 39 are used as bytes for recording an
LSN (| ogi cal sector 38 nunber) of the end position of the user-data area in
the data ZArerdeshrthgnads e &%ed Dyt i@ ssosiititodh4clitsk 43 are used
as bytes for recording the size of the ISAin the data zone. The ISAis
the | SA of rronalddystr tdisslemdrodiment],SArowidgrertc) nsfcard wepritayers di sk.
Four bytes indicated by byte positions 44 to 47 are used as bytes for
recordi ng tde =ildA,ofitedch ISk dgatheo datracyz anet. aFgurodpgesafdineat ed by
byte positions 48 to 51 are used as bytes for recording the size of the
| SA in the tadatsa Zanal il | SAni $hiibechSA, onhkayemnelcohtantwoal-ayer
recorded in seven recording areas DFL #1 to DFL #7.
FIG. 5 is a diagram showing the data structure of
the contents of the DDS recorded at the beginning of the
DMA shown in FIG. 4. As described above, the DDS has a
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 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 additionally written into the
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di sk. One byte indicated by byte position 52 is used as a byte for
recordi ng 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 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 39 to
say, the DDS is used for storing information for nanaging and controlling
areas of eabWP| SASghd éRehe@dAoL| heine daed Zeheuprfekingt hlee dBYA- structure
of the defect |ist DFL is explained by referring to FIG 6. As expl ai ned
earlier by Thefeltengete-&idreds mhradefent ifnSorDrFLips Lecodtdeedi hn an
area having a size of four clusters. In the defect Iist DFL shown in FIG
6, a byte- pbsi DA cefama shDms wafibteosibttonshefDBachndaba content of
the defect list -having a size of four clusters. It is to be noted that one
cluster is BZnsettersrocespyi Mhuhs,Hdh MHesEinHlize e sand dris has a si ze
of 2,048 bytes.
eventually carried out, a TDDS (temporary DDS) of the
TDMA contains the number of times the TDDS has been
updated. The aforementiocned number of times the DDS has
. been updated is the number of times the TDPDS 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 0.
Four bytes indicated by byte positions 36 to 39 are

used as bytes for recording an LSN {logical sector
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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 recording
managenent information of the defect |list DFL. The managenent i nfornmation
of the defect Ilist DFL includes information indicating that this cluster
is the defect list DFL, a version, the nunber of tinmes the defect |ist DFL
has been updated and the nunber of entries formng the defect |ist DFL.
The bytes followi ng the 64th byte are used as bytes for recording contents
of each entry of the defect |list DFL. Each entry is alternate-address
information_ati 40 havj a_l.ength of eight, bytes. A ferm nator ving a

L engt h ot _erahpehy: 82 A7, Sud B I op ref ke e uidr et S Piet BER
following ati #N, which is the |ast one of pieces of effective alternate-
address i nfoPhat FORS I n this DFL, an area fol lowing the alternate- address
end is filled up with QOh codes till the end of the clusters. The
defect-1ist manageifdht Q¥itsor madiGuesdihig byte vt ishs4 hyiie<Ld £5%hown in
FIG 7. Two bytes starting with a byte at byte position O are used as
bytes for reéEdfRdifigbutenafactercerding Bre size of the ISA in the

data zone. The ISA is the ISA of a cne-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 O0SA 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 0OSA 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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representing the identifier of the defect |ist 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 the nunber of tines the defect |list DFL has been
updated. It is to be noted that this value is actually the nunber of tines
the TDFL (tenporary defect list) to be described | ater has been updated
and, thus, a value transferred fromthe TDFL. Four bytes starting with a

byte at byte position 12 are used as bytes for recording the nunber of
es of 41

entries in h ef Lst.DFL, that is, the nu r of.pie

al t er nat e- ad rggg’iﬁg%r%% i bR A g%ﬁrsgﬁféggsf% ??%@thﬁ?hg%rbyte at byte
position 24m gge.used gs Q%tes or recording cluster_ counts indicating the
sizes of frag afehd AVAi FABHECHH PP hPRRr ALt 82Gh eb3® 3354 RCR PSR OSA 0
and OSA 1. Byte qgitions ot her than the byte positions described above
are reservet®and® af*t7i FPRY- with codes of 00h. FIG 8 is a di agram show ng
the data structure of an alternate-address information ati. The data

structure includd$®ithf dftadad® sHowWdignche foolremtes asft dn sntiiL is

conpl eting an al ternate-address process.
explained by referring to FIG. 6. BAs 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 1list 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. Each entry is alternate-address information ati
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In the case of a one-layer disk, the total nunber of pieces of

al ternate-address information ati can be up to a maxi mumof 32,759. Each
pi ece of alternate-address information ati conprises eight bytes (or 64
bits, i.e., bits b63 to bO. Bits b63 to b60 are used as bits for
recording status 1, which is the status of the entry. In the defect |ist
DFL, the status is set at a value of “0000' indicating an ordinary

al ternat e- address process entry. O her values of the status will be
explained later in a description of the alternate address in the TDFL of

t he TDVA. Bhé igg9%tfe§§%har t%§§€F3§¥gits for recording the 42 PSN

(physi cal sector”addres 0 S¥ttor in an alternate source
cluster. That is to say,,.in this data structure, g cluster subjected to an
al t er nat e- addr essAd:r%[Eg’sar{ﬁfe hay B Y& 98:&‘ roéf'n&/&ﬂ%to Y¥&t5a S YE8pr essed
by the physical sector add;ggg PSN of the first sector_of, the cluster.

Bits b3l t0*D23" aFLEFERRTGeRAATEST soRQY HEedt 2kely ng 1o ity Mhn al so

be used as bits for recording status 2, which is other status in this
entry. Bits'ibdd s pharkatisenaschipietey ebcofiidiglithealpymitat sector
address PSN of the first sector in an alternate destination cluster. That

is to say, a¢dxe$s 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

41



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 show ng an
alternate source cluster and an alternate destination cluster. Then, such
an entry is cataloged in the defect |I|ist DFL having a structure shown in
FIG 6. In the DVA, information on an alternate-address nanagenent
information is recorded in a data structure |ike the one described above.
As expl ai ne however, 43-these. ki nds. of information are recorded in
a progess t%ﬁ€$¥$éﬁ?i% ?%F%i%%fo¥$FE¥ﬁ% %ﬁ%bess, nost recent information

on an al ternate-addres nagenment, inf.grmation is transferred . fromthe
TDAR o the o G BN SRt 0 B baly Sin i e SR Gf  an
al t ernat e- addr ess na enentéggrried out due to renewal of data are
recorded i rPthe? YLEr§ DL hef Hvp T UDERR ERE 1O ES rendiratimg 3:

First TDVA Method 3-1: TDMAs The foll ow ng description explains the TDVA
(tenmpor ary BWVR) SHFEVitHed T4F tHeeammieheak T okt ridre alternate areas

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

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

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.

Bach piece of alternate-address information ati
comprises eight bytes (or 64 bits, i.e., bits b63 to bl).
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 sﬁatus 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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information area as shown in FIGS. 2 and 3. Much like the DVA, 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

al ternat e-address process is added to the TDVA or recorded in the TDVA as
an update. FIG 9 is a diagramshow ng the data structure of the TDVA. The
size of the TDVA is typically 2,048 clusters. As shown in the figure, the
first cluster indicated by a 44 cluster nunber of 1 is used as a cluster

for recording a sgace bitnag for |layer 0. A space bitmap conprises bits
each represénti ABRYSeFast BRCHPT acfarasaht afaFB8 fREFLAPRGLOFhER @B a zone as

wel | as a mapagenent/control area including the |ead-in zone and the
| ead- out Zoﬂét€5ﬁat?héouéﬁ?efil%%ﬁ@é- i Thae dase dfave tib-trEferdafiask) The
value of each bit is wite existence/non-existence information indicating
whet her or Bbrughuschas béenteri stehethed ho shusteernepeesduressby the
bit. Al clusters ranging from the |lead-in zone to the | ead-out zone
(i ncl udi ng phecesgtdénezbnes dafehe caseenévwalt wb-dayerisi skpraseedach
represented by a bit of the space bitmap as descri bed above, and the size
of the spackybtheaphytsebl sscove address PSN of the first sector of

the cluster.

Bits b3l 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 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 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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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 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 45 TDFL is recorded in an area starting fromthe position indicated
by a cluster nunmber of 3 as shown in the figure. In the case of a

one- 1 ayer drBRS€akiPageChi tMePrToFiPRyRFE ACFRrARt HRCRREPTESHS ®escri bed
above. Thus, the first TDFL is recorded in an area starting fromthe
position ihHNakied Byea0bfkist dn Al Isicess THROSt SRS9At | me an
al ternate-address process is carried out thereafter, a TDFL is
addi ti onal | ¥nferdzdien adn a2 ubblepeatecideress pavdy$mEni t hout providing a
gap between the subsequent cluster position and the preceding cluster
position. Thefsiretbdénal FOEtansienredeframgehd TOMAIpt¢ otHe DMAsters. Since
a space bitmap shows recording states of clusters, the bitmap is updated
every tinme data i Sinformation on defect processing and information on

an alternate-address management carried out due to

renewal of data are reccorded in the TDMA described below

and updated from time to time.

3: Pirst 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. 9 is a diagram showing the data structure of
the TBMA.
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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“.written into any of the clusters to update the cluster. Wen the space

bitmap i s updated, nuch 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 bitmap and/or a TDFL is additionally
recorded in the TDVA fromtinme to tinme. It is to be noted that the
configurations of a space bitmap and a TDFL will be described | ater.

Anyway, a TDDS (tenporary disc definition structure) is recorded in the

| ast 2, 048-byte sector of a cluster used for recording a space bitmap and
the last 2,048-byte sector 46 of 1 to 4 clusters used for recording a TDFL.
The TDDS i sClaetar|edembaropfati 88 BRedhesopt ftaster skor FeEouding a di agram
showi ng the data structure of a space bitmap. [ As descri bed above, each
bit of a spseac®ibhepapreprebtenes ¢ he i eorah iy totegt e wfprimesclhistser on the
disk, that is, each bit indicates whether or not data has been. recorded
in the clustechregpresemedng haerebystéoroéxanpiin datadatea haschodibgen
recorded in a cluster, a bit representing the cluster is set at 1. It is

- to be notedthé hdttai nohdeacasel Dfad 4 Woahayetfewt skonerspageeditmap is

provided for each layer and infornmation recorded in one of the space
bitmaps is imdepententhof 1é080{MBEdHH 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 cut 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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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 conprises 32
sectors, the space bitmap itself can be formed fromone cluster. In the
data structure of a space bitmap shown in FIG 10, a cluster allocated as
the bitmap conprises 32 sectors, i.e., sectors O to 31. A byte-position
colum shows byte positions of each of the sectors. Sector 0 at the

begi nning of the space bitmap is 47 used as a sector for recording
managenent information of the bitmap. Two bytes at byte positions 0 and 1

in sector OFRfle 1sERFAEASH 1S Fora¥e ol Hg o U™ iR Pesi Eipn
unal | ocated space bitmap ID (identifier). One byte at byte position 2 is
used as a bytr@igagred rley o dPHgsBet ornlbevepsi dnasuchons anvdhsi g Bfreoh.
Four bytes starting frombyte position 4 are used as bytes for recording a
| ayer nunbein ititi catd g retdrer—laves dipce ditpape dortmempoims taydmyer 0
or layer 1. 48 bytes starting frombyte position 16 are used as bytes for
recordi ng bi tiramdinfroremdsaory afheddsdmnieped rdosvmt | dmucsorrmmjeséirp'rteces of
Zone TDFL is recorded in an area staiting 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 definiticon 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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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
i nner zone, zone information for the data zone and zone infornmation 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 bitmap data, a validate bit
bitmap data and a reserved area, which each have a size of four

The start cluster first PSNis a PSN (physical sector address)
the PSNis a

start addre®5,l Bhiéhciestars whed e rorerisngedpeaiont & thd Mmce

a start position of the zone on the disk. That is to say,

bitmap. The start byte position of bitmap data is a byte

count

l ength in
bytes. 48
i ndi cating

i ndi cating

the start péstaibadoinbrrnaplioatenfore emeligahedtska position relative to
t he unal | ocated space bit map identifier |located at the begi nning of the
space bit map. THeIG.alliMdte sididoregt shavisig dpe ditte issaidere diyte

count representing the anmount of bitnmap data of the zone.
a space bitmap.

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 reccrded 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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Actual bitmap data is recorded on sector 1 in an area starting frombyte
position O 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
i edi ately preceding sector 31, which is the |ast sector of the space
bi tmap. The reserved areas are filled with codes of 00h. Sector 31, which
is the | ast sector of the space bitmap, is used as a sector for recording
a TDDS. The pieces of bitmap information described above 49 are nanaged as
follows. First of all, the description explains a space bitmap with the
| ayer nunbetSef iyt SYINR TR AIGRECHRT MPNagRSieTd AR Sy, the
description explains a space bitmap for a one-layer disk or a space bitmap
for layer Ol RiGW@&R4 ayer disk. In this case, the zone information for the
inner zone is information for the inner zone of |ayer 0, that is,
information for aTwWeabvimszetebyTkepsosattocsksudt endflrén PSNtet fhérgone is
a PSN of the start position of the |ead-in zone as showmn by a solid-line
arrow. The steat tashive geodidn areadrdirtgrem dBt,a whsialseds faor  recordi ng
information indicating the position of bitmap
unallocated 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. cuter 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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data corresponding to the lead-in zone in the space bitmp 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 |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 position of the data zone as shown
by a solid- line arrow. The start byte position of bit map data is used for
50 recording information indicating the position of bitmap data
corresponding to the data zone in the space bitmap _as shown b

. . a
dashed-1ine arrowThhattast Ghtgswmtiidiet imd éaiti%gP%‘l/t@l"ﬁ’oss’iqqy]on 0 of
sector 2. The value of the validate bit length in bitmap data is the size
of the bitnBpctaraafdreshe dadicebhed ThetzbhePpnibidRtbnthorze®e outer
zone is information for the outer zone of layer O, that is, information
for a | ead-ountthkendisk. a Wrat |y dro diak drhe AANrizenstrt agdngsd ayer
di sk. The start cluster first PSN of the zone is a PSN of the start
posi ti on ofwhheh| faduset wbae theozdtee ZoneaPpedsostowohdyspaselid-|ine
arr ow.

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 unallccated 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
zZone.

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 byte position of bitmap data is used for recording information
indicating the position of bitmap data corresponding to the | ead-out zone
(or outer zone 0) in the space bitmap as shown by a dashed-1ine arrow,
that is, information indicating byte position O of sector N. The val ue of
the validate bit length in bitmap data is the size of the bitmap data for
the | ead-out zone or outer zone 0. Next, the description explains a space
bitmap with the |layer nunber at byte position 4 indicating |ayer 1. That
is to say, the description explains a space bitmap 51 for layer 1 of a
two-layer disk. In this ca the zone information for the inner zone is

e
i nf or mat i on?F&r "ERBIFHANGF EB%%O%?'Id§%ﬁS@”°§tﬁﬁl'i?ﬂeiqﬁ%ﬁ@ﬁﬁq%ﬂP“for a
| ead-out zone. The start cluster first PSN of the zone is a PSN of the
start posit?ﬁﬁlé¥n§h@ ﬁ@ﬁ@eoﬁ%tQ%ﬁeWhEhsﬁBﬁnl%yeﬁ.n%@@?%datihﬁt%rrOML Si nce
the address direction on layer 1 is a direction froman outer side to an
i nner side, Pasipssit # onndhdectredldyer he. ddthadd-19 e egvowlils a start
position. The start byte position of bit map data is used for recording
i nformati ondéndirtating e¢helposstd ospate bbitmpr fat aa coneebpondi Agsko t he
| ead- out zone in the space
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 zone.
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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bitmap 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 |ayer 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 52 data corresponding to the data zone in the space bitrmap as
shown by a dashed-line arrow, that is, information _indicating b%%e
position 0 BECRERIRY DiqHeayignelRflic¢elRAl FhoRtRCBHEE Pyt P1T4R t map dat a
is the size of the bitmap data for the data zone. The zone information for
the outer z&weaieorrespPrRin®nte orhe abutepneoke UhodfspagRrPUtNAhe start
cluster first PSN of the zone is a PSN of the start position of the outer
zone 1 as showbhbwyn by dotdeshédnbing rowowhetataris byt parationh of bit map
data is used for recording information indicating the position of bitmp
data correspuitcagite oyterpeaieidn ih ¢hesspaoe Ditmap as
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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shown by a dashed-line arrow. The information is 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 outer zone 1. Next, the data
structure of a TDFL is explained. As described above, a TDFL is recorded
in afree area following a space bitmap in a TDVA. Every tine an updating
operation is carried out, a TDFL is recorded at the beginning of the
remaining free area. FIG 11 is a diagram showi ng the data structure of a
TDFL. 53 The TDFL conprises 1 to 4 clusters. By conparing wth the DFL
shown in FI G 6i it is obvious that the contents of the TDFL are sim|ar
to those of fehel®rerih cfhattyvPel?yYsstdbakpytes of the defect |ist are used
as bytes for recordi ng managenent information of the defect |Ilist, the
bytes follow ng tHheé 64l BAaSe artdaugaheas ifamatifasy frascdhd dgnesnt ent s of
pi eces of alternate-address information ati each having a length of 8
byt es, and zen¢ersi haformaavdmgfer | Bmgt inmér 8zdhye esf shayes hs et
al ternate-address end inmediately following ati #N, which is the |ast one
of pieces ofsgefiettrmetabt efont2- belill-esst zafor mati on. However, the TDFL
conposed of 1 to 4 clusters is
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 directicn 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-
liné arrow.

