METHOD FOR MANAGING DISC DEFECT AND DISC THEREFOR Technical Field s The
present invention relates to disc defect management, and more particularly, to a disc with a
temporary defect management area in which drive & disc information is recorded, and a disc
defect management method and apparatus therefor. Background Art 10 Disc defect
managemeMES H@DpFaie 84ANASING DISERESECE AN DISE THEREBFEROf a disc in which a
defect exists to a new portion of the disc's data area, thereby compensating for data loss
otherwise caused by the defect. In general, disc defect management is performed using a
linear replacement method or a slipping replacement method. In the linear replacement
method, a_f.;ser data area,in which a defect exists is 15 replaced with a spare data area having
no defects—.—-ﬁ&h@éﬁ@ replacement method, a user data area with the defect is slipped

and the next user data area haying no, defects is used. Both linear replacement and slipping
replacement metho %@fﬁ?&ﬁi@ﬁ'ﬁﬁ&@ﬁ?@%ﬁ?ﬂ%@e SHEPREATRARIRAN FARF Son

which datpagtithrargp estediscAVitieeoteemhanthyistsinenepadsnisitasread VR N disc

access method. In.other words, the conveptional linear and slipping replacement methods

cannot be ARHTREHEN IS GHEE @ URRHG 3, DRSS SHIPS R0 SpRaTRGHRyherefor.
the presence of defects in a disc is generally detected by recording data on the disc and
confirming whether the data has been recorded correctly on the disc. However, once the data

is 25 reco@eckgroaimdifgripnce disc, it is impossible to overwrite new data and manage

defects therein. After the development of write once discs Compact Disc (CD)-R and Digital

Versgtile Disc (DVIDi&:; defgit-denstyewiéatisdhalpouvditsafaconding chactyeld seve@er data
dozen GBs has been.introduced. This type of disc can be used as a backup,3o0.djsc since it is
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be discontinued whenng.defe%we ar aéj.e., ap _ ring

the backuP'8peration. FivRel ESEaERUY SpetaRbhR' BEHIFHE I FtaRPIOg seplacement
frequentlyrastiib(e. in, therligegr veptace Sysiemetiaodge udee slatt spgerdteihichysigeiedt drists is
Casel’slt IS [[88 a?c:lél%?%th a spare data area having no defects. In the slipping replacement

method, a user data area with the defect is slipped and the next user data area having

no defects is used.

Both linear replacement and slipping replacement methods are, however,
applicable only to discs such as a DVD-RAM/RW, on which data can be repeatediy
20 recorded and recording can be performed using a random access method. In other
words, the conventional linear and slipping replacement methods cannot be applied to
write once discs on which recording is allowed only once.  Specifically, the presence of
“defects in a disc is generally detected by recording data on the disc and confirming
whether the data has been recorded correctly on the disc. However, once the data is
25 recorded on a write ance disc, it is impossible fo overwrite new data and manage

defects therein.

After the development of write once discs Gompact Disc (CD)-R and Digital
Versatile Disc (DVD)-R, a high-density write once disc with a recording capacity of
several dozen GBs has been introduced. This type of disc can be used as a backup
30 disc since it is not expensive and allows random access that enables fast reading

operations. However, disc defect management is not available for write once discs.
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5 that the backup operation will be discontinued because a defective area of a write once disc
is detected. Meanwhile, when additional data will not be recorded on a recordable disc (i.e.,
when only data reproduction will be allowed), write protect information is recorded on the disc
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recording djzrdicsteditading the recording operation to be performed without interruption. An
aspect of the present invention also provides a disc on which already-recorded write protect

information can be gtk LA AL ARPURTIRRRSI A0 BpRpfalindlBlE i (ic.,

25 An aspect of the present invention also provides a disc on'w efect management

is allowed when aidy dedartpgastuctienprdidme mf@wwomr%@@tﬁgtirﬁ@fmﬂmﬁaqmﬁed on
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disc defect management method and apparatus that can increase a r ility of data stored
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15 Disclosure of the {nvention

An aspect of the present invention provides a write once disc, and a disc

defect management method and apparatus therefor.

An aspect of the present invention also provides a write once disc and a disc
defect rhanagement method and apparatus that can manage disc defects even when a
20 disc defect is detected during a recording operation, allowing the recording operation to

be performed without interruption.

An aspect of the present invention also provides a disc on which
already-recorded write protect information can be changed, and a disc defect

management method and apparatus therefor.

25 An aspect of the present invention also provides a disc on which disc defect
management is allowed even after recording of write protect information, and a disc

defect management method and apparatus therefor.

An aspect of the present invention also provides a disc, and a disc defect
management method and apparatus that can increase a reliability of data stored in a

30 disc.



temporary defect management area in at least one of the lead-in area and the lead-out area,
and a drive & disc information area in at least one of the lead-in area and the lead-out area,
where information regarding locations of temporary defect information io and temporary defect

management infor Q- IS recor in the driyv is¢ Inf ation area, the temporary,. . ,
defect information %gqg%%%igﬁg § eggesc?'ﬁgﬁ'éa‘ég%ﬁﬁqﬁ%ﬁ{na ?om‘“\ﬁﬁf&?ﬁ H@hﬁ%ﬁﬁf%& In partin
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defect infoymatio arary defect. management information, which are last recorded in

the tempo#a??%%%%&%gﬁg%%ﬁqgn fs{%erég‘,’%?ﬁ%gmrded in the defect management area

during finalization of the disc. According to another aspect of the present invention, a write
once disc has a firdheseaiingie ciragrpciafibetipiss enfdaantion aa awliteomea damirciudes a

lead-out a r in ially . e a data area,,and a
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operation, as ith _
According to another aspect of the present invention, a write once disc has a

first record layer having, sequentially, a lead-in area, a data area, and a [ead-out area, a
second record layer having, sequentially, an outer area, a data area, and a lead-out
area, a defect management area in at least one of the lead-in area, the lead-out area,

20 and the outer area; a temporary defect management area in at least one of the lead-in
area, the lead-out area, and the outer area; and a drive & disc information area in at

_ least one of the lead-in area, the lead-out area, and the oufer area, where temporary

defect information and temporary defect management information, which includes drive
& disc information, are recorded in the temporary defect management area, temporary

25  defect information and temporary defect management information, which are last
recorded in the temporary defect management area, are recorded in the defect
management area, for disc finalization, and information regarding the locations of the
temporary defect information and terhporary defect management information is
recorded in the drive & disc information area.

30 According to an aspect of the invention, write protect information is further
recorded in the drive & disc information area and recorded for every recording

operation.



temporary defect information several times in a temporary defect management area of the
disc; recording information for managing the ith temporary defect information as ith temporary
defect management information in the temporary defect management area; recording

information regarding locagions of the ith temporary defect information and 1o the temporary
defect man agemenﬁﬁ?gf %Wiﬁ%%ﬁ%%ﬁ%ﬁq%ﬁ’%@@m %%ﬁ F(B‘f?h% (gicc‘ figdneludes

recording telédstenmeosfihd eieies ipfotertinforvaatichingnthésih Ideatimmantaiaiagbn.

management information, and the recording information regarding the locations at least once .
while increasing an jndex i.given to each,subsequent rdin tion, the tempor
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further recand teitporatecdfitetmatioagaritentiiferfndtion in a defect management area of the

disc for disc finalization.

According to an aspect of the invention, the method further includes recording
write protect information in the drive & disc information area.

20 During the recording the first temporary defect management information, the
ith temporary defect management information is recorded fo include at least one of test
location information and the write protect information.

According to still another aspect of the present invention, a recording and/or
reproducing apparatus includes a recording/reading unit that records data on or reads
25 datfa from a disc; and a controller that controls the recording/reading unit to record data
in a data area of the disc and information regarding a defect in the data recorded in the
data area as temporary defect information in a temporary defect management area; fo
record management information for managing the temporary defect information as
temporary defect management information in the temporary defect management area,
30 the management information further including drive & disc information; to record

information regarding locations of the temporary defect information and the temporary
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information, controls the recording/reading unit to record the temporary defect information
and the temporary defect management information for each recording operation, and controls
the recording/reading unit to record the temporary defect management information to include

oeation. . : ! ot di o
et DescooiuA T g o A A B B e e e htesnd to
present invegishanlidisbrenardedtemnpppaine dedect infvemetidiyamidieriptad iyyodaser bisgdgement
detail 15 i ts t [ th nying.dravi in which: FIG. |
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_of the present invention; FIGs. 2A through 2D illustrate structures of a disc according to
embodiments of thAGeISHAG ity antiaspect Bidhs Anvestiene $he dentratiertoos b i éhaisc

showq in E : reli [ f. ent.inyention: FIG,. 3B
.iIIustrgtes gé%éalﬁaﬁs rué%{%@lﬁﬁ%@?%%@é@%? iﬁ}gﬁr%@tfﬂ;fnsgﬁ{egaﬁog {grﬁbeo M%%f@&ﬁc
manageméf@EredierDranirals thectecordingliendiny anibto( M) the EmporimFeedA; 25
FIGs. 4A ijlust t fal re di efect management has
been perfﬁiﬂﬁ%ﬁoﬁ%éﬂ%%@%ﬁm #t%%%ﬁﬁﬂéapre en ﬁ%o‘sﬁ{ﬁ(ﬁaqﬁ&?%ﬁ%ﬁg%@%ng
illustrate dRErediosuasd coatTasthevtenerdisg/dedeiingnania de meeoristhet penfasraeddefect

ot tempor L R B R e P i T i A B o e
prestnt invéatioatistdor dhutretesrdidgtapenatione of a temporary defect information TDFL #i

according to an embodiment of the present invention; 5 FIGs. 8A and 8B illustrate data
structures of a drive & disc information area according to embodiments of the present

invention;gplGr [SdUUs %q.?&ig%ag}gm plaining recording of data in a user data area A -
and a spam%im’mrﬁéggiment of the present invention; 5 FIG. 10 is a
diagram illustratingaye efiRRiY 8 tse PO ERIABERIASHAINBIAAEs of the present invention wil

become more apparent and more readily appreciated by describing in detail

15 embodiments thereof with reference to the accompanying drawings in which:

FIG. 1 is a block diagram of a recording and/or reproducing apparatus according
to an embodiment of the present invention;
FIGs. 2A through 2D illustrate structures of a disc according to embodiments of
the present invention;
20  FIG. 3Aillustrates a data structure of the disc shown in FIGs. 2A through 2D
according to an embodiment of the present invention;

o FIG. 3B illustrates a data structure of a disc with a drive & disc information area,
a temporary defect management area (TDMA}, and defect management areas (DMAS)
as shown in FIG. 3A;

25 FiGs. 4A through 4D illustrate data structures of a TDMA where disc defect
management has been performed, according to embodiments of the present invention;
FIGs. 5A and 5B illustrate data structures of a TDMA where disc defect
management is not performed, according to embodiments of the present invention;
FIGs. 8A and 6B illustrate data structures of temporary defect management
30 information TDDS #i according to embodiments of the present invention;
' FIG. 7 illustrates a data structure of a temporary defect information TDFL #i

gccording to an embodiment of the present invention;
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embodiment of the present invention; FIG. 11 illustrates data structures of temporary defect
information TDFL #0 and TDFL #1 according to an embodiment of the present invention; FIG.
12 illustrates a data structure of information regarding defect #i according to 10 an

embodiment of the BeseRtiny HRiIgRidrSe datd sl shrwnarifle ekt iNvsHAatng pliss

defect management method according to an embodiment of the present invention; and FIGs.
14A and 1afperdincata subedinmestiththa Brssertdryendioagement method according to
another embodi :] OFor arryi F '
Hereinafter, em t?ﬁjclgmgnﬁ@%?t %Egr}é@ef%ﬁr?/entio \%?ﬁ@g g%égf%@%ﬁ iﬁtﬁg] %éeﬁgr@%%ﬁ%%ama A
reference 26¢he Spatprpashgerardingsioaierimbrdimsat ef dberbrasealsingrationhe like
elements throug : i@@q j ' in.the ..

prese%nt inventiorﬁ?’ri}?ﬁ?ﬁ;ﬁg ghe |gr5#g{si%ﬁ'ﬁg %I{ lllpsgﬁ gﬁggﬁggﬁ%@%&%ﬁ%&gﬁ%ﬁ’ fo an
reproducisgrisstiragn eidberpnegentinentiotiment of the present invention. Referring to

FIG. 1, the recongj ql‘éﬁ!? i ' ] Hl-a
controller 2, and%@rgfﬁ@%a?ﬁ% recorgéﬁ%&rﬁei:g |r815@§rll;ﬂg ? ?3%?&%%%?&9{ é%@%Hl , \i/'v#ighand-
is 25 an infohmiatid reseoadisghiedinnembaatighentobihe piestmcimvetienpresent invention

the recording/readi i i C ta fr. ' 00.ta.verify the, accuracy.

of the recorded aiﬂ[%? *géﬁ Iéﬁﬁ%ﬁ%%ﬁ%%fﬁﬁ?&%&iﬁgé[t};rl"neaaﬁl!g@e'lﬁiar{aIg céoéc%ﬁr% cl)%%&orgmg to
embidimem efrthediresahvirtbenticesanticeeiniidathe recording/reading unit 1 to record write
protect informati nt isc 100 In, this e | e 3Q.controller es a

verify-afte r-writeﬁgﬁblg?f#\?vwcﬁgc%tsah%wgc%ﬁﬁ%%éﬁ%%gn(ﬁg%%%% %?1 dﬁsr%(%éete r??ﬂ e IARESH t
data and theftum emoofithg treaardetbddiment exifibe pettotinfventmmsaoithe disc 100 has
a~defect. 6 Speci 'i@‘II'y, the cont I 2 recor, er e disg; 100, in units of recording
operations, and \I/E:arl |és1t$1ge arggoﬂedsﬁggrf aﬁ‘i"@ aae'?eﬁc}? g%r%r%g éf@r%%acﬁgce% ahicha t
defect existef e metmditipteanuiter 2mizadéndnfooitkoprissenhificatdioa. position of the
areal))zvith the defect, and stores the created information in the

Best mode for carrying out the Invention

Hereinafter, embodiments of the present invention will be described in a
greater detail with reference to the accompanying drawings, wherein like reference
numerals refer to the like elements throughout. The embodiments are described below

20 in order to explain the present invention by referring fo the figures.

