METHOD AND APPARATUS FOR MANAGING DEFECTS IN RECORDING MEDIA, AND A
DEFECT MANAGED RECORDING MEDIUM OBTAINED USING THE SAME METHOD 5
Technical Field The present invention relates to defect management for recording media,
and more particularly, to a method, apparatus, and computer readable medium for performing
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Background Art

Defect management includes a process of rewriting data stored in a defective

15 area of a user data area of a recording medium in a new portion of the user data
area, thereby compensating for data loss caused by the defective area. In general,
defect management is performed using linear replacement or slipping replacement.

In linear replacement, data stored in the defective area of the user data area is
recorded in a spare data area having no defects. In slipping replacement, the

20 defective area of the user data area is skipped and the next available area of the

user data area having no defects is used.

Both linear replacement and slipping replacement are, however, applicable
only to recording media such as a DVD-RAM/RW discs, on which data can be
repeatedly written and recording can be performed using a random access method.

25 It is difficult to perform linear replacement and slipping replacement on write once
recording media, where recording is allowed only once. In general, the presence of
defects in a recording medium is detected by recording data on the recording
medium and then confirming whether or not data has been written correctly on the
recording medium. However, once data is written on a write once recording medium,

30 it is impossible to thereafter overwrite new data and manage defects on the write

once recording medium.



Other methods, apparatuses, and computer readable media for managing defects on write
once recording media, where written data cannot be erased or rewritten, include the methods,
apparatuses, and media potentially including the use of a reproducing and/or recording
medium drive, to produce a defect managed write 5 once recording medium. However, the
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and/or other aspects and advantages, embodiments of the present invention provide a
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in the replacement area. The position information and state information regarding the
defective area may be error-correction code (ECC) encoded during ECC encoding of data

recorded in the replacement area. Alternatively, ECC encoded data and the position
information ppgtiBigice dotedeaienecorded in the replacement area.

The present invention provides a method, apparatus, and computer readable

15 medium for performing defect management on a recording medium where defect |

management was abnormally terminated due at least to an unavoidable accident

such as a power failure, and a defect managed write once disc implementing
compensation for the same.

Additional aspects and/or advantages of the invention will be set forth in part
20 in the description which follows and, in part, will be obvious from the description, or
may be learned by practice of the invention.

To accomplish the above and/or other aspects and advantages, embodiments

of the present invention provide a recording medium, including a spare area storing a
replacement area that is a substitute for a defective area of thej recording medium,

25 and a temporary defect management area storing temporary management
information identifying the defective area and the replacement area, wherein position
information and state information regarding the defective area are recorded in the

replacement area.



5To accomplish the above and/or other-aspects and advantages, embodiments of the present
invention provide a method of managing a defect in a recording medium, including recording a
replacement area for a defective area of the recording medium in a spare area, and recording
temporary management information identifying the defective area and the corresponding

replacement area tya (3G S MRARBh AP SR THIBFARAO M FetRARIHE @ UiBlive area
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medium, and a controller controlling the recording of data to a rep ment area,
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area and the replacement area in a temporary defect management area, and controlling the
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replacement area, of the recording medium, for a defective area of the recording

The method may further include recording temporary management
information, which is lastly recorded in the temporary defect management area, in a
15 defect management area (DMA) during a finalizing of the recording medium. The
lastly recorded temporary management information may be recorded in the DMA in

at least one of a lead-in area and a lead-out area of the recording medium.

To accomplish the above and/or other aspects and advantages, embodiments

of the present invention provide an apparatus, including a recording/reading unit

20 recording data to and/or from a recording medium, and a controlier controlling the
recording of data to a replacement area, for a defective area of the recording '
medium, in a spare area of the recording medium, the recording/reading unit to
record temporary management information identifying the defective area and the
replacement area in a temporary defect management area, and controlling the

25 recording/reading unit to record position information and state information regarding

the defective area in the replacement area.

To accomplish the above and/or other aspects and advantages, embodiments
of the present invention provide a method of managing a defect in a recording
medium, including determining whether recording medium defect management has

30 been successfully completed, reading lastly recorded defect information from a

replacement area, of the recording medium, for a defective area of the recording
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medium, and creating new defect information when the recording medium defect
management is determined to have not been successfully completed, and updating defect
management information in a defect management area (DMA) of the recording medium based
on the generated defect information. The determining of whether the recording medium

defect manag@am%vaﬁ@mgﬁn@hg@mghmw_ Wﬁ%?nﬂibbbéé%ﬁﬁhﬁ‘grf?dium defect
ConSIStency agonther corqging medai . e nerating of the new defect Information .

ey TTARBS TR SRR It e R BT SHEGRSR LI PAraD S6F e dpdating
replacementdefert The itagemendtingfofrtiztioewirdefe dardot matinagemeftrtbesangDNRA) of the

generating new d%flect inf rmatciioré é)da%%qﬁél revious lfgf ct ianrmat{‘on_and the read defect

information. "°°%fo g%&?m')&l.gh & AbOVE SreOr Othet A&k &’E N ntages, embodiments

of the present invention provide a method of managing a defect in a recording medium,

including determinin@SvABtREP KBS @hyhetlhrifhecfecordinsamadium tofast managemanisias
successfully gaipalaietly Sanpietka PRAJORCHEIEIIRFRIEIBY BIAEIAY LY BORG XS IRIRI: Re
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contains no FEEEFAINE MBELIYNY updating the SBM to precisely reflect a recording state of the
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uPdateadef%%tdium, including  determining whether recording medium defect management
15 has been previously successfully completed, scanning a portion of the recording
medium purportedly containing no recorded data, as identified in a spare bit map
(SBM), and verifying whether the portion contains no recorded data, and updating
the SBM fo precisely reflect a recording state of the recording medium based on the

verification of the portion of the recording medium.

20 The updating of the SBM may further include recording an updated SBM as
temporary management information in a temporary defect management area on the
recording medium.

To accomplish the above and/or other aspects and advantages, embodiments

of the present invention provide an apparatus, including a recording/reading unit

25 recording data to and/or from a recording medium, and a controller determining
whether recording medium defect management has previously been successfuily
completed, controlling the recording/reading unit to record lastly recorded defect
information from a replacement area and generate new defect information when the
recording medium defect management is determined to not have previously been

30  successfully completed, and controlling the recording/reading unit to update a defect



management area (DMA) of the recording medium, based on the generated defect
information. To accomplish the above and/or other aspects and advantages, embodiments
of the present invention provide an apparatus, including a pickup recording data to 5 and/or
from a recording medium, and a controller controlling the pickup to record and/or read data to
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present invention;

The controller may control the recording of the updated SBM as temporary
15 management information in a temporary defect management area of the recording
medium.