The start byte position of bitmap data is used for

recording information indicating the position of bitmap
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different fromthe DFL in that a DDS (or a TDDS) is recorded in 2,048
bytes conposing the |last 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 term nator pertains is filled up
wi th codes of 00h. As described above, the |l ast sector is used as a sector
for recording a TDDS. If the alternate-address infornmation term nator
pertains to the last sector of a specific cluster, an area between the
specific cluster and the |ast sector of a cluster 54 imedi ately preceding
the specific cluster is filled up wth codes of 0 and the |ast sector of
the i mredi i@y CQFeRIPIFRY Us? erhe sdafseEere als ddtorsgae redetalk ng a
TDDS. The defect-list managenment information having a size of 64 bytes is
i dentical wig hshde def extddshad-amagemern, i tifar netd omisxptatied earlier by
referring to FIG 7 as information included in of the defect |ist DFL.
However, asindcatuiroerbwfe tposeist idre @efciedtict thas been updated, the four
bytes starting with a byte at byte position 4 are used as bytes for
recordi ng the sequércealmendr tok tid ideftechbilti Sengthatin dittmapayiata
sequence nunber included in defect-list managenent information in
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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a nost recent TDFL is the nunber of tinmes the defect [ist has been

updat ed. 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 wwth a byte at byte position 24 are used as bytes for
recordi ng val ues of cluster counts at the tine 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 The data structure of
the alternate-address information ati in the TDFL is simlar to the data

structure shown i A GDPR: Lompiel 38T Uetin & FFlustersl t Byn&OBPaddrEss
information ati in the DFL. The alternate-address information ati is
i ncl uded i nvikle TIDFLDBEE ahoent iy EROw hg ah aftepnapessbirtetfuster and an
al ternate destination cluster, which are involved in an alternate-address
process. Suchnagnesntoy thec@PELoged shmitée tenpbeaesyoflefleet DFLsinTDFL
having a data structure shown in FIG 11. In the case of the TDFL,
however, thehyal tiee of irstatdshbitencodiidedei defdet alistnate-aseddess
information ati in the TDFL nmay have a value of 0101 or 1010 in
bytes for recording 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 of 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 0Ch. 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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addition to 0000. Status 1 having a value of 0101 or 1010 indicates that
an al ternate-address process carried out on a plurality of physically
continuous clusters is a burst transfer process, which handles the
clusters collectively. To be nore specific, status 1 having a val ue 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 56 the first cluster of the physically continuous clusters serving as
the alternat@negiptelinarenedpRysieal saaaiéss cobrstre iFr5ilsedtBP in the
first cluster of the physically continuous clusters serV|ng_as t he
alternate déthi aadeanciCh ahe bhhetahhndecteat 0f thaalimgdaavalve of 1010
indicates that the start sector physical address of an alternate source
cluster andprbecdingtciester physsedl asaddsestonf fan atterddne destination
cluster, which are included in the alternate-address information ati are
respectivel yobie physical address of the first sector in the |ast cluster
of the physically continuous clusters serving as the alternate source and
the physical addregge defect-list management information 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 1ist has

been updated, the four bytes starting with a byte at byte

position 4 are used as bytes for recording the sequence

number of the defect list. That is to say, a seguence

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 availablé in the alternate areas

ISA 0, ISA 1, OSA 0 and OSA 1.
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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, 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 57 clusters as descri bed

above. As descri bédalsgfe shasictamsy of fderoritsraste@8e5eSStructure
identical with that of a DFL. However, the TDFL is characterized in that
the size ofiRfRIMDR.oRa#tbeln ebttentieidl t bs upimblapuro ciist@dse the | ast
sector is used as a sector for recording a TDDS, and management of burst
transfers caprbetexecsited byn UBTGhg &l aerike estdriearse dhforemtion ati. As
shown in FIG 9, the TDVA is used as an area for recording space bitnaps
and TDFLs. #btehasere-bmedttessd iorformmweverati hin 201018 Myt e Thast sect or of
each of the space bitmaps and each of the TDFLs is used as a sector for
recodi ng a FDRS {4 erpddires i 19Cf dlgfiati dn ot Stisicinrld)jded 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.
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 value 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, 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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FIG 12 is a diagramshow 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
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 58 TDDS covers all the
contents of the DDS. As is obvious fromconparison of FIG 12 with FIG 5,
contents oftheef¥DEE alupyer pbstheopkydicalby apetipwenti ¢BrSYE¥H t hose of
the DDS. It is to be noted, however, that bytes starting from byte
position 4 aeevingeasathdysbbefnate csondiagandiet Begplensecalind@idrefst he
TDDS, bytes starting frombyte position 16 are used as bytes for recording
t he physi cabfatlde eSsroft sbetbrrit tsecforsinchustevechirelzein the TDVA and
bytes starting frombyte position 24 are used as bytes for recording the
physi cal adgresscAD PHontihbeudi tdtissees osepfindead Dithe abhtéheaT®VA. Bytes
at byte position 1,024 and subsequent byte

destination.

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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positions in the TDDS are used as bytes for recording information, which
does not exist in the DDS. Four bytes starting frombyte position 1,024 are
used as bytes for recording the physical 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 wused as bytes for recording the physical address AD BPO
of the first sector in a nbost recent space bitmap for Jlayer 0 in the TDVA
59 Four bytes starting frombyte position 1,032 are used as bytes for
recordi ng the physical address AD BP1 of the first sector in a nost recent
space bitmpleEdEersagerdasepibe@ FPMWPE- One byte at byte position 1,036 is
used as a byte for recording a flag for controlling the use of an
overwite functiofs Blesssidted o vsosikdsdns: Idvhetheh @R FLh &alsy e dagdsi ti ons
descri bed above are reserved and filled wwth codes of 00h. As descri bed
above, the FDBScturt utdésniatdsksektsh i that hef usebFldat doawegar,| SAcaTPEISA
sizes and spare area full flags. That is to say, the TDDS i ncl udes

is characterized in that the size of the TDFL can be

extended to up to four clusters, the last sector is used

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. 9, 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 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 wvirtually 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

58



managenent/control information for managing | SAs and CSAs in the data
zone. At this point, the TDDS is simlar to the DDS. Al so as described
above, the TDDS al so includes pieces of information such as the physical
address AD BPD of the first sector in the effective nost recent space
bitmap for layer 0O, the physical address AD BP1l of the first sector in the
effective nost recent space bitmap for layer 1 and the physical address
AD DFL of the first sector in the effective nost recent TDFL (tenporary
DFL). Since a TDDS is recorded in the |last sector of the 60 space bitnmap
and the |last sector of the TDFL every tine a sgace bitmap or a TDFL is
added, the FBEord@ewer®Dslisthe @edtemDs,. ofhtke PRSthe TDMVA shown in FIG 9,
a TDDS included in a space bitnmap added |ast or a TDDS included in a TDFL
added |l ast is the Amsts radodamusTHD®M |gomper imwt ofr édidht TEDDS, th HE Grost
recent space bitmap and the nost recent TDFL are shown. 3-2: | SAs and OSAs
FIG 13 is a,dtagtantshofi tige phBDE i ansbptecpobit Bins ahdteath ©8A. An | SA
(i nner space area) and an OSA (outer space area) are each an area
al | ocat ed i hdéheidal awzonetiassanof atherbbse darea sused Hen radted,
al t er nat e- addr ess process

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 subseqguent 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 BFO

of the first sector in a most recent space bitmap for

layer 0 in the TDMA.
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carried out on a defective cluster. In addition, an I SA or an OSA is 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 showi ng the positions of an |SA and an OSA on a one-| ayer

di sk. As shown in the 61 diagram the ISA is |ocated on the innernost-
circunference side of the data zone whereas the OCSA is |ocated on the

out er nost - ci r cunf dicarc dyicge dfanthaddfizen Ioffe rOsitHenpthdShar® FIG 13B
is a diagram showi ng the positions of each | SA and each OSA on a two-1|ayer
di sk. As shoswdias tihet el afpamredSAlng sthocphpsi onl téddress AD_BP1

i nnernost-circunference side of the data zone on layer 0 whereas the OSA 0O
is |located ofh tie Hiter ndsttori itunfresenceesene spatdebitanapzdDme on | ayer

0. On the other hand, 1SA 1 is located on the innernost- circunference
side of theigpéa zone ome | Bnex. 1 whereas the OSA 1 is located on the

out ernost-ci rcunference side of the data zone on | ayer 1.

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
cocdes of 00Oh.

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 poeint, 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
cf 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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On the two-layer disk, the size of ISA O may be different fromthat of |SA
1. However, the size of OSA 0O is equal to that of OSA 1. The sizes of the
| SA (or 1SA 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 ISAis determned at an initialization tine and remains fixed
thereafter. However, the size of the OSA may be changed even after data
has been recorded therein. That is to say, the OSA size 62 recorded in the
TDDS can be changed in an operation to wupdate the TDDS to increase the
size of the OSA. An alternate-address process using the SA or the OSAis
carried outspact obiowap #md opes atdon sectenewt dabte TREL tekery dsiem ®xanpl e.
For exanple, new data is witten into the user-data zone. To be nore
specific, thescatlaitmapwrtd eTDIMt0s aaddarst ethe | reodwaddd eXP3R i Iy a@at a has

al ready been witten previously. That is to say, a request is made as a
request to fenerobhe st ng datea. TDMAN shitiv Gas&IGI r1ge a mondi sk i s

recogni zed as a wite- once optical disk, the new data cannot be witten

into the clusl@ded TSz dhecaan @@ ddaailien énto BOBS UBiETudéd the | SA
or the OSA. This operation is referred to as an alternate-address process.
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: 1ISAs 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 coperation 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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This al ternate-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
exi sting 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 cluster, in which the new data
has been witten as alternate-address data, as an alternate destination
address. 63 That is to say, in the case of renewal of existing data,
alternate-address data is recorded in the I1SA or the OSA and the

al t er nat e- adicagssn privvesESkary i ercajigd om thee dmernattat i ons for the
renewal of the existing data is controlled as alternate-address

i nf or mat i onziat dumbet ek g esti dan dhechEDRlatian 4dves T edBhushe ViFA el g he di sk
is a wite-once optical disk, virtually, renewal of data is inplenented.

I n other worglsat&s &eethd rand e of ramboasinsy sdviy <f file dafst em or

ot her systens, renewal of data is inplenented. The alternate-address
process can&s0 be applied to managenent of defects in the sane way. To
put it in detail, if a cluster is determined to be a defective area, by

carrying out the @temnRatrirddnass,PFeeess3pdakaa diagram showing
the positions of each ISA and each 0SA 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 1s 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 OSA 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 OSA 0
is egual to that of 0OSA 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 OSA may be changed even after data has

been recorded therein. That is to say, the 0SA size
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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 cataloged as an entry on the
TDFL. 3-3: TDVA-Usi ng Method 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 diagram showi ng the state of updating
64 contents of a TDMA. FIG 14A shows a state in which a space bitmap for
| ayer O, a space bitmap for layer 1 and a TDFL have been recorded in the
TDVA. As descri bed above, the |ast sector of each of the space bitnmaps and
the | ast setteerdddtire UDFLTRPS aehre ushkarded Fecut dIRRFaE TTDS Tt enporary
DDS) . They are referred to as TDDS 1, TDDS 2 and TDDS 3. In the case of
the state shodwmteé ntié @DAAA O thecrdDRt tle relat edf tthadsiArecently witten
data. Thus, TDDS 3 recorded in the |ast sector of the TDFL is the nost
recent TDDS. As expl ailtedredrd-aeidrdes s efreraesyg wsd gl Ghel 2,52 rixs tHEDDS
i ncludes AD BPO, AD BP1 and AD DFL. AD BPO and AD BPl1 are information
showi ng theodmcas | @nsrodd efdtecds vollows. An operation to renew data

is 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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nost recent space bitmaps. On the other hand, AD DFL is information
showi ng the location of an effective nost recent TDFL. In the case of TDDS
3, AD BPO, AD BP1 and AD DFL are pieces of effective information pointing
to the |l|ocations 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

ot her hand, AD BPO 65 and AD BPlI in TDDS 3 are used as addresses for

speci fying space bitmaps for layers 0O and 1 respectively as effective
space bitmaps. LatBrabomns dat esaw, W ttlen anse of noendweel sphoexisiimap f or

| ayer 0 is updated, a new space bitnmap for layer 0 is added to the TDVA.

As shown i ndet&, 44Berhbhec-aeursepacdabit mpresocréedr dedtheé LhR begi nni ng of
a free area. Inthis case, TDDS 4 recorded in the |last sector of the new

space bitmaphbecgaesnihenh80sl t&e80E-3BBBe sADLBEE ss ADaBPicanduADRFL in
TDDS 4 are used as addresses for specifying pieces of effective

i nformationghdogheaMEeaePERET E6r ARBPOLLRTDDS dhisciseding @htaaddress
for specifying a space bitmap for layer 0 as a space bitmap, which

is?gi gdgﬁolmwgné%#gsﬂe&ngs SEiVESnaBe-EhhLELLVEnERERL FREL OB s Mich i ke the
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 cataloged 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 out, 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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14A, AD BPI 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 bitmap 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 bitmap is recorded at the beginning of the free area. In this
case, TDDS 5 recorded in the last 66 sector of the new space bitmap becones
the nost recent TDDS. AD BPO, AD BP1l and AD DFL in TDDS 5 are used as
addresses for specifying pieces of effective information. To be nore
specific, ADPBROT®m dDBS WONA. used as an address for specifying a space
bitmap for layer 0 as a space bitmap, which includes TDDS 4 itself and
serves as effectiRES.i rifiey mitdwen.a Mictd itke whiehstatspagieown tmacFIicS. 14A
and 14B, AD BPl is used as an address for specifying a space bitmap for

| ayer 1 as Bijectiyeaisdararabiamap afshe HyEFLl i sndisedIDEL adnaweldsess f or
specifying a TDFL as an effective TDFL. As descri bed above, when a TDFL
and/ or a speseorddd Mmp e umpdat ed, a TDDS recorded in the |ast sector of

the nost recent information includes addresses indicating effective

information such as; $RACE iPITRRSHAND @ elDhlst sector of each of the
spaée bitmaps and the last sector of the TDFL are each
used for recording a TDDS (temporary DDS). They are
referredrto 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 BPO and AD
BPl 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 BPO, AD BPl 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 octher hand, AD BP0
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which are included in the TDMA. The effective information

is defined as

the nost recent space bitmaps and the nbst recent TDFL, which are

catal oged in the TDVA before a finalize process. Thus, the disk drive is
capabl e of grasping an effective TDFL and effective space bitmaps by
referring to a TDDS included in a |ast recorded TDFL or a |last recorded
space bitmap recorded in the TDMA. By the way, FIG 14 is a diagram show ng
the state 67 of updating contents of a TDVA for a two-layer disk. That s
to say, the TDMA includes a space bitmap for layer 0 and a space bitmap
for layer 1. The two space bitmaps and the TDFL are initially cataloged in
the TDVA f oand aARrBPL ThalDDS 3 esayysahlas adirRs firr |sperifying used

and, every tinme a TDFL and/or a space bitmap are updat ed,

t he new TDFL

and/ or thespeve Spoaesgs tfep bdweaddedhnid I heesidMraglshan in FIG 14,
The TDVA for layer 1 as the second |layer is used after the TDVA for |ayer

0 has been @ffedtiseee Wpaddashtikdies TDVA for layer 1 is also used for
cat al ogi ng TDFLs and/ or space bitmaps one after another by starting from

the beginning of thetDMA, Haba 1% hw&idtdnaghd) shewengna spake in which

t he

bitmap for layer 0 is updated, a new space bitmap for

layer 0 is added to the TDMA. As shown in FIG.

148, 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 BPl 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 BRP1 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 0 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. In this case, TDDS 5 recorded in the last
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TDVA for layer O is all 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 layer 1 to serve as a continuation of the TDVA provi ded
for layer 0 as shown in FIG 14C In the state shown in FIG 15, after the
TDVA for |ayer O has been used up, two space bitmaps for layer 1 are
further cataloged in the TDVA for layer 1. In this state, TDDS Nt+2
recorded in the |last sector of the nbst 68 recent space bitmap for layer 1
is the nost recent TDDS. Much like the state shown in FIG 14, in the nost
recent TDDS, AD BPO, AD BP1 and AD DFL point to pieces of effective
i nf or mat i onseastghowh bheanewl $pate neltmepwoeacmgashie- Nk BREDMand a
dotted-line arrow respectively. That is to say, AD BP1 in TDDS N+2 i s used
as an addr e$BDS{ orAx R f VAlhGRL sppacAhiRRmplf diDDSyerazke ased fFace
bi t map, which includes TDDS N+2 itself and serves as effective
i nf or mat i onad@ne hes of ber shaatlf y Ay BPG:cas TODS:= £ M@t i ge usefio asahoraddr ess
for specifying a space bitmap for layer 0, that is, the sane space bitmap
as that shown in1d Ge IfGe aspbAR MK L Amn BHIDS M\ADIS 4sed w\wsedarasaddr ess
for specifying a TDFL as effective information or nmopst recently updated
informati ongqditess PELULESSitPiSgYat fdhcel hithep TEEEL, 141er SPage a

space bitmap, which includes TDDS 4 itself and serves as

effective information. Much like the state shown in FIGS.

142 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 TDDS 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 procéss.

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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bitmap for layer O or the space bitmap for layer 1 is updated thereafter,
t he updated TDFL or space bitmap is catal oged at the beginning of a free
area in the TDVA for layer 1. As described above, the TDVAS for recording
| ayers O and 1 are used one after another for catal ogi ng updated TDFLs
and space bitmaps. Thus, the TDMAs for the recording |ayers can be used
jointly as a large single TDMA. As a result, a plurality of DMAs can be
utilized 69 with a high degree of efficiency. In addition, by searching
only a TDDS recorded |last wthout regard to whether the TDVA is provided
for layer O _or 1, an effective TDFL and/ or space bitmap can be rasped.
In this enb®fi eAetingopentenes @f sk BHdRafenio? tugelaveskdibsk- a d as
descri bed above. It is to be noted, however, that a disk having three or
nmore recordifgtPayeys theal QYA conchbidadl . sphce hihtmére teselafer a0 di sk
having three or nore recording |layers, the TDMAs for the |layers can be
used one af&ed ansphee bitmidge Samelaway.l4: Disk Drive The foll ow ng
description explains a recording/reproduction apparatus serving as a disk
drive The two space bitmaps and the TDFL are initially
cataloged in the TDMA for layer 0. That is to say, only
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 alsc 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 laver 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 of the TDMA provided for layer
0 as shown in FIG. 14cC.
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 catalcoged in the TDMA for layer 1. In this

state, TDDS N+2 recorded in the last sector of the most
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for the wite-once optical disks described above. The di sk drive provided
by the enbodinent 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
formed. In addition, the disk drive records data into the user-data 70
area of the disk formatted in this way and reproduces data fromthe
user-data. If necessary, the disk drives also updates a TDVA by recording
information therein and records data into an ISA or an OSA. FIG 16 is a
di agr am shov#agnt hepzeafpgurari 6or ofavehel disktlge i nest Areipet 1TPRS ¢ he
write-once optical disk described above. The disk 1 is nmounted on a

turnt abl e nideclshbike i bhet fieaté gsinewn | hn aFF@col € ngt relpe odost | pecepler at i on
the turntable is driven into rotation at a CLV (constant |inear velocity)

"by a spi ndl 2DD®f 0&D 52P0 AMADpEPTaingi ERUPFL opbvical theaigcdd ofads out ADI P

addr esses enbedded on the disk 1 as a wobbling shape of a groove track and
managenent / €pfé ¢l vé N OF dBha ODoRSas | FHOWNELY 0 b B @€DIwedaprnow hea di sk 1.
At an initialization/formatting time or in an

dashed-line arrow and a dotted-line arrow respectively.

That is to say, AD BP1 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 BP0 in TDDS

N+2Z 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 information.

It is needless to say that, if the TDFL, the space
bitmap for‘layer 0 or the space bitmap for layer 1 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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operation to record user data onto the disk 1, the optical pickup 51
records managenent/control information and user data onto a trac
wite-once area. In a reproduction operation, on the other hand,

opti cal
pi ckup
an opti
71 devi

pi ckup 51 reads out data recorded on the disk 1. The opt
51 includes a | aser diode, a photo detector, an objective
cal system which are not shown in the figure. The | aser
ce serving as a source for generating a | aser beam The p

detector is a conponent for detecting a beam reflected by the di

obj ecti
beam

ve lens is a conmponent serving as an output terminal of th
The wpth cal hsylt dapirse acfompbheiendéwr radiating the | aser

k in a

t he
i cal

| ens and
diode is a
hot o
sk 1. The
e | aser
beamto a

recording face of the disk 1 by way of the objective |l ens and | eading the
refl ected beam t o Trhedduhatan détvetear.chima enlgptd CAIDDidagqrds ligse

objective lens is held by a biaxial nmechanismin such a way that
mechani sm i8i tlapab| ec@drdovd Nghé tiee bt leet Tiren | usprovidedckonglayer f ocus
directions. In addition, the entire optical pickup 51 can be nov

radi al

di regtdon pf ah herdbskide byper tii@ssh s semS3. cdhepd as

included in the optical pickup 51

grasped.