FIG. 1 is a block diagram of a recording and/or reproducing apparalius
according to an embodiment of the present invention. Referring to FIG. 1, the
recording and/or reprodrucing apparatus includes a recording/reading unit 1, a conirolier
2, and a memory 3. The recording/reading unit 1 records data on a disc 100, which is

25 an information étorage medium according to an embodiment of the present invention
the recording/reading unit 1 also reads back the data from the disc 100 to verify the
accuracy of the recorded data. The controller 2 performs disc.defect management
according to an embodiment of the present invention and controls the recording/reading
unit 1 to record write protect information on the disc 100. In this embodiment, the

30  controller 2 uses a verify-after-write method in which data is recorded on the disc 100 in
predetermined units of data and the accuracy of the recorded data is verified to detect if
an area of the disc 100 has a defect.



5 memory 3. When the stored information reaches a predetermined amount, the controller 2
records the stored information as temporary defect information on the disc 100. If a user will
not perform the disc defect management, the controller 2 records only the temporary defect

management information%v%r%ch will be explained below) on the disc 100. 10 Generally, the
recording operation 8RR bE Gritielen<ifeecids denTgiata-onshes dise Afihinuigits of

recording vebrifire RSIaHBRY; AR USHMRIaHBaShOMBARRP UES T BRI S BIYRHRY disc

indicates a 5rogess in which the disc 100 is loaded into the recording and/or reproducing

apparatus,| SN REBBdetrchRxigise Tosreaiterribeicentuier Zkesertes infarmatinitthaing
and/or repqgieeiRg HE- SYHOGA8 WaKas db e S VoS Eﬁ&gfgaﬁggndaﬁon in the

Verified at least once: nygeneral, the data is recorded and verified several times.
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operation can be otherwise defined, and/or that the datatgg@s not ngé?c? %@Z‘B \@%@& s@,@?& disc
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data or whena_recording operation is otherwise to end, t expects a recording
operation thestisertiPated. Next, the controller 2 reads the information from the memory 3,
25 provides the read information to the recording/reading unit 1, and controls the -

recorging/reading ugiAdranigeaie FaedRARY IERAlANISBNG RS L A HBRNAMYY ARBording to

explained later, information regarding the temporary defect information and the temporary

- defect maRdEheiRiRRiiaabk asaceelingarbiacbmraHrimadare Avewidiag to dhersiomn
disc inforraptiondareanef Hreise iﬁ@%é’&%ﬁ%@éﬁg@ﬁig}%%é@tﬁ {FHEAMEER’E F0o is oaded

additional data will not be recorded on the disc 100 and the disc 100 needs to be finalized),

the contrdiéP ZNBSREBICHMR 20C4rairRprRdNF L ARPRIE Sy ARlRHS Feserded aiiberdiscdtissand
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(DMA) of the disc 100 as defect management information. During reproduction, the controller
2 coh rolsrﬁ?QFQWd?H&fr%tgd?n&@fﬁiﬁ fgcorded and verified at least once: In general, the data is

recorded and verified several imes. Defect information, which is obtained using the

verify-after-write method, is temporarily stored as the temporary defect information in

the memory 3. However, it is understood that the recording operation can be

otherwise defined, and/or that the data does not need fo be verified several times in all
20 aspects of the invention.

When a user presses the eject button (not shown) of the recording and/or
reproducing apparatus in order to remove the disc 100 after recording of data or when a
recording operation is otherwise to end, the controlier 2 expscts a recording operation
to be terminated. Next, the controller 2 reads the information from the memory 3,

25 provides the read information tfo the recording/reading unit 1, and controls the
recording/reading unit 1 to record the read information on the disc 100. Further, as will
be explained later, information regarding the temporary defect information and the
temporary defect management information, and the write protect information are
recorded in a drive & disc information area of the disc 100.

30 When the recording of data is completed (i.e., additional data will not be
recorded on the disc 100 and the disc 100 needs io be finalized), the controlier 2

controls the recording/reading unit 1 o rewrite the recorded temporary defect
7



read information regarding a defect in the data recorded in the data area, as temporary 5
defect information from a temporary defect management area (TDMA) of the disc 100. The
controller 2 further controls the recording/reading unit 1 to read management information for

managing the temporar fect information as temporary defect management information
from the SRR BPIRN Q8 TOBPALE Voo PR GBI DO RRURG I e aragement
informatiorarBae(Divifpté tifeadist 6 0hasid shset diaaisgastirmtititdiaggag information

regarding locations of the temporary defect information and the temporary defect

t inf ' isG.& drive inf ti f the disc 100. Further, in th
case that the diso 150 I R oS O ULt o e T pred el e aimi 1 o
read a lastrean it netiporeegaddieg td wefeci i thendatdasiomdedéd teeaaranyrdafes temporary
managemeyt:| iQn.fr a defect management area (DMA) of the disc 100. The
Contoler S a1 e O SRR, Th T i R LRRRE B et HHOPANGh Bt 00,
location infoieatortrdienitiertharecérdisisittiermatedifd@eadmih oo RDrdksFdRagement

he dj Q0ofFIG..1 di d fth [ ion. FIG-
2 st BT SN TGRS ESR9E Ao LI el SR daigotne

disc 100 inuledagenieatiinfareationflonathe, EDMA istthe uliscerod heTrrcrinarsmininsaiost

in an inner.lpért of the disg éoo,ggnd gne Jead-g?li_t arﬁa is | cﬁted in an outer part of the disc

100. The JAIZHEHID IHFAUERE SENR &-HURE RIIMPLIRL, arld'theqaellzl acenERisiGvided

into aluserelatadingieeziting sprird dsaealiiafosenton RIGaHRY IBRAVMEET HFELIRIDIBrY defect

recorded. .T?e 25 Bare area is a replacement area for a user data area having a defect, and
serves to 'Eo%BEfédleafb‘iiﬁ%S@%rﬂPﬁ{é%r@S GflgnaBagRmesTImRation rT akkissdive
area is udetbionsfieniscdedé thendisagrinentrantesding 19:20REPERIAHY AIRELSODLNNRAISSY . the
such that, when d%ect eg_d ts,in data rﬁ!cor/degﬂgl the yser data area, the data is recorded

~gain in HEPSIRIELAGOTH OIS SO P aRnadntoh ik IS roeomlar tsammerssy

that of thedetfsctlintoofaiidn2anexs ¢psithat e detaranesonat dRFSBINSRAERarRast iINRSHSIRBnarom

description of hown in FIG il itted. In FIG, 2B, th
oot oA L e B AR e LALE A) PR Bl cibodanEARalRFE afen suiiine

the lead-imeresdnyirdedirRpudita fyesanlilpits pieikast tafasragationeind test location information
from the drive & disc information.

FIGs. 2A through 2D illustrate structures of the disc 100 of FIG. 1 according to

embodiments of the present invention. FIG. 2A illustrates in detail a disc 100 having a

20 record layer LO (a single record layer disc). The disc 100 includes a lead-in area, a data
area, and a lead-out area. The lead-in area is located in an inner part of the disc 100,
and the lead-out area is located in an outer part of the disc 100. The data area is
present between the lead-in area and the lead-out area and is divided into a user data
area and a spare area. The user data area is an area where user data is recorded. The

25  spare area is a replacement area for a user data area having a defect, and serves to
compensate for a loss in the recording area due to the defect. That is, the spare area
is used for the disc defect management according fo an aspect of the present invention
such that, when a defect exists in data recorded in the user data area, the daia is
recorded again in the spare area.

30 A data structure of the disc 100 shown in FIG. 2B is the same as that of the
disc 100 of FIG. 2A except that a data area includes two spare areas. Therefore, a

description of each area shown in FIG. 2B will be omitted. In FIG. 2B, the spare areas
8



spare area, and the spare area between the user data area and the lead-out area will be
referred to as an outer spare area. However, it is understood that other spare s areas can be
used and/or can be disposed in areas other than the inner and outer areas of the user data
area. FIG. 2C illustrates a disc 100 having first and second record layers LO and L1 (a

double recerg lagatatise) thesities afdbrivagedel Reean |davthe showa embogiénentntharspare

outer area se SNLINRILIPIR W vy R dPa A HEar DR 0110094 8 Wi hner

part. A|SO, the second record as an outer area, a data area, an ad-out area
sequential §piieraeaoandde spalsaaroa thetwestinecderd tajerareacanikthmisagbout ardecwill

he sinal ) . ] . .

innor part SRS HLE B! PO WPes T ot R BAd] Bt e

path (@TPﬁrandmmmcbandjeqmmgdﬁmsm theakeas-pibesdruintibdiianscand loytar

LO towardg%gg@xfﬁrgasaé}ddgggghg%g from the outer area of the second record layer L1 to
. a

its lead-out area. A spare area Is allofted to each of the record layers LO and L1. A data
structure of the disc 100 shown in FIG. 2D is the same as that of the disc 100 of FIG. 2C,
except that the first FdGorfdjéstratasna dircsHd havisshlaskgad seczod serardtiaverschiand L1

another speaBRSHEBIBTARE dise) 190 wiuRe USvar e RS et adlos iR ORen,

of each spare area will be omitte e-The spare areas are formed at the sides of the user

data areasoriiae frsteirRieR seat catially famlf@ahﬂw@inwmarai@t&b@?@,stm@o;q@ar@mea@ to
adjaggnt tqandnper rfﬁ’fgt ofARS, RS J00WH! :%%6%%%?& @1%9&1@[ chtef é\féé‘saaﬁ‘gtg“ﬁrégf%d a

areas adjacent to a outer part of the disc 100 will’be referred to as outer spare areas.

necessaryleadootticres seausstighyfaraedEigrdheseutas Q@lﬁtﬂéﬂ‘@)é@@?ﬁhreméddauﬂbm to
and numbges m&glfgwg.re @ﬁ%ﬂ@fﬁ&ew@tﬁ&mhs@%&%m FlSs onlRi a8 Sthe
iIsc 1 em

i il
structures of the 0 of FIGS. 2A thtough 2D, according to an odiment of the

present inleadentrRses i gresers ihafitnedpytobihe e Jihglet&derLRyerTdistigpthe disc
shown in F| . Y ISC, | ' ; @%‘ﬂaai Shfelerssy

(TDMA) arl:&pfgffgﬁggt eags%qgnsep%ft e Ie%%ﬁgémgﬁﬁgﬁﬂom arega of the.éﬂlsi:!ﬂg&lgg.gl}(mm
the disc 10badzaddaniar editrealjest dRecrd by esHdhipwaE dSonteaaEaRH eeRifeuingifom the

information y&a, 188 LYW 8864h8 E3MA layer L1 fo its lead-out area. A spare area is allotted

to each of the record layers LO and L1.

A data structure of the disc 100 shown in FIG. 2D is the same as that of the
disc 100 of FIG. 2C, except that the first record layer LO and the second record layer L1
20 each furtherinclude another spare area such that the disc 100 includes four spare
areas. Therefore, a description of each spare area will be omitted here. The spare
— areas are formed at the sides of the user data areas of the first and second record’
layers LO andL1. In this disclosure, the spare areas adjacent to an inner part of the
disc 100 will be referréd to as inner spare areas and the spare areas adjacent to an
25 outer part of the disc 100 will be referrea to as outer spare areas. - [f necessary, a
portion of the user data area may be used as another spare area. The location and

numbers of the spare area are not limited to the above description.