To accomplish the above and/or other aspects and advantages, embodiments
of the present invention provide a computer-readable medium including computer
readable code for controlling a reproducing and/or recording apparatus to perform

20  any of the above methods.

Brief Description of the Drawings

The above and/or other aspects and advantages of the present invention will
become more readily appreciated from the following description of the embodiments
25 taken in conjunction with the accompanying drawings in which:

FIGS. 1A and 1B illustrate data structures of a write once recording medium
with a temporary defect management area (TDMA) and a defect management area,
according to reproducing and/or recording embodiments of the present invention;

FIG. 2 is a block diagram of an apparatus for performing defect management

30 of a recording medium, according to an embodiment of the present invention;



FIG. 3 is a block diagram of a reproducing and/or recording medium drive that includes the
reproducing and/or recording apparatus of FIG. 2, according to an embodiment of the present
invention; FIG. 4 illustrates a data frame format for a recording medium, according to an
5 embodiment of the present invention; FIG. 5 illustrates a spare area in the recording

medium formed whepdefRch BAIENS AR bIE AaGaHiBm gl g? ?Aﬁgﬁ%ﬁﬁ ﬁ-”:)ﬁﬁ{ﬁ‘ﬂ?ﬂr@ﬂ;at
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managemenkiRisainpR oRBseE¥E8R fnviRfHeMbodiment of the present invention; and
FIG 7 is a flowchart illustrating a recording medium defect management method, according to

another embodimefil G thilysieatas fdataidiame fersphicne rsces iy gediume asrordivg to an
Referenge wahitsvdipfentasfatie gasadioiemiivRodiments of the present invention, examples

of which are illustr in the accompanying drawings, wherein, like reference numerals refer
( the iike slomentd rod AT & THRIA AR L CEE AL, oM R ERoGefct
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invention will be degcribed with reference to the accompanying drawings. FIGS. 1A and
1B illustrate E{Fﬂ‘f?ﬁéé%f"‘é’ %%%'ﬁj?#gfh mae%%ﬁ}ofﬁé,%.”c%%r'ding to embodiments of the present
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another embodiment of the present invention; and
FIG. 7 is a flowchart illustrating a recording medium defect management

method, according to another embodiment of the present invention.

15 Best mode for carrying out the Invention

Reference will now be made in detail to the embodiments of the present
invention, examples of which are illustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements throughout. The embodiments
are described below to explain the present invention by referring to the figures.

20  Hereinafter, preferred embodiments of the present invention will be described with

reference to the accompanying drawings.

FIGS. 1A and 1B illustrate structures of a recording medium 100, according to

embodiments of the present invention.

FIG. 1A illustrates a single recording layer recording medium representation of

25  the recording medium 100 having a recording layer LO. The recording medium 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 recording medium 100 and the lead-out area is located

in an outer part of the recording medium 100., The data area is present between the
lead-in area and the lead-out area. In this embodiment, the start and end of the

30 data area are the same as those of a CD rewritable (CD RW), and the data area is
sequentially divided into a spare area, a user data area, and a spare area, starting

from the inner part of the recording medium 100. The user data area is an area
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located in an inner part of the recording medium 100 and the lead-out area is located in an
outer part of the recording medium 100.. The data area is present between the lead-in area
and the lead-out area. In this embodiment, the start and end of the 30 data area are the same
as those of a CD rewritable (CD RW), and the data area is sequentially divided into a spare
area, a userwheaeeseratateis paittencangtiitngpiematbasrumve ot chifserreredioe l6xedivthe
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medium 100. In this embodiment, pos Spare areas are not fixe one
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recording medium representation of the recording medium 100, having two recor ayers
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Unlike the single recording layer recording medium of FIG. 1A, the lead-out area is
15 present in the inner part of the recording medium 100 of FIG. 1B. That is, the
recording medium 100 of FIG. 1B has an opposite track path (OTP) where data is
. written starting from the lead-in area of the first recording layer L0 toward the outer
area of the first recording layer and continuing from the outer area of the second
recording layer L1 to its lead-out area of the second recording layer L1. The spare

20 area is allocated to each of the recording layers LO and L1.

In these embodiments, the spare areas can be present between the lead-in
area and the user data area, between the user data area and the lead-out area and
between the user data area and the outer areas. If necessary, a portion of the user
data area may be used as another spare area, that is, more than one spare area

25 may be present between the lead-in area and the lead-out area.

FIG. 2 is a block diagram of a reproducing and/or recording apparatus for

performing recording medium defect management, according to an embodiment of

the present invention. Referring to FIG. 2, the recording apparatus includes a

recording/reading unit 1, a controller 2, and a memory 3. The recording/reading unit

30 1 writes data on a recording medium 100 according to an embodiment of the present

invention, and reads back the data from the recording medium 100 to verify the
written data.



In these embodiments, the spare areas can be present between the lead-in area and the user
data area, between the user data area and the lead-out area and between the user data area
and the outer areas. If necessary, a portion of the user data area may be used as another
spare area, that is, more than one spare area 25 may be present between the lead-in area
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cluster The informaiiorresesin dRiFe Ao ustEct e Hel keRARem 38! HUehiacement

identifies the position and state of the defective cluster. Recording medium ude

defects cauBiRPdHhgtelCor@digsr it infrrmationswher demparyv dnanagementniafammetion
data. The peafiqt IBEpRERET oY JIRhEE AeTaREVEIGhEIE Hscisrti A& 8ddiegdwer failure
information. For instance, if .
25 occurs, even though the defective area has been replaced with the replacement area.
The information regarding the defective area specifies the position and state of the
defective area. For instance, information initially designated for a defective cluster
is written to a new cluster, i.e., a replacement cluster, that is a substitute for the
defective cluster.  The information regarding the defective cluster, in the
30 replacement cluster, identifies the position and state of the defective cluster.
Recording medium defects include defects caused during recording of data and
defects caused during verification of the written data. The position information
regarding the defective cluster is considered address information. For instance, if
8



8 several continuous physical sector numbers (PSNs) are initially designated for the defective
cluster, a first PSN of the defective cluster is recorded as the position information thereof. The
size of the position information is a unit of bytes, so that all addresses of the recording
medium 100 can be expressed as the position 5 information. For instance, the position

information wewehsl abatihdcusgshisicalTsecriateumnibsrsalRBNsp ardingitibihydateignateliseerthe
identifies whether,user written jn defective cluster is equivalent to user datg,written, in
a replaceme%?c ﬁti‘lfgr,c(%%%erhtl ieﬁsrsv{vhﬁe%i\'erotﬁteﬂge gc??s“z’aecglr‘fln%h‘% S Eed gs?énaﬁggﬁ @g?ét‘on
defect. The inforplationdhereaiprebbesizinot thetpesitiongdtety akionag edumitdof dytes, = 10at all
corrected, a nnet e r h edpgomplete de ents data that.
has been co%gec?:te %%t %?mnc;%eﬁ[l%%@%nge Ei{agr@gégdfaagﬁai% tﬁg dé%gl:% ?sgé%zo%plglg o%?glic‘{?n
data wriften infer@adipmce iiningtriaee mide neegitian drfarmationl anay rhee @houtedd digesviong.