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

t he

ed in the
er di ode

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. Alsc 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 di
in a state explained earlier by referring to FIG. 1 by
formatting the disk in a state wherein, typically, onl

the prerecorded information area PIC shown in FIG. 1 h

sk

y

as

been created but no write-once area has been -formed. In

addition, the disk drive records data intc the user-da

70
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is driven to emt a |aser beamby a drive current generated by a | aser
driver 63 as a drive signal. The photo detector enployed in the optical

pi ckup 51 detects information conveyed by a beamreflected 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. 72 The matrix circuit 54 has a
current/voltage conversion circuit, which is used for converting a
current output by the photo detector conprising a plurality of

|l ight-sensitive devices into a voltage, and a matrix

processi ng/angd i §1 cité oni gk rdefnatitord car rihhig waiitamht r¢RCPREERSSi ng to
generate necessary signals. The necessary signals include a high-frequency
signal (or data efwoductes-data-ddgnal J fr epreseatriyng thepdddilceld idatsa as  wel |
as a focus error signal and a tracking error signal, which are used for
servo contrg@lso lupdghtdd | DMTDMRA [thks hedatid td igi g niad £ é smaat son generatrechnds a
signal related to wobbling of the groove. The signal related to wobbling

of the groov&-dsia SdEal nf®ran detecdt ngh tdren wobbl ing of the groove. It is
to be noted that the matrix circuit 54 may be physically integrated inside
the optical pickugrgl. 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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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 acircuit for carrying out processing such as a binary conversion 73
process on the reproduced-data signal and a process to generate a
reproduction clock signal by adopting a PLL technique to generate data
read out by the optical pickup 51. The generated data is then supplied to
a nodul at | RV HIORAGNIDRTIF AT TS, L TheI AR bt D i derfstulR@aton circuit
56 conprises a functional menber serving as a decoder in a reproduction
process andlkze frinetd otetieqtembers seradmpprantanfehcrictiing & et di ng
process. In a reproduction process, the nodul ation/denodul ation circuit 56
i npl enent s raEivochedthotipr otiesls T .or Then-obdrgith viel dethed isode as decodi ng
process on the basis of the reproduction clock signal. An ECC
encoder / decagiegsorseht Ssérenmponentnf outpoar tgrngnalt ogn thEC lerzeodilyeghnpr ocess
to add error
The optical system is a component for radiating the laser
beam to a recording face of the disk 1 by way of the
ocbjective 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 intc 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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correction codes to data to be recorded onto the disk 1 and an ECC decodi ng
process for correcting errors included in data reproduced fromthe disk
At a reproduction tinme, data denodul ated by the nodul ati on/denodul ati on
circuit 56 is stored in an internal nenory to be subjected to error
detection/correction processing and processing such as a de-interleave
process to generate the eventual reproduced 74 data. The reproduced data
obtained as a result of a decoding process carried out by the ECC
encoder/decoder 57 is read out fromthe internal nmenory and transferred
to an apparatus connected to the disk drive in accordance wth a command
gi ven by a syst emTénfieditier BECWT Séxand @ sunreatdpgditass connected to
the disk drive is an AV (Audio-Visual) system 120. As descri bed above,
push-pul | stepreér pinputihyuit hevimathids cisedifobiasversinmal related to

t he wobbl i ng

state of the groove is processed in the wobble circuit 58.

The push- putibrsemgnabuigony dyy nchARR tofdstettiean cenmeioduy at ed i n the
wobbl e circuit 58 into a data stream conposing ADI P addresses. The wobbl e
circuit 58 gphernlsuppdf esighte-seisi isiveadetican adty essvelecoger £ The
address decoder 59 decodes the data received

a matrix processing/amplification circuit for carrying

out matrix processing to generate necessary signals. The

necessary signals include a high-frequency 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 also 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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thereby to generate addresses and then supplies the addresses to the
systemcontroll 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
output by the matrix circuit 75 54 as a signal related to the wobbling
state of the groove is a signal originated fromthe prerecorded
information PIC. In the wobble circuit 58, the push-pull signal is

subj ected to a band-pass filter process before being supplied to the
reader/w it BFOERPEUPR 5Be whAPthducadrfetaoaignabi andyacPhveEss ohCprocess to
generate a data bit stream The data bit streamis then supplied to the
ECC encoder ggeepndee 57reprodactydngcbock E€Csdetody 2doptdegi at Bkl.eave
processes to extract data representing the prerecorded information. The
extracted pteckobgdedtol génenateodats thed suppbyedhéoophecsyspieakup
controller 60. On the basis of the fetched prerecorded information, the

system cont 60l | erhébQgadse ttpabldatof carthamos il igd axesses such as
processing to set a variety of operations and copy protect processing. At
a recordi ngmédifBat doh2dERoREL A CEOR A8 rESit 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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received fromthe AV system 120. The data to be recorded is buffered in a
menory 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,
i nterl eave processing and processing to add sub- codes. 76 The data
conpleting the ECC encodi ng process is subjected to a denodul ati on process
such as denodul ation adopting an RLL (1-7) PP nethod in the
nmodul ati on/ denodul ation circuit 56 before being supplied to the
reader/writer circuit 55. In these encoding processes carried out at a
recording t##ka-the clock signal generated fromthe wobble signal as
described above is used as the encoding clock signal, which serves as a
reference signal. Tig erewonplaad g tahaget aoodliar) priovcwslseRt tthe data to
be recorded is supplied to the reader/witer circuit 55 to be subjected to
recordi ng coepedsaygi pnopessessrngedsoch by theeEad) estovat/décadercor di ng
power to produce a power value optinmumfor factors including
characteriss?css péatiheut ecoodli tige | Ryeernihemspotyshapet pinghertader beam
and the recording linear speed as well as adjustnent of
to an apparatus connected to the disk drive in accordance
with a command given by a system contreller 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 toc 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 compcnents for example as a

recording-time encode clock signal.

The push-pull signal output by the matrix circuit
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t he shape of the |laser drive pulse. After conpleting the recording
conpensati on processing, the data to be recorded is supplied to the | aser
driver 63 as laser drive pulses. The |aser driver 63 passes on the |aser
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 recorded data are 77 created on the disk 1. It is to be
noted that the laser driver 63 includes the so-called APC (Auto Power
Control) circuit for controlling the |aser output to a fixed val ue
i ndependent . ,of _apbien onditjons, su as .anbient te ature by
noni t ori ng ?ﬁegﬁagg%%gu?%ufg%% &.tﬂ gB?eE?%EE?Egp?ﬁ@%ﬁeagpghethe opti cal
pi ckup 51 to_serve.as_a _ponitor for itoring the | aser qutput power. The
syst em cont POoPPEF l%oagf%%ga; ?5?%%Paggau%r8@ gh% PLSEFCOLEBEt power for
each of recorginﬁ and reproduction processes. The |evel of the |aser
out put is cORtPHIREHCROFthe tHY ddt® WiRRRIS drirewe rXoortdinm@wilt@ptoduct i on
process. The servo circuit 61 generates a varie@ibof servo drive signals

i

fromthe foRtgnatrdf Splghefteddtehe beardcReang Bilbershypaesswheénrare

received fromthe matrix circuit 54, to carry out servo operations. The
servo 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 ocut 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
- 1s buffered in a memory employed in the ECC
encoder/decodexr 57.

In this case, the ECC encoder/decoder 57-ca;ries
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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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 |l oops are created as | oops 78 conprising the optical pickup 51, the
matrix circuit 54, the servo circuit 61 and the biaxial mechanism In
addition, in accordance with a track junp conmand received fromthe system

control ler 60, thergera-a Ghdfdtide t%@%@éfeﬁg@dgcﬁ#% ervo | oop and
Fi

carries out a track junp operation by outputting a | ve " signal. On

top of thatsubﬁ@c§§ﬁv90Céf&&ﬁ%d@i%gggﬁr8E8§e§s gg&ﬁag§géé%§%ﬁi% %épggafhe

basis of a thread error signa an- acCess eXxecu

which is reQ&B*ﬁgn?f£82%££$§%¥§éegbcﬁgﬁé8éL?éiﬁg% to drive the thread

mechani sm 53. hr e: i gna as a |owfrequency
mechant om caRadrat H AR ARIRT 180 S haut T 56 B Edte nT bR crebRL Meiin ohaf
for holding, tfg. opligal BLEKYP &1;cIhe Lhread mechanism 53
In these encoding processes carried out 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 recorded is supplied to 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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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 nechanismitself 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 signal as 79 - ------------- informati on on the present rotationa
speed of the spindle notor 52 and conpares the present rotational speed
with a predeterm ned CLV reference speed to generate a spindle error

signal. In @ggggé&anatﬂ@giﬂquﬁlon clock signal generated at a data

reproduction time by a PLL circuit enployed in the reader/witer circuit

55 is used as the ref rence . %B%%%t%bg@ak 1ad %ngF%%Ip%%c% %l%%e@ell as

the information on fhe pr esent ona spee spin Ie ot or

GV 7 ef or ot spsodir 11 B GRS M S Stel it o .r_e?ﬁéﬁf”‘tﬂid

op e S S Sh Ut e S SRIY ey g e b

v of ambient conditions such as the ambient temperature 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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rotation of the spindle nmotor 52. In addition, the spindle servo circuit 62
al so generates a spindle drive signal in accordance with a spindle

ki ck/ brake control signal received fromthe systemcontroller 60 to carry
out operations to start, stop, accelerate and decel erate the spindl e notor
52. A variety of operations carried out by the servo systemand the
recordi ng/ reproduction system as descri bed above are controlled by the
system control |l er 60 based on 80 a microconputer. The systemcontroller 60
carries out various kinds of processing in accordance with comands

received fr : t : ygg ite cli ommand to
wite dat a‘)g)%%J%?g%:ﬁ%/vg%éf(?%%m}% A gu t%{rﬁ 1@3% n‘?%{ry%a%(arr%fcf‘#{tt 4(3’ system
controller fi of - . s t opt.ical._pick 51 to an address into
whi ch the dg%% %éé%% %%ﬁé%%??¥gﬁy“$ﬁ%%$l?$ﬁg %ﬁéﬁ%ﬁﬁ?ﬂécoder 57 and the
nodul ati on/ denodul ation,.ci.rcuit, 56 carry out the encodi ng. processes

descri bed above orﬁ’t ﬁé]{]d&gttlémr’e&é’i \?é:c‘fofrrc%‘r%ctehé’lti\/asxysrta&]ﬁ 1¥FP Exanpl es of
the data are vidqg and auqéo data generated in accordance with a variety
of nethods “¥H A" VPECE mdﬂ%tf’r%te&% HISFP bR ovethg heervo

reader/writer circuit 55 supplies laser drive pul ses
circuit 61 turns off the tracking servo loop and carries

out a track jump operation by outputting a jump drive
signal.
On top of that, the servo circult 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 cbtained 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 accordahcé 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 spindile servo.circuit 62 obtains a clock signal

generated in a PLL process for the wobble signal as
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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, the
system control |l er 60 outputs a seek command 81 to the servo circuit 61 to
drive the opti cal pickup 51 to mnmmke an access to a target address

necessar 0 troI of operations

specified in kh nd Thereaft

ig Iexiacut edm% Eﬁg}% e?n %e%e%%eﬁ?‘?e‘?gdo%ae n%ﬁ’ﬁé/‘tio AV system 120.
That is to s %ihe data i re d out from_ the disk 1, roces ng such as

t he decodlrEP%hl BURTRTT ntf PIOCTILRATTS LT (REF YUt t?lttﬁpq der/writer

circuit 55, g Iatlon/denDduIatlon circuit 56 and the ECC
encoder/dec%EEﬁ glt Rt el FFECEIRGRITWIYY TQ0 the AV system
120. It is to be noted that |n the operatlons to record data into the

di sk 1 and MR & RREIIDEIFRE F5%al. the system controller 60 is

capable of controlling accesses to the disk 1 and the
recordlng/reprodudﬁl@ﬁdltlonr 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 servo circuit 62 outputs 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

- 80



operations by using AD P addresses detected by the wobble circuit 58 and
t he address decoder 59. In addition, at predeterm ned points of tinme such
as the time the disk 1 is nmounted on the disk drive, the systemcontroller
60 reads out a unique IDfromthe 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 reproduction-only area. In this case, control
of seek operations is 82 executed with the BCA and the prerecorded data
zone PR set as targets of the seek operations. That is to say, conmands

are issued to,the jrcuit 61 to nake accesses by using the optical
pi ckup 51 to t%e ?%ﬁg¥ﬁ%§%i circunference side of the disk 1. Later on, the

optical pickup 51.s jven to carry. 0 repraductign tracing.t.o pbtain a
push-pul | si gnal élgl © %’rr#s\écreqn%tcloon(r:{:%oolnlveeryec? 5y "4 TET 1%¢ evcf‘rbleoélrﬁ k’I"r%leor%
decodi ng prpcesses_are carried oyt in the wobbl e gircuit 58 £eader/wwiter

cCircuit 55 AndPECC EhtoAet dRTOURT BT t UL TRt R BT R BP et TR and

prerecorded_.information reproduced data. On the basis of the BCA
infornatioht%%dg%h%ysiﬁ%fi%%rded information, which are read out fromthe

disk 1 as described above, the systemcontroller 60 carries
When a write instruction (or a command to write

data) is received from the AV system 120, for example,
the system controller 60 fifst of all moves the optical
pickup 51 to an address into which the data is to be
written. Then, the ECC encoder/decoder 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 MPEGZ2. 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 from 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 controller 60 outputs a seek command
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out processing such as a process to set |aser powers and a copy protect
process. In the configuration showmn in FIG 16, a cache nenory 60a is

enpl oyed in the systemcontroller 60. The cache nenory 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 updated w thout nmaking an access to the disk 1. 83 Wen the disk 1
is nounted on the disk drive, for exanple, the systemcontroller 60
control s conponents of the disk drive to read out a TDFL and/or a space

bitmmp fropy ! hec TOVA, £ ecor detl og, Lhe 41 ske 1+ 800051 9LE) BRI of e, cache

menory 60a. Later on, whén an alternaté-a ess OCEss ITe
renew dat a ue to a defect, the TDFL.or the space bit stored in the
otne oo PhiE it L2888 £8 s L hfed D lesd ' SaBRRE oot 08 LN
carried out to wite or renew data in the disk 1 and the TDFL or the

space bitnnﬁPT%a%$dated, for exanple, the updated TDFL or space bitmap can

be additionally cataloged in the TDVA recorded on the disk 1. By doing so,
however, the T i?% oS SHIIK PR B RREFATF-oRS diF earl y

executed to transfer data of a specified segment to the

AV system 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

encoder/decoder 57, and the requested data is transferred
_ to the AV system 120.

It is to be noted that, in the operations to record
data into the disk 1 and reproduce 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 59.

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 unique 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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time. In order to solve this problem only the TDFL or the space bitmap
stored in the cache nenory 60a is wupdated till the disk 1 is ejected from
the 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 nenory 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 space

bi t map, 84 which are stored in the cache nenory 60a, has been updated a

| arge nunber of tinmes so that the anobunt of the TDMA consunption can be

reduced. The &xpla ati her eaf.ter i s base netho o reduce
the anmount Gf° cl‘gcnscpurrp]t qbng%‘? % her é)c%erlb%%o%cﬂ (fh%a using the
cache nenDr 60a in roce such as a recordin rocess to be descri bed
| ater. i %eae'?jlﬁ% {5 %ﬁs/ r}%é\?&q AREATIME - ¢ lé“—"tprlé;sf—?r?t SPHventi on can
be |nplenented mhihout the cache nenory 60a. Wthout the cache nenory 60a,
however, eWRrandsLe Fsuest & %é%?%#@%ﬁpo@té@ e updat ed  TDFL
or the updated space bitmap .must be catal oged in the TDVA recorded on the
di sk 1. By A9%eSRfF hadys ddie crifigpir RITMRIS T Heo digk innamrossiown in

FIG 16 is the configuration of a disk
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 ocut in the wobble circuit 58,
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 60z 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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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 nay be designed into a configuration
t hat cannot be connected to an apparatus. 1In this case, unlike the
configuration shown in FIG 16, the disk drive includes an operation unit
and a display wunit or an interface nmenber for inputting and outputting
data. That is to say, data is recorded onto a disk and 85 reproduced from
the disk in accordance with an operation carried out by the user, and a

termnal is requirgd as .a term.mnal_ for inputti an utputting the data.
Of course, other t@b‘c‘f%aﬁheconjfsikgulr aty (%Osun:altreg]"J o&%ei \fgﬁqqe.dorﬁtyre’e {tpl e, the
di sk drive can be desjgned ,as a recording-only a ratus or a
reproductio%¥%%P§e’aﬁégr3¥ﬁ§?m590%iﬁ9gf?5n§8f6¥HY££f?i?%TPQ?ﬁ@Fﬁk?ﬁod 5-1:
Data Witing By .referring to flowharts showm in FIGS. 17 to 20, the

fol | owi ng ded®riptkofr£%pl B nse3 oeds st nEPEar2RdPHIR SBRCE Hel 5P em

controller 60 in a process to record data onto the disk 1 nounted on the
di sk drive.T¥9m|She oT P82 npeeerderton dthe disknk amd sfeze Weemihg process

expl ained below is carried out, the disk
the cache memory 60a.

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 additionally 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 problem, 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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1 has al ready been nounted on the disk drive, and a TDFL as well as a
space bitmap 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 logical sector address. The 86 disk drive carries out |ogical/physical
address conversion processing to convert the |ogical sector address into
a physical sector address but the description of the conversion process

f h t _f time to time | 1 tted. i to.be noted that, i
or der 10 CORVERt 351 Dgreal Soctl oot tieti 10 T PIL into a

physi cal sector address, it is necessary to add th physi cal ress of
PRt rst *SBAUrSS 1f bk IR Lt GFId i e MO s (P 1Y ogi cal
sector address. Assunme that a request to wite data into address N has
been recei vEd'A retR RISt O R RUFINIEDs the AV system 120 by the
systemcontroller 60. In this case, the systemcontroller 60 starts

processi ng repr eséfite@Xpy anpéion GuFRar Chelewd ter EBGPased Pir &t of all, at

a step F101, a space bitmap stored in the cache nenory 60a is referred
method to reduce the amount of 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 toc 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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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
menory 60a is a space bitmap wupdated 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 showmn in FIG 18. 87 If data has al ready been
recorded at the specified address so that the process to wite the data of
this tinme can not be inplenented, on the other hand, the flow of the

rocessin oes on t step F103 to, carry out an overwite process
Iroepresentg W?(ﬁ%ce?cfo%: rts i al‘fr‘ér @?cerﬁkltﬁ}c?éés%p‘?%%‘me user

data into the address as represented by the flowhart shown in FIG 18 is
a process ‘?ae‘fﬁfe%cg P DhyPR t ERE 12 SR &L § s Heed #Riress at

whi ch no data has been recorded. Thus, the process to wite user data into
t he addr esst&E el i iyl theaid ot 9o g fatias. 18 is an
ordinary wite process. If an error is generated in the course of the

write process dueOCfocaugerecertbgeshtavpignl capdigusatikesdiegie 1, however, an
al ternate-address process may be carried out in sonme cases.

conceivable. For example, the disk drive can be designed

as a recording-only apparatus or a reproduction-only

apparatus.