FIG. 3A illustrates structures of the disc 100 of FIGS. 2A through 2D, according
to an embodiment of the present invention. Referring to FIG. 3A, if the disc 100 is a

30 single record layer disc 100 shown in FIGS. 2A and 2B, a drive & disc information area,
a DMA, and a temporary DMA (TDMA) are present in at least one of the lead-in area

and the lead-out area of the disc 100. |f the disc 100 is a double record layer disc 100
9



are present in at least one of the lead-in area, the lead-out area, and the outer area, and
preferably are in the lead-in area and the lead-out area, which are located in the inner part of
the disc 100, respectively. However, it is understood that the drive & disc 5 information area

can be other W|se lo ther a fthe ention. In the drive & disc information -
area, theré ﬁgg n% r'e%'&; aﬁ%e niermglen AlRAatar P4 R tFohDMA

mformatlogreegﬁédm mdas%gow@mhﬁe bedlinciea, W'@@FQM s, e @ sleteblgrea,
record lay S%‘(ilscé formatl ( gﬁrdln a Iocagl f a test area Where recording
condition (ElPhlY RiELIAR 15 RIPgsheiAaR it ARlosgiardn the

accordingitmen mm@fttaéthedofeeeméw@mm FoHtWwEARGS it Reutaerisforaanantiatrive & disc
include logation information re%%dlng tempoiary defect information and temporary defect

manayem& e TATBHARRIRE SRR R WRBEMIRS deCRIRGIQEIETARECES Of e ARYesNY that the

- drive & disc information area could include additional information related to the drive & disc is

information. In genénath¢hdr®id mwmﬁeﬂwﬂiﬁmﬁmadhﬁf@ feamesadied dhserdeiders iagthding a
disc 100. ﬁﬁ uch |nfo atlon in udegs the str cture the isc 100 for dlscfgiefect management,
the recordihyf %(’J@ﬂ (RIS 9'&6‘ OHiaHaR SRAATCIRGR ?ng:dg)r Whether

and the pésiidisansl @Lzm@rearemr@ langsT- dtsmermb@r@é@fmﬁw gaydmeidivoAniRrIA
is recorded before dlsfo&eghzatl n. The |nform tion re ardlng disc, defects includes the drive

& disc infofHAOR%i® SHESHES S90S 2Fe destptine Wartioular,

protegt inmmmnhfmmeﬂemépebmmmealmw@é@@nmm@&wmh@gﬁeaﬁlagpect of the
apparatus_such as that shown.in FIG. 1, th aratus reads data from ad-in grea and a
o load-oBl SFERLTHRTRL 1 TR AN P o R G R Lo RS tgarion

oe(r;ad ﬁ&iﬁjﬁﬁﬁm@%m#ﬁ? dém\liﬁfotfﬁbﬁcﬁmd\t@ﬁMf?@éT@%@ gﬁéhég@g\éﬂ@ iAfeAmation,
and/or the le ut area i s a longer time is spent,on preparing, the ording or
reproducifi§f %&%t‘é{rgﬁé?r FH' di #d@&&lﬁﬂﬁ@ﬁ%f&% fz}?égﬁ’&:tgbq'ﬁ%
present invmtmaumaﬂeﬁmmmm mrhbgesharfoaditienekisapnsitemiperary dafect
informatiqnécg{_at ‘e to be recorded in the TDMA. The TDMA is allotted to the lead-in area

and/by thdTEHE 8P rea of a disc, being separated from the DMA. That is, when additional
data will not be recorded on the disc (i.e., disc 10
In general, the DMA includes information relating to managing disc defects in

the disc 100. Such information includes the structure of the disc 100 for disc defect
management, the recording position of defect information, whether defect management
is performed or not, and the position and size of a spare area. [n the TDMA,

20  information regarding disc defects is recorded before disc finalization. The information
regarding disc defects includes the drive & disc information (i.e., the information
regarding the location of the test area and the write protect information).

In general, when the disc 100 is loaded into a recording/reading apparatus

such as that shown in FIG, 1, the apparatus reads data from a lead-in area and a

25 lead-out area of the disc 100 to determine how to manage the disc 100 and record data
on or read data from the disc 100. However, if the amount of data recorded inthe
lead-in area and/or the l[ead-out area increases, a longer time is spent on preparing the
recording or reproducing of data after the loading of the disc 100. To solve this
problem, an aspect of the present invention uses temporary defect management

30  information and temporary defect information that are to be recorded in the TDMA. The
TDMA is allotted to the lead-in area and/or the lead-out area of a disc, being separated

from the DMA. That is, when additional data will not be recorded on the disc (i.e., disc
10



finalization is required), only a last recorded defect information and defect management
information are recorded in the DMA, thus enabling the recording/reading apparatus to read

only the last recorded defect management information from the DMA. Accordingly, it is

.possible to accelerate disc initialization. Further, since the defect 5 management information

is recordediratizekioalily tgqifsad) thalyctidastresoitiechasiont irdorbetienessd disfecbrmmtement

an aspect ' i A f@%,lm e . Infarmation, the Jocation :
informatiorﬁ@é@%ﬁ%ﬁ%%:g%g@%ﬁﬁéﬁe% in ofarf%?t]%r%%n% Iﬂ%ﬁigrﬁ%%ggﬁgérﬁ%ﬁﬁg apparatus to
managemeeathfsiydtieraahte turdedtdefetborangerabot inforheatimo fdeh iththBitie & disc

informatio rdi record; ' .reads.the location information

Trom the dPS i BN DI L6 4He et e R AU B o Yy Ve

on thesreadRivagemisbinfaimatidii rectmdeltsindefiotatipnaiareast then fetisbiity efficortyation

performed&sg &ﬂ:l%%s' &ation information. 15 Also, the drive & disc information (including
ormation-reg

location in ardinig the test area and the write protect information) is recorded in

the temporary defect management information. Therefore, even if a disc drive does not

access the drive & BReoitingiatian aspect tbeapmsarbinyandione tediejabbresiagemant

the write ' ' | r : ent area.

20 Inclusia O T S e ek Thadcn and the
informatiotestp@issy(rdratrompgmeoiniioonmiéomsenst i witito preitoh infortmeattmnare
embqgdim j I IS.ner ed psi ingar replacement ..
et e e e o R

of the discapp@raivia gendefbe oalioi infatios isifdioatie driveskidisofiafoaredtiontheedisand

100 that is.fer f ' e eferaply. the temparary defect
nformatiog e e o D A e e e B e R Besten e il
blocks or ddafrisothe disecidfeckeiarageonant can defevdia@itigentinparfommetib based e the
manage t information and includes information indicating the position of
the disc 3?)8% w ?éq?é)iﬂ;g {@ﬁ'porary defect information is recorded. More preferably, the

temporary defect management information further includes the location information regarding

the té8t area and thelSRitEEEIE hidisadnimetiendincudinglraation dpformation regarding the
test area and the write protect information) is recorded in the temporary defect

management information. Therefore. even if a disc drive does not access the drive &
disc information area, the location information regarding the test area and the write |
protect information can be obtained from the temporary defect management area.

20 Inclusion of the test location information into the temporary defect management
information enables quick finding of a pointer to the test location information.

in the shown embodiment, since disc defect management is performed using

the linear replacement method, the temporary defect information includes information
indicating a position of an area of the disc 100 having a defect and information

25 indicatipng a position of an area of the disc 100 that is replacement for the area having
the defect. More preferably, the temporary defect information further includes
information indicating whether the defect occurs in a single defect blocks or continuous

| defect blocks. The temporary defect management information is used to manage the

temporary defect information and includes information indicating the position of the disc

30 100 where the temporary defect information is recorded. More preferably, the
temporary defect management information further includes the location information

regarding the test area and the write protect information. Detailed data structures of
11



11 the temporary defect information and the temporary defect management information will
be explained below. | n the shown embodiment, the temporary defect information and
temporary defect management information are recorded every time when a recording

operation s epds. In the TD A,B%lerefo e, informatign regarding a defect, which-occursin
cata recorBE IR O ORFE BRI BOA O R D EEATY SR B 2 SRR I cdgtion
are recordgill s exppairasy deleek information #0. Information regarding a defect, which

occurs in data recorded during recording operation #1, and information regarding a

replacement area gferec as temporary.d ' {j 1. Further, io information for
managing temporal] S TS, SR Loty e T ASraR e i aigho BiBoriny
manageméefisofonaiatiganient inforinatienTarb reodtidexl edeitotiale dettacanratdrdireropEdion

the dat ish d. additignal d herein (i.e., the dat
et o R L A o R Fe ol A R I A el e
informatioreeoeacahdutiag eeqmnding defech idnwan agenieiormationatayardiagde ddpidftement area
temporary_defect management information ,area are.rewgitten to.the DMA. In the.show
embodim@t SEANER e dRR A SO e AT BRRIBTLRY -re I ERRL IR ERySiBe & defoct,
informationhidh ¢dcw, in, dith isstottedantinrigeddordm pparstibefdct, iafetmefdematiothtsydiding
i to finalize the disc 100 just b di 0 defect inf [ tai i

ecordedt BIBAER OB AR R T B (SR Wt BRI e FAGHAeBtion
#1‘Itq(;thelmlfd>ﬁndbltlwe'f ﬁar?taaagmtet\n"pquweée@mﬁof h' mnamm,i?fwmaﬁ'@frew dh@% ast

include al| prior defect information in a ects of the invention, In t 0] igh- sit
Hise 100 VA BOIB0, A DA BB AR o e In L N r $nal
Advance Qgtticehist baQBYolitdsdipstiableathairacbrsitidn allasetatbisantrggting fichitie
temporar fect mana ent information #i is recorded apd four ight clusters ar
ittt ARk R b S e R
preferabldrifpretion mevomfodatbe termpitsol dettetdrfonpadionislesnatdriiv@mmorary defect
minimum physical unit. 30_of record is a cluster, althpugh the amount of temporar fect
ot R AR e A e b e TP e BBk P P asagtion

allowed irapeg are rewritten to the DMA.

In the shown embodiment, all defect information contained in previously
recorded temporary defect information #0, #1, #2,..., #i-1 Is further contained in
temporary defect information #i. Thus, it is easy to finalize the disc 100 just by reading

20  defect information contained in a last recorded temporary defect information #i and
rewriting the read temporary defect information #1 to the DMA. However, it is
— understood that the temporary defect information #i need not include all prior defect

information in all aspects of the invention.

In the case of a high-density disc 100 with a recording capacity of several

25 dozens of GBs such as a Blu-Ray disc or an Advance Optical Disc (AOD), it is desirabie
that a cluster is allocated to an area in which the temporary defect management
information #i is recorded and four to eight clusters are allocated to an area in which
temporary defect information #i is recorded. This is because it is preferable to record
new information in units of clusters to update information when a minimum physical unit -

30 of record is a cluster, although the amount of temporary defect information #i s just
several KBs. While not required in all aspects, a total amount of defects allowed in a
disc Is preferably about § % of the disc recording capacity. For instance, about four to
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disc is preferably about 5 % of the disc recording capacity. For instance, about four to 12

eight clusters are required to record temporary defect information #i, considering that
information regarding a defect is about 8 bytes long and the size of a cluster is 64 KBs.
However, it is understand that additional percentages of disc recording capacity can be used
according &ighssilsiatetaEe fesHisad itracandieraparant Sefaddrdecmaiitinsttr cawidgiring that

aspects ofie AR HhEHE DaRlSH L IROIR BRI ARIRRL UL 00 Uster i 64 KBs.

temporary defect information # and the temporary agement information

a defect is dowensad, ihdunaeistassbitistiadditicnakpererataiges obdiacirecardingatapagitecan be

either rec %%ﬂ | g [ ' h%%e‘? r ' r

o adjacen?tot ée%ﬁﬁ sinﬁ%ﬁgs |p§?ﬁb£?%cemen?%@#$om§tﬁ? g%qiﬁgfévgn pégrcg%@(%@nig&&l sters
the drive St astmetadihedavendidne TDMA are separate areas. However, it is

understood that the areas may be formed as a single area. In the latter case, a part of the

drive & disc informaign {@sy-hedreatiemiBiRse aUATLISI BE herbenteef BFrmatdiforifdetect

protect information), which needs to be is updated is updated and recorded together withthe

temporaryldtsrepelimitent Hsitempatiy daecopanadrmenh inipreatien# of Waans defpct is
with a drivggedist; IHRIMARASERIEPH AL DARAGiISEAUD %é?&é(ﬁﬁeacgt ié% either

FIG. 3B, two DMAs, DMA 1 and DMA 2, are formed to increase the robusiness of defe
managemESRGHEGE Bt SPATE deratipirgilaitRcantepacrmepreiethastoptaiprdetdn 3B area

also ﬁpowg égm?@fwﬁ%ﬂmﬁj&%@%@@é?%ﬂ ﬁfﬁﬁ@ﬁ in which recording

conditions of data are measured, and a drive Disc information in
which the drive & disc information is recorded and which is located beside a buffer area

Buffer 2 beside the!PiN& BAAXNEERRPdINRHetE gﬁﬁeagdﬁé?%“i@ﬁf@ﬁ%%rﬁ&iﬁ@%@ﬁumMA are
that indicagghaysierarelibe rerReslME Aneasderissct0fAsRerdinadnemsimenidshe single

present invention may include a plurality of the drive & disc information areas. FIGs. 4A

through 4B R8strateiiR@LacaRsDPATRINNE IR Sisissdrdarmationentiriosalian

performedinfsigaEdivg fegirdagd thrieRidha pirgant vreote30iRRIBHB ), MAichdBEs to be
TDMA is logically divided into a temporary defect informatign
15 updatéd is updated and recorded together with the temporary defect management

information.

FIG. 3B illustrates a data structure of the disc 100 with a drive & disc

information area, a TDMA, and DMAs as shown in FiG. 3A. Referring to FIG. 3B, two
DMAs, DMA 1 and DMA 2, are formed fo increase the robustness of defect

2¢  management information, the defect information, and the write protect information.
FIG. 3B also shows a temporary defect ménagement area TDMA, a test area Test in

- which recording conditions of data are measured, and a drive and disc area Drive and

Disc information in which the drive & disc information is recorded and which is located
beside a buffer area Buffer 2 beside the DMA DMA1. Buffer 1, Buffer 2, and Buffer 3

25 are areas acting as buffers that indicate borders of the respective areas. Adisc 100
according to embodiments of the present invention may include a plurality of the drive &

disc information areas.