cluster. ThistbegaisHhiHANGIC PP ave HS%EWQtt@ﬁ}é'%wﬁigﬁ{ﬁfé@VWﬁ%@’useg egiata

compared to the data that actually ends up being 15 written in the detective cluster, may

written in thaVFRECEntBR: dierIVR rwsier it pritvalentdoousarsdaianyridenrinng seriacement
smoothly chapgesy, evileptifiédentiativr the/Wepstis SLEHRNSRS RETSIEet @#tmadg%ﬂé@a\ﬁ?éa.

Cecording of 18 TIHB e ARG TEMRSERIE B S0 Jh s o Pl HEmPRSr e caNel be
the c?jnﬁellaccgmdd,thﬁcﬂﬂcjhst ﬁa‘nlmﬁﬁerréaﬁgout}e m?mry ﬂ]@fﬁ&biﬁpléh& d?&fact represents
recording/regdjn it 1, and controls the recording/reading unit 1.to write, that defe

information BAGTELAR e Bt ARITACI5R, aATL 0 Vo2t SATIASRA AR 1t tedetert
for every writeapenpiete A@mmqmmﬂbmgmmgagﬁmem&? imaymatibe tiaen dme as
updated wheey SirifeR Tl i YERIBAIRI LA, ProfiRi BB (ORI G QR0 Rave heen

controller 2 sets a c_onsster;g/ ag when recording the temporary management iformation n
the TDMA, iWidger ito testdriaptiviepivstery sarpagedththefalatatihatvaeiualy endpasarpeing

??naggne@&ﬁmf&sﬁ;ig@ IgerekiUptiRiEr dhis/ B&wriaHOiNaRle AGILEIHENELRRBPRNER a
ailure, even thou
comp%te defect occurs during recording of data that smoothly changes, such as

video data.

When a user presses an eject button (not shown) of the reproducing and/or

recording apparatus to remove the recording medium 100, after recording of data,

20 the controller 2 expects write operations to have been terminated. Next, the

controller 2 reads the defect information from the memory 3, provides it to the

recording/reading unit 1, and controls the recording/reading unit 1 to write that defect

information to the recording medium 100. The temporary management information

is updated for every write operation. Alternatively, the temporary management

25 information can be updated whenever recording is completed in a predetermined
recording unit.

Also, the controller 2 sets a consistency flag when recording the temporary
management information in the TDMA, in order to restore the temporary
management information when the temporary management information is not

30 updated due to an unavoidable accident such as a power failure, even though the
defect area has been replaced with the replacement area. The consistency flag

identifies the start of an updating of the temporary management information . For

9



defect area has been replaced with the replacement area. The consistency flag identifies the
start of an updating of the temporary management information . For example, in this case,
the consistency flag may be set to 1 . When the recording medium 100 needs to be removed
from a recording medium drive after recording data in predetermined units or after a write

ohperation, thamnslislendwﬁagamf ythe mrﬁe@cwag g esest @ succaaﬂﬁéhuméaﬂé&ﬂi‘mg
the temporary management Sinformation, while the temporary management information is
finally updat&dt Talun‘Nﬁen ’r‘&?or%?‘r??‘?ﬁ tﬁmgﬁdrgfz%ﬁd m@%t@éﬁ“@ 0% %&h@&ﬁ?ﬂmg
100 is reloadizative padettkmipeteskts the afiesistanity tpgratitrs tusoresisiefey flag ity be
controller 2 i r I minated and starts restoration of
the tempora?g %ﬂ%’é@;nsg%aétst it{] or gé%%r\%agfﬁgggﬁgﬁ%&a%@iﬁ orn?ari%nﬁp?ﬁaa{y ig\'ﬁp@gement

controlldr 2 ipfieationmuiie thgdemipraey dednagementdfformationss fimediytypdgtedted

area, and updates the temporary management information and other additional information

based on the read \Wigsmasigordingaiaiing rins vdebr i IRP DR RRGIAIRY MmO
recording of data is complete, i.e., when addjtional data will not be 15 written to the recording
dedathg SRiloHeT8h

medium 1005V sekRthenonsisieny Mae cdhthsierosigirnerdiagis 1.
recording/reiingpritribllet@r elededntiveemtisitr tee néyondidigtok catpRiminlipaBAtREaRY and starts

information i isc M ement Area (DMA) of the recording medium 100. The..
information %ég(?@éﬁa ﬁggﬁﬁe%er@g%aio% RRIEmelte 88??%!&"203&&31 aHhen f&@ﬁ%@ﬂa'
occurs durinigfasprationtioT batistathecranbtdlere teagobifumiatiomratarding the tiksfeBBi afen
defective cl d ] tion & i e.defecti e also written in a
replacemenféiﬁs?égr._rﬁ&lﬁég %@g k%%é%%gg%ﬁgaluacs@atﬁrﬂé %%%gstﬁ'lectl}feg A4 co"‘r‘&ﬂ%geme“t
medium drivigfipiEnsiien ipfse ethesdaddiipaat nfosetiinghasedrainstberread. iRfelenmdtigno A

FIG. detailed description thereof will be provided later.

When the recording of data is complete, i.e., when additional data will not be

15 written to the recording medium 100 (the recording medium 100 needs to be

finalized), the controller 2 controls the recording/reading unit 1 to record the most

recently updated temporary managemeni information in the Disc Management Area
(DMA) of the recording medium 100.