5t Operations for the First TDMA Method
5-1: Data Writing

By referring tec 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
1l 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 reguest as a logical sector address. The
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First of all, at a step Fill, 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 make 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 normally, the flow of the
processi ng goes on fromthe step F112 to the step F113 at which the space

88 bitmap stored in the cache nenory 60a is updated. To put it in detail,
the space bitmap is searched for a bit corresponding to a cluster in which

the data hag: beedrivgiddendhisuti 18y @d/ghes il isgsatlsdo a value
i ndicating that data has been witten into tthe cluster. Then, the

executi on Ofokfer P HEESSI AT £ 015 the cyvfrweert rﬁ?%‘gﬁé%ieéa nded...f the

operation carried out at the step Fl to wi t ata 1nto the address

i's not conplgfed I : tes e rocess function is in
an on state, on ét.'ﬁferp%% hayerp%ld?ﬂ[ ﬁéeécfa{éo?\;vaoq&%%s Egr%tge@ls‘? ng goes on from
is.to be noted that the stl‘g%%FllZ is

the step F . t.he step F114. |t

execut ed ai soé%ﬁ%ecfneronfnteh‘?/\hce?hve?rsolrorh&rcﬁeesSalqoel?neaat%?afbeoq Y process
function is.in qir;.lon stact.e by, checki ngd whet her or not an | SA and/or an CSA
have been defihed™d f-httigasts omitted.

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 area’
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
Fl02 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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either an I SA or an OSA has been defined, an alternate- address process can
be carried out. In this case, the alternate-address process function is
determned to be in an on state. An ISA or an OSA is determ ned to have
been defined if the size of the ISA or the OSAin the TDDS of the TDVA

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 89 | SA or an CSA is defined as an
actually existing alternate area by specifying its size at a val ue ot her
than a zero in a TDDS and recording the TDDS in the first TDMA. As an

alternative, for exanplte, hats QGAalY heen edeidmrd bt s8ld i@ ditfS sl ze at a
val ue other than a =zero in an operation to update a TDDS in a TDVA. After

all, if at de@séseisherhan $18A PFodds O X 8d Schd e @k teF nat £s address
process function is determned to be in an on state. In this case, the

flow of theims asasSidg goesnONeddhidie, shepnd Wendf they datigl néngg i on
result obtained at the step 'F112 indicates that neither an | SA nor an OSA

X e 2 LS AR A0 e 0P L At dgs Deen,
ts'?gr thleipnst 2 rddidd 3 s r}oép%destg}%:ted .y this St&Pand e §page Hi t map
FIG. 19.
The process tc 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 F111l, 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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cache nmenory 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 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 recorded in the
cluster corresponding to the bit is set in the same way as a nornal

term nation of the processing. The setting of the flag nmeans that the

defective abeomis SBHBGENiMYLMST Hchd NEeRPRF ol tIRP A2 feg! USILLUN Whi ch
data has been recorded. Thus, even if a request iIs received as a request

to write daig itgether defieoliye arsandd WO £y L6y L 0T, sy been

generated, by referring to the space map, the processing of the request

can be car ré&ﬁ@%%‘lﬁ%@ & hé %Lgse?éfejfr?fw}%{éﬁ CJ&' e&cgatég}%fst?%ged above,

if the alternate-a process function TS determn e step F112
Lo o 1N AALS s ] et e by obeoslng gops oo the step
Pl Pernat C hi s Hft el e 02l pddh WA e S e ol e

Then, the execution of the processing for the write

reguest is ended.

If the operation carried out at fhe step F111 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 F112 to the step F114.

It is to be noted that the step F112 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 onrstate.

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 eithexr an
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the spare area, that is, either the ISA or the OSA, nust have a free area
for at least recording the data requested in the wite operation. In
addition, the TDMA mnust have a margin allowing an entry of the alternate-
address information ati for managing this alternate- address process to be
added, that is, allowng the TDFL to be updated. It is possible to
determ ne whether or not the SA 91 or the OSA has such a free area by
checki ng the nunber of unused |ISA/OSA clusters included in the defect-Iist
managenent information shown in FIG 7. As described earlier, the

defect-1i st 1BRNageaRNdSANE or gBtiRAdI §s kAcChyded1ip axTPFings shown in FI G
11. If at least either the | SA or the OSA has a free area and the TDVMA has

a margin fopiupdatee abéafEQWéﬁéc1§9§n§rQE§S§iQQ SRrgiegh Qut opyothe system
controller 60 goes on fromthe step F114 to a step F115 at which the

optical pickupn5] ksrdriyen rf@%ﬁgﬁdaeeé‘&f&ﬁ LonL Nend$#in OfnLhes L5 and

record the data requested in the wite opera ionintot ree area in the

| SA or the{;ﬁ@qA respegt i \fl1eyrna gé ]_Irg%{a@ﬂ t Ste%fd:shle afteer the wite
e a r

operation requiring t er nat'e-dddress pr ceds and t he space
bi t map, ““'EQdQ§¥§é3¢§§ §é€%f§5'{kéh§12e at a value other than a

Zero in an operaticn to update a TDDS in a TDMA.

After all, if at least either an ISA or an 0OSA
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 OSA 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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cache nenory 60a, are updated. To put it in detail, the contents of the
TDFL are wupdated by newy 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
managenent information shown in FIG 7 is increased 92 while the nunber of
unused | SA/OSA clusters in the defect-1list managenent information shown in
FIG 7 is decreased. |If the alternate-address process is carried out on

one clusterindfcatiderndt catalged Db Sdtgsy 15 dHCrenpited by one
while the number of unused | SA/ GSA clusters is decremented by one. It is

to be not ed:ghaleden PAPSSS 410 GSNCTAL ey Al e nates i ass 4 nfor mation

ati  wll be descrrbed ater. In ad |on bit inc ed in the space

bitmap as g, 0id, AR 4,09, 4 qz}?egé] ésbﬂ%&t h%h%d% %%ingatofw%'h%h an

error of the requeste e opera generate is Set at a
val ue indic t t at.a as recorded in the cl e J t he ‘same
{oken, @ b 9B A 0 SRS 1 et Rb it e oo

| SA or | uster, i.n, which the data has be ct aIIy recorded, is set
at a vaI ue Jﬁ i TRATH P AP @ £ Yegh 10 W ek data *has Been

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 referrieg 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 goces on to the
step F114, first of all, to determine whether or nct 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 0SA, 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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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

al ternat e-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 obtained at the step F114

i ndi cates that neither the I SA nor the OSA has a free area or the TDVA
does not have a margin for TDFL to be updated, the flow of the processing

carried outobythB8e0SBYELENEGEAt 40F)88 HP=g0B§ BRetRiAgStRP Mideat ophich an
error report is returned to the host apparatus and the execution of the

processi ng wsueadedsn)bsihe1dst&r 8 DRkl QRc8esHl thabtained-aisthe step FI101
of the flowhart shown in FIG 17 indicates that data has already been

recorded atmihgo@ddhessnppefialiod shfuhheqWbite 7eauestadmdadyy the host

apparatus as evidenced by the fact that a inclu nt e space

bitmap as aegfilgprrﬁggogg%ggﬁgfl%%e ggég%%g%ttbgfgﬁﬂggf us?gs been set at

a val ue indicating t the fl ow of

Lo PrOoeso LG B9E8 18" | Fob!)% " Sl Ofn Aprdleop] | Ped earlier. AL this

If at least either the ISA or the 0OSA has a free
area and the TDMA has a margin for update, the flow of
the processing cérried out by the systém controller &0
goes on from the step Fl14 to a step F11l5 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 0SA
respectively.

Then, at the next step F116, 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 azlternate-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 number of cataloged DFL entries in the defect-

list management information shown in FIG. 7 is increased
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the overwite function process represented by the flowhart shown in FIG
19-is carried out. The flowhart begins with a step F121 at which the
system control |l er 60 determ nes whether or not the overwite function or
the data renewal function is effective. The systemcontroller 60 is
capabl e 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 flag
~indicating whether or not the overwite function is usable. If the flag

i ndi cati ng whether or not the overwite function is usable is not set at 1

i ndi cating fibate thee YRS Q0 |8 NLa Sf8R3EN &1 1874 O ofnd he processing

goes on to a step F122 at which an error report indicating incorrect

speci fi cat ic?&%%tlffs@q%r?asq;erﬁeﬁqt raﬁ%e%ﬂ%jcii%et Jost,, appar af us; and the

execution of t processing IS en ag indicating et her or

not the overnride..fungtd ond s usale s set.at o adicati ng thay the data
renewal function 1S efféective, on e SotRer hang, thée™ processing of the
data renewal functioné%ﬁ%start In this case, the f of thefprocessing

goes on to ¥ KPS T S g%ealr}un%e]ﬂe? rF TR QRS S o™ he

al t er nat e- addr ess process can be carried out. As
1s increémented by one while the number of unused ISA/OSA

clusters 1is decremented by one. 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 bilt 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
reguest, 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.
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descri bed above, in order to carry out the alternate- address process, the
spare area, that is, either the SA or the CSA nust have a free area for
at least recording the data requested in the wite operation and, in
addition, the TDVA nust have a margin allowng 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. 95 If at

| east either the ISA or the OSA has a free area and the TDVA has a nargin
allowing an entry of the alternate-address information ati for managi ng

this alternate-addr ess HQGESS a2 ke added.t e il ft the d¥Leessing
carried out by the systemcontroller 60 goes on fromthe step F123 to a

step F124 at1higiuide Opticat ndi chiPp Ble i SsANYLN RO FBKE A0 Access to

the I SA or the OSA and record the data requested in the wite operation

into the fregedrad o hend Simgt ddies i nespect 'R{a“r‘i nTﬂ?P T]ﬁ}Lt@cﬁ’ next

step F125, after the wite operation reqU|r|ng exec |on of

al ternate- r‘_gﬁf% +dY 0G8SS, g\g JPF,éheagbq{ t@ ace(%apétma ?l% t a(%/e been
ac I h

stored int e renory a ar e upda

Al ter nat o- risl%htﬁioﬁafﬁ"% Tigo%s e erﬁ.%geaghﬁiﬁpf psled "5,
al ternate- address p&gﬁggﬁs 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 write 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 Fl03 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 controller 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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shown in FIG 8 to the TDFL. However, data at the 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

al ternate-address information ati cataloged in the TDFL are searched for
an entry including the address as an 96 alternate source address. If
alternate-address information ati has been cataloged in the TDFL as an
entry including the address as an alternate source address, the alternate

destination e Lagl d in - i nfor i ati is

chanbed ;o ? e aggr%gg'?ﬁft%% ?Sgpﬁ a%%gi%%ﬁ?ngﬁﬁ%§§$%% %%ﬁﬂﬁ%g%%%in:nb

such aIterng5§%§99{§s§uﬁnfornation q%ieas an entry has been stored in the
aar 't

cache nenory e %?%%%n%sp%ﬁ% of tinme, the change of the alternate

destination addre f the al.ter.nate-addre informatiqn ati can.nade with
ease. It is to beslrsﬁ)ttgldE t]ﬂ'ﬁq WC{JT?@&HW%@%EE}?}?& Eno3f %é’(?a,ové’\fg r% me the
TDFL recorded on, the disk 1 is, updated, the already cataloged entry must
be del et ed FHEF1ehel TORT2DET o2 BRI F) 2 helv BRI HPFDFNC 17 a2 new

entry of the alternate-address information ati is added to the TDFL, the
nunber of caEtfloley rnot effective, the flow of the processing

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 is started.

In this case, the flow of the processing goes on o
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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entries in the defect-list managenent information showmn in FIG 7 is

i ncreased while the nunber of unused | SA/OSA clusters in the defect-1ist
managenent information shown in FIG 7 is decreased. In addition, a bit
included in the space bitmap as a bit corresponding to an | SA or CSA
cluster, in which the data has been actually recorded, is set at a val ue

i ndi cating that data has been recorded in the cluster. 97 Then, the
execution of the processing of the wite request is ended. By carrying out
the processing to use the |ISA or the OSA as descri bed above, the system

controller 60 is ggfgg!geg%tc%ggg%fmtkgéﬁs%ﬁk% Qﬁ@gw%%ahr%q%e%keewhich is a

request to wite a into an address ich data has been recorded. If
the 1 SA nors e Tk e TV el Bletah R R G MR B Brgin
hi ol Cor Mk S MR A Pt ot 1 T GG i (REBLI WA, the {1 ow of
F126 a0 whiHHE iR G IO IRE RIS ST P 8490 W% Lo 63 (% ot ur ned.
to the host apparatus and the execution of the processing is ended. .

processing carried out by the system contreller 60 goes

on from the step F123 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 fespectively.

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 informaticn 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—aadress

process for the renewal has thus been cataloged on the

TD¥L. 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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By the way, at the step F116 of the flowhart shown in FIG 18 and the
step F125 of the flowhart shown in FIG 19, alternate-address information
ati is newy generated for the alternate-address process by the system
controller 60 in processing represented by the flowhart shown in FIG 20.
The flowchart shown in FIG 20 begins with a step F151 to determ ne

whet her or not the alternate-address 98 process is a process carried out
on a plurality of physically continuous clusters. If the alternate-address
process is a process carried out on a cluster or a plurality of physically

di scont i nuostse ShMstersouthe Jdonof the RNeessBy gerssson to a step F154
at which alternate-address information ati is generated for the cluster or

each of t heimpgyﬁ@% Yo i ﬁ?%‘%ﬂé%?%ﬂl‘bﬁj&{ %bgﬁ}}%ﬁﬁﬁﬁ’ar?t atus 1 of

t he data structure shown i is set at ea

ol ternat o 8p AR L dafied 4 1 SERR AN S0 r

o Lornat e adiong, | G DAL (dEErated LOILS, Y By gags Lo (e

8 L g : ia ln :'it Iy 0 rc.)g}be? [%[Stlé%g a! tén—caocﬂ:{ rl ensuso uisn f oarlrrtlaetr inoant ea tsio L!'LrsC ec haar}1dg eaA tteor r]l:eixtee
address in the ISA or the 0SA. Since the TDFL containing-
such alternate-address information ati as an entry has
been stored in the cache memory 60a at the pfesent point
of time, the change of the alternate destination address
of the alternate-address information 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 néw 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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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 infornmation
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 99 alternate destination clusters, and status 1 of the
alternate-address information ati is set at 1010. Then, at the next step

F155, the two piecgsOf @ld %&%%h%lo@ad%rfe%%é MRy Al @enerated in

this may are added to the TDFL. By carrylng out the processing described

above, ef%%ﬂ?é‘étfé “@ﬁcg c?ddr}a geé&r 3&‘?@5 hQ o W 86 e 10 BhB{l%' cal ly

cont i nuous ers can be nman nl'y “two pi eces of

al ternat e- :ﬂlrefﬁl%gﬁ% ?512becpaa O‘!F(_:ertci_trgggs)g%(/p eferring to a

fl owchart OW NQ escrlp ion ai ns processing
carried out_b Sy contr IIer 60 to reprqduce,data fromthe disk 1
nmount ed on ‘i%ﬁt%‘?ﬁfeja § Hd G ‘?Je%‘ DRt 1786 T ecei ves a
request to rreec?lgesotm wdlr?ltc?h rlescoar dreedquaéstantoadmgxrleées d£teaC|JTrl1teo an address
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 thch
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 F116 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 FIG. 20.
The flowchart shown in FIG. 20 begins with a step

F151 to determine whether or not the alternate—-address
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in the request froma host apparatus such as the AV system 120. In this
case, the flowhart representing the processing begins with a step F201 at
whi ch the system controller 60 refers to a space bitnmap to determ ne

whet her 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 specified address is an incorrect address
is returned to the host apparatus. If data has been stored in the address

speci i ed i P.othesr £gUeStro Qs d hes pHhes Sandsn the, Thow of, the processi ng

goes on to a step F203 at which the TDFL 1s searched for al t ernat e- addr ess

|nfornat|oqp@$%lé§fiy Log s ths,spegidiged, address as an alternate source

address in er to eternlne mhe er or not an entry i ncluding the

specified address:ﬂf bee Fﬁ oged n th TDFL. . If %&rn%t &-address

oCeds is
information ati speC| ress as an Iter nate source

address is not und |n the rch theéﬁﬂom/of t he_pr.ocessi goes on

fromthe stept Jf: P LR Iét T O et A 5% therﬁmfc‘e om an area

starting at the specified address hefore ending the execution of the
processi ng, digfuptinueps clusters, the flow of the processing goes

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 infermation atl i1s generated

for clusters at the ends of the alternate source and
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nor nal

process to reproduce data fromthe user-data area. If the

determ nation result obtained at the step F203 indicates that

al ternate-address information ati

alternate source address has been found in the search, on the other

the flow of the processing goes on fromthe step F203 to

whi ch an alternate destination address is 101 acquired fromthe
alternate-address information ati. This alternate destination address is
an address in an I SA or an OSA Then, at the next step F206, the system

control l er 260:rRads @@étﬂﬁéﬁléﬁom@%efs% 8ha Baeddresss yhech has
catal oged in the alternate-address infornmation ati as an alternate

desti nati on, pddr£s6e - g@&rééénﬁﬁféémébge?@@{ ogucedy dﬁ{ 21600t herost

apparatus such as the AV system 120

ore endi ng the execution of t

br ocessi ng. , BYcfarEyLNG QU +gs PIOgessh Nd escri feds aboug, . even i f

request to reproduce d

s Teceived

duced I d f d
nost . 5.3 %ﬁ*ﬁ%ﬁ%ﬂ% o Pt S RORR PR e %%%282%%?% Hsor

above,

process to En¥

"into a cluster is acconpanied by an alternate-

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
contrcller 60 refers to a space bitmap to determine
whether or not data has been stored in the address
specified in the request.

If no data has been stored in the address specified

1060

i ncluding the specified address as an

hand,

a step F205 at

been

he
a

een renewed, the
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i bed

the TDF, H% f@ in the cache nmenory 60a is updated in case the



address process and the space bitmap also stored in the cache nenory 60a
is updated to reflect the data wite process. At a certain point of tine,

t he updated TDFL and space bitmap 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 nost
desirable to update the TDVA recorded on the disk 1 at a point of tine the
disk 1 is about to be ejected fromthe disk drive even though the timng
to wupdate the IJDVA is n imted to_t to_eject the k 1.

Besi des t he' ?lE?ﬁgr?3u8F§Ct£bﬁe%g?gkoi Qﬁﬁep*ﬁﬁgfségﬁ 9rsd be u%d%ted when
t he power s dj sk. drive is turned off  or dat ed_periodically.
FIG 22 sho ??é&cﬁ%r?g%ﬁﬁrégeﬁfFﬂﬁ 5?885551P81C558§ E?ﬁ% recor ded

on the disk 1. At an ejection, tinme or the like, the systemcontroller 60
det er m nes Sﬁﬁ%%ﬁé?do?dﬂé?sﬁt1?sa%e%%§%éF?CFoaQBH§F% %ﬁer%Bﬁfﬁﬁ?s Bf the
TDVA, that is, whether or not it is necessary to catalog the updated TDFL
or space bi?h%ph@ﬁttﬁépath@Sif necessary, a process to update information

inthe TDVA is carried out. At an ejection tinme or the like, the system
If data has been stored in the address spe01f1ed in

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 including the
specified address has been cataloged on the TDFL.