FiGs. 4A through 4D illustrate data structures of a TDMA where disc defect
management has been performed, according to embodiments of the present invention.
30 Referring to FIG. 4A, the TDMA is logically divided into a temporary defect information

area and a temporary defect management information area. in the temporary defect
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area and a temporary defect management information area. In the temporary defect 13
information area, temporary defect information TDFL #0, TDFL #1, TDFL #2, ... are
sequentially recorded starting from a start of the area toward the end, such that the physical
or logical addresses of the temporary defect information increase. The temporary defect
informatiomfoRRatHn ARE, mpdEtyHefechinforpedion VRECGHOed DEbvétallids#s, ... are
increase the robustness of information. ln particular, FIG, 4A . cordi
temporary BUNR IO TR FLRE s TS A i h e VS (SRR that he
informatiopteysiaative tegipairagddedsesditag demeporarfpdeisdiTODG&HE) TR, TIHDS

#2, ... are sequentially recqorded startin of.th ahhe temporar
managem ﬁ?ﬂﬂsﬁmaei%f?ﬁ?ﬂﬁ%f%%ﬂ@ %ﬂtﬁﬁ%ﬁg coﬁ%bb‘ér%‘?onﬁ?ég ?g%&? Hr-gglorded
. defect infassvatightifids t¢# i ddasetthe aobsidse2of ddperiin. Réfepangcid st G1EB4A
compared.to FIG. 4A, the TDMA is also logically.divided intp a I fect infQrmation
area and TR A ERRAEh B GBS LT CAPARL o B A hd S el 11
recording isfapoaiigriafestohttasement Srifterastectieal)his theperpyrdefettirmnagement
information area, the r ct. info i DFL #0, TDFL #1 TDFL #2, ... are.
sequentall PEEAR SO GO PHE Ehe 41 iR et TR e SRV LEROHE g
or logical gislegagesrahthardanPoscioniieteanyniefectivanisysaase iffonmdiiothd TD®ERYDDS
defect information_ TDEL #0, TDFL #1, TDEL #2, ... is repeated]y recorded s | 1

ncrolse (e AP BRI 42 GORRSARIIbP 11 TR e 6% TN RTAO b LTEg tnd DF L #1
temporary;siefepEpigpN e dRfEiy#0 P times. In the temporary defect management

information area, temporary defect management information TDDS #0, TDDS #1, TDDS #2,

e R SR A S IR e I A8 B cvice
~ informatiomfBFe#hoTBiyldéloctrid PDmrALibD, mw&elﬁemaﬁ&m@&fﬂmmﬁgement_
e B A S OP e A PRI BN e
mangge migiot ¢ sprevificsl T, inihgdehipidirg defentd foquatioaligresdite tesomdray frdafabk
o TR AR FR O 0RER. AR SRR AR EBBRIBY starting from the
end of the area toward the start such that the physical or logical addresses of the
temparary defect information decrease. Similarly, the temporary defect information
TDFL #0, TDFL #1, TDFL #2, ... is repeatedly recorded several times to increase the
20  robustness of information.  In particular, FIG. 4B illustrates recording the temporary
defect information TDFL #0 P times.  In the temporary defect management information
area, temporary defect management information TDDS #0, TDDS #1, TDDS #2, ... are
sequentially recorded starting from the end of the area. The temporary defect
management information TDDS #0, TDDS #1, and TDDS #2 correspond to the defect

25 information TDFL #0, TDFL #1, and TDFL #2, respectively.

Referring to FIG. 4C, corresponding temporary defect information and
temporary defect management information are recorded as pairs of information in the
TDMA. More specifically, the temporary management information TDMA #0, TOMA #1,
... are sequentially recorded starting from the start of the TDMA such that the physical

30 orlogical addresses of the temporary management information increase. The
temporary management information TDMA #0 contains a pair of corresponding
temporary defect management TDDS #0 and temporary defect information TDFL #0,

14



temporary management information TDMA #0 contains a pair of corresponding temporary
defect management TDDS #0 and temporary defect information TDFL #0, 14 and temporary
management information TDMA#1 contains a pair of corresponding temporary defect

management, information TDDS #1 and t orar fect informatiogn TDFL #1. The .
temporary?i& %mﬁﬂﬁ%%ﬂnﬁﬁ%@%g'%ﬁ’ﬂﬁ%%ﬁﬁ#&z%f% BSRAINF R gsHonding
severczla_l tiﬁmmmméﬂfﬁmﬁw : gtqﬁibf%anam#O' PrT-DDs mrﬁﬁd%rﬁd{éﬁg di%fé%ﬁtﬁﬁmn?jﬁon
recording the temporary defect information, ( S erring,to . compare

o the O Pt 1%, SEPRSEBH G5 LI SUTIA R LT et S 2t iy i
managemespidatetinatstbaiedrecosdaiting<paissint iofyaEor BB EMATHTAENEEIRE [n
sequence of recordi 5%he l0 Information is %t th@ﬁfame. More Sé)ecific,all , in the TDMA, the
temporanP HHGHEEML: HrolHSHEIPT SRARIING BN ABTIROTaRY Qe niAymalBr LR Gl AthE
from the gfil&.the TDMA such that the physical or logical addresses of the temporary
management information decrease. The temporary management information TDMA #0

contains a pair of carrespondjng_tempqrary defect ma in ation TDDS #0 15 and
temporary defect irﬁ%?fﬁﬁf[?ﬂ] {?%I‘E%%g 2 %’%‘?@E%%@%ﬁ%&ﬁ@n ﬁ#o?%‘ﬁ%oﬁﬁm

#1 containern msiagf defsesnofodingtionandatyreteatyrdefegbmantgeivrendtioforhRaS#arand
temporary del%‘(;ﬁqormaion DFL#l. Simjlarlyl_%éte orar deﬁggi?rfformatign TDFL%O,
TORL 1 FERIS3 55 DAl Sd TR A TAn) BECHS e g Vo BbesadiD the
el ol e PO
managen A RSRTBEHIAEIELRE o AN AE D s o P AR AN AP AT
toFIG. SArorhehaaamtofittdeb gt su¢iettentitiscielest ordogeineddirtir desip@Emporary
defect management in orrggtio s recorded inih 'IEDMAin recorrq%rézjgzg operation ynits,

More spolUAGSTHENL STEA R A ARy he IR PROTA o F{oseation TQMA #0
recorded staitiigsrapdinestutres tondibly fesysirdbpddieco hysical anlogi¢afaatiasscErh S #0

e e e OB - B8 255 RS G gee veer
information TDMA #1 contains a pair of corresponding temporary defect management
information TDDS #1 and temporary defect information TDFL #1.  Similarly, the
temporary defect information TDFL #0, TDFL #1, TDFL #2, ... are repeatedly recorded
several times to increase the robustness of information.  In particular, FIG. 4D

20 [lustrates recording of the temporary defect information TDFL #0 P times.

FiGs. 5A and 5B illustrate data structures of a TDMA where disc defect
—_ management is not performed, according o embodiments of the present invention.
Referring to FIG. 5A, when a user decides not to perform disc defect management, the
temporary defect management information is recorded in the TDMA in recording
25 operation units. More specifically, the temporary defect management information
TDDS #0, TDDS #1, ... are recorded starting from the start of the TDMA such that the
physical or logical addresses of the temporary defect managemeht information

increase.

Referring to FIG. 5B, when the user decides not to perform disc defect
30 management, the temporary defect management information is recorded in the TDMA
in recording operation units. - However, unlike in the FIG. 5A, the temporary defect

management information starting from the TDDS #0, TDDS #1, ... are recorded starting
15



30 management, the temporary defect management information is recorded in the TDMA in
recording operation units. However, unlike in the FIG. 5A, the temporary defect management
information starting from the TDDS #0, TDDS #1, ... are recorded starting 15 from the end of

the TDMA such that the physical or logical addresses of the temporary defect management
informatidrode theasadrtihes ARV sBahSE: ihe ahysinat oréegitabadibiesgerridhe temporary

managemcee% JPR%%BQPP%%%E}& illustrates a data structure of temporary

defect s managemen rmation #i recorded on a single record layer disc 100 such
as that shown in FIGS. 2A and 2B. The temporary defect mana%ement information TDDS #i

contains an identifiEt @S- B pohBPdnstiataAaaRiHRY FRIRIARTDY deiesl manraRment
regafdingﬁ?&rmiﬂ?nme@f#ﬁpqn%mmmm mﬁé%%t@é%rﬁé@%ﬁ&?&r%ﬁérﬁg%{ Rdfoct

explained with reference to FIGs. 4A through 4D, temporary defect 10 information

accofdingneriagsespest itfermsiice RS Aticrcerdgt araipinele rasarsdaiel dised Ofhglich as
the inforf@ﬁﬁ?@ﬁsegmm@spfﬁim Qfst?m@fémpsﬁéa@w@émﬁmg&ﬁérﬁﬁ inBWH&ﬁoH TDDS

pointers corresponding to temporary defect information TDFL #i, and €ach pointer is to the
recordingthhesititaing eadd entifiriey teamteetanfsiaiagbmanguemenéinfomagtioerd DS #, and
management | : ) ‘ . o .

defect in?ﬁ%tgﬁgﬁ %ﬁgﬁmﬁﬁﬁ ltlmegﬁﬁ('\ll:.lélf)‘?%13 %@n%%ﬁpgge t%ﬁé%@ﬁ%ﬁr?éﬁm TDFL
informatigh. TR HevEuesiicedirinedsiithe edesiacea je fdise. Yob eaughetlihtcatineyy stefect
user, dat ich.is | o 10.A; ; of
W RS R R e ek SRS A Sl
Accordingcerasdraave sl diyagiZausdhisnimmpliem yaateding Hoeme sorcebiceperssy
data area : NGRS inf | 1
further inc u[P e%ﬁ@s ¥ ocﬁt%bnfﬁ o%rﬁ%%?%ﬁ%ﬂ%ﬁpc@ect Informa ié% %Ingggl}g iﬁglfé,%ven

if a disc 25 foriveatioasThit béicspdreadhveoittisisifichndeseshieg pogibansef egeletemporary

g b R AP RREREN DA PR U s pCRRRATRAR MASERMINYDDS 4

detecting The” testable area while scannin t area where fecording conditions are
testesl. Alsbovitrisrp&sEibfetinalusiesdeorinigts tariempesaatdsiest information TDFL #i recorded

P times.

Also, the temporary defect management information TDDS #i recorded on the
single record layer disc 100 describes the address of user data, which is [ast recorded
in a user data area of a record layer L0, and the address of the replacement area which

20 s last recorded in a spare area of the record layer LO.  Accordingly, a user can easily

utilize the disc 100 just by referring to the last recorded user data area and replacement

— area.

The temporary defect management information TDDS #i further includes test
location information #i and write protect information #i. Accordingly, even if a disc
25 drive does not access the drive & disc information area or the disc defect management
is not performed, it is possible to directly access a testable area without detecting the
testable area while scanning the test area where recording conditions are fested.  Also,

it is possible to avoid recording in an undesired area.

A reason for including the test location information into the temporary defect
30  management information will now be described in a greater detail. As described

above, the temporary management information contains the temporary defect

16



A reason for including the test location information into the temporary defect 30 management
information will now be described in a greater detail. As described above, the temporary
management information contains the temporary defect 16 management information and the

temporary | jon, and furth ins recording.m ment information that is
ot showr T L e LoR Bt 618 8 e e Tk AR Bl
a space biecagi(@BinagensBitinidioastiontiethis niat shiovacindbe trawiagsa of According fo
recording medium 5 recarding block basis usi it values. The te rar ement
formatof TR e O e R B8 e ha G L Foak R FoPe
effective U3BMfitiicEied Aviveirerufatatis gedcrdent tinranfahestefip ocagrdingnageiventn a
information is requir nly the portion.is updated.in the TDMA. When_the te rary defect
nformiatio P RO PR S L o QR MR S eRaat iy pasion 1
temporaryreisdedethinrihatiemisarpdatisfastaremdgemiaiilinforaaiiohared YFDMAIs case,

the recording location of last recorded temporary defect information changes Thus, the

temporary defect np%]a]% Nt ing ' gmilarly. wh i f
the SBM is required but %(]’E%(? trlq[eg %é?r?é‘i%@%é%ﬁ%oﬁﬁ%ﬁﬁqs% ﬁ%ﬁéﬁfﬁrﬁ%‘?ﬁ %‘f@%%ﬁ
is updatedviarsagertavhitdblenariands 18ghwekh) by tinchisodice ishepdadiading thistAOMA.  When
temporaryﬁe@ﬁég?g%ﬁﬁ%eiiﬂﬁ’ﬁﬁbﬁ@ﬁr‘%é&%%@ﬂ#‘ r%)%a%ié‘c?% atﬁ%%’éﬁé’tlg eI to be
last recorée% M Changes.” "As described above, the te poraryaueec man ggﬁsenP .
@n;ormat@oupdm@calzqhb?eme:mnedefpdhhﬁ' gmmyl'@dnp;ertipdatbtémmrmytfraaa@:d' fimarea of
informatiop, r inthe since .defeect management information must
20 speciny oo to O T e B R R A e
istoaded inforendtive shstegestihdifithet anterziydedgstamaedemenbstforoatibedneeds to be

temporary m emgnt infgrmation. To,salve this pr. location . informagiop.regardin
respectiveuﬁﬂc%%gngatioﬁlégﬂqg' e(h%n(#g ?ér%%@réa%’r@r%agrga@grsng%@s?ﬁ grr%@[ﬁﬁg{ agg t.{r’\%?ﬁedé‘agiﬁaw
the tempodafgatdfidotmmeatinen emeritriedoinedionlarida 2818 tempdeiey defe cexbaegjmahenarea of
informatioy) | de nd of.the A i j can ily

dotoll hellfol Aol SRS, i i o BB ool Y B e
informatioinfregaationy ithel s repdorde ditea poresp ndiagdgeatont offeriasticecutediBBM changes.
temporary defect management

As described above, the temporary defect management information must also
be updated when updating only a portion of temporary management information
recorded in the TDMA since the temporary defect management information must

20 specify location information regarding the updated portion.  In other words, when disc
100 is loaded into a drive system, it is difficult for the drive system to detect [ast
reéorded temporary management information. To solve this probilem, location
information regardihg respective information contained in the temporary management
information are included in the temporary defect management information and the

25  temporary defect management information is recorded at an end of the TDMA.
Accordingly, the drive system can easily detect the last recorded temporary
management information by reading the location information regarding the fast
recorded temporary management information from the temporary defect management
information. in this regard, the temporary defect management information is recorded

30 sequentially in the TDMA.