The information regarding a defective area is also written in a replacement
20  area when a defect occurs during reproduction of data. For instance, the position
information, e.g., a first PSN of a defective cluster and state information regarding

the defective are also written in a replacement cluster,

FIG. 3 is a block diagram illustrating the structure of a recording medium drive
included in the reproducing and/or recording apparatus of FIG. 2. Referring to FIG.
25 3, the recording medium drive includes a pickup 10, and corresponds to the
recording/reading unit 1 of FIG. 2. A recording medium 100 is Iocaded onto the
pickup 10. Similarly, the recording drive includes a controller 2 that has a PC I/F 21,
a digital signal processor (DSP) 22, a radio-frequency (RF) amplifier 23, a servo 24,
and a system controller 25. The memory 3, of FIG. 2, can be included in the system
30  controller 25 of the controller 2.
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25 3, the recording medium drive includes a pickup 10, and corresponds to the
recording/reading unit 1 of FIG. 2. A recording medium 100 is loaded onto the pickup 10.
Similarly, the recording drive includes a controller 2 that has a PC I/F 21, a digital signal
processor (DSP) 22, a radio-frequency (RF) amplifier 23, a servo 24, and a system controller

25. The memory 3mfrﬁ@a&m@dwaﬁwqﬁérPrdJQ/wwmmaﬂ&f%@wmewaﬁ@%eme

During a write operatlon the PC I/F 21 receives data tg be written and a write command from

a host (not SRFAM ﬁ?)@le?n ot dnGt 289N drms T sl Ri so B alehefardggorms an
medium, redpifiatiZaticheoivtiie ppyating MédiupG ReduipsdisntBdhere opepatisningusiosP 22
(ECC) encoding on th data transmitted from t CI/E itional such
2 cata periBPOATRE, S FOTEAIE (RS eheBER iRt e SR MR Ao the
format. The RE HmMAifiby 2R1dimy edditivaaladatapguchimsrddta paity2d ithie dat®Fasigmabdliates
pickup 10 t t o) e t F output f the
amplifier 23. ccotffel"?ﬁg‘gfl Q%]égger&v%% we%deﬁlpéﬁ%ﬁ%%o%a ggr’?\'?n%nd IF(% m:e
controller 25candestsrftirendaiarasitpartfdmwithe d3gBcRibitte pm:IRE) s@n‘ahe éﬁlmeplckuptrcﬂldhen

o InStrMﬁE%% W%&%Iﬁ%ﬁgﬁgi@ gl’Il‘ff\?altlon to t recor EP%’@mm %ro%mphfer

information as temporary Ing me
specifically, &fe syeaitinairolle 38Meitd4 meavesr@ $@5&cﬁﬁgtrﬁb§mmmam(ﬁuqm the system

predetgymingghdidiess el ysdpsrarcsprHies ihe| dath WiRRi R thtchiskers 16.2 488 ystem

detected in a cluster, the position information regarding the defective cluster and the state

information ﬁéﬁ%ﬁi‘ﬁg‘j Méﬁ?t&%@m%@i?kﬂﬁWé%W%gﬁ%@@d%Qﬁlﬂedﬂﬁﬁ'W 100

complete orghetgefeeioit dRsHPALIIE SHMAMABONERIIRITZY resah@feHiitdmReELde to the
memory 3 conta@m theﬁvrlte 1c§§nmand 20 and user data transmitted from the host. The user
el

data specmégtiﬂ e’ defective cluster. Then, the system controller 25 incorporates

the position information regarding the defective cluster and the state information regarding the
defect into the useMpigaspegificaty the svslemnepniraiendplaciescdatelteihe memding medium

reprodygtiony 09GRAYRIHRF IR e MERGS UF BI1AERS SUVBARSS TR a4 WariRes! td h?e%fak%a?s.

controller 25 erforms initialization of the recording medium 100, required for the read

operation. T Cl dsodeberied nsariestsr t@ﬁ@‘?ﬁ@@l"&il’ﬁ&’ iom regardingothaidefartive
outputs a feﬂﬁ@@? Qﬁﬂcﬂié@% frgBtiRRion regarding the defect are stored in the memory 3.

When the data verification is complete or the defect is detected, the system
controller 25 receives user data from the memory 3 containing the write command

20 and user data transmitted from the host. The user data specifies the position of the
defective cluster. Then, the system controller 25 incorporates the position
information regarding the defective cluster and the state information regarding the
defect into the user data and writes the user data to the replacement cluster.

During a reproduction operation, the PC IfF 21 receives a read command from

25 the host. The system controller 25 performs initialization of the recording medium
100, required for the read operation. The pickup 10 outputs a laser beam to the
recording medium 100 and obtains and outputs a reflected optical signal, from the
laser beam reflected from the recording medium 100. The RF amplifier 23 converts

the optical signal output from the pickup 10 into an RF signal, provides data

30  modulated from the RF signal to the DSP 22, and provides a servo signal, for servo
control, obtained from the RF signal to the servo 24. The DSP 22 demodulates the
modulated data, performs ECC decoding on the demodulated data, and outputs the

11



laser beam reflected from the recording medium 100. The RF amplifier 23 converts the optical
signal output from the pickup 10 into an RF signal, provides data 30 modulated from the RF
signal to the DSP 22, and provides a servo signal, for servo control, obtained from the RF
signal to the servo 24. The DSP 22 demodulates the modulated data, performs ECC decoding

on the demeste\aiaiaa g8 PHHS UenfoChs dattibicathdNoRBIO RN F e in

control on the pickup 10, in response to the servo signal output from t amplifier 23 and
the servo cdREBPBSENIANE SO FHenatimutauidiontdhe &REramplifies RS andothensarve mastrol

the data recgh¢ghiNoin@ RHBrA 1dNSSash ARRolfR? S5SIeThEIE PR IHBAEIRIL Mk

pickup 10 to read defect man?ag%eéngent information from the recording medium 100 during the
I

read operatfgievesEamtng 19 theiheshpidleca thesystameantiqlien«s Avdkinstruct the
operatiqn, ipigaRPNSets R adodetott MRl gamenT afoliisalionl fifid theredusiaRy oarRliar #50

determines there i? sufficiﬁnt time.to make a replacement for the incomplete defect 10 after
the read op tih B?e@@ GRAFYAT read operation, the system controller 25 can reproduce

the user data initially designated for the defective cluster containing the incomplete defect, by
adding informatiorMetasfiagificeltielé anvinchmniete wefestuscdaetacieshdusingne tead.spersdion,

ina rep'acem%&a&%srtoTQeré&%eﬂ%ﬁnaf@Vva&m%im&l&i S T SIBRPBOrGler 25

information regarding the defective 15 clustef may be ECC encoded and written In

replacementielggrinastagids ssficient tise tnmakee ceplraseenidanihedicegetats defiect
the infogmatigereparring Bisereienlive Slepiuiy e RiReBIRLEBIS Ohe syRsATEPESler 25

methods of restoring data written in a defective cluster are as follows: 20US Patent No.

6,367,049 iRt ERBEOIWE NG UPRESRIAHD Y Apsigated for the defective cluster containing

the incomplete defect, by adding information regarding the defective cluster into the
user data and writing the user data in a replacement cluster. The user data

~ previously written in the defective cluster and the information regarding the defective

15 cluster may be ECC encoded and written in the replacement cluster. Otherwise,
| only the user data is ECC encoded and written together with the information

regarding the defective cluster in the replacement cluster.