If alternate-address information ati including the
specified address 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 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 from the step F203 to

a step F205 at which an alternate destination address is
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controller 60 carries out processing to update the TDFL and/or the space
bi tmap. 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

whet her or not the TDFL stored in the cache nenory 60a has been updat ed.
If the TDFL has been updated, 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 sector of the TDFL. Then, at the next step F304,
the optical pickup 51 is driven to record the TDFL at the beginning of a

free area éé‘%ﬁbfeéf%rﬁe&?ﬁé %%Aggﬁéﬁﬁe%%eiﬁﬁﬁnéf 8¢ 2 0pt edylhat,  at

that time, since data is newy recorde e’ space bitmap

stored int ry 60a _is,also updated, ,Then, after TDFL is
eoor ded | iy HER S B pEingrion Fadi o0y A Erhadhely AL 198 JEFL 2
The flow of t@éAprocessing al so goes on to the step F305 fromthe step

F302 becaus@'t TDFL was not updated. In either case, the space bitmp
stored in the cache nenory 60a is 6 checked to determ ne whether qr not the

bi t map has been UpERredl et REXFDEL Fad 4den WisdSYEFeTs COSSHAWES above,

at least, the space bitmap has al so been updated at that .
60 reads out data from the ISA or 0SA address, which has

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 if a request to reproduce data is received after the
data has been renewed, the most recent data can be

reproduced appropriately 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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time. This is because an alternate-address process has been carried out so
that the space bitmap has al so been wupdated as well in accordance with the
al ternat e-address process. In addition, the space bitmap is al so updated
in accordance with an operation to record data in a cluster even if no

al t ernat e- address process has been carried out. 104 If the space bitmap
stored in the cache nenory 60a has been updated in one of the situations
descri bed above, the flow of the processing goes on to a step F306, at

whi ch the TDDS shown in FIG 12 is added to the updated space bitmap

stored int [ggp d ctor of the
space bitnﬁ%ﬁ #%& ﬁg§%§§ stg%;ﬁ% étﬁgxbp i ca pléf%% 51 is driven

to record é ogque b| Pyal, the beginning of a free area in the TDVA
recorded on the (5 the execution of the processing to record

t he updat ed TDFL nd/or the updat space ma

ejection time or Fﬁe 15 BESis d&fded |Sup§ %8 %BFegb&%aFecoF%ﬁg d8t a has
been witte to the disk 1 at aII S|nce the disk 1 was nmounted on the

di sk drive,t rlt%éip Yot Gt the P sitnidis ditestntted By atwtnwﬁfr%rt shown

in FIG 22 goes fromthe stég_FSOZ to the end by way of the step F305
wi t hout recdefitiRfl drirompdea et SFOMT Iatrl/oreTart Nt ddis feieei s thfap in the

TOMA 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 oh 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 1s 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
controller 60 carries out processing to update the TDFL
and/or the space bitmap. This processing starts at a step
F301 of the 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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At the steps F304 and F307, the TDFL and the space bitrmap are recorded
sequentially at the beginning of a free area in the TDVA recorded on the
disk 1 as explained wearlier 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
|l eft in the TDVA on |layer O, the TDVA on layer 1 is used. In addition, in
the case of both the one-layer disk and the two-layer disk, a TDDS added
to the last TDFL or space bitmap in the TDVA, being recorded in the |ast

sector of the last TDFL .or the last sector of the |ast e bitmap is the
effective ,Pf ‘fc%p%lil%t%r?%e?%%ng eqc?%sct?r%/etcl'ﬁ—l%%% fﬁggeﬁ ective space
bi t map. By the way, n_.a TDFL i ddj tional | ecorded in, the TDVA at
The o ep Latscr gt ettt i TG S o Dbt ad He UL vabl e
technique for_restructuring eces of alternate-address information ati
stored in tHeFLrRMP IR Arde 2R h RRCLECF | dweHE tTipr esenting a
typical alternate-address information restructure process. This process
can be carried ouffheypi &l IHrepsraite sttge 8% -F303 cotigrd Pisk®art shown

in FIG 22. At a step F351, pieces of alternate-address
is driven to record the TDFL at the beginning of a free

area in the TDMA recorded on the disk 1. It is to be
noted that, at that time, since data is rewly 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 also 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 also been updated at that
time. This 1s 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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information ati catal oged on the TDFL stored in the cache nenory 60a are
searched to verify 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 106 represented by the other
specific pieces of alternate- address information ati. If such specific

pi eces of alternate-address information ati were not been found in the
search, the flow of the processing goes fromthe step F352 back to the

step F303 of the fiowghard, shows i gfls%ogédevzﬂﬁ% éXdé?r%

process. If such two speC|f|c plece r nat e- addr es |nf§Pnat|on ati

wer e f ound g tPe.5eapshe QN hNE ot R ANt Lhe I oWl e Pragsssi ng

goes on to a step the specific pleces ernate: a dfess

i nf [ h d f h f h Th
leps Fa52 S Foes SF s et en T peat et yo oo S%%%%é.t%&%“” “ba ﬁ 3?‘ sucﬁ

Speci 1 piBee “r ot Lt LS 1 nfor b FURE G 1 of e prefetedd.
flow of t he éggegfilzralgp gsotec?re]cé OlnIll tgll‘?e Séa?(?heFBn?gmg?}?kGCt)ao, being
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 bitmap 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. In 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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the step F303. FIG 24-is an explanatory di agram show ng the

al ternate-address information restructure process. Assune for exanple
that, as shown in FIG 24A, requests to wite data into clusters CL1, Cl2,
Cl3 and Cl14 are received separately, and data is witten into 107
clusters CL11, Cl112, C113 and Cl114 respectively in an OSA through an

al ternat e-address process. In this case, since the four requests to wite
data into the clusters are received separately, four pieces of
alternate-address information ati are each catal oged as an entry having

f : 24RB. ' f
2l Lot nat o a3 685 i RTOF MEE B atT havi ot vt HA” 11 B 0o I 2R5" Yt us 1 of

al t er nat e- a%dress ormatl1 on aving s us 1 o

1010 respectiv an_be_appljed to four alternate- address continuous
desti nat i on%%?ﬁt¥%$so ﬁay'%ijzi Ci3'3MY" C14 and four alternate-address

conti nuous source clusters -CL11, Cl12, Cl113 and.Cl14 used.in this exanple.
Thus, as shown in ééd‘ze%é,ont’hemf &S5 & g)é‘rjfho& eré’s?terﬂtﬁytﬁ%ﬁlisﬁ‘t 0 a
start entry with status 1 of 0101 indicatiqg start source cluster Cll as

vel | as st %9 RettrRTiort dstler TIAPARPEO er Bt rie sk t APk a®tis 1 of

1010 indicating end source cluster Cl4 as well as end destination cluster
Cl14. As a FR&¢} toifmap niindere gfPMA, being recorded in the last

secter of the last TDFL or the last secteor 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 technique 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 verify 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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pi eces of alternate-address information ati recorded on the disk 1 can be
reduced. It is to be noted that such restructuring of alternate-address

i nformation 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 described above. For exanple, a first
pair of entries represents a plurality of first continuous source clusters
and a plurality of first continuous destination clusters. By the sane
token, a second pair of entries is a pair provided for a plurality of

second cont . quous. S0 G Gt &5 Anth . PLUTal dd s Ofy serongh gont | nuous

desti nation Secon ontinuous source clusters are a

continuatio%ddf éhe i rst. continuous source clusters and the second
es

. : information ati. . . . .
conti nuous P Hat o SlUst @t 4re a continuation of the first continuous

destination clusters, the first ,pair, of entries and the second pair of
entries can be rgéffﬁ FE& S &lﬁéﬁspg&ia&fegﬁ? fe&ddreSddition, if a
plurality of continuous source and destination clusters represented by a
pai r of entYHeRIMAPGIH Al Je1e GO IRCANP T At W DSAAD astRfescri bed
above are respectively continuations of source and destination clusters

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 ati are processed, the
flow of the processing goes from the step F352 back to
the step F303.

FIG. 24- 1s an explanatory diagram showing the
alternate-address information restructure process.

Assume for example that, as shown in FIG. 24A,
requests to write data into clusters CL1l, Cl2, Cl3 and

Cl4 are received separately, and data is written into
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status 1 of 0000, the pair of entries can be restructured into a new pair

i ncluding the other entry. 5-4: Conversion into Conpatible D sks By the
way, in a witable optical disk, managenent 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 TDMA is not provided so that the alternate-address
managenent information stored in the DMA itself is renewed to keep up with
an executed alternate-address process. The data structure of the DVA

recorded on I pt A i i fﬁ?ﬁ ecor on the
disk 1 prov?g‘é%\gébégt ngfe)’nb%%ﬁn'eg*ﬂ? n%%?ﬁ?ggﬁ%%ﬁgﬁl a rl;d%gk&%%iovi ded
by the enbadiment,_ on the other nd, data can be witten into an area

i ncl udi ng téhfﬁ%éh\%ﬁﬂ%}%)%ﬁ?%ﬁ)%éﬁhe%?mfr%ﬁﬁ%%inent nust adopt a technique
to update the T by . .addi ng al t.er nat e- addr ess nmanagenent infornmation to
the T TONR. | Thus. R S8 Cidike OB WA O ot B RA Ente Y d CAt A sk
capabl e of reproducing data fromthe disk 1 provided by the_enbodipent, it

i s necessaryPt® v | QRIS teIR 12 5% e BT rIRR T3kl Bs L PN aYERETE ©

information _recorded in the TDVA in the DVA
alternate-address information ati are each cataloged as

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
CL1l, Cl12, Cl13 and Cl14 used in tﬁis 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 Cl1l4. 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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In addition, in the case of a witable optical disk or the like,

al ternate-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 like 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
is specially inportant to effectively utilize the |limted area of the
TDVA. It is thus desirable to adopt a nmethod of not increasing the size of

t he TDFL ' - Led. I f
e eVﬁDqul%ﬂﬁa&?&Qé&fﬁé‘ggéﬁsé}lgéﬁﬁgé53%?&%%8918&'& ové! USrs of a

cont i guous area. s, instea i nc ust'er addresses

conpl eti ng rnat er r o) . - add i rmation
DR 7 SR At et sl Aot n St AR I
TDVA, a burst-transm ssion format represented b ir of.entrpes with
status 1 ofgﬁl%ir%ﬁdcg?%i%%oﬁso?ouﬁ %dgg SB%E%r%%@dagﬁ%gﬁai%t%d% ted so as
to reduce the nunber.of pieces of recorded alternate-address information
ati. That i l%%ts%@?t+@u%ﬁﬁré%%%%n%ﬁl?%r%%u%?erﬁnré“&dﬁF?ﬁﬁ@ﬁét61 rers are

subjected to an alternate-_ address process, a contiguous area is allocated
as alternat eS%fcifr@sRatest N2k oiRs o 3 A B PEREEIeS of ¢ hat

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 CompatiblelDisks
By the way, in a writable optical disk, management

of alternate addresses is executed by using alternate-
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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 disk provided
by the enbodi nent, alternate-address infornmation ati is catal oged on the
TDFL every tinme an alternate-address 111 process is carried out. Thus, the
size of information catal oged on the TDFL changes. That is to say, as the
nunmber of clusters subjected to the alternate-address process increases,
the size of information cataloged on the TDFL also rises. By collecting a
plurality of continuous clusters subjected to an alternate-address

process intQ%@rQéQ%Ra8£%&$§§¢efﬁf&@ﬁ%éi%%;%¥?%e%a{ﬂy£ﬁ§ Dﬁwtrééﬁkd?%e

al ter nat e- address process only onceé as e above, however’,

increase in_T used, ar an_b reduced., .l.f at.i hi Lity of.
write-once %%E?%%Jgﬁ?gk %?ﬁ%iéﬁ%ﬁfb&*ﬁy fﬁgjéﬁ%gggﬁéﬁfﬁhft fﬁgiﬁﬁftable
optical disk js taken, into consj ation, it is,desirable to rovi de the
write-once BptFl er@?%‘&”{?\?ﬂv t%eﬁﬁﬁ met &t aprﬁ{g? $Pet A Ffentical with
t he correqupdin format in the witable optical disk. The DFL in the DVA
i s obt ai nedPL Z¥ AT RTRALI TS CHNAFERN. of PR TR PR o eR i P tHRe® TDMA. To
put it concretely, it is desirable to record all pieces of

al t er nat e- ddHt eslsS¢ Hf ok fratgAYed i L9 ke ofprarith an executed

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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with status 1 set at 0000. By using such a format, it is not necessary for
the disk drive to swtch processing related to infornmation stored in the
DVA fromone conpatible with the wite-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
descri bed above, when information recorded in the TDMA is transferred to
the DVA recorded on the disk 1, processing represented by a fl owchart
shown in FIG 25 is carried out. It is to be noted that the information

transferred to. t DVA is.final_ alternate:addres t information
so t hat dat%‘g%%%ahfnol? on%l(a}Fe bigher e%%%e%r%‘il%%(?%g‘?t%é%%us, t he
processing to transfer_informatjon recorded in ;pe T to the DVA

Fecor dod ot FE G Tk 1HE chiri B B CAYDI¥alT y otk &'t ha i zesti e
process. In additjon, the  processing to transfer information recorded in
the TDVA t'CTHEBNVA DY H %ﬁcfﬁ%gﬂ?%kdﬁenﬁanéaz}apr‘”&é&%er{ FETEIVErt the
disk 1 into a disk having conmpatibility with a witable optical_ disk. Wen
the procesSHFHETRS 1 ridhstersRefbah i BPortasy dedl $hEeHel 1ol 1% DVA to

convert the disk 1 into a disk having conpatibility with a witable
opti cal the limited area of the TDMA. It is thus desirable to

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 so as to reduce the
number of pieces of recorded alternate-address
information ati. That is to say, if addresses of three or
more continucus clusters are subjected to an alternate-
address process, a contigucus 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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disk is carried out, first of all, at a step F401 of the flowhart 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 TDVMA. Since
this process is simlar to the process represented by the 113 fl owhart
shown in FIG 22 as processing carried out at an injection tinme or the
like, its detailed description is not repeated. Then, at the next step
F402, the nost recent TDDS recorded in the |ast sector of the TDVA is read
out to create information of the DDS shown in FIG 5. Subsequently, the

flow of th ecse555:£§‘9c L@l € ‘I*Pz%s”e’%ﬁqes%ﬁ% F4Q3 itnt%o‘%%t ayne whet her
or not the I ncl udes one or hore pi‘eces o Al ter nat 6~ addr 65
information_ ati,. Thus, first al.l, the t .recent TDFL _is_.read out from
t he TDMA. @aace%gpqgaef#eddj et i%&IbyCh&f*réqeesr'r {Tﬁéatto 18 G° £4Y+i Aot i on on the
recording location of the effectjve TDFL can be obtai ned omthe TDDS.
The number Bf" é?%gce]d“i)‘?%%%ss‘gw%‘ﬂ%yz et-a}h%cﬁjets%martrﬁb&? §%h ati can be

obtained fromthe defect-list rmanagenment jinformatjon of the TDFL as the
number of REREATHERDRI2EHirilde S minbdf maiat e deieh i B LT

alternate-address information ati set at 0 indicates that no alternate-
the TDFL also rises. By collecting a plurality of

continucus clusters Subjected to an alternate-address
process into a group of clusters dealt with by carrying
ocut 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 intc 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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address information ati is cataloged. In this case, the flow of the
processi ng goes on to a step F404 at which the TDDS is deleted fromthe
TDFL to | eave data for <creating a DFL |i ke the one shown 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. |If the determ nation result obtained
at the step F403 indicates that the nunber of catal oged pieces of

al ternate-address information ati is .l or ,2on the her, hand, the
fl ow of thes%rtg%ae%sq r‘PgrOgCoeeSsSJ()nn(j’jl tlooaaésl%oe%ne %54582&%%0 %1e erén%elnveeogvmm er or not
an alternate-address process has been carried out on continuous alternate-
addr ess sourTE & tr destination areas. At the step F405, first of all

status 1 of alternate-address information ati catal oged on the TDFL as an
entry is fetched.FﬂFt@PﬁaF@ﬁéﬁﬁrQ??qrﬁkﬁﬂméaqﬂﬁ'aW%eqMHﬂ#QHﬂ%ﬁignl of 0101
i ndi cates that an alternate-address process has been carried out on

cont i nuous ZRIXHIRA e ddif ¥ Gt der A AT et | O ARSI EReNnt ed by

the alternate-address information ati. On the other hand, all the entries
cat al oged o tiHee disk 1, processing represented by a flowchart

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. In 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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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 alternate-address source and destination areas, first of all,

at a step F409, entries wth status | of 0000 are copied to the DFL. These
entries each represent alternate-address information ati for an

alternate-qg?re S [progess carrld on _a normal_one-t.0-on g
consisting © v sao]%r csgmé'fnusj’[nerEL%'dc%bt et Tat ol T 1Us IIelre.Cf)'lcﬁletlrcl):ﬂj‘a‘tat t he

next step F410, .alternate-addres information ati, with, status .l of 0101 is
acqui red arff tHE SH1B d2r% SHur 5&&%@5&9%1qéﬁ?%ﬁﬁiﬂqﬁﬁ%ﬁﬁ? Css

information ati is saved as a start address SA. Then, alternate-address
i nf or mati on"Sati°% ASRKGYRF the alternate-address information ati with

status 1 of 0101 is acquired and the alternate source address in the
foll owi ng al t er naf8eBddRésEhenPerratit6R ALL2i st88vBASEs regfPEndCRAdr ess EA.

Then, at the next step F411, alternate-address
recorded in the last sector of the TDMA is read out to

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 pieces 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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information ati with status 1 of 0000 is catal oged 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
116 with status 1 of 0000 is catal oged on the DFL as alternate-address
information ati including the increnented start address (SA + 1) as the
alternate source address. These processes are carried out repeatedly til
the increnented start address SA reaches the end address EA. By carrying

out these processes,.fengatiedl a3 degqf ifeg aboye . Al terngig- address

information ati representing continuous alternate-address source and

desti nati omay eas, |5 catalpusd Qi the DFL, a,d, DIl iy pf giisies each
I Nt o

descri bi ng alternate-address rmation ‘ati representing a nornal

ope 10, 0" AL rEQTSLING o 8 S0 op 5| Ut of A st pats o o uster
alternate-%garqfs infornalion,entrg'4wth status 1 of "0101'. If such an
entry is fdund i RIRESEh, 11 8*99%ow of the processing goes back to the
step F410 to repeat the processes descri bed above. That is to say, the
processes of the dfepdcrdetesAdnpiirnareseadfr regadnedont e §itéPes of

alternate-address information ati with
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 scource and destination areas.