The drive system is capable of distinguishing between an area containing data

and an area containing no dafa in the temporary defect management information, and
17



"~ detectino

information. In this regard, the temporary defect management information is recorded 30
sequentially in the TDMA.. The drive system is capable of distinguishing between an area
containing data and an area containing no data in the temporary defect management
information, and 17 detecting a last recorded data block. It is possible to determine whether

an area otistentingenlanigerade datarijockadid irppesibie(fory sigmainpwhelbarsama of a
Thereforedfg}g %z)bm&ﬁgsaé%aﬂsg @@amgtmaa i_wﬁée@&deﬂme)tg@na%nm@sw.
It is efect

information, est to record the test location information’in the 5 Temporary

managemBheimformanbantihe test locadion |fﬁf§?fﬁwt&ﬂ|§r@é$#d@d it dhergroparatefect
man agen}%%ﬁg%ﬂéﬁ%fgﬁﬁ%lﬁ%i Yhspdie Qfﬁ‘é&% 'ﬁl@?éﬁqd%’dgnﬁﬁfaﬁaﬁﬁﬁ Iy 6
stem reads t 0

drive sy emporary management information last recorded on the disc 100 by
accessingenpaadsiodeiast ragoagemeanhiniamalientecting the temporary defect io
management information from the data block, and detecting the last recorded temporary

management informpgtion SiqpLthe e IRRATARSRTRCFSBGRAAEMARE idiorriRNddhedrdhagement

system performs a write/read operation based on the last recorded temporary defect

man ageniafﬂnmaﬁma@mau@em@mm dise tm Edﬁﬁgﬁdim&ﬁi@@fﬂ’@ﬁbdhﬁ I%(é‘.{e
recorded %&W&%@%&%B%@Fﬂﬁﬁ‘éggﬂ@ﬂtlﬂwﬁ&%@%gt tebirgish thiveiRwisbbrsl
er to record data on Or read da

o} ta from the disc 100, thereby allowing easy

detection atésisingastainobladslaritiesoedeidmthechiid i d elereiitidaiempeenydeferid

the (g5t logion loIR AIARGE i RO RA b RRRIBR BIREMRENAd s fRPorry

defect management information 1DDS#i allows the test location information to be easily

detected f@mporarp OTRDRFEREJIaAraRRdon Fesbie da g psabt dedachmanagedaestt
man agemﬁfBHM%f@géi?ﬁ?L%%% %pgégﬁf&mwm@%@%eﬁ%ﬂm%mgﬁ%%

information is up t focation information is recorded in an area other thanthe
last recordechisiag deanpdete defash Geanaganisrhifernelios #iFekiiistaasersddbe test location

temporany,e{esh AR e ICHTEUOR TR AL g Rl S RO R S ion

area for detection of the test location information. In this case, for the detection of the test

locatidn infetatdihatdhesdinsarisarrahbrstfeleedn pidesderrenn @rid-pormisad datg from
detected i Obfain {iB RALTELIP MG/ AFSPeasy detection of both the location information regarding

temporary defect information TDFL#i and the test location information at once.

inclusion of the test location information in the temporary defect management
information TDDS#i allows the test location information to be easily detected from the
20 TDMA based on an address of the last recorded temporary defect management
information TDDS #i, regardiess of whether another temporary management
information is updated. If the test location information is recorded in an area other
than the last recorded temporary defect management information TDDS #i, the fast
recorded temporary defect management information TDDS #i must further include a
25 pointer to this area for detection of the test location information. In this case, for the
detection of the test location information, the last recorded temporary defect
management information TDDS #i is detected to obtain the pointer to the area
containing the test location information, and the area containing the test location

information is detected using the pointer, thereby causing overhead.

30 FIG. 6B illustrates a data structure of temporary defect management
information TDDS #i recorded on a double record layer disc 100 such as that shown in

F1Gs. 2C and 2D. Temporary defect management information TDDS #i contains an
18



containing the test location information, and the area containing the test location information
is detected using the pointer, thereby causing overhead. 30 FIG. 6B illustrates a data
structure of temporary defect management information TDDS #1 recorded on a double record
layer disc 100 such as that shown in FIGs. 2C and 2D. Temfporar defect management

informatiokqmifier IPEHePRIBAraTY fiffech canegenienipbiar asRR ik gémedtinformation
Informaﬂﬁé}@sﬁ&wﬁé&i&r{g@%ﬂm%ﬁieaﬁ@%;ssaermwgwec@sﬁﬁﬂenﬂ%g TDFL #.

temporary.defect information T As prewouslg/ mentioned with feference to FIGs.

through 4DABRIQVIRYSHAeRtieethivith aatranse i Ries A ughatib dbrdempanary defect
present inygiiARisAeASRICHILR EBRIHE thoaY SAHBBRRReh U tRSIRISERAIRA SR RGBS edly

“recording position of the temporary defect information TDFL #i contains pointers to the
recor8ling 1666HRM VRIS HTIRS t e Bdpsmatiestiegd o theseqoptngprgitioreof the
temporany 4aieat MARgeMeR LAY ' Bilftdriothd '

each pointer to efgh of terrilporary defect in%%rf%ﬁﬁ?gﬁ I#i that is re%%%ggﬁ/%%g%@% of

times. 10 KR thizadripoais Y érfechiafoaation Hibthkiod mpowtcasdhelterporayodafiect

record layerdi ' . ' n u

area of & o e e B G R el Seb Binter
area of thtofgstheebtanaperary dekecidafermeationel [dbtfthiaiimstpeaisdyddoerdsd Foinzes.
area of a second record layer L1, and the address of 15 replacement that is last recorded in a

sparg area of the sgreNdHesRFAHBYSR - deféQORTAIRR R HBRITEANSRSHYTEINZR 4R 4R6d98n a

just by referring to the last recorded user data and réplacement. Similarlg/ to the single record
f

layer discArdPleneearthRYey @@Fé&p@rﬁﬂ%@él?ﬁérﬂ‘ﬁﬁ‘ﬁifﬁﬁérpf pess datarthat indashseqesied in
location infoisaaiRR*hres JIHeirdPrBtIRF 1AM RIRR Hadrecd dnaipisusmdd fistidys

does not access the drive & disc informationarea or the disc defect management is not

performedefaEiggda|Resrirg AR Adhesiratcaeasiblaves Mitibaralddeesn g tivses siatndhatkls last
while scapiinge ites L AISAWRS KR 48 O 41 A8 CORYIHARS QIR YRERE ERTY tHECaddRReBRIDIE tO

avoid recording in an undesired area. 25 FIG. 7 illustrates a data structure of temporary

defek inféRRiaasmeniFhat iIRas FrePId eddn 2 $eRIsoRERs GbibQ raspndisrardiayes L1.
contains apdeaiiay,feruser can easily utilize the disc 100 just by referring to the last recorded

user-data and replacement.

Similarly to the single record layer disc 100, the temporary defect
management information TDDS #i further includes test location information #i and write
20  protect information #i. Accordingly, even if a disc drive does not access the drive &
disc information area or the disc defect management is not performed, it is possible to
directly access a testable area without detecting the testable area while scanning the
test area where .recording conditions are measured.  Also, it is possible to avoid

recording in an undesired area.

25 FIG. 7 illustrates a data structure of femporary defect information TDFL #i.
Referring to FIG. 7, temporary defect information TDFL #i contains an identifier for
temporary detect information TDFL #i, and information regarding defects #1, #2,.., #k.
The information regarding defects #1, #2,.., #k is state information indicating the
positions of defects and replacements, and whether a defective area includes a single

30 defect block or continuous defect blocks.
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temporary detect information TDFL #i, and information regarding defects #1, #2,.., #k. The
information regarding defects #1, #2,.., #k is state information indicating the positions of
defects and replacements, and whether a defective area includes a single 3o defect block or

continuous defect b . Fl B illustrate data structyres drive & disg
information area accort%‘h%’%g %%%?’ﬁrlﬁ%qr?%?%fiﬁ% 8?&%%%81?%3{"#‘??@%%‘&%@@&1 area
write proteacaofdingatiberhedpnenies of the loesent ffventiosranRiférdniy e FIBIGAT Whte#protect
and a poi ogation of te ry defect mapagement infarmation TDDS #i . .
recorded |ﬁﬁféég‘réc2ﬁ)é (?geéraQPolH%ﬁ%qlh%f%‘gcoarﬁ?enﬁﬁ??ﬂﬁ%ﬂﬂ’aﬁg eréﬁ'a? "i’ﬂeﬁL @ﬁgﬁré’@ﬂ a
defect infopeintientd i |scafiontio temporary defect managemenit information TDDS #i are
separately reco

rded.in a TDMA as shaown in EIG. 4A or AB. Referring to FIG. 8B, write protect
ormatiol LAk U RaM EREEEEN Dris e N utlBr e et en the
TDMA#i aterrgraratgctisfeet infinm aifenalDF ioftiaitsdithid eotipverdryidefode immiggeareat when
the temporayy defect i jon-TDEL-#i and-tempgrayy-defect 1m ment information
To0S 1 ALY | B AR WA AP AOTE i o N RGN O SH G PERAB
in-the TDNRefzsrahgnFiC- 8B, Waiterbicht olsinttivairamepdipiante thenaresaition of
invention, the write protect 15 information (ﬁ/hich is r%fao[{(ﬂf? _in the drive & disc information

area and 1R 1RMBEYARPRIERIGAL QLT RIRAA eiaFeEdstbineepetingigRgration

dataf® beusitordet cairiie &ligisd MofetiviiearsaleshisiafBabapBRNEEet id@rmation TDFL
informatio%l that {indicates whether write protection js enable%ﬁ disabled on the entire disc

100, and TR ARIPRANCREESMRERRIPRLIBIR BRI RS it sraerersbe dedpeluded
20 instandg, taditgirherbtpevuriteyeioest information reatEsiIRAas e mmRtRND3hown in FiG.

indicateS\% etheA{ write protection is enabled or disabled, and each of the other bits is set to
indicate whetf&f Q'Ieast one predetermined area is recordable or not. If the write protection
is enabled, a second bit of the write protect information may indicate whether the drive & disc
information area is AemdihiEtoancen@ibdimiset dideeporsknb initentpin dieaterivd ptoesdhe

o AR e B e R R R R
area are réetedhbiamagmnent information TDDS #i) does not allow additional data to be recorded
on the disc 100. The write protect information may include flag information that
indicates whether write protection is enabled or disabled on the entire disc 100, and
information that indicates recordable areas even if write protect_ion is enabled. For
20 instance, a first bit of the write protect information is set as the flag information that .
indicates whether write proiection is enabled or disabled, and each of the other bits is
set {o indicate whether at least one predetermined area is recordable or not. If the
- write protection is enabled, a second bit of the write protect information may indicate
whether the drive & disc information area is recordable or not. Otﬁemvise, the second
35 bit may indicate whether the drive & disc information area is recordable or not, and a.
third bit may indicate whether a DMA is recordable or not. The third and fourth bits may
indicate whether the DMA and a spare area are recordable or not.

When the write protect information is recorded, the following areas can be

recordable according to aspects of the invention.

30 In one area, data recording is allowed in the drive & disc information area,
even if the write protect information is recorded on the disc 100 and additional data

cannot be further recorded. In other words, the drive & disc information area is not
20



When the write protect information is recorded, the following areas can be recordable
according to aspects of the invention. 30 In one area, data recording is allowed in the drive &
disc information area, even if the write protect information is recorded on the disc 100 and

additional data,cgnnot,be further recarded. In gther words, the drive & disc information area is
ot 20 aEIEITS) Be N TR RLCIS A PIRLTE AL ER AR R e bie e mietestion.