Examples of methods of restoring data written in a defective cluster are as

follows:

20 US -Patent No. 6,367,049 illustrates a method of recording data in an ECC
format with an ECC cluster consisting of 304 long distance Reed-Solomon ECCs,
and a burst indicator subcode (BIS) cluster consisting of 24 BISs. During the
making of the BIS cluster, a portion of control data may be allocated as a field to
which inforrhation regarding defective clusters is written.

25 More specifically, in the recording of data in such an ECC format, when a
defect is detected during a verifying process after the initial recording, user data
previously written in the defective cluster containing the defect is read from a memory,
in response fo a write command given from a host, and is encoded intc an ECC
cluster. Next, control data with a physical address of the defective cluster is

30 encoded into a BIS cluster in a portion of the control data, so as to make a physical
cluster. Here, the portion of the control data is used as a field in which 16 physical

12



format with an ECC cluster consisting of 304 long distance Reed-Solomon ECCs, and a burst
indicator subcode (BIS) cluster consisting of 24 BISs. During the making of the BIS cluster, a
portion of control data may be allocated as a field to which information regarding defective
clusters is written. 25More specifically, in the recording of data in such an ECC format, when a

defect is detggled Audng @ Y& HMH%E&%F?EH‘WQ%@HW%%iﬂgetrhg%%ﬁfi%w%%?ystate
written in the deféctive cluster containing the defect is read from a-memadry, in response to a
write comm&fdtip siefestive Kosiianan eeevded intbiex.che physisaiNeustesrgovdtienvinha

a physical agidipsspidhecifiggtive cluster is 30 encoded into a BIS cluster in a portion of the
control data, so as to make a physical cluster. Here, the portion of the control data is used as

a field in which 16 jical resses of a.replacement cluster. and information regarding the
position and state g@%@ﬁﬁ%ii@e&%&i&%&?@d? I@%@ﬁ??ﬁe%ﬁ?%ﬁ'@%&e?@sgﬁﬁégﬂrmat
a replacemeghetusterinoSnitiédatdeded, 35 dedatidstating camethb dpdnstinidingrespors€ ® a
format 5 when gn incomplete. defect is detected, duri read gperation. jn.response,tq a
o0 commiREC, RN AN SNEE TTofh & HESt 65 ARF LU e e ARG AP eTeet can
replaced witheansgpénsshwith cdusgpladémsninclistenf theusnirodieve of thitleenhediarents of the

' tion, h ilyst iR t. 7049,
dotoctive R R, B pHEMEn A A il setir ey 0.8

corrected sdPatent MiRaib. 362:04%aa Nefective westancaadenepinsiined iand ereconartECC
Then, egntredsiata WiB a MIgsicriedddiresand sidieshiasmationahthieslelrgive Qe € iser

encoded into a BIS cluster, in a portion of control data, thereby obtamlFré% a physical cluster.

Here, the pdikh 6RthEe Rcadedainte iy BEG ieplBrwhithels £9atisdatdr with a physical

replacemenhglieie$ and state information of the defective cluster are encoded into a BIS cluster,
in a portion of control data, thereby obtaining a physical cluster. Here, the portion of

the control data is used as a field in which 16 addresses of the replacement cluster

15 and information regarding the position and state of the defective cluster are recorded.

Next, the physical cluster can be written in the replacement cluster.

It is also possible to perform recording medium defect management on a

DVD-RAM using a recording medium drive. Data can be written in an ECC format

using Reed_Solomon product codes (RSPCs) (see the data format of a DVD-RAM

20 specification). Therefore, the present invention is similarly applicable to information

storage media such as DVD-RAM and DVDs on which information can be recorded
using RSPCs.

Informafion regarding the position and state of a defective cluster can also be

stored in a linking area between recording units of a recording medium when a

25  defective cluster is replaced with a replacement cluster. To increase the reliability of
recorded data, the position and state information regarding the defective cluster can
preferably be written in an error correction structure in the linking area so that an

error in the information can be easily corrected.

Hereinafter, a method of restoring temporary management information written
30 to a temporary defect management area (TDMA) will be described.
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15 and information regarding the position and state of the defective cluster are recorded.
Next, the physical cluster can be written in the replacement cluster. It is also possible to
perform recording medium defect management on a DVD-RAM using a recording medium
drive. Data can be written in an ECC format using Reed_Solomon product codes (RSPCs)

(see the data formap|gf, asD{psiraAd4 29 $@&51iﬁﬁi§i°rﬁbdm}ﬁresfg{3?e ey SRR VAR Jﬁcording

similarly applicable to 'n{ormation storage media such as DVD-RAM and DVDs on whic
information d3ff ﬂrﬂedg gebmanrpraptds abnprmalvitsimingledng Se BeRitomarknevaidale
a defective chesidentsudhodsessiadrifaAllinkinRareaing WerG oreHMceRien® TG sR didfich
medium wheanréat ZSSIquF%tivefclu(s?kef 5 .re??lagief with a replaﬁ:em nt cluster. To increase the
reliability of ACoree da th hSETRANE PSR R GHR HEHER IR ofh FRRES e ive IR gRseral,
can preferabigpiecentents fomdefents eme sty shitialiyriormee ilntiegspere SPdALRIMMGIFHN a
the informati iy ecled. Herelpafter, a method of restqring temporary
managemenft))?n ogﬁmzﬁgr% gjvl}ritte\%)thH 3 heg 2’ er%li%rtary drect’ ANBGERAM %%R?R}S\Niﬂadb be
described. sequemtisilyioraed stastogdirgmegiottiospafdheepiveradavvith theolaliggst PSN.

medium def SERELLAS t ted, e gidable accident
such as a pc?v?/{eérn fai l_Jre._Refeﬂrr?ﬁég;tg_ﬁgl](%l{l%,é&ﬁggeﬁtgntt% ugis’esrégw ic ﬂ‘(le\riee rssub%fi‘f%?ég fgrlﬂose
defective clusfersnalienvgivedated withtemperary jearagermenp nfurmetienfGr a8 andrelusters