At the step F405, first of all, status 1 cf
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 continucus 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 scurce 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 TDHFL to leave data

115



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

al ternate-address infornmation 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, DMA 3 and DVA 4, which have been allocated on the disk 1, before the
execution of the processing is ended. By carrying out the processing

descri bed above, alternate-address infornation recorded in the TDVA is

recorded ingthe.PMA: by CONMerting the information into entries each having
status 1 of 0000. The gisk drive designed for a witable optical disk

s ot e R RRIR YR O S ey Mg,
converted |0 By dLak,IANN P ELEdkal s deeribenebove. I 1S
oul, BrOceSTLIB LA 85EoLdance L1 LDp 3121 el 1y Lhe BaMRqhar. o5y L

with status 1 of 0000 are copied to the DFL. These

entries each represént 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 atl 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 F411, 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

(A = SA + 1). Then, alternate-address information ati
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The disk 1 and the disk drive, which are inplenmented by the enbodi nment,
have the follow ng effects. |In accordance with the enbodinent, a wite
request can be nade nore than once to wite data at the sanme address in a
write-once optical disk. Thus, it is 118 possible to apply a file system
whi ch used to be wunusable, to the conventional wite-once optical disk.
For exanple, a file systemfor a variety of operating systens (OS) can be
applied as it is. An exanple of such a file systemis a FAT file system
In addition, data can be exchanged w thout being conscious of differences

in GS. On tepeRfsthals iherWinbe- 98CEaPRISGEL Ghskngmkps skt possible to
renew not only user data but, of course, directory information of the FAT

or uhe |1 ket eephded LaarLbe upesolatfonreas Thusualhe tebte- once optica

di sk provides conveni ence that data such as director information of the

FAT o the |} ke fan:be UpdaledadLom 4, tp) Lige , Asguplpg.Lhat the AV

system 120 1S uSed, video an a“ctan be utiTrzed as updat eabl e
| SA or an OSA remmjns., In addition, an

oper at fon (O OPERR TS0 | i TR S o 1
peration to trecor I nt %55 f9%6d By &'Host computer or
(the like as, a0 2 A8 S8 1T 08 MELERONES OREL SR L JuRk 9" shoad QL dat @
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 Y0101". 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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fromsuch 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 al ready been recorded before, an
error report can be returned wi thout actually nmaking an access 119 to the
write-once optical disk. In order to inplenment such a configuration, it is
necessary to manage the recording states of the wite-once optical disk
and, in this enbodinment, a space bitmap is used as neans for inplenenting
t he managenent of the recording states. By preparing a space bitmap, random
recordi ng oAlBermutéesonc=0piieaksdisk having a | arge storage capacity

can be inplenented w thout inposing a processing load on the disk drive.

| addition, sincenideoral NSUALAS fep BRI NaLS ALEAT LA dmnaged, an

alternate destination address used In an alternate-address process of a

defect or 0gi itgn rocessa can agqul e i fhout . .actual |y
Or Bl 09t £ate OYPLULT LA NGRT OC A CAN B %}é{{igpﬁrg&é Whicf

maki ng an access to the wite-once optical ~di hat, by using

H . i i.nf '
alTochiea ehEre o o BRCPHES, SRR B IHC R0 PBhat S, P SRRENEL RS, i ng

al |l ocat ed e lead-in and t

states of t nagenent/control _information can also be managed. In
particuIar,gfhg%ﬁéﬁgagﬁﬁﬁﬁn%fl?rﬁpé%ést area OPC serving as an area for

adj usting the pOW%& 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 verify 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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of the laser beamis effective. Wth the conventional technique, an access
nmust be actually nmade 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

whi ch data has been recorded by using a small |aser power is interpreted
as an unrecorded area. By using the space bitmap for al so nanagi ng the OPC
area, however, it 1is possible to avoid such misinterpretation. By

combi ning the overwite function described before with the space bitmap,

the processpogsipad ’@@rﬂﬁplPYatﬁflé“%s%mvewﬁ%hb@séédt@%’e That is to
say, as is obvious fromthe pieces of processing represented by the

flowcharts shewhid, FGScnd Tcb vy 1 M4 10KE 5 BELYRLL Yo FRKL 10 By access to

the disk, it is pOSSIb|e to deternlne mhether or not the overwite

function i sps Deagtivaledd nopddd fon. by apitinden delestive orea

detected at a mmlte finme and s ro rea in recor st at us
o record dara B a0t eefh I leéci Stkathy 2 “%p@"“sk““sa%*ﬂ on, by
s possi bl & t L?%"’“”%%e"f e B et TS o b eird . EREGSE ag a't
process ha%@“%xé%angeg without being conscicus 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-once 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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error. On top of that, an updated TDM. serving as alternate address
managenent i nformation and an updated space bitnmap are additionally
recorded in the TDVA and, at the sanme tinme, information indicating the
effective 121 TDFL and/or the effective space bitmap is also recorded as
wel | . Thus, the effective TDFL and/or the effective space bitmap can be
identified at each point of time. That is to say, the disk drive is
capabl e of correctly grasping the updating state of the alternate-address
managenent information. In addition the fact that the space bitmap is

recorded ing he, JOMA fRassd e dhe) dal & zong, $81MNG A gﬂe%in@ area for
recording the space bit map |s not use For exanpl e, ﬁl | SA or the |ike
i s not use ble to H;address
process d‘:fe%-}ltplb% %/ﬁftjitﬁlfg?ﬁ%{a ?Fata grgénéeél%ér)l#%n Ogn#e&{ SA and an
OSA, mhlch erye as, an t.er nat e- address area. . For exa ei t her an
| SA or (ﬁ%ccc?gésneq ec“fatae ° eh At Jr%eatoen%%ac?%%]sc%lr Cgl? useIB in an
alternate dr ess ocess t plcallé§§n t he, basi s, of refergpce of an area
closer tot Sal?”&? ey rmaR, 319389 P BAHerT¥n 1 SA or an

OSA in this way, an operation to nmake an access to _data conpleting the
alternate-éﬂﬁgg§%?ntlng the management of the recording states.

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. In 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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process can be nmade efficient. On top of that, in an operation to wite
data onto the disk 1, data nay 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 alternate-address process, the wite
operation can be continued without 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 specified area cannot be carried out due to
a defect detected in the area, in nmany cases, areas surrounding the

def ective af@ayRf&n NBsta | hie! Yol S5 LASH 1By QuiiE, LR/ cannot be

recorded. In this case, a wite process can be carried out as a process

assumi ng t hdue predelitainad ag ogo Jolhonag.ddie deleot e aneg ang ol so

defective areas to No access 1's actua ata for these

areas has Vi receiv. . di Lve n al t ernate-address
process c’a?%%é%a?fﬁg%) %%f %lﬁg? E%arggrhgla%g ﬁe tctéﬁés/ %%%ae’, a%(%/"genv? ! taérjee or

nore continuous clusters are subjected to an alternate-address process,

al t er nat e- ajd?’dr%%sss%ﬁ%%&ﬁ%%it#%éﬁmbsemtc%%%tgaeﬁl%' the TDFL only as two
entries so that the size of the used wite area can be reduceg. On top of
that, by carrying 84t “9"Bi-8dBgsthR PKerwrite function describe

before with the space bitmap, the processing load borne'
by the disk drive can be reduced. That is to 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.

Cn 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
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space bitmap to treat a processed area as an area, in which data has been
witten in this way, an illegal access can be avoided. If no data for
areas follow ng 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
havi ng an all ocated alternate destination and treated on the space bitmap
as areas, in which data has already been witten. If an instruction to
wite data into such an area is received fromthe host thereafter, the

di sk drive T8fersnd ot henSRaEL B { PR 0-d ind U 14 hafsd hea @i /ed s an

area, in which data has already been witten. I'n this case, the overwite

function cafs hfe1 pxeqyied tad Reatd e 43k, WOt ENRLALIG,an error.

In addition, since the has the sane structure as the witable

di sk, data I A epr oducti on system fromithe disk
épq%ﬂgﬁgfggﬁfqmg 1d§h{% 1eéié% SR POITL qf)tl

provi ded by . even e T eproauct i'on "sys en1d%%igned for a
e ROLe, Sl Saset ol SeRns TOVBIELIRY b, O Neat  Second
TDNA.nEtrKKBJEE%f%g the updating state of the alternate-address
management information.
In addition, the fact that the space bitmap is
recorded in the TDMA means that the datarzone 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 0OSA, 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 continuously thereafter, by carrying out an
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nunber of simlarities to the first one described so far. Thus, only

di fferences between the two nethods are nainly explained. The structure of
the disks are the sane as those 124 shown in FIGS. 1 to 3. In addition,
the data structures of the DVA are also the sanme as those shown in FIGS. 4
to 8. However, the second TDVA nethod is different from the first one in
that, in the case of the second TDMA nethod, a space bitmap i s not
recorded in the TDVA. Instead, a space bitmap is recorded in the | SA The
data structure of the TDMA is shown in FIG 26. The size of the TDVA is

2,048 cl ustﬂ%rr@@e_tg?%?ggr%c%%%gég,s %E&%ﬂgd%?é&%%@eéarp%@ers 1to 4

are used as clusters ing a t enpor ar ect list). A
cluster identifi y. C r e iS u | u r_.r.ecordi ng
2 ToDS (1 enpoy A e S I B R g T S W £ B e
information on the optic r.ecor di medi u t T t he TDFL and the
TDDS are re%%f%%dt%s&% ‘ﬁe‘f“ﬁ'cnﬁ‘r% %g% ed” ggé¥é$s Qgﬁ%&d ly recorded in
the TDWA, the seh is w.itten at_ the beginning of a free area .in the TDVA
That is to say, {08 GHBU(EETgert & GESRAGHON it oalt Ttea SanfodiCely

foll ow ng a recorded TDDS. ,
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 éase, a writé process
can be carried ocut aé 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 drivé, 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
.gize 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, an 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
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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 sane as that shown in FIG 11. In
the case of the second TDVA nethod, however, unlike the first nmethod, a
125 TDDS is not recorded in the |last sector of the TDFL. That 1is to say,
the area followng the alternate-address information ati termnator as
showmn in FIG 11 is all filled up with codes of 00h. Thus, the TDDS is
recorded in a cluster different fromthe clusters used for recording the
TDFL as shown in FIG 26. The data structure of the defect-list managenent

|t or mat i oty ppluded i, t08, IDRLd§, SXASILYe I SBNEGS of Al Shown 1 FIG

7. In addition, the data structure of t al ternat e-address I nformati on

tioi ti i d ' it h. t.hat [ | . i f_ Di f
a1 tor nat o- iR TERER B¢ FR i et il P &erted 10 and

1010 is interpreted as .a.pair of entries  _representi.n lurali of
conti nuous s esae‘?k%/ikgagvub% ah aa]tj[%cﬁ%éfcgpas E?E%ata%dfea&pjr%%ﬁ%y of
continuous clusters servi as an alternate destination., FI.G .27 is a
di agr am shfhd- 14 AP StHURASE ALERHR FDOESIH H ISR in a

cluster other than clusters for recording the TDFL. In this case, the size
of the TDDD3S DheaINNET HHitdeh s e aare s ufdoppg§e 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‘functionrcan 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 1s 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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shown in FIG 5. The contents of the TDDS are all but the sane as those
expl ai ned before by referring to FIG 5. As is obvious from conpari son 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
nunber 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 TDMA and bytes starting with a byte at byte position
24 are bytes used for recording the physical address AD DFL of the first

sector in theFlninsgse 1 he TOMATL taddsi tidhe vt edtthaltridtdhe case of
a two-layer disk, a TDVA is provided for each of | ayers 0 and 1. Mich

li ke the f'éﬁttff%ﬁ%f@da%%ﬁ@%ﬁ@%@ %Pchsé SshdP$Si Pl er¢®. agopt a
TDVA-utilizing technique whereby, first, t TDVA provided for layer O is

used as a TPMA for updating the TDFL and the TDDS and, as the TDVA
provided for layer 0 is used up entirely the TDVA provided for Iayer lis

used. 7-2: ISA§ ag%AD As FE - %% @H%gmysn%l%%efa CSA. In

the case of this nént |§ used as an ernate ar ea.

The ISATs t‘iqse‘jff‘z?sta”or?er 3, T4, recordc $0208: M E™PSeona ToMA

methed, 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 i1s 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 informaticn 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 is written at the beginning of a free area
in the TDMA. That is to say, the updated set is recoxrded
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 same as that shown in FIG. 11. In the case of the

second TDMA method, however, unlike the first method, a
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The sizes of the ISA and the OSA are defined in the DDS and the TDDS. The
size of the ISAis determned at an initialization tine and renains
constant thereafter. 127 However, the size of the OSA can be changed even
after data is recorded in the OSA. Wien 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 OSAin a direction toward the cluster at the

begi nni ng of the OSA without skipping any clusters |ocated between the

| ast and the beginning clusters. The ISA is used one cluster after another

starting vbBsthe gLUSLELoAbcLhebegingiog ofcthe LBAAS Al earmdor

recordi ng space DbItmps shown 1'n igure. To put it
in detail, mycholLke tpefirst MR, MELhod. deseribed eabier, the size o
a space bitmaprs dhe cTustef and the First Space |?nap IS recorded in
the first cluster,.Wen _the space bitmap_|s updat ? tg reafter, the
Updat ed SpadRlBITRRATS Fbobr HEMIAOh AevPPBIE i SLOt bt bsgi Rhihg of t he
free area o _ige | SA, that s, iE é&e area i diate&% succeedi t he | ast
recorded shaceSBi Fhaplth ¢Adet @F edtPng W%ggg§b£§? ettt | ast
recorded space bitmap and the new space bitmap. Thus, the | ast space bitmap
anong bi t mapR feebpgegr different from the clusters used for

recording the TDFL as shown in FIG. 26.

The data. structure cof the defect-list management

information included in the TDFL is exactly the same as

that shown in FIG. 7. In addition, the data struéture of

the alternate-address information ati is entirely

identical with that shown in FIG. B. A pair of pieces of

alternate-address information ati with values 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 & 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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in the | SA becones the effective information. In the case of the |ISA shown
in FIG 28, space bitmap SBM#5 is the effective information. 128 The data
structure of the space bitmap is all but the sanme as that shown in FIG 10
except that, in the case of the space bitmap for the second TDVA et hod,
unli ke the data structure showmn 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-| ayer disk, a space bitnmap provided for layer O is recorded in the

| SA for layer O while a space bitmap provided for Jlayer 1 is recorded in

the | SA forplayerods t foMeyesre thee L SA 508 fé‘feferE&‘ng%h@hé SpdQindayver 1

can be regarded as a single areawth a large size hout regard to

whet her the%iﬂg £ bEtrRp bspa %i?gﬁs% d&%iﬁﬁ%% %geﬁ{ 0 Q0Mpdee !N this

case, the | of layer 0O 1s fiT as an area storing space

bitmaps provided for_both |ayvers and,.as the |SA of |ayer 0.is, used up
entirely, tﬁéégghp%f{?a§5? HY?%Su%%e. E@Itﬂ%cﬁﬁé%n%h%%gag%Y%kcilprovided by
this enbodi nent as ﬁ d%sk with an | SA thereof,used for, re or€$ng space

bi tmaps is MOUNTEY Bh GOt heFSUHi ST viE? 2191 EC n2tedsi?s D prevent the

| SA from bejing used inadvertentlg as an alternate area. In order to
prevent TD and bytes - starting with a byte at byte position 24

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

provigded for layer 1 is used.

7-2: 1ISAs and OSAs

FIG. 28 is a diagram showing an ISA and an OSA. In
.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 0OSA 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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such an | SA from being used inadvertently as an alternate area, spare area
full flags of the TDDS shown in FIG 27 are used. 129 In the case of a
one-l ayer 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 full 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 shown in FIG
29A, bits b7 to b2 are reserved. A bit bl is an outer spare area ful

flag. Avalue of | is set inthis outer spare area full flag to indicate

that the whgle 50 Pag Qf]?é‘f%'g%ﬁ% S8 VLD Q%‘Hﬁ‘gé@@%&?&%ﬁ neFeLp. A bit bo

is an inner spare aréa fu val ue of h “this inner spare
area full fag atgsingica e.t hat ﬁhe %%hole | SA has been filled up with data
recorded t he?ef n’ S| heTREIEAsE" of'a P¥0: | ayer disk shown in FIG 29B, on
the other hand, in_addition to bits bl, and hO of. a . KB one-layer disk, bits b2
and b3 are respecﬁk\f‘é} V SHAPTEEAY [AANe Y IOSA 0} 12TF 13g 9 &4fe second
layer. In this case, bits b0 and bi are resgectively an OSA full flag and
| SA full fl%@dﬁﬁs%H%r???%%'I%%%r@aﬁ%u%§ Y¥ihlepate B tHePP i SEEEHded in an

ISA as is the case with this enbodi nent, the inner spare area ful
: with the last cluster of the OSA in a direction toward

the cluster at the beginning of the 0SA 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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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 | SA for an

al ternat e-address process. 8. Qperations for the Second TDVA Method 8-1:
Data Witing In the case of the second TDVA net hod, the system controller
60 carries out data-witing processing represented by a flowhart shown in
FIG 30. Also in the case of the second TDVA nmethod, it is assuned that,

at a point of tinme the data-witing processing described belowis about to

be carried out, the di 1as en te t sk .dri a TDFL
a TDDS and a spaceﬂbel ?dnaa%é h]save Cg:g’gfne toglr%}%@e(rjs gag:ef :ﬁgnthrlaﬁ)e ldg]’lﬁ;\/}lil ?ﬁ%or ded on

th ted, disk 1 to_t h 60a, |Ln_ addition, |.anat i f
process to EORVEFE®a® | DO Calair bas® Fit o & FHYSH el Bt B35 FFom ¢ i e to

time is also omited fromthe foll ow ng description. lLet the system
control | er B®°F e%éi e asﬁ’eé‘?ﬁg%‘}tpﬂ%p ?t%h%a?%c‘grféa R e eddr ess from a
host apparatus, such as the AV system 120. |n this case, the system

control | er WBlEkarthe t#rtdrocesctnee rehreseht by the theob@®Part shown in

FIG 30. The flowchart begins with a
sector is not used as a sector for recording a TDDS.

. It is to be noted that, in the case of é 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. 1In 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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step F501 at which the systemcontroller 60 refers to the space bitmap
stored in the cache nenory 60a (or the 131 recent bitmp updated in the
cache nmenory 60a) to determ ne whether 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 flow of the processing goes on fromthe step
F502 to a step F503, at which a normal wite process is carried out to
execute a conmand to wite data at the address. That is to say, at the
F503, the systemcontroller 60 executes control to wite data at the

specified addr es%nhItrpleotcté«%][el \S%J%ngterlq_ag%t' Gals Pl Ghup o %”g'es didven to

make an access to € Speci ess record the at a toabe witten

as requeste e specified address the data-witin ocess i s

nor mal | y enj%éfcai% %ﬂaegsf D'ttt 1 He pr o%fesisi% FY0EE h %r%agtée)%mégojzfl at which
a space bi p ored in_ the cache nenory 60a is, updated. . Th i.s to say,
2 bit al | odieer 741 haPs phte CHEmET o WO AYEe Ak WL i & Wsia has

been witten is set at a value indicating that data haseqt?feg witten in
the cl ust erk@itherfhg P& RGO OF ther$F REEH TP 7§ W®Y¥% response

to the wite request is ended. If an error is generated in the course of
the wite has a format shown in FIG. 29B.