Accordinghedosdipayiyidtddpobsitgs ﬁ@@ﬁﬂﬁg@fﬁ@ﬂﬁrﬁé%’fﬁiﬁ&%{&rﬁr@mﬁf area, even if the

write protect information is recorded to enable write protection, a part of the drive & disc
not affected by the write

information area allpcated for the write protect 5 informatiop.i

protection. In other%]vagrgag,r&%tgrr%%b?é{%% '@iﬁo‘%ﬁ& ﬁ%@?@%&ﬁ%ﬂ%‘%% recRedsdin Rnabie

“area Th‘us;wrﬁe pritieptiotech inidmfatﬁglrtm Bedibehgertmiatiofi sy é![(j@%a%@fbifﬂh@ WHHE protect
rotect in ion is tecorded to.e write protection, a tempaorary defect management

Eren GO e B S o T W iR 5 BIRF Lar IR RO e e i

write proteditaved. én, thatparecdrisgiitval Ruistimfbasetonamed MhaistmW RO ISRt

informgtioln féan ‘b@ chan [Ed. Further _disc defect management can b_e performed even after

recording o fhe ﬂ{é%’r’f %tqﬁﬁﬂﬁ?‘ﬁlon. If a rate of error correction in a data block of a user

data area is lower than a 15 predetermined reference value when reproducing data stored in
the user data area, & fLdtifecansmn ayemétheanrite petechirdsuehiiiaishe satebiesieisable

regarded re the probability of. error occurrence is higher, data stored in the
data b|OC@I§t%I’ ﬁ%@%ﬁe@& 2 Area eefgrg]?e[ba}ggﬂbﬂ%%?ﬂﬁe VatlE VR & B%CK is
detettninddfeyativdedeety anden spard trealiaps10tt iafkuled Mpthdhanonrdnai®oA®a, Mata
least one ar reag is determined 19 be a recordable areg according to an
aspect of %ﬁﬁ@ﬁ%o%ﬁ%gsﬁ]n%ﬁ&a&%% )r'ecj?&'ﬁg%gea%‘ & 'R%Et it't tigmsiade
informaticHhiangecorided{iaredist kifefeed mahegimeaidentiptiperabis dhernunebeconipef

of th_e 25tﬁ‘é%§i%a§rB?e%fiiH%?%gt%%(fessary' FIG. 9 is a reference diagram illustrating in
detail recording of data in a user 7

If a rate of error correction in a data block of a user data area is lower than a
15 predetermined reference value when reproducing data stored in the user data area,
disc defect management can be performed such that the data block is regarded as an
area where the probability of error occurrence is higher, data stored in the data block is
rewritten to the spare area before reproduction of the data, and the data block is
determined to be a defective area.

20 If the disc 100 includes more than one spare area, at least one area of the
spare areas is determined to be a recordable area according to an aspect of the

invention.

Areas in which data recording is ailowed even if the write protect information is
recorded, are not limited fo the above description. That is, the number and type of the
25  areas can be adjusted if necessary.

FIG. 9 is a reference diagram illustrating in detail recording of data in a user
data area A and a spare area B, according to an embodiment of the presant invention.
Data can be processed in units of sectors or clusters. A sector denotes a minimum unit

of data that can be managed in a file system of a computer or in an application. A

21



data area A and a spare area B, according to an embodiment of the present invention. Data
can be processed in units of sectors or clusters. A sector denotes a minimum unit of data that
can be managed in a file system of a computer or in an application. A 21 cluster denotes a

minimum upit of data that can be physically recqrded on a disc at qnce. In general, one or
more sectB Sf%ﬁg?ﬁt'&?geg alﬁgﬁwﬁr'ﬁéwﬁ%ﬁ%%%ﬁ/ﬁ?é @Qi&?&gﬁ'ﬁﬁ%iﬁ%‘i@gﬁg%ﬁ disc at
logical seginceTl hdniysizal, sentonianrersectira chssithry @ akeeter of data is to be
recorded. An s address for detecting the physical sector is called a physical sector number

(PSN). The logical rj nit.in whi a managed.in a file system or an
application. An ad reé';gfgf%le e%é%e gq%gg%{a%éégtgﬁ 'r\ésl:%ﬁ?é%eﬁt%rg‘?ﬁr &@Pﬂbﬁ%@?“ The
(LSN). A pisierlosditigirisadmgreppanadudisizeber¢he sectorvibdatsitioto sl pdasrdeddisan
using,. the PSN. | r ot.a data application, the entire data is managed in ynits of |

the LSS S ieS reR  EER ELR, R S REVlBl Setbruatinber. (ran. The
LSN and tbgiedlséstohimgeashiiyimwhittoietaterebrecnetingkdddindirpppsesns obagesbphication.
whether the disg,contains a defect and an.initial position of recording data. Referring to FIG. 9

A cenote 0 L Gt B e B L AR oL G O S S SEHRB SN A
allocated tiise phaatitingfreedios éwﬁb%@fte@eﬁhﬁedﬁmﬁé ﬂa&ﬁﬁ@@lf Eﬁ&ﬂ@t’é{déd Iﬁ%%{i%&ing
one PSN_ Ho r, since LSNs are allocated to non-defective areas, including replacements
recorded ?H%tﬁ%garj %?eg?{ﬂguf%’h%rsﬁéﬁd%&@ gﬁﬂggn&lﬁ%‘éﬁs% {RdM2ERESS faunits of
maintainethevhSNthardishd g sitnaciefetiiedutmtddissh i eh BN IMHe pFsiehkip between
physical ical sector, 20 In the user data area A, user data

is recordgg%ﬁ'@ti%?gs &%ﬁ%ﬁ%&%ﬂ%&%ﬁ&ﬂ%ﬂ thedesritigois@sling @aparatus,

continuousaresg rolingtinds: the diserdsitiisracisting aaguaiaanscseas BIeushrdndata.
random recording mode, user data is randomly recorded. In the data area A, sections 1001

through 1007 den ' it ta in which the verify-aftey-write, method is .
performed. A 25 rgi%%ﬁ%a?%ﬁgg;%ﬁﬁ%%%ég?\gﬁfsdraégo%%ausgé(%t elﬂos’fgét%ﬁ qqule’lrea n
returns towttiels B8NS seettmyueotiaiyaltietks! it plealitnaf isceppre griatahcac)rddd geaeral,

See RIS 2 R HEES  ARIEN ST RE DBien &
non-defective areas, including replacements recorded in the spare area, the
correspondence between the PSNs and the LSNs is not maintained when the disc 100
has a defective area. This is true even if the size of the physical sector is the same as
that of the logical secior.

20 In the user data area A, user data is recorded either in a continuous recording
mode or a random recording mode. In the continuous recording mode, the user data
is recorded sequentially and continuously. In the random recording mode, user data is
randomly recorded. In the data area A, sections 1001through 1007denote
predetermined units of data in which the verify-after-write method is performed. A

25 ‘recording and/or reproducing apparatus records user data in section 1001, returns to
the start of section 1001, and checks if the user data is appropriately recorded or a
defect exists in section 1001. If a defect is detected in a portion of section 1001, the
portion is designated as defeci #1. The user data recorded in defect #1 is also recorded
on a portion of the spare area B. Here, the portion of the spare area B in which data

30 recorded in defect #1 is rewritten is called replacement #1. Next, the recording and/or
reproducing apparatus records user data in section 1002, returns to the start of section

1002, and checks whether the data is properly recorded or a defect exists in section
22



on a portion of the spare area B. Here, the portion of the spare area B in which data 30
recorded in defect #1 is rewritten is called replacement #1. Next, the recording and/or
reproducing apparatus records user data in section 1002, returns to the start of section 1002,
and checks whether the data is properly recorded or a defect exists in section 22 1002. If a

defect is dt@8gted ihadsdnmrisodetasiod inaheniopafisreliondigpdidbaponiassgesignated as
Likewise, peplagarpent fgaodespandinshia seiectardsBraRe e R MeermddUinAe spare

defect #3 and replacement #3 are designated Iin section 10030t the user data area A and the

spare are@BaBspeLtiiigr Aetasiah Bvh replkseneidsAredasianairidnsrddion @aags the

not desig rali [ m c ' o0 I |
‘defect #1?%28?5% dté:fé Fﬁﬁrﬁﬁﬁ%ﬁ t%%rﬁ%% ﬁhrough 1%%2%2 ﬁ%&g%?y?gg%g%%@gdoes

infornsationCk DECUF@ Nt ReefRaivaties lecvpesipnatashn #0 is expected to end, after the
recording and verifying of data to section 1004 (i.e., when a user presses the io eject button of

a recording and/or W%%W@Qﬁ@&ﬁéw&?@éﬁiQ%Pbéﬁ&h@af@c@\‘&cﬁ{ﬁﬁrﬂﬁa%iéﬁ%@éwing
operation is comple(g%);Also management information for managln temporary defect
informatioflefest ¥ f@é@@‘&%ﬁ%}ﬂﬂé%@fé@ﬂ%ﬁﬁwﬁ n %}%ﬁﬁéﬁmp?@

the TDMARWHABIBROMEIRY SRRFIAS TR WhiAReSIRIRESEbEBH 0S80 dbkaY ) ok,

1007,and defects #4 and #5 and replacements #4 and #5 are formed in the user data area A

and the siaiterdheareseedinecanslyesfiing affa e sartiny 199t {hrouyhanduuaseasses the
#2, #3, andidd Bﬁ%ri%F@@BS@iH?%ﬁ/WB@Qﬁ%%Q%@d'ﬁ reeBtiakRHsriRiecHata

blocks. Replacement #5, which is reéplacement for defect #5, is recorded in continuous
replacemeosRisik INHe e RISk QBRIRIIRNIHAYBIR 6y 20 MRfe dnRstRpE mRRt Anfangetsm for
unit block ﬁ%%mggm% RiedriiigtecoRSRARAHRC DPEAHGE fs QareRI tRRTbRIS defect
recording and/or réproducing apparatus records information regarding defects #4 and #5 as
temporaryerieaeRtsthiferaien 4 DRAFFPdpdhes tRMftormation contained in the defect

information DFL #1 once again. Thereafter, management information for managing temporary
defect information {idn2e#drifingpeetion maariyddeicst meoaiehiantdaiiunsationsfrough

D e e g0 SR ke ot
area A and the spare area B, respectively, as explained in sections 1001through 1004.
Defects #1, #2, #3, and #4 occur in the single blocks, whereas defect #5 occours in
continuous defect blocks. Replacement #5, which is replacement fbr defect #5, is
recorded in continuous replacement blocks. Here, a block refers to a physical or

26 logical record unit, a range of a unit block being not limited.  If the second recording
operation is expected to end, the recording and/or reproducing apparatus records
information regarding defects #4 and #5 as temporary defect information TDFL #1, and
records the information contained in the defect information DFL #1 once again.
T.hereafter, management information for managing temporary defect information TDFL

25 #1 is recorded as temporary defect management information #1 in the TDMA.

For disc finalization, last recorded temporary defect information and temporary
defect management information are recorded as defect information and defect
management information in a defect management area (DMA), respectively. Also,
information regarding the recording positions of the last recorded tempoerary defect

30 information and temporary defect management information, and the above write protect

information are further recorded in the TDMA.
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management information in a defect management area (DMA), respectively. Also, information
regarding the recording positions of the last recorded temporary defect 30 information and
temporary defect management information, and the above write protect information are

further recorded in the TDMA. 23 FIG. 10 is a diagram illustrating an effective use of a user
data area accordin§ 1% 3R igpe<lingrase Husiemtinganeiiectve. use el asenslats ateaaseording

portion of g Hsejsiae MRS MY iRGRIGE e IENM b PR iSilast
recorded in the user data aregﬂand thel address oﬂ%acement ﬁi@géﬁ%{/@ﬁgﬁﬁwﬁé a

spare areHSHT faticargn aanfasibblerirteried vith therddisss eémeasdiatacihatis tastly
data is reGrdRddEPm e (NNST dRE/Arer AadtiRbiRadeRE (AtRepISAdMERQIS! PRIl fgip?d&d in

and data, which is a replacement for a defect, iIs. recorded from the outer part/inner %

the spare B 8n8MesaraRr phHpais A hespeialy Perighesarobesmene essiltaataciwahehen
data for replageRIesh Bl RREIBraRY fx%ﬁﬂ_rﬁféjiHhQPPQFﬂSﬁféijﬁftdé?%% ;&%EP WaVhen Y8ts outer
rom the (nner part 0

physical addresses of the user data are increased the record layer L
to the out@PFARNSIPRIE @B« Winehdgtarrpalaesment éarddalest L s e turdeddirparththouter

physical ich.l ' ) recor [
LO and L asﬁtigﬂ‘l rge?r?ﬁ;%!n %%.’??E%@gﬁéo@fﬁ%eﬁgéﬁggﬁg ﬁ%&%ﬁé piﬁyag&gglsf words,
address Vi@ taesraicandibn datafurepipcenientdsspesfefabhaecordard ireppdsiied

from,the qutes ”tg&ii(glq r partin a spare area of the record layer LO and increased from
the i}lBrt:er part tgﬁ#et%uter pagr't in a spare area of the record layer U. Accordingly, if the

addresses of the last recorded data and replacement areas are included in the temporary
defect 20 manageéiemideRinsicebasidmssassabiig iserceinaraiaweases fiossitie mner

detect thepeHfiens iertAIa)et Iop'ReaiBeaiikiab AreARIR SR AREP RN bart of the

completely reading temporary defect information TDFL #1 and estimating the positions of the

defect arl@$efiHe¥gidal- teuRdrngRatidip pidyiicH wddiess @athadatavenieb iplastidrea
are located covtinHprEy daerevanablRdsHecNG (458:9 e HRR! RIRRs R r@_ﬁ@é (RAABET.

additional data can be recorded or changed even after recording write protect information

during distisRaliaie raceued seplecamantbasiecahvsioal idd arscwidihr garatiest number,

when physical addresses of replacements are reduced from the oufer part to the inner
part in a spare area of the record layer LO and increased from the inner part to the outer
part in a spare area of the record layer L1. Accordingly, if the addresses of the last
recorded data and replacement areas are included in the temporary defect

20 management information TDDS #i, as shown in FIGs. 6A and 6B it is possible to detect
the positions of data and replacement that are to be newly recorded, without completely
reading temporary defect information TDFL #i and estimating the positions of the defect

e and replacement. Further, available portions of the uéer data area and the spare area

are located continuously, thereby enabling effective use of the user area. For this

25 reason, additional data can be recorded or changed even after recording write protect
information during disc finalization, and disc defect management can be more

gffectively performed.