SeqUenib’v"|y\Fﬁf@%@dim&?ﬁai%%%eﬁoﬁ@égﬁgtfﬁ%l@dporlﬂ_@l‘b?"ﬂ@‘?fﬁﬂgﬂﬁgegﬂ&@‘?égfé?,éihgnt

necessary, replacements can be sequentially formed starting from a portio e spare area

with the largESEENINMRRLNACdRGiGAteR SRR Jiecardngd TesTivm tyistect: manaseremtenas
\fgosr:a infqrrfuacﬂw?ﬁmrl?d@tﬁe{métbdemﬁﬁ?&ﬁﬁ@ﬁ?@M@%ﬂ?ﬁﬂﬁ@%ﬁﬂ%ﬁ?Wﬂ%ﬁ'Hﬁtieb%en

whose informatign has not peen updated, Here, the updating of the replacement cluster
nformation HETLEEL (RRTSB0BR e R BGr RIS LS Sh: RS AR BEE g FhpRereally
Replacemeriechistedweasiringodatationtiaasin thd defeupeaisdste ps earpi3d It Feserdag
medium defect management was abnormally terminated, requiring data written in the

defectiyg clusters Raue ORRIRIE SfladfiriE SRS HiBtBmSEURAING £ GIEICHPhnap

updating a Sé‘:lre bit map (SBM) whichis a type of temporary manage tion. Tn

detail, FIG. SREMISHAVES dsrét dvam PiremperastJrangasmenidnigaeatiomed!im detaiB G HA
recording mmd'stmt&@Oawa@tﬁdm@MMuﬁederdﬁfg%ménﬁem@e@émwﬂﬂ”Bﬁ'g86% of a

terminated and restoration of datg written in defective clusters is required, 20 and FIG.

illustrates the 280% e BFGHTstatelf (WOFER oFERRIFINSHiUREEbIN HERIeBladRapagamRY  Was
denote portisbsarfribilyrterenifiatpchandirestofation sbotainvitten dny RSB IERIE required

[ f di dium 100 th Il ' b indi d
el e A0 F e N SIS 1 RD AR BB BFemEFESL o g 00

100 that corftgfienblaekaréttangles denote portions of the recording medium 100 that contain

data, gray rectangles denote portions of the recording medium 100 that actually

contain data but are indicated not to include the data in the SBM, and white

| rectangles' denote portions of the recording medium 100 that contain no data. If the

25 recording medium defect management abnormally ends, the SBM will not reflect
updated recording appropriately.

When the recording medium 100 is inserted into a recording medium drive,

the recording medium drive checks a consistency flag. If the consistency flag is ‘1,

the recording medium drive determines that the recording medium 100 was removed

30 from a recording medium drive without successfully updating temporary
management information written in a TDMA of the recording medium 100.
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- 25 recording medium defect management abnormally ends, the SBM will not reflect updated
recording appropriately. When the recording medium 100 is inserted into a recording
medium drive, the recording medium drive checks a consistency flag. If the consistency flag is
'1', the recording medium drive determines that the recording medium 100 was removed 30

from a recording megiiebidny iddiRvCaRvelWbaHe o (JﬁQﬁSH‘B‘Prﬂ@ TeROASIAG Fdium 100

information written in a TDMA of the recording medium 100 he recording medium drive

scans a porffSNGRNg e siaiAgRRicated NoesBiMhARdehesks whnathesdataie astiallywaitten
checks wheﬁhetmt@muallylwrtﬁw‘l wavﬂamneom@ardlﬁgfvﬁe@mmtmuoec@&mtmﬁw BENAV e

corrects the SBM t IS reflectt rec e of the_ recordi m 100. As
mentioned 5'35?)‘8%){) %ﬁ?\%hsear?ﬁgﬁ Ag: & %ﬁéi@?ré%%? %ﬁﬁaﬁ"rg ifoSstarntipped
bit values, i.abivisditat8BMhietaanapstetspdtifiesie mdmdlﬁgl mmm$@dwmg®tdwwlth bit
area of the re rdln edj contain.gdata ot. The re ordlng edl ive scans all
of clusters th Py o?ie ermfnrgo& %gnave n cﬁ éiﬂé\c igd In hfﬁ §l§(ﬁ/l alr?&@k% f e %@‘ﬂ?@ly
actually do rretoudahble énea, aﬁmmaeeerdmgmedlﬁml\ﬂOeﬂeom@nheatae:ukmg reJiié recording
updates the pr Y

information iﬁ??%D@E%e up gl%%ﬁé?%gap%}?o\%g%eteﬁéée@l g%nﬁ@%rafegsg cIfed in
recording stéfe S8k r@'@%ﬁlﬂﬁwg nﬁ@@ﬁrﬁlquvﬂﬁtwwmv%w@lrpn&Eerwes a new

whethefothegw«%@ﬂeeﬂﬁgwéterecmg THasulP recofrinsumediyhe Pheisirkasiie NAkaPMe
by updating the previgus SBM with bit values. FIG. 7'is a flowchart |Ilustrat|n%|a recording

medium def¥PAaiaagE8Meist WEHRSY 22 dBFARRIAE ManagedIpinfrmatinadantna ERIMH. the

Referring to Jpatihd iR SBM iDéoiipRiled Write once recording medium, on which
recording medium 20 defect management has never been performed, is loaded into a

recording medium dyedareRiagueino Aadlal PG AR BLR) S esIngmEdNm,

drive reads temporary management inform rom a TEtles e ea
memory, andmrﬁﬁﬁﬂsﬂﬂﬂi&hmi@ﬁbﬁmﬁesrmh@hﬁedhﬂnt;luﬁqema@t%tMMrmmot, The

operation. 1N OpGHRIEMER.h BRVEFHSRE ALY, Bafk 'ada%@@lue C@g%{%@%f&m%m bit

medium, the recording medium drive reads a consistency flag set g from temporary
defect mand@é%’ént information recorded in the TDMA, and determines whether defect
information regarding the write once.recording medium was successfully updated. For
example, if the corléi@teﬁlcjsflagﬂbv.ﬂﬂgaﬁ Tubeatieigch indourdingn mediaibn dafedty nernsigeieent

and if the coniﬁltegcg fla t%%ﬁﬁ‘ %He de F{HfO”Pé"‘s%on fneen ggesﬁ{ﬁ*& “pga{%%?g J’f

itis determlne n operaﬂlonng orma on was no SUCCESS
temporary defegaregtiomaiiin wmalae\dntemeqemqmrdmgnaadgemm mmmmmrdmg)rdedium

20 defect management has never been performed, is loaded into a recording medium
drive {or reproducing and/or recording apparatus), the recording medium drive reads
temporary management information from a TDMA, stores the read information in a
memory, and performs initialization of the recording medium, required for a
write/read operation. In operation 702, if the loaded recording medium is not an

25 empty recording medium, the recording medium drive reads a consistency flag set
value C_flag from temporary defect management information recorded in the TDMA,
and determines whether defect information regarding the write once recording
medium was successfully updated. For example, if the consistency flag C_flag = 1,
the defect information was abnormally terminated, and if the consistency flag C_flag