First of all, in the case of a one-layer disk shown
in FIG. 292, bits b7 to b2 are reserved. A bit bl is an
cuter spare area full flag. A value of 1 is set in this
outer spare area full flag to indicate that the whole 0SA
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 0SA 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 toranother disk drive as a disk with

no free area left in the ISA, the other disk drive can be
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processi ng due to, anong other causes, an injury on the disk 1, an

al ter nat e- address process may be carried out 132 in sone cases. In this
case, an alternate-address process |ike the one explained earlier by
referring to the flowhart showm in FIG 18 is carried out. It is to be
noted that a step to carry out this alternate-address process i s 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 bitnap

i ndi cating that data has been recorded at the address specified in the

wite request _received fromthe hos ppar at us fo nd, the

fl ow of thepﬁ?%%%gggn ra%é%s%%gt%h% %'@pgggoég %&E%ﬁ%%géségﬁ%egﬁe system
controller 60 determ nes whether or not the function to renew data is
effective. ¥t°FS°fo be noted that a function to enable the function to
renew data will be explained later by referring to a flowhart shown in
FIG 31. If the function to renew data is not effective, the flow of the
processing goes on to a step F506 at which an error report is returned to

t he host appar &NErafefnce fte thexs@ndrsh TBMA Methstessing is ended. | the

function to renew data Ls_effective, on the other hand, the flow of the
processi ng foks diwttzo Wridtiay

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. In addition, explanation of a process to convert a
logical address into a physical address from time to time
is alsc 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
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F507 to determine first of all whether or not an alternate-address process
for renewing data can be 133 actually carried out. In order to carry out
the al ternate-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 allowng an entry of the
alternate-address information ati for managing this alternate-address
process to be added, that is, allowng the TDFL to be updated. If the CSA
has a free area and the TDVA has a margin allowing an entry of the

al ternate- a%géggg #%ﬁé%%ﬁ?tin for . NRnAYL r&gel{lg)j_.fi %édé £rogt e- address

process to be adde the processing car out by the system

control et 80, 9925, O LANLL NG, SLEP aPRTu0 5.0t epEROR AL wLgh the

opti cal picku Y} e an access and récord the

data to be itten as r sted this tine in the OSA. Then, at the next
step F5009, ?%%£§%%c%p%ﬁ%fi§gi%ﬁcﬁ%%lvﬁl%%er%%%%%thnnnry 60a is updated%

That is to say, a bit allocated_ in the space, bitmap to an OSA cl uster
nel uding an addr dds 7@ SHPCRACh SRR & 4R d5ck i turi e SRS

al ternate-address process carried out to renew data is_set at a val ue
i ndi cati ng 3¢dfeeat a-rast eerPinihe gerocessing goes on from the step

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 contrcller
60 executes control to write data at the specified
address. In other words, the optical pickup 51 is driven
to méke 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
out 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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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

al ternate-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. In addition, an entry count
included in the defect-1list nmanagenent information as a count representing

t he nunber of catal oged DFL entr.ies _is incr n il
al ternat e- alcirajr%%rée i%qsoersnht :Iéln ta i° icéaser‘ie\ﬁlny aa(rj}%é:g;%%(? %hdé%%%ﬁ,prgﬁ:gstshe
nunber of sed .OSA clusters is decremented. Then, the execution of the
processi ng%@ﬁi%ﬁe IR i RSP £ Jt%qi’/éfilf ‘?reﬁ]dg&o i‘éﬂ‘eended. By
carrying out the processing to use the OSA as, described above, .the system
control | er W@%@baﬁ}%”bfln dodi ng-&ith % K% o Wb € &t &% nto an
address, at which data has already been recorded before, that is, coping
with a requesied dhadneéy Hed.tq feafiey datlertl Fatd ot et 1adbieihed at the

step F507 indicates that the OSA does not have a free area for
process is not included in the description of the

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 toc 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 F506 at which an
error report is returned to the host apparatus before the
execution cof 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

133



at |l east 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 alternate-address process to be added,
on the other hand, an alternate-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 apparatus before the execution of the processing is
ended. It is to be noted that alternate-address information ati can be

new y genergéggafi tggrgggﬁ Fd0 to reflect the executed alternate-address
process by carryl%g ou e processing represented by the flowhart shown

in FIG 20. It is also rth noting that, if_the |ISA us S.a for
recording a space %f (D T oES %Ifn%tfh%d%hea ?fr%eernaa%reeéa}f%re?se% 7 d‘?%seg’
operation for updating the ace bitmap cannot be carried out. In this
case, the foPfo ﬁﬁetgﬁ?%a?ggd%%?Ermﬁﬁgu?egr%%naﬁ%at %EnaYof%??BM/a process
of recording user data to _be carried out; *Wen a disk with the | SA thereof
i ncl udi ng reRePHEHY shhaR eddF R nEpRU BBt e Rat ngh oY TEEE PReE @3- i SSThount ed

on the disk drive, the disk drive checks an RF signal,
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.

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 by 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 0OSA 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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serving as a reproduced-data signal for a free area available on the disk
on the basis of the nost recent 136 space bitmap and reconstructs the space
bitmaps. For a disk with the | SA thereof 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 followng the |ast address of recorded user data. By the
way, in the case of the present enbodinment, the ISAis used as a spare
area for recording space bitmaps. Thus, it is necessary to nake the data

renewal fupction effective or ineffective.in dependen n . whet her.. or not
Lhe sk 1 oURTad b T he ark WTveY | 808 % OB TSt i dne I 9k (o be uoed
as a spare area for recordin ace bit s. At the step F505, the system
Control ler Bb-C A Er T het I TI6r T R The TIRRITTR 100 rdkew data has
been put in effective status, which is set by the processing rgg{esented
by the flovithR &R re s @rEeS THE P RESU RS et hes R Y enewval

function as _represented by the flowhart shown in FIG 31 is carried out
typical |y viiéded s diskentis fpued B« hésdiask 2 1deirpet iWeen itthe disk 1 is

nmounted on the disk drive, the
alternate~address information ati including the same

alternate source address as the address specified in the
write reguest already exists as an entry in the TDFL,
this entry is renewed. In addition, an entry count
included in the defect-list management information as a
count representing the number of cataloged DFL entries is
incremented in case alternate-address information ati is
newiy added to the TDFL, and the number of unused 0SA
clusters is 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 OS5A as
-described above, the system contrcller 60 is capable of
coping with a request 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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system control |l er 60 checks the TDDS of the disk 1 to exam ne bit bO of
the spare area full 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
provi ded by the present enbodinment 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 | 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
provi ded by the present enbodinent, bit bOis set at 1 and, if the disk is
not a disk [ n [ ' i at 0 or 1.
Thus, at Ie%lg)%?yi(ggg?l?gb |%%%?ga%d(gggtgﬁeﬁd?éﬁm%%OIE(%JCJ?A %l%k provi ded by
t he present_enbodi e Th

t. S, 1f.bit bO i 0, .t of t he
processi ng I&%%asgjo%gt%uas st %é’ff%%&ea?d@ﬁ? c% E?%gec%%%c ?o]glng %%Q%he%g data is
turned off. _In this case, the djsk drive is not capable of _carrying out an
aIternate-aﬁ%?e%€5%¥§ﬁﬁ§g’a%% %i%ﬁ%%% %_a?%r?%%d? 2=3DaCE P H%% on this
disk. That is to say, the steps F507 t%{Fgﬁéiofi%h fl omchart, shown in
FIG 30 ar&®hbte@xdtlut ed? IthigddaSson, e e FH G S M Dwehar t

shown in FIG 30 to update a space bitmap for the case of an ordinary

“wite operadPon 9% & s» filegp FO11 at which an error report

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 aﬁ 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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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 I SA and the reproduction
conpatibility are maintained. |If the exam nation result obtained at the
step F601 indicates that bit bO is 1, on the other hand, the flow of the
processi ng goes on to a step F602 at which the last cluster of the ISAis
exam ned. This is because it is quite within the bounds of possibility

that the di sico. 500t o6k, Ofbd e S5k S14 Ve |5 {16 o Big ded by the

present enbodi nent. |If | ast cluster of the ISA1s a cluster for
recordi ng a spacge.bitmp, .the fl of rocessi n es n. f the step
F603 to a step F?O%I t% cflesa]%l S stéaﬁgdgeﬁer%p an Lgflor%ge l{)%ceo%%grrap in

the cache nenpry .60a. _Then, .at_the nex t ep. F606 he_functiion for
renewi ng d%?%?isbﬁ%E%P%Pk%%t?%%ﬁn$fn?h%e€§a§¥%%t?%%£?é%% t&%% ai ned at the

tep F603 reveals that the last, clust f the ISAis deternined to b
ot a ol st Tort LGt oy af SHACe D i, oM AT 0 et SRRES TR 11 ow o

the processing goes on to the step F604 at which the function to renew
data is maderlte operatiocns) to be carried out to record data 1n an

area following the last address of recorded user data.

By the way, in the case of the present embodiment,
the ISA is vsed as a spare area for recordihg 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 is 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 contreoller 60 checks the TDDS of the disk 1 to

examine bit b0 df the spare area full flags provided at
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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
using the I SA as an alternate area, on the other hand, the ISA is not used
as an area for recording a space bitmap and the data renewal function
provi ded by the present enbodinent is not made effective either. An
exanpl e of the disk using the ISA as an alternate area is a disk
cont ai ni ng da ord nof h [ rive. 8-2: Data Fetching By
referring toy%gfégﬁk%%§€ %%d%% %ngﬁfgiﬁégg'the foll ow ng description
expl ai ns processi carried out by . the system.controll 0 I din
the disk drive togg? FOdUEE §F§ﬁﬁfﬂhﬁphée'gﬁglfgaﬁchﬁﬁgggo uc f%%ﬁtine.
Assune that_the systemcontroller 60 receives a request specifying an
address in %%%fd?%ktaet Q%aﬁ RECVIURTE Y ot RE I RFRAUAGHBRRT 13 0m a host

apparatus such, as the AV system 120. In this case, the systemcontroller
60 carries dUESKhEpHEEERSi e stah t19R0 atS 2% | BWRhar?T STEPPETNI at whi ch

the space bitmap is referred to in order to determ ne
space bitmaps, bit b0 is set at 1. Even in the case of a

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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whet her 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 processing goes on to a step F703 at
which the TDFL is searched for alternate-address information ati including

an al ter natg, SQIHLE ;309hE85Se MR S 1Y Stﬂbg”pq]q{ ?%%_ specified in the request.

If no alternate-addréess information ati I ncluding "an alternate source

address MmtChi ng hhe Addess, caPRerLled LOcthe Leauesttep Laugd in the

search, the flow Of°the r 0Cessi ng goes rom-t to a step

F704 at which the data is reproduced fromthe, ,specified address. before the
execut| on STRIETSCAS I T ARdo t T b o G 1Y 15
nor mal reproductlontgrocess to reproduce dat%iL32n1the user - dat a A ea. | f

the search TEsult? G el LEPFAREUSEERNF7EEP2 ity are maintain

If the examination 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 of-the ISA is examined. This is because it
is guite 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 is 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
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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 CSA
or the alternate source address extracted fromthe alternate-address

f O MR i 0N Ak ANGoSLONST £LaLhEoL ERLOANERD, LBy L0 Lhe BaSLe s @ppal at us

such as th system efore ending t execution of the processing.

By carrying_out the processing.descri bed ab , can be
correctly ?%%r%%%%% And l?r%%% e?f%%c o hgg o%tgg%%aégﬁﬁgé?%aﬁgsponse to
even a data reproductipn request nmade. by the host after newal  of the
Gata. 83 CRUFRETOr TRECTTRD Hhce BT ante CoavEs SR 51 it

Conpati ble D sks_Mich like the first TDVA net haod described hefore, . an
updat ed TDFIF@RdEShate R Ehed artPFrantbriRd fromthéEas& 60a to

the disk 1 at a predeterm ned point
using the ISA as an alternate area, on the other hand,

the ISA is not used as an area for recording a space

" bitmap and the data renewal function prcvided by the
present embodiment is not made effective elther. An
example of the disk using the ISA as an alternate area is

a disk containing data recorded by another disk drive.

8-2: 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
reguest 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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142 of tinme such as the tinme the disk 1is ejected fromthe disk drive. In
the case of the second TDVA net hod, alternate- address managenent
information (including the TDFL and the TDDS) as well as a space bitmp
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 updated. |If the TDFL stored
in the cache nmenory 60a has been updated, the flow of the processing goes

on to a ste : i TDFL is recorded at the beginning of a free
§P§%£ﬁ5$%cﬁgdﬁﬁﬁOﬁgf%ﬁgg-

area in th e disk 1. Then, at the next step F803, the
TDDS i s recorded t he,_heginning of a fre rea.n t T recorded on
(e di sk 1. 11 1's 1o 5o Sgred Anat s LEToR L ARE TS are
recorded in_the, ITDVA ,6 the space bitmap stored ip the cache nenory 60a may
need Lo be THSHEEFT ol TIECIOTHE t chRf dTHEY M HNS (RIS FHORAE M Ehace
bitmap stored in the cache nmenory 60a is exam ned to deéernine whet her or
not the bi?rllratbo FPasStb%%nF—l%aatfed".’thh 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
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 obtained at the step F703

indicates that there is alternate-address information afi
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143 If the space bitmap 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 beginning of a free
area in the |ISA 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 1 SA so that alternate-address information and information indicating
whet her 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 TDVA but, in

order to mey Al c_?pér‘P é &i%?ﬁéé’ A#&ﬁ’e%%ﬁ%l}]tﬁ%\;&u@' sks,

informati on recor Is transferred to t at aflnallze

tine. ALt ré%p%%%l@étlr{ ec%eé‘lt eLS’éando t n:%émos’éherxie%e%}% T%S are

recorded in't It 1s ne essdry conver ‘pi eces of
al t er nat e- dor“gsos |trH‘orrrat|on at i fo ]]}]et er m 000 into
pi eces of dlterna Qddr< Csessﬁﬁﬂ%rgr?aeﬁo?‘? 5o ¥ SRR of-DGEd0 by
carrying out tg;nggoceﬁéﬁf of the steps ,F405 to N§$ of the flowhart
shown in FI A e BESh ForBREe $vieh by adopting
the second TDVA net hod described 144
extracted from the alternate-address information ati.
That is to say, an address in the O0SA is acquired.
Then, at the next step F706, the system controller
60 executes control to read out the data from the
acquired address in the OSA or the alternate source
address extracted 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,
most 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.

8-3: 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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F
I

above, basically, the sane effects as the first TDVA nethod can be
In the case of the present enbodi nent, space bitmaps are stored
in the I SA. Since the disk layout is not changed, however, the present

obt ai ned.

enbodi nent
di sks. In
bi t maps, t

di sk drive fromusing the
are recorded in the TDVA,

updati ng
managenent
nunmber of

drives desi gned

scope of t
enmbodi nent
of essenti
recordi ng

is good from the standpoint of conpatibility with existing

addition, for the I SA used as an area for recording space

he spare area full flag is set at 1 so as to prevent another

| SA as an alternate area. Since no space bitmps
the TDVA can be used effectively as an area for

the JORL and,the %I@Saic}g%]g%hé Sd{Qkfsf‘yist%feg‘ié&rﬂ?érﬁ?t dress

I nformation can e up nore tines

eep up with a.larger

qﬁfﬁkr§%# | s. Disks provided by preferred enbodi nents and di sk

he di sks have been descri bed so far. However, the

] he di sks h de: o far.  tove
o That TS W GRS BT VAR a5 MNP e she KU e range

al of the present jnvention ar?_co cej vabl e. For_ exanpl e,
ekt

as a

U DM Frese M T ANt N Wi e e urA ™ her than

t he opticah;disk medi um can be used. Exanples of the recordi ng nmedi um 145

he TDDS) as well as a space bitmap are transferred from
the cache memory 60a 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 contrcller 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 tc 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 TBDS
are recorded in the TDMA, the space bitmap stored in the
cache memory 60a may need to be updated to reflect the
récording.

At a step F804, the space bitmap stored in the
cache memory 60a is examined to determine whether or not

the bitmap has been updated.
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ot her than the optical-di sk nmediumare a magneto-optical disk, a magnetic
di sk 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 nmediumallow ng data al ready recorded
thereon to be renewed. Thus, a file systemsuch as a FAT file systemfor
a witable recording nediumcan be used for a wite-once recordi ng medi um
As a result, the present invention provides an effect that the useful ness

of a wite-once rgcoi nghJRAIIPEAD A& _phancedLonsirderablory dwr

exanple, the FAT file system which'is a standard file systemor
it ti . _
I ntormat | onp PEOGESS! NP4 2PLAT 8{1’2’%8@8»0 8f tie E@fé@é‘at% ff%&'é@on%& g%("z a

vari ety of operating systens to reproduce. ma wita

recordi ng LU d.re ' It e re i medi um

- By virtue o?gggeﬁ%?gs%%tﬁﬁ%ggn |%n$8%o%g€%gT5%¥éé é%%nﬁf?%gégs %ﬂ?can al so
exchanged BT rBUEM BT Corklt ore. DFe drfyLrbiiec bat uEbte dbEratthg
g¥sbsgﬁi IZggg f§flfg§§r é g%st go Psﬁrfp1conpat|blllty- mai nt enance poi nt

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 TPMA 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.

9: Effects for the Second TDMA Method

‘Even by adopting the second TDMA method described
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In addition, in accordance with the present invention, a wite-once
recordi ng nmedium can be used as a witable recording nediumas |ong as an
alternate area and an area for updating alternate-address managenent
information remain in the wite-once recording nedium Thus, the
write-once recording nmediumcan 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

i ndi cati ng whet her or not data has been recorded in any cluster, which is

used as a dabavuni fas 001 1he {REOLANNG FROLUN L gener al, Aplost comput er

or the |ike nakes a request to record a at an address specified in the

request as an address E$O@bégfgggjng medi um nounted on a recording

apparatus or a request reproduce data froman address specified in the
request as an ad IF%%_in a re&p&%jng)nedi n1g§yn,ed n a__reproduction
apparatus, and such r &ué:satsege *h en%rg S lﬁ“ger’l dad®at nust be
borne by the, recordin nd eproduction apparatus. By referring.to such a
opace bi t Mept e SVered BootE L MRt WiandrvsH st dar o

has al ready been recorded at an address specified for exanple in a wite

request. | fRYatEanpEeda| HARKL Ded'® RIGTTRIY ATRIEIREEi 1T P2, an

error 147 , o . o '
: the standpoint of compatibllity 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 1s 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 c¢f the present
invention, a recording medium other than the optical-disk

medium can be used. Examples of the recording medium
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report can be returned to the host conputer w thout actually making an
access to the recording nedium As an alternative, the data can be renewed
by carrying out an alternate-address process. In particular, it is also
possi ble to determ ne whether or not the function to renew data is
effective (enabled) w thout actually making an access to the recording
medium 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. |If no data has already been

recorded apthde w&@iiﬁé%ﬁﬁgﬂésﬁsﬁiéﬁ RESDIM TEPOTS RahdE L8t Hed to the
host conputer w thout actually making an access to the recordi ng nedi um

That is to gayy, id hSgROSSEbhesk Oaf 8UNCE: & LILFESST N0sLRAd R DE DY the
recording and reproduction apparatus In respectively recording and
reproduci ng,, onto and fromthe recordi ng medi um by nmaki ng random

accesses to the Tecording medium In addition, by using the information

i ndi cati ng whether, aor .dat a ‘has en recorded in _any cluster

recordi ng states %P gﬁtggﬁggﬁuﬁﬁgg % ﬁgo%§n5%€§FLﬁ%i§ns’i§&F% possi bl e

to acquire an alternate destinatiqg :?qlress mh%gh is to be used in an
the 0 ec

al t er nat e- ddFEsAt ffgrention has owling e ts.