FIG. 11 illusiraies data structures of temporary defect information TDFL #0 and
TDFL#1. Referring to FIG. 11, temporary defect information TDFL #0 contains
30 information regarding defects #1, #2, and #3. The information regarding defect #1
indicates the position of an area in which defect #1 exists and the position of an area in
which replacement #1 is recorded. The information regarding defect #1 may further

24



FIG. 11 illustrates data structures of temporary defect information TDFL #0 and TDFL #1.
Referring to FIG. 11, temporary defect information TDFL #0 contains 30 information regarding
defects #1, #2, and #3. The information regarding defect #1 indicates the position of an area

in which defect #1, exists and the position of an areg.in ich replacement #1 is recorded.
Tho o PR AT e nA B2 UNS TOP G S8 IRl AT R GO TS FsTeRhBlocks or a
defect #1 giggiesdBfeentitveiuasinirting tekspectsstidie Gelesitipack Rieswiieg tesaBiTeniTEh
the invention. Likewise, the infprmatior? ref?1 pdinﬁ@dg%%% 2 indicates whether defect :
{

#
occurs in FRPRFAIBELgERSt fid dodicales Whiaed : %H%dgmgﬁﬁﬂ‘h?élﬂﬁ%ﬁaqks ora

defect #2 gigte, urdshplpeRitipe plosidoracfaim arbisinraplapatefst 2o eresrdatd The position of
information regarding defect #3 indicates whether defect #3 occurs in continuoys defect

blocké or ARG fRHBIA JeRIAGRMILfrmIDI GRPEHES i IR CHRIAEPRT euRdIng AefRot #3

Jposition ofrficRied Wi deRiREAUB VIR eoPfiRbUS HiFeshBItcREBPdIFIRRlctBBfect block,
temporary defect information TDFL #1 further 'o ri&ontains information re‘ggrding defects #4

and #5 in REIRRAHHBTHA FGFRaHBNVBERIRERPHH RS b IBE RSiiRARhanmTeaH which
More spegéiqalbsiihigmngraiyoffiget information TDFL #1 includes the information
regarding defect #1, the information regarding defect #2, the information regarding defect #3,

the inf ti ' fect #4, and the,i ti ding.d t#5. H hjs i
cumulative recoraing ST RATATH AT BSbE TR TR IR RC e T aset b b ther
stru qtlurde @bhﬂ@m?ﬁmmﬁi?@g@eﬁmgd Jﬁefﬁﬁf?ﬁﬂ?grto #F4Gn Bdditionatine m@?rd'mtglade;ect

#i includes state information indicati ther defect #i ogeurs.in continugus defect blocks

b B S R e R 6 HE DA o i ‘RO AHEAT ey (o gednborary
defect #i igeFRctateaningsbio POEUr #1 teladatirthelnidefest blorigattingtaefénfornatian

further represents whether pointer to defect #i_points to the start, or end_of cgntinuous
gl S e A e e e S
replacemesgalankghrifeepliscanbieiteirtimhaiithe rethe dirdedisfoctvddion Hulvates, thie

pointer for defect #i as the start.of the continu us(?g‘((afect %ocl%stﬁnd the éﬁointer for 25
repldcemEHH FIVRSCERBIThE R SREMTER N KA TREPBiMte ol B&tatPH represents a

starting physical sector number of the continuous defect blocks and the pointer for
FIG. 12 illustrates a data structure of information regarding defect #i.

Referring to FIG. 12, information regarding defect #i includes state information
indicating whether defect #i occurs in continuous defect blocks or a single defect block,
a pointer to defect #i, and a pointer to replacement #i. When the defect #iis

20 determined 1o occur in the continuous defect blocks, the state information further
represents whether pointer to defect #i points to the start or end of the continuous
defect blocks and whether pointer for the replacement #i points out the start or end of a
replacement block that replaces the defect #i. When the state information indicates

~ the pointer for defect #i as the start of the continuous defect blocks and the pointer for

25 replacement #i as the start of the replacenient biock, the pointer for defect #i represents
a starting physical sector number of the continuous defect blocks and the pointer for
replacement #i represent a stariing physical sector number of replacement #. [n
'contrast, when the sfate information' indicates the pointer for defect #i as the end of the
continuous defect blocks and the pointer for replacement #i as the end of the

30 replacement block, the pointer for defect #i represents an ending physical sector
number of the continuous defect blocks and the pointer for replacement #i represent an
ending physical sector number of replacement #i. The definition of continuous defect

25



replacement #i represent a starting physical sector number of replacement #i. In contrast,
when the state information indicates the pointer for defect #i as the end of the continuous
defect blocks and the pointer for replacement #i as the end of the 3o replacement block, the

pointer for defect #i represents an ending physical sector number of the continuous defect
blocks anhitek$visireg tiatepdosmatinn:crpias affectivelyingaondicotidammalinnanst saves a
replacemept. # inition At HQUS. ¢k i i 'arihe&ﬁﬁ)ée

: effectivelyS ?é?géﬁge%?’?%%ﬁﬁﬁﬁﬁ savgg%fﬁspégﬁ)ﬁgéacgt%ﬁ% gﬁe?/%egrﬁ rll% %#g(?r%ation of
regardingtdie®dsts is not recorded in units of blocks. The pointer for defect #i specifies a

starting and/or ending point(s) of the s defect #i. The pointer for defect #i may include the

starting PSN of de@ﬁb%ﬁ?@%?@%ﬁ%%%%@é@fﬁ%?ﬁp&m?é}‘i’éfﬁ‘@ HRirgRIasement

#i specifies starting and/or ending points of replacement #i. ointer for replacement #i

may also tedReicihd hapeainier Snr gefaetEbmayinstide thersiating Rohkel st #| according
managef;ts'g re@%@@&ﬁ@f@ﬂ@&ﬁ&@mﬁ@fﬂimﬁf@rﬁﬁéﬁ%@éﬁ?&%m 9fe¥ilBRing and/or

described wit rence to the flowchart shown in FIGs. 13A and 13B Referring to FIGs. 13A

and 13B, endicg giniptenaiseplaremendiappapairteuter senlaesnonk#nmag alsedordude the
defect infgw}ﬁﬂ ggﬁg?iﬂ%q%a,amwecorded according to a first recording operation,
%e ect In

as first tempora ct information in a TDMA of the disc 100 (operation 1301). This
process serves to 15 manage the disc defects. The controller | of the recording and/or

reproducing apparBeiE BRI Ssisredelan gnasracsnant ineihedrgcnrdingdmanembodiment
inforynatiqqy {Rl Managing YR fGH (RINpedas clelest Wita FaRtihas i ShieMARERRHOSIRRIn in FIGS.

management information in the TDMA (operation 1302). As described above, the first

temporaryl 3ferRd HhaBageRRierTNeia 65 inkhuaadiiv8 c2diseqriithaney ol e predueiBsion
20 informatiga o it AR GHATQIMAIOT ARCOMIHREIARLBREEIGHR hrxtibie riiga-dif) bata,

information regarding the locations of the first temporary defect information and the first

temporaryigBdsReRIGEH avcRTeingdnn rsbrrarting aresiens aadirsiismenty fefect

(operation 1303k HPIWIE Hreiecdisiormmtigpsbisihestagordpgidphrcddvand disto

informa_tion area (ppera'gion 1304). 25 Next, it is checked whether disc finalization is recluired

(opeiationnesEageitite disc defects. The controller 1 of the recording and/or reproducing
apparatus conirols the recording/reading unit 2 to record management information for
managing the first temporary defect information as first temporary defect management
information in the TDMA {operation 1302). As described above, the first temporary
defect management information includes drive & disc information (i.e., test location

20 information or write protect information) according to an aspect of the invention. Next,

information regarding the locations of the first temporary defect information and the first

— temporary defect management information is recorded in the drive & disc information
area (operation 1303). Then, the write protect information is further recorded in the

drive & disc information area (operation 1304).

25 Next, it is checked whether disc finalization is required (operation 1305). Ifit
is determined in operation 1305 that disc finalization is not required, operations 1301
through 1304 are repeated while increasing indexes i given to a recording operation,
temporary defect information, and temporary defect management information by 1
(operation 1306). However, if it is determined in operation 1305 that disc finalization is

30 required, the last recorded termporary defect management information and temporary
defect information are recorded in the DMA (operation 1307). That is, the last

recorded temporary defect management information and temporary defect information
26



is determined in operation 1305 that disc finalization is not required, operations 1301 through
1304 are repeated while increasing indexes i given to a recording operation, temporary defect
information, and temporary defect management information by 1 (operation 1306). However,
if it is determined in operation 1305 that disc finalization is 3e required, the last recorded

temporaryedefeatordedgsioal defestamanagentempofarnalitecantddefatbintenaiondadie
the DMA ati is r .
informatioqr?%%d 1itlgg porallzrlg;' ig'eh@:‘%ﬁ] o?rﬁ%%ggairﬁé%{e%%?e{ g%?gr% efe m'af!rﬁg}ielfr%renr}? tion
informatiomayid e arpeaicsinmaicordechto Draasesihscrriiapilithofidatal disiediidormation and
defect management information may be repeatedly recorded to increase the reliability of data

 “detection. Further, g So0tRRYFRH 1B Q@sPRCSH Asiscia GiRninhe RV RE SIS rwrite

method may be performed on the final defect management information and defect

Jinformatiomethpddniay faedeestasned entikeriia hiaaegasmeaniiremasdananddetest
the disc 1p4 favingiie gelegh fé‘8é‘?&%&‘%@ﬁ%%%%wé@éi@tﬁla}@’g_gﬁwéﬁﬂﬁ‘ﬁ%?ﬂwaﬁon, an

being unavailable (i.e., they are designated as a defective area), and the Tinal temporary

defect mamyeﬁféhtai ﬁﬁ@ﬂﬁ_&ﬂahmgéhﬁ)d&&epmthﬁfwﬁmag aresocaainisgctatmaybe
the defechug aea ALY Bhta R YIS PLOIRTLY P WA Y 'S IBERIERLIBAS) UG fhe
disc information area or Iincfuded in lastly recorded temporary defect management

informaticinabieswprasy defeerreanagerdentiinfhsnpipn aceoiaingatasn defechisieonetitie are
invention. . L4A Hlustgati i .
et o208 R B BB, R ot gton.

and 14B, ¢higlvigirecardedrircthe diivia aiparisiosragtinmeeaosioaiidediclasthetecasded
user data, disc ' i i Wi
(operation LD e e B L OB et e
100 havinigMA efecri@diperinianaine? psnsarelidhednrentiae. 1 designates the area having the
defect as a defective area, controls the recording/reading unit 1 to rewrite data recorded in

the defective area {96 $PMR AP (ABBHACELANBHER RSN GBS Serisolesalsineht

controls the recording/reading unitl to create state information specifying whether the

defebtive NAPERAH AGEREINE 19 2 hes BIBERYMHIRIISERIe R iDEtiaRy JoRiRtFing to FIGs.

informatiojya and 14B, a recording and/or reproducing apparatus such as that shown in FIG. 1
records user data in a data area of a disc in units of data fo facilitate the
verify-after-write method (operation 1401). The data recorded in operation 1201 is
verified to detect an area of the disc 100 having a defect (operation 1402).  Controlier

20 2 of FIG. 1 designates the area having the defect as a defective area, controls the
recording/reading unit 1 to rewrite data recorded in the defective area to a spare area
so as to create a replacement area the confroller 2 further controls the
recording/reading unit! to create state information specifying whether the defective
area includes a single defect block or continuous defect blocks, and pointer information

25 that points the positions of the defective area and the replacement area (operation
1403). The state information and the pointer information are stored as first temporary
defect information in memory (operation 1404). It 'is checked whether the first

recording operation is expected to end (operation 1405).