30 = 0, the defect information was successfully completed. If it is determined in
operation 702 that the defect information was not successfully updated, temporary
defect information contained in the temporary management information recorded in
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the memory is read, the position of a most recently formed replacement area is detected, data
written in a next replacement cluster is reproduced, and information regarding the position and
~ state of a defective cluster is detected, in operation 703. In operation 704, a defect list naming
the defective cluster and the replacement 5 cluster is created based on the detected position

and state infipN Aol RREANNHE DIMNBACSPH IRfESI AR FSRiRA HRPASLAMEIR area is

created defeé;t list and the previous temporary defect information. In operation 706, the

temporary d9REFIRAnSGEN SRR POIRK iEBRIREmE A SIHStR 5 58PRqYs a8l @RE Npformation
663d67,049fillte§ijmtmsga_ i tm_eﬁumtiohraﬁdrd't%ﬁaflcﬁf@&f@@ﬂ&@&f@fﬁ@é&ﬂbﬂfhrﬁ@é‘éﬁﬁ?ﬁ 703.
address of, and informatian regarding, .a defective clyster,are yritten in a replacement cluster
during defe&n%’rﬂa e?@%’f?ﬁs&#‘%ﬁgwgfm%imgnggfﬂﬁwéepﬁéﬁfiﬁg ntlh repkacRBRNt
applicatfon tcitstedaita sreatede Hasschted ihg. Sidbettnd NosAiSh 7 AP, statwsinfepsativn. In
updated replac ter m re,area qf a recording medi 1
based on te!) pegrga}l%?%d% eétﬁlﬁ orrﬁg%?grﬁ:?%qﬁ‘%ﬂé% i jé)ég%r%gﬁa%%gr?\&? ﬂ}%?%? tff#.é%g?iand

data written tiner@pRyvteuscienspesans dafectdnfermetiatted Ire pleratieom 706 stheisamporate defoct
errorin a BI%gHéﬁgngﬂl éggéapqumg%&wter can be corrected. Next, defect lists naming

defective clusters and replacement clusters can be created by referring to the physical
addresses and stage information of efective clusters, specified in control data. Next, .
new temporary defeStiE %‘f?ci)&o?%?%&%%ﬁ%@ﬁé%é@é‘?ﬁs& BethadapidiesRising
defect inforndatiointhat BGS ferdatNthsidriet i physoabsadvben dbagliDitiermatANEarding, a
recording mgd]qun“Pnt arﬁecordinbg r@edium drivel Also, iftd%taa@{bg contai ?zd in the
temporary man éer%e%’t’ O r RSt S eI oA J FRBGETS e Uil JUINE (AB18E! SeBnagemEnt:
25 and recofdets die téew@bembadingemts of itiferpresent imveatiid)V#ndr bisoenaippdivation it the
applicable t 1 il 2 ' ia resy| reing. media while changin
particulars &%%t%%@%&@é%@éﬁg%c% c%@mﬂﬁcﬁ@rﬁe&%ng on?g ﬁJcrﬁnLtj?geH. atea
Similarly, torRidesemiah ebistaineann keddadettied clieera Ry @rethofe alaecedlisgyriestivim,

an RSPC f%%?éd%?ﬂtg?ﬁp@?é(ﬁk@éﬁ%@iﬁﬁ?ﬁ%@&ﬁ%@ﬁfgﬂéﬂ%%ﬂcﬁhﬁQﬁ%ﬁﬁgrﬁetecte fon.

written to a rﬂ)lacement block; first, a most recently formed replacement b

from a spare™peh getaavHlen imieplanement&iuafers next to the detected replacement cluster

is read. Next, an error in a BIS cluster of a replaced physical cluster can be

corrected. Next, defect lists naming defective clusters and replacement clusters

can be created by referring to the physical addresses and state information of the

20 defective clusters, specified in control data. Next, new temporary defect information

can be created based on the defect lists and final temporary defect information that

was read and stored in a memory, when loading the write once recording medium

-onto a recording medium drive. Also, if data to be contained in the temporary

management information exists and needs to be updated, the data is also updated

25 and recorded as temporary management information in the TDMA. This

embodiment is applicable to both write once recording media and rewritable

recording media while changing particulars of data updating according to the
characteristics of a recording medium used.

Similarly, to restore data contained in a defective cluster of a DVD, where data

30 is written in an RSPC format, and the physical address and state information of the
defective cluster are written to a replacement block, first, a most recently formed
replacement block is detected from a spare area of the DVD, based on temporary
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defect information contained in the TDMA. Next, data written to a next block is read and
reproduced and an error in the data is corrected. Next, information regarding the positions and
states of defective clusters written in a reserved area RSV shown in FIG. 4 is obtained, and
defect lists naming the defective clusters and replacement 5 clusters are created based on the

obtained inf lQ . fectipformatiqn is.cr e the defect
lists and finzgl{ %%E@Jé?ﬁ ée@gg% orh&%ﬁﬁ}%v%iﬁ(ﬁ“@ fegﬁé;lndaég%gﬁ ﬁ%{ ?ﬁe%m%%%/&vw?ecn Is Tead
loading the B reprodurssbaNdg@Emattomialihe. datmia rotrededtailNaxtn inferroatisorasgarding

managemenhioiGgD SPSABY BPBLRIIE HRLRIRIWIRR AR BRI SRISHRY shown

written as temporary management information in the TDMA. This method can be performe

on both writdndriée felsopiiaipebornd setestlisislaawiogdig detertivertlbdrengnd) leptacament
of data ypdatjiigrepsCardingdatiie shasactenistics ebealfea hrsHmasinm udsst, Fhsetetthorary

restore data written in defective clusters in a linking area containing 15 information regardin

the positiondgfestinfeumatipe frrealedbeeed amibe: dedert sty @ad dinabhitemerrsanperiect
can be detegigstiafiba, SWAIShokE Acid2 486 CstHRSNIE HiUMe PSR AvhRRCIRIIFINEIETBRID onto a

information contained in temporary management informatiqn. Next, data regarding
replacomenfOLNG ARG FLSreplbAAiR P LRS- EROHRA i . THRBRFSRbTE ANt
information iafgardatipthexiisparsitinesdanid Satesdatt itefediydschgdierapiatdddafd attitis as
naming the defective clusters and replacement cluster e gpated based on the re
niormation. KEkC D, Tl AR AR T TS TRRH SR R il
final temporary biztfe svitéopmegicacortioh imesiapanaryawsitatje mecardifg meiba msitt astdnging
stored in a r r ' WEWas I i rgi i '
informaoR L et oL b T2 et el o & Ry B el
updated, th&!&drmation is updated and written as the temporary management information in
a TDMA. This method can also be performed on both write once recording media and

rewritable recordingunkéipty stohadgiagvhgtsicinadafettaiclustaiang, Allarig gréa Wentaining
characteristics of 30.a recording medium used. hese aboyve datg restoratio ethods are
polioatie bOUR TS Gegar g i, RRETaNs, A1, HaiRss TLai A FaNa. RHUA e, Syraost
write once reecedihg upddiederpplacaefdcthicakagemdre atetected offODMVA feparecadiag of a