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 file
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 (0S}) 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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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

i ndi cati ng 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 | aser power or the |like. That is to say, when the OPCis

searched for a triml 2uditq oA, eanf QlcRHMIINYidH 33QN RAQMRILL 1T IS not
necessary to actually make an access to the recording nmediumand it is

al so possi b gvLor fMQI dy '@EPféBSﬁcedPé@&f&ﬂﬂ?Q§% Pbﬂmgéﬁegeousggd?gaéa has

been recorded in a cluster. In addition e information 1ndicating

whet her - or, nol ol o bas: Beed fesprfed. | 1o a0y, ol pster Leveals, it an area

used as a target awite pera ionTs 0 an njury and

data has b di t t
posei bl o 1o T nars 105, MR %e?%'a%?% 42 fafediirets in the

defective tar et ea as a procesa}that woul d otherwise take long tinme to
carry out . %.'OlfOIi Ht’a?ma wrilite-once recor ing me jum.

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 reguest as an address in a recording
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
reproducfion apparatus, and such requests are a heavy
processing load 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

147



conbining 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 managenent information, alternate-address managenent information
is additionally recorded in the second alternate-address managenent
information area of the recording nmedium and information indicating

ef fective alternate-address managenent information is also recorded. In
this way, effective alternate-address managenent information in the second

al ternat e- adf &8s cARNAIBNrddd IR O M e Sagusr e fd ed. That is

to say, a recording or reproduction apparatus is capable of  correctly

graspi ng t he.dpdaty ng,istal &.pf; ds aldernat §e%i%fﬁﬁ%§%‘?'£%%eaﬁm a

information at every point of tine. top

data-writi ! pbi ser Vi witten/ unwj.tt state
i ndi cati onr?ln%%n%hqﬁsied ?Csﬁegﬁgagcaaécﬁ%?)oenaﬁrﬁé&gercgio r eacfL Ii‘ynj{l%%\ég%éecaﬁd

al ternat e-address managenent information area of the.recording medi um and
[ nf or mat | orf - 1HAIEAt 1 RG eT T e A S 31  AEnPARIRICLER /s ikt &5 RdiPCat | on
information is recorded, as ME||'déE¥ , effective witten/unwitten state
i ndi cat i on 5975 i$h EhHP NS ﬁ’ﬁred“%d}c?te&q%/.fwlon to

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 randem
accesses to the recording medium.

In addition, by using the information indicating
whether or not data has been recorded in any cluster,
recording states of alternate areas can be managed. Thus, .
it is possible to acquire an alternate destination

addréss, which is to be used in an alternate-address
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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 wusing 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 nain data area, on the

ot her hand, the second alternate-address managenent information area can

be utilized,efdessively;as A aed {Orcppdati Hon &l t&F natesadds ess

managenent i nformation. That Is to say, the nunber of tines

al t e nat - adgy e, NBNAGSIEAn /| HALIRNL 4% Undaleth £aNLBed gy eased so

that data can be renewed nore tines. nwitten state

i ndi cation adé'dégggn@éi%i et%oercﬂndggqndé@ilﬁn.porti on (such as the ISA) of an
e nai ata

alternate-address area in ar ea, information is recorded as

i nformation indicating that th tion of the al te-add
cannot. be used 1 OF ANPaReFRate. AOAABERepdCa0t TN L RO 2

L?C?Lgi glg{ ;tﬁ%ﬁg%i&ggépcgﬁgy_kctgnﬁ%aé)rceavnen;lesdo fl)reorpnanuaséendg g;e portion
using the information indicating whether or not data has
been recorded in any cluste;. Thus, the information
indicating 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, i1f 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, it 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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result, an incorrect 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 ntai ning conpatibility with another recording/reproduction apparatus..

152 CLAIN cdms it £60A] 8O- 0RLG) PLOVA d20eh LI B Wb EaR0GCqgESa 2LI oW ng

data to be recorded™therein once an conprising a nain data area as wel |
as a nanagfgeng/ggg%ro{oaégg for recordigg nmanagenent./.cqont.r ol Egﬁ&gn&tion
for recordihg HATATPHT o 2ard Thi A dat 8"t ea PRAGE T epritid] iPRERE fiom sai d
mai n data alea V\(/gg eésn:asaird nmai n, datg area co r{'aéses a regul ar
recording/repro%uc i Oh ArRaCWAT ThtYEY A  T89 82 of i At 6°* and r epr oduced

fromas well as a alagﬁggte area for recordigﬁxgg%gaggg to.a defect

existing in said gﬁbﬁﬁ Teordi Ay AErotudty TP %cor di ng data

'ha pr Oceggd%gsé ei{’l]aex\l,\ég({jeargear;lt information, alternate-address
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. 1In this way, effective alternate-address
management informaticn 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 additicnally
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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sai d managenent/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 managenent information in an

updat eabl e state; and said nmain 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 / contr oII@raqfd@@iﬁS iifpfﬂ{it@téf%rihﬂ%?{gﬂ%ﬁ?cn%%}ﬂfﬁ@g@mt dat a

has been witten into sai d data uni medi um according to
claim1l wh LN, LA a ith.said alternate-address [ ocess,
alternate-a %gggslhgﬁgégﬁéﬁtEﬁﬁ?%$%€%$@nl?snogdﬁ???ﬁﬁgal§nr%co?ﬁ%d in said
second al terpat e- addre managenent i nf or ion area and information

Thal cat i ng SRFE GRPFOL T D S P SR S T T B s
recorded. 3. The recording nedi ymaccording, to claiml wherein, in

accor dance Wth9a?dat E%ﬁ'???@ﬁé@%%%%s?r%%iﬂn W F tPRAT URRFE 2B st e

indication information is additionally recorded in said second
al t er nat e- dfiredgried out, and an operation to make an access to the

data recorded by carrying out the alternate-address
brocess 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
informatiqn 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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managenent information area and information indicating effective

al t er nat e- addr ess nmanagenent information is also recorded. 4. The
recordi ng medi um according to claiml1 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
wWth a data-witing process, said witten/unwitten state indication
information is additionally recorded in said witten/unwitten state
indication information area and last witten/unwitten 154 state indication

| nf or Rt i on;L8, 58] dar [ALERLUBT b ER: 15} aLeni pdi SaLl g0yl Nfgr mation area is

made effective. 5. The recordi ng Ium according to claim wherein a

portion in agqaligrnaie area of . sakd prip.d L5, used, as, sald

._ar
witten/unwitten state In |ca%|on ] orna?%%ﬁngreé?éand i OFHﬁ?IOﬂ is

recorded to,.j ngi hat . sai ortiop of .said, alternate area i s used as
sai d wwit?%%?€%§?$f?%%n§t%ﬁgeg%g?%at%gnl?ﬁ?ﬁ?ﬁﬁf?%neéiigsa%%, hence,
cannot serve an_area, u d alternate; address prﬁcess. 6. A

d f i d
recor di ng ab%%?ﬁrf“ﬁél%?owag‘da?%;gZ%%EOJ?I&? NPT e uRt %I AtEWrEFea

wite-once area allowing data to be recorded therein once_and conprising a
mai n dat a a?% e3s area cannct be used for an 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 maintaining compatibility with

another recording/reproduction apparatus..
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as well as a managenent/control area for recordi ng managenent/contro
information for recording data into said nmain data area and reproduci ng
data fromsaid main data area wherein: said nain data area conprises a
regul ar 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
recording data in a process to renew data; said managenent/control area
conprises a first 155 alternate-address nanagenent information area for

recording first alternate-address rrartqgﬁ}gnt information for managi ng
al ternat e-address process using said alternate area and a second

al ternate-address 1@“%9%88&&%1%;Héﬁﬁﬁfnoﬁr%‘féeh%agﬁcy |ng S?leu_qe

al t ernat e- address nmanagenent orfmation rn-an up eable sta and said

mai n data 0 ' enent,/control .are I S, used for recording
witten/ un%f‘% e%]l%?'!éﬁlﬂ%%:atﬁ o]fgne ri%?%rrdrﬁacg i%he?%]rn eatt” oaé?ci\ unit of said
mein data area and each data qg%t of saidéggg%%gnent/control area as
i nf or mati on- T catihg WEhel2 st Ht2 Bt & ¢h witten into said data

unit, said recordin aratus conpri sing:
‘ managemeé{fgggtrol aregn%or ré%ording 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 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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wite means for witing data onto said recording mnediunm confirmation
nmeans for determ ning whether or not data has been recorded at an address
related to a data- witing request to wite data in said nain data area on
the basis of said witten/unwitten state indication information;
determination neans for determning whether or not an alternate-address
process using said alternate area as well as said second alternate-address
managenent information area can be carried out; and - 156 wite control
means for controlling said wite neans to wite data at said address:

related 10 saidrdial fon Wid] Ok 1 SUPSLAN HPUALL g, 821 wriddens unw it en

state indication information I saild confirmati on neans eterm nes that

data has no@r£%%ghrf¥¥gcg%k&ipgggdbnfgpress related to said data-witing

request but controlling said wite neans to wite data related to said
data-writing request i.n_said alternate.area as |l _as dating said
aIternate-address%ﬁangggnﬁﬁgofﬁ%Bgnﬂ?gﬁﬁm 3ﬁ8°§§§ﬂngPth%fﬂnawitten state
indication information if said confirnathg;Fﬁ?ans determ nes that data has

been recordsd At sty Hefh eIty T YL SF LIRSS r equest

whereas sai d determ nation neans determ nes that | _ _
process, alternate-address management information is

additionally recorded in said second alternate-address
management information area and information indicating
effective alternate-address management information is
also recorded.

3. The recording medium according to 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 information 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 accérdanCe with a data-writing process, said
written/unwritten state indication information is
additionally recorded in said written/unwritten state

indication information area and last written/unwritten

154



sai d alternate-address process can be carried out. 7. The recording
apparatus according to claim6 wherein said wite control neans updates
said alternate- address managenent information by additionally recording

al t ernat e- address managenent information in said second alternate-address
managenent information area of said recording nmedium and recording
information indicating effective alternate-address nmanagenent information.
8. The recording apparatus according to claim6 wherein said wite control
means updates said witten/unwitten state indication information by 157

addi tional | yt&eeor diingasabd WhibtRALUBW kLt 888t ALercLAdLAALE PReRNT OF Mati on
in said second al ternate-address nanagenent information area of said

recordi ng mediug @ﬁéicéﬁggﬁdmsom;e&g}gt Lep,i ndi gs&%ngf%&@%&\!e

witten/unwitten state indication I nformation. he recording apparatus
e oL aT SR E Y WSt e, iR el
o eaLanphiseny Sk Dol 90 o\ BLOLIEL S0t RoL, T Sk e
sai d apparaéygaffgtgggdcggpééféngrfgéen gggriggegeg%égg indication
information area, and information is recorded to indicate
that said portion of said alternate area is ﬁsed as said
written/unwritten state indication infafmation area and,
hence, cannot serve as an area used for said alternate-
address pioceSS.
6. A recording 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:
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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an indicator as to whether or not data can be renewed on the basis of
information recorded on said recording nediumas information indicating
that said portion of said alternate area in said nain data area of said
recording nediumis used as said witten/unwitten state indication
information area and, hence, cannot serve as an area used for said

al ternat e-address process and on the basis of the substance of data
recorded in said portion existing in said alternate area as said
witten/unwitten state indication information area in a configuration

wher ei n sal g1 ¥E e+ £00kEOL SUCARAAYSRENE AL 0-150.000L 90c0f £5ai d al ternate

area as said witten/unwitten ate Indication rnfornation area and

addi tfonal | yecheaobgs coabd WELLLEDLUNMMLELED SLALSCROLC3hEGDn] LAY Mt On

in said witten Itten state | 1 on IOﬂ area

d d di ded th
write- 3%2"2?228%{1?%93%" PRFEEES° %%gf%%%?é’%aéé‘%a?ﬁ?angn%"  comr i sing a
mai n  data a%ﬁa as, wel managenent/ contro recordin

managenent / & ??%?t?n?ﬁ?ﬁa??gnaf% SR o UF RGN ﬁtagaﬁ?ﬁssﬁﬁﬂaﬁﬁWﬁngata area

and reproducigg data from said nmain data area where
lnformation 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 recording apparatus comprising:

write means for writing data onto said recording
medium;

confirmation means for determining whethér or not
data has been recorded at an address related to a data-

" Wwriting request to write data in said main data area on
the basis of said written/unwritten state indication
information;

determination means for determining whether or not
an alternate-address process using said alternate area as
well as said second alternate-address management

information area can be carried out; and
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said main 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
recordi ng/ reproduction area or for recording data in a process to renew
data; 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 process using said
alternate area and a second al ternate-address nmanagenent information area

for recording saidya feraatierAdMLsss 109 BageENtnd oML in an

updat eabl e state; and said nmain data area or said nmahagenent/control area

(s used Tormegqgr dhngy nEbthepd Ul 111 gNaghales| pdlgald o, Lofgramtion for

each data unit of said main data area an each data unit o

Tonageent (AEIELEY ALEACSD A AUIRLL ORG! DAL GO MR OOk daLe NoS

been witten | sard data uni said reproductron apparatus cConprising:
ont i Tt o HeaRe PR G a R o b ee o EF L bt EA S HES been T ecor ded
at an addr%%étéﬁ%fﬂgg %ﬁé@'data has not been recorded at said

address related to said data-writing request but

controlling said write means to write data related to

said data-writing request in said alternate area as well

as updating said alternate—addfess 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 said 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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read request to read out data fromsaid nain data area on the basis of
said witten/unwitten state indication information; second confirmation
means for determ ning whether or not said address related to said read
request to read out data fromsaid nain data area is an address conpl eting
an al ternate-address process on the basis of said alternate-address
managenent i nformation; and read control neans for controlling said read
nmeans to read out data fromsaid address related to said read request if
said first confirmation nmeans determ nes that data has been recorded at

sai d_addr esganel abegip sako-ql69 £ead yeouest and said, second confirmation

nmeans determnes that” sald address related to said read request is not an

address conpleling; an AlESINAL F5AM 951 8700085 o PULLLONLIOMAI DG, sai d T ead

nmeans to rea O_Ut dat a _re ate to sal reaa reque r_om sal ( e_rnate _
Firat cont | FRLTraR i amel e TR o PRt S T oS h o e e i
et er mi nes Y RGTO T ML PE R BkE TR, o TRGH Poquest 15 an_ addr ess
conpl eting an, alternate-address process. 12. A recording nmethod provided
for a recor%ﬁ+ﬁfen/unwr1tten state indication informatidn.

9. The recording apparatus according to ciaim 6
wherein said write control means updates said
written/unwritten state indication information by
additionally recording writtén/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 on said recording
medium as information indicating that said portion of
said alternate area in said main data area of said
recording medium 1s 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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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 recordi ng managenent/control information for
recording data into said nmain 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

i 2 processct gof GV ek a1 d61nsal th NBNAGENBAL 4 COPLL oLy AL AR FOIRLI SES a

first alternate-address nmanagenent information area recording first

al ter nat e- agls €55, ARNAGENBAL L A ORI 60N, 0T, IANAGING: &) { pr pat e- addr ess
a a

process using sai alternate area and a secon €r hat'e- ress
managenent _ | i O rea foy recording said alternate-address -
re (;Pégaéél&"‘?rl@tend‘é %Jéjoif%e%t%a:?ea}fdéjs%??%i n data area or

managenent Thformation in an U
sai d managenent/control. area, recording witten/unwitten state

is useqé;or
i ndi cati on T OPHetTON T oFF EAHE 1 R Y T L 0FeR oF P i P 3t 9%a and
each data unif of said managenent/control area as information indicating

whet her or oA I S HReen

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:

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
alternate-address management information area for

- recording first alternate-address management information
for managing alternate-address process using said
alternate area and a second alternaténaddress management

information area for recording said alternate-address
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witten into said data unit, said recording nethod conprising: a
confirmati on step of determ ning 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; a determ nation step of determ ning whether or not an

al ternat e-address process using said alternate area and said second

al t ernat e- address managenent information area can be carried out; a first
wite step of witing data at said address 162 related to said

data-wr i ti nahageseh a0ArupAALLog Al dh wELLEERiYOVGELten shate indication

information if a determnation result obtalned at sard confirmation step

| ndi cat es that daig, hps, ot dheen Jeeorded Ay 3ald AMLesE. FElAl g Lo said

data-writing request; and a second wite step iting a related to

id data-wgiti Q. sai | t |1, as. dat i id
St or nar e ay 5008 Tog e ot R e B S A e ST e PR " are
i ndi cati on iﬁ%or tion rm nation %esulé obt ai ned at sa

if a det id
confirmati of = RTEp"T A &t €32 T hat® Tt W hasC betht ¥ et Ul &7 35Fd 2Rddr ess
related to éf%ﬁ ég%g*d%i%igg éfﬂ%%ﬁénggﬁﬁéﬁﬁ/ébntrol area as

information indicating whether or not data has been
written into said data unit,

-sald 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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determ nation result obtained at said determ nation step indicates that
said alternate-address process can be carried out. 13. A reproduction

nmet hod provided for a recording nediumprovided with a wite-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/contro
information for recording data into said nmain data area and reproduci ng
data fromsaid main data area wherein: said nain data area conprises a
regul ar recording/reproduction area which data is recorded into 163 and

oProp e FEOm ASleLe 8320 U1 SL0BLE B0ERLLRLe LESRLINDY dara due o a

defect existing rn"said regulfar  Tecor reproducti on area or for
recording d in.a process to renew data: said managenent/control,k area
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recording fijrst Iterngte-address managenent i nformation for managi ng
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al t ernat e- address managenent  information area for recording said
al t er nat e- addr e%@tﬁrﬂg]d@re?ﬁlql NFEATERF DS | F° aFedpdaieatt e stat@tednd said

mai n data area or said managenent/control area
to said read reguest from said alternate area on the

basis of said alternate-address management information if
said filrst confirmation means determines that data 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
re¢ording/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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confirmati
IS not an address conpleting. an alternate-address_process; and

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 nethod conprising: a
first confirmation step of determ ning whether or not data has been
recorded at an address related to a read request to read out data from
said nain data area on the basis of said witten/unwitten state
indication information; a second confirmation step of determ ni ng whet her

164 or not said a@@x%ﬁ%ad%%%?@ﬁﬂ%&dﬁ%f%f“ﬁ%@ g s @ ead gQut data from
I't
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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/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,

sald 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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a second read step of reading out data related to said read request from
said alternate area on the basis of said alternate-address nmanagenent
information if a determ nation 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 conpl eting an alternate-address process. 165

related to said data-writing request and updating said
written/unwritten state indication information if a
determination result obtained at said confirmation step
indicates that data has not been recorded at said address
related to said data-writing reguest; and

a second write step of writing 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 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 managément/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
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and reprecduced 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;

sald 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
manageﬁent 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

information:

a second confirmation step of determining whether

164



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 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
;elated 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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