If it is determined in operation 1405 that the first recording operation is not
30  expected fo end, operations 1401 through 1404 are repeated. If it is determined in
operation 1405 that the first recording operation is likely to end (i.e., when the recording

of the user data is complete by user input or according to the first recording operation),
27



25 that points the positions of the defective area and the replacement area (operation 1403).
The state information and the pointer information are stored as first temporary defect

information in memory (operation 1404). It is checked whether the first recording operation is
expected to end (operation 1405). If it is determined in operation 1405 that the first recording

operationtieripred &pRaENASTaCHFEP RN O 49 19RHRA reRnaiadvdscardeaas Urst
determingghifh SBpjatSR dPRdhALIR frSFES GnmerrDMIRISEkalita N (b EratisherdDs),

recording of the uSer data is complete by user input or according to the first recording ]

operation)extinasagemn@m joferpatinscianmanagigithe sk defesidrigtmatinn:
temporarygefegigniofaidiged Q&hr@?t@ﬁb@%@%ﬁﬁg@m@mﬁﬁ%ﬁ%hmwo in the

management information for mana%% the first te porargil:efect information TDFL #0is_ _
recorded HWAHRpapaIaRy HE&0: i frivpRpgemamkirfemmiion TDDS #0

(operatioq JA0L)n RGeS L ERTRRIAIS AR IRFHBABALRIR B BIBIBEO ARSI frr&i¥arter, o

includes test location information and write protect information. Thereafter, a_pointer to the
location diaieie thaperatoncptthefsshtaipparay deted pupr@alicid Dbdatignsopaisttrdo the
temporar %%(ﬁ@ﬁ%rﬁé tj } [ aton e writ
recordedﬁgﬁgﬁr% isc infor 8{;1&%(‘)? gﬁ%‘%ﬁﬁf %?%@?8%@?2@@‘2(%@&%%309) WS

Alternativiigtech ifremiaiicenase magordashijetne sirivitofritise infosmatien ares ehthetdisc 100
tem[? rar(%%(g Bﬂ@“l'ﬂagogn@ﬂ@ﬁ and the temporary defect management information
TD é) i ay%[

#i, e recorded In operation 1408. Next, it is checked whether the data needs to
be finalized (operation 1410). If 15 it is determined in operation 1410 that the finalizing of the

disc 100 is not reqaieanadiy&li8mOYHaN P SRipRaacY R ReRER WREmalionoHaMAdHs other
1401 through 1009 AlSJRRS IefINHEsRRABMETHF e IR BRI RSHARSAH D tEB PASHAgement

defect information TDFL, and temporary defect management information TDDS are
increasedQIM@isstaiaR €41l naYhe JReareiRtl ARssEE/L 40 that the finalizing of the

disc 100 20 is needed, a last recorded temporary defect information TDFL #i and a last
recorded temporanesefgasraheagethahiitiorlidata D& farbeduwmlieddaofeadiimicetd 10). I

e R D e R
operations 14071 through 1409 are repeated. Whenever operations 1401 through 1408
are repeated, indexes i given to each recording operation, temporary defect information
TDFL, and temporary defect management information TDDS are increased by 1
(operation 1411). If it is determined in operation 1410 that the finalizing of the dis¢ 100

' 20 is needed, a last recorded temporary defect information TDFL #i and a last recorded
temporary defect management information TDDS #i are recorded as final defect

-— information DFL and the final defect management information DDS in the DMA
(operation 1412). The final defect information DFL and the final defect management
information DDS may be recorded several times to increase the reliability of data

25 detection. Similarly, the verify-after-write method may be performed on the final
recorded defect information and defect management information. If a defectis
detected in this information, an area of the disc 100 having the defect and the following
area containing data may be regarded as being unavailablre (i.e., the areas are
collectively designated as a defective area), and the final temporary defect

30 management information and temporary defect information may be again recorded
after the defective area. Alternatively, the write protect information, which is stored in

the drive & disc information area or included in lastly recorded temporary defect
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information DDS may be recorded several times to increase the reliability of data 25 detection.
Similarly, the verity-after-write method may be performed on the final recorded defect
information and defect management information. If a defect is detected in this information, an
area of the disc 100 havinTg the defect and the foIIogvéi’Rg area containing data may be

regarded B¥pagRneRt Mfapeatien THelpats may @ﬁ\hﬁ)}'@‘é@faﬁgtﬁdt% B ctiféhite -
area), andiiefipaliiae'BeRginGesssd H}ﬁ’l‘?ﬁ%ﬂﬁﬁﬁéﬂiﬁﬁﬁ%ﬁﬁt%ﬁé IREBCr I BieMods shown

information may be a&am recorded after the defective area. Alternatively, the write protect
informatiol, ikien 1SAHHyeh tHurould igstepddmbasihrRibIhaidEBESFIastly recorded

temporary defect 28 management information TDDS #i, may further be recorded in the DMA.

"While described aThginfbiesrentiemsy delidsiundaaiontitahthebindsnivdiednatizossmputer
shown in FiGs. 13A throu g14B could instead be ba_sig on other numbers. The

_aforenenREPI@aLtA! G&HTE RY APPSR oHINELEE CoH i FRTCED I FRAPIRLR LRSS

run by a ceshRstiesr WHitus 2k RUAJSREGIPIHERERR RWRSIRST QBN BE sUdNS dofhputer,
understood that the controller 2 can be such a computer. Codes and code segments, which

constitute YREED AP ERIR SEmeals whishonalitiuls be 5P MRLiRp BIOSF e SATHRS AREIY
art. The prageameis BIPEREdmpRER RS afRRf e MediinT ReaskiyraRy fheieAsRMler c¥siter

the program is read and run by a io computer, the defect manag{?ment is performed. Here, the
i

computer BN MREMITNTeRIABIE DyigheamRitiEdinty RRIUMIG PARBIR &3 recst@ng run by a

Medjgm, BGABIREIMAE EFEBYHENaGEIMBRTES PEdbImBIE diaBYalifgereBraguttioredRsble
recording and/or reproducing apparatus utilizes the defect information and the defect

managenBREHBrMaYdieiA INadratic: ieeprdiBenmndivma 2 eplipsl tReQEHishaelsRe& carrer

managemga arepihardebibarsersdheicetegridigser data. While described in terms of a
recording and/or reproducing apparatus as shown in FIG. 1, it is understood that the

apparatus can be an individual recording,or reproducin aratus, or.a recording and...
reproduging appar ngf‘a//#ﬁléf%%%éﬁﬂéd%nﬁé?ﬁ% ﬁ@é@ﬂﬂ&&ﬁﬁég%@g@@%@%&ggﬁo@e

that the 2f:feskifbimveativioasanHeedediwithreibemeritdafidenditiom inclhdidefecivriteaidement

recording media. As d%SC{ibed above ?n f%\s;ﬁect of the gresent invention provides,a disc

defely  area and/or the iemporary detect rnanagement area in order io 'access the recorded
userdata. While described in terms of a recording and/or repreducing apparatus as
shown in FIG. 1, itis understood that the apparatus can be an individual recording or

reproducing apparatus or a recording and reproducing apparatus.

While described in terms of use with write-once disks, it is understood that the
20  present invention can be used with other writeable discs, including re-writeable

recording media.

As desctibed above, an aspect of the present invention provides a disc defect

management method suitable for use with write once discs. According to an aspect of
the present invention, at least one temporary defect information area is present in a

25 lead-in area of a disc and/or a lead-out area, so that information regarding a defect that
exists in the disc can be accumulatively recorded. Also, it is easy to finalize the disc
by reading only lastly recorded temporary defect information from a temporary defect
information area and recording the read information in a defect management area,
thereby enabling effective use of the DMA.  Accordingly, user data can be recorded on

30 discs {even on write once discs) while performing disc defect management, thereby

allowing backup operations to be performed without interruptions.  Further, it is

29



management method suitable for use with write once discs. According to an aspect of the
present invention, at least one temporary defect information area is present in a 25 lead-in
area of a disc and/or a lead-out area, so that information regarding a defect that exists in the
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ile per RGeS 4 R P e e S oh el R W protoct

performednﬁahmatmnesumtamiaﬁwd)éhaﬂsrﬁpqnas;sﬂbﬁeotmanggemmammhmﬁomaﬁhm
or perform disc ente en ter rec wrr ct infarmation in a

disc. irlso ev Fgﬁd %&‘?@ 8??&%?& aégg 3 fée@qi"&% H’Fr? YO (gggordmgly,
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defegs to management. While this invention has been particularly shown and described with
reference to embodiments thereof, it will be understood by those skilled in the art that various
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once in a temporary defect management area of the recording medium, where i is an 10
index; and recording information for managing the ith temporary defect information as ith
temporary defect management information in the temporary defect management area,
wherein the ith tespppyasy defect management information is recorded to include an address
of a last recorded unit of user data in the data area. 15 2. The method of claim 1, further
comprising recording information regarding locations of the ith temporary defect information
and the temporayypigfpctEaogment information in a drive & disc information area of the
recording medium. 20 3. The method of claim 1, wherein during the recording of the ith
temporary defect management information, the ith temporary defect management information
is recprded to further inateitdacefinminiginptefecfssofesrateadih ghasenaritigemestiund

and/or Wriégrgr%tse(r:‘t information of the recording medium. 25 4. The method of claim 2, further
comprising reBeahr% the recording the ith temporary defect information, the recording the ith
temporary defectenardiog infommatiomesgardnglaitetecoinimdate anteroidieresgadiiggnedium

e gt : - . : .
ocations Q&%‘“?z%t [t aW%%MﬁQ%é%%%&%&é@&é@mé?f@% ARSI least

temporary d rmation, an gement information. 30 5. Tﬁe

method oPBRENNE ieHepenaldeiasicoaonasmast asegrabthafreardisermatiBnyphgessids an

physigal SagE: pgber of the last physical sector in the data area recorded with the user

data. 35 6. The method of claim 1, wherein the recording medium is a write once dis¢. 31 7
lerastignd et %

The method of JEFRTENEAGRAHRRITIPERaRING IERRAEANLAETBF NAERRligRAS th
defect infesmpticarpadefect praangdaient inforagstivaniitferteatimrawhigfe ot enlastgeamntiacka,

i th : _ . . :
mecium (T RIE 10 R AL e B BT R RE SRR B
temporarpdéress vbadagimecn rdeid mniiticiiserdaiadnl tefdateareéude an address of a last
recorded unit of

2.  The method of claim 1, further comprising recording information-regarding
locations of the ith temporary defect information and the temporary defect management
information in a drive & disc information area of the recording medium.

20 3.  The method of claim 1, wherein during the recording of the ith temporary
defect management information, the ith temporary defect management information is
recorded to further include location information of a test area of the recording medium
and/or write protect information of the recording medium.

25 4. The method of claim 2, further comprising repeating the recdrding the ith
' temporary defect information, the recording the ith temporary defect management
information, and the recording the information regarding the locations at least once
while increasing the index given to the recording operation, the temporary defect
information, and the temporary defect management information.

30
5.  The method of claim 1, wherein the address of the last recorded unit of
user data comprises a physical sector number of the last physical sector in the data
area recorded with the user data.
35 6.  The method of claim 1, wherein the récording medium is a write once disc.
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replacement data which was recorded in a spare area of the recording medium to replace a
~ defective area of the recording medium. 10 9. The method of claim 1, wherein the ith
temporary defect management information is recorded to further include position information

of a replacemeny arearilanRRAL YLAARE FERALFREMIIING fekditytd sor debiiad Bne of

The method of claim 9, wherein the position information of the "replacement area comprises a

physical $BetiRBRIBEY defestitiorplationand trmporary defestmanagemertdniasmatioss which

claim 1, vrereistiheotraaesting oféhembdesmpasiactaiaabgéhaitraraiomepdeiéseshanagement
recording data igtﬁredeter lined ugjtS' veri ingﬂ éhﬁ recarded data to detect a defective area of

the recor@i REHIGFPRORINEHNRE RS 20—z NRSHAL RRJFAIBRIHIESIMS to the

defecfive area and information that points to 25 a replacement area for the defective area as

the first temporagy de i QR 1 ;s ' [nf i in.the
memory and rei%'rdin;?g%enr{ggﬁf%ﬂr%%ﬁg? %an'lfépée%&qﬂeérﬁ%gfr%%ﬁﬁ%&ﬁ%%@?ﬁ g%ﬂgﬂi[
once in tHefesmptiedrisdereidadkisfetheninaiudesmnaddrase vlod lastianagied deitefs of a
recordinggptelidmdhedBeINA RO IEBOrdBEGH SR el T tREFEEPRIME FiRG iRt ata

area of the reCordinSg medium as temporary defect information in a temporary defect
managenieRi2%% 8 GefRste e Al mERFAFAING I 89 IR ording information for managing the

tempaorary defect information as temporary defect management information in the temporary

defect management area, wlﬁre'n he temporary defect management infqQrmation is recorded

to nclude locatigh i ONFAIBNER 10 ek WIHEBaBr N o CaRiA Y tect madgeiion
information is recorded to further include position information of a replacement area in a
spare area of the recording medium to be next recorded.

15 10.  The method of claim 9, wherein the position information of the
replacement area comprises a physical sector number of next usable spare cluster in

the spare area.

11.  The method of claim 1, wherein the recording of the ith temporary defect
20 information comprises:
recording data in predetermined units;
verifying the recorded data to detect a defective area of the recording medium in
which the defect exists;
storing information that points to the defective area and information that points {o
25 areplacement area for the defective area as the first temporary defect information in a
memory; and
reading the information stored in the memory and recording the read information
as the ith temporary defect information at least once in the temporary defect
management area.
30
12. A method of managing defects of a recording medium, the method
comprising:
recording information regarding a defect in a data area of the recording medium
as temporary defect information in a temporary defect management area of the
35 recording medium; and
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13. A method of managing defects of a recording medium, the method comprising: recording
information regarding a defect in a data area of the recording medium as temporary defect
information in a temporary defect management area of the 10 recording medium; and

recording informaliidRigIHOARAGOIN FoleMaREIM G BB etiosraRy Qrefitt IpRIPRIARY HIgEeCt

management information in the temporary defect management area, wherein the temporary

defect mARARARIM IRISTHBIRSIPRSBENIBIPIRIANIE HifdeProRERRoASTRGHMAMPBMRARt area,
recordingwhesdimthEStdrhpbreeynduiect eririy ermatdiifbanetgadsvidesiase s6 s Ustiatsn

medium SGBHE R ORI AT GReTUR 2 ABmenting the method of claim 12
perfodned by a computer. 16. A computer readable medium encoded with processing
instructions for yplemgning, e IPEIIRd Gh 5 ARt & R IHRG I P8l Eth SFhethod
comprising: |
recording information regarding a defect in a data area of the recording medium
as temporary defect information in a temporary defect management area of the
10 recording medium; and
recording information for managing the temporary defect information as
temporary defect management information in the temporary defect management area,
wherein the temporary defect management information is recorded to include write
protection information of the recording medium. |
15 '
14. A computer readable medium encoded with processing instructions for
implementing the method of claim 1 performed by a computer.

15. A computer readable medium encoded with processing instructions for
20 implementing the method of claim 12 performed by a computer.

16. A computer readable medium encoded with processing instructions for
implementing the method of claim 13 performed by a computer.
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