medium def W, S i ' T. i h itable r i
media s optSr a0 AU, BEERSIHANE A Sdey miiAnat Cormuiar'n BEREdR
the defect niaangaementifanmationrittledcdata sedriging trplsarent alusiers afatied to the

rewritable r%ggmﬁ@aoaa%mgéa rRERN N RARIRS é?@&%%utmﬁmm%mﬁegmﬁ@ the
written in the TDMA be written in the defect management area during recording medium

finalizatfon. PosiipRsy@Rd: alatesyahdhenriefRilive selusitrherciitaysteehistsicaming the
computer prograEiVEaSIGaIERE H4a b pISOSRSHEr cTERRY OGSANbEABrEGISEBSEER on the read

information. Next, new temporary defect information is created, based on the
defect lists and final temporary defect information, which is temporary management
information read and stored in a memory when the recording medium was loaded
25 into a recording medium drive. If information to be added to the temporary
management information exists and needs to be updated, the information is updated
and written as the temporary management information in a TDMA. This method
can also be performed on both write once recording media and rewritable recording
media while changing particulars of data updating, according to the characteristics of
30  arecording medium used.

These above data restoration methods are applicable both to write once

recording media and rewritable recording media. However, the write once recording
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to computer readable medium. When the program is read and run by a computer, the defect
‘management is performed. Here, the computer-readable medium may be a magnetic
recording medium, an optical recording medium, or a carrier wave, for example. Thus, as
described above, embodiments of the present invention provide a 15 method, apparatus, and

computer regaple ey RS RTNG SRIRRIcHEE 3RA%E TOMASF PR aing Thslingh defect

temporary defect information contained which is written to temporary defect management
area (TDMA)anageseeRtNRseandbaiinekeien aidhndddMAitonthsrawstablesrsrordingsmpgia

defect informatipaonaltenTs Belefaabadiaspneriniebil RRBGIPhEEMERRS2R ReidMgnded
media. For instance;q%ggu h replacement clusters maé)é have substituted for defective

clusters, cad@@tthi RIASRMEI AReohipARR #vila BACE SRR GG TedR heeaiRlithhat
(or a rewritapfe TREOr NG iItABRIUPScartdhegrdingdiagdidnd mmobe resoenttyl figrdstagcaeiilbrary

medium drive without successfully updating defect i wn tion in.a TDMA/defect management
aron, 0.0, CIBHESRMAIL DR BIEON AN ook LOMARMTERA? FaR AET3H A ent
this case, acrealthgity eeduodingemisdid i &nalizatidrinvention, it is possible to restore
temporary defect information/defect information written to the TDMA/defect management

area. It is also PoSHRLe RASKHRAERAE M TRARIS BB A AR hbeR W aeRoAltrueha

a few embodiments of the present invention have been shown and 30 described, the present

invention is FRMMWIRAPISIFATIEEHSER RABEHRY SHESTREMIRE:, it Mof RreerapLranidrdtared in a

those siglledtinipatartrtidtansegionmy he Rt e pibiAMROEEE BhY G ByIeRAFHPUED The
the principles and %it of the inyention, thedscogle of which is defined tg/ me claiéns and their
equivalents.qﬂf&ﬁg i nﬂﬁﬁﬁ%ﬁ'&ﬁlfﬁ/ performed. Here, the computer-readable medium may be a

magnetic recording medium, an optical recording medium, or a carrier wave, for

example.

Thus, as described above, embodiments of the present invention provide a
15 method, apparatus, and computer readable medium for restoring temporary
management information, including; temporary defect information contained which is

written to temporary defect management area (TDMA).

According to embodiments of the present invention, it is possible to restore

defect information written to a defect management area of each of rewritable

20 recording media. For instance, aithough replacement clusters may have substituted
for defective clusters, caused during a write/read operation performed on a write
once recording medium (or a rewritable recording mediumy), a recording medium may

be removed from a recording medium drive without successfully updating defect
information in a TDMA/defect management area, e.g., due to an unavoidable

25 accident such as a system power failure. Thus, even in this case, according to
embodiments of the present invention, it is possible to restore temporary defect
information/defect information written to the TDMA/defect management area. |t is

also possible to restore a spare bit map (SBM) that has not been updated.

Although a few embodiments of the present invention have been shown and
30 described, the present invention is not limited to the disclosed embodiments.
Rather, it would be appreciated by those skilled in the art that changes may be made
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5In particular, the present invention can be advantageously applied to a recording medium
drive, or reproducing and/or recording apparatus capable of checking whether a system may
have been improperly powered off. However, even if a recording medium drive cannot check
whether a system has been improperly powered off, the present invention enables the

recording megliHia @YSIRMBHOWR LD YUPE-ARS RHRNRE HFREPIBECNET S o IRSRRASKLG,

a host command or when a recording medium is loaded into the recording medium drive.
Claims Whath€ e aivhicR i3 definediby theflims éﬁfjatBﬁ’%l%%’RJﬁfg%edium comprising

a data area disposed between a lead-in area and a lead-out area, including a user data area
and at least a spare area having a replacement area for recording data for replacing a
defective area occurring in the user data area, and a defect management area arranged in

one of the I%ﬁgﬁ@g@@%miﬁad-out area, via defect management, comprising:

reading defectinformation for identifying positions of a defective area and a replacement area,
and defect managc?mentr'bnfo mation to manage the defect infg%mg%aon fgom the defect

management area 6f P& V&YEVaingm BERG RN a MY eNUoR. 730 YARIagqmsy,applied to a
replacementeceadirgedriedisplacivies defeefvedasiag basdtboreherdiafgcaipparatatosapable of

wherein posiion fioradR redaihos e JRIRAK Ars R deealrea aneings Vil e 433 en
for replacing the defective area In the replacement area Idcate e Spare area.

if a recording medium drive cannot check whether a system has been improperly

powered off, the present invention enables the recording medium drive to perform a

10 write operation and restoration of data, in response to a host command or when a

recording medium is loaded into the recording medium drive.
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Claims

What is claimed is:

1. A method of reproducing data on a recording medium comprising a
data area disposed between a lead-in area and a lead-out area, including a user
data area and at least a spare area having a replacement area for recording data
for replacing a defective area occurring in the user data area, and a defect
management area arranged in one of the lead-in area and the lead-out area, via
defect management, comprising:

reading defect information for identifying positions of a defective area and
a replacement area, and defect management information to manage the defect
information from the defect management area of the recording medium; and

reproducing the data from the replacement area used to replace the
defective area, based on the defect information,

wherein position information regarding the defective area is recorded
together with the data for replacing the defective area in the replacement area
located in the spare area.
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