METHOD AND APPARATUS FOR MANAGING DEFECTS IN RECORDING MEDIA, AND A
DEFECT MANAGED RECORDING MEDIUM OBTAINED USING THE SAME METHOD
5Technical Field . The present invention relates to defect management for recording
media, and more particularly, to a method, apparatus, and computer readable medium for
performing managenMiBT B2 &bl APPARATUISHFORIMANAGINGHDE FEG TS RESORD NG
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Defect management includes a process of S d dEtSAMEMERTH@Rctive 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

Zg)fgecctlsir}l :\hxe%ﬁ%%ﬁﬁéﬁ of the user data area is recorded in a spare data area having no

ent, the 20 defective area of the user data area is skipped and
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slipping replacement on write once recording media, where recording is allowed only once. In
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recording medium. Howege[], once data is written on a write once recording medium,
computer readable medium.

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. [n 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.



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/oQthesrdreghodsljuapphiratuisesyratddcecmritest readaied metkaSfonatanaging
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management area storing temporary management information identifying the Je ective area
and the replacement area, wherein position information and state information regarding the
defective area are recorded in the replacement area.

Disclosure of the Invention

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 thg 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.



The position information and state inforrhation 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 and state
information are recorded in the replacement area. 5To accomplish the above and/or other

aspects and advarageposiidodiferiatiiiimaresast e RrtEedhmenoddtbctive area
managing a defect in a recording mediym, | %din recording a acement area for a
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replacement area. - The method mag further include recording temporary management
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managemengagea (d4eht Winshadin Prenaedmaar darormmdiyny Thadsty 2R AsDrding

temporary management information may be recorded in the DMA In at least one of a lead-in

area and a IREHHM dREHINALTERENG G Feplagrment arsa febmariective asobingseerrding
aspects andmgltiafiagessparbesEacairdof the igsaiNgneRisHrafpVigRisdgeRRaFBIUSformation
including a reco cﬁﬁn /reeﬁijingir%PittZO recordin a@ to and/or frog; a recording medium, and a
controller cdARRNNG o IECAIRIRETYP 1o AMpliceRRNPSPORCIER o SBIBCRIE e S5AND 2
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record positieplagemead@iemmd state information regarding the defective area in the
replacement area. To accomplish the above and/or other aspects and advantages,

embodiments of theHresaBtABYE N Praviee Mrinae ofratndaigd feAffeEnn aneraiinsknt
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 controller 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

3



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 medium, and creating new
defect information when the recording medium defect management is determined to have not
been successialijuromahetezteatiogu pdatidgfeefeirfonmatiganvegnnfhemainonding defditim defect

managemen i iu sed on the rated defect .
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position information regarding the defective area from t acement area. The 10

generating of the new defect information may further inclugde generating new defect
informatidn based gﬁ\"/ ré{ﬂtﬁﬁ@H‘%?Qc?ﬁl\%}?ﬁ%H“&nE?ﬂ?éq’Ead'a%@émrﬁsf?ﬁ&tmﬁnagewnt was

accomplish teactevtulindiompibmdapeciseddtavaadns chetigtimetisneishasyer@iion the
invention provideﬁgé.metho of managing a defect in a recording medium, including

determining WeRTD9dLs Wa medium defect management 15 has been previously
successfully completed, scanning a portion of the recording medium purportedly containing no

recorded data, as iddrifganeialisgapé HientpM Skefgrtantoumationg matfusthae ipsiude reading
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recordin% medium based on the verification of the portion of the recording medium.
1 generating of the new defect information may further include generating new defect

information based on previous defect information and the read defect information.

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

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 to 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 successfully
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



20The 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 recordnamnagedient arehsDiAlHEtrdetesoiding wiedibert, ieassdinm v gonsteled defect
managemergr\l?gar{gﬁ&l'ously been successfully 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
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may control the recording of the updated SBIVI as temporary I15°management infor onin‘a

temporary d&feM Rapresisantafied Sheneserdingrjatealithe recotiagemediiun trsetove the
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computer-readable medium including computer readable code for controlling a reproducing
andor recording a&%%r%tés'ﬁéé%la%‘?rﬁﬁé@ 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;



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 tempggary isqqﬂbmdgﬁmm a"RebrdEIdINY AR ARIBSHIIMY RRRMAT YRR that

according to reproducing and/or recording embodiments of the present invention; FIG. 2 is a
block diagraff Pgﬁsam%rﬁﬁﬂ%%’égf(ﬁm@ derasding ARRAFRINS81F G e CorafirpidiBgim, an |
according to emsadimententhef preseittsanemiopntion; FIG. 3 is a block diagram ofa
reproducing and/ortggordi dium drive that ipcludes the reproducing and/or recording
apparatus of FIG. {'[ FS%C ljﬁf%g% ear?e‘%@o%ﬁ‘%?%mﬁﬁﬁe%éﬁ%ﬁ&&%g%ﬁ%mm' agfgring to an
illustrates a dstdbddimenfbofithefpresestindegiomedium, according to an 5 embodiment of the
present invention; 5] tes are area in the recording medium formed when
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according to another embodiment of the present invention; and
FIGS. 6A-6C illustrate diagrams explaining a method of restoring a spare bit

10 map (SBM), which is a type of temporary management information, according to
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

6



FIG. 7 is a flowchart illustrating a recording medium defect management method, according to
another embodiment of the present invention. IsBest 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 elhenstsigaodateoist writkemnainddinecspacer @descsibae beloanpengatenfondgseetite
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embodimenErﬁﬁ,?QfdP[% aaé:‘ﬁa) ad-in area and the lead-out area.

FIG. 1B illustrates a double recording layer recording medium representation
of the recording medium 100, having two recording layers L0 and L1. Alead-in area,
10 adata area, and an outer area are sequentially formed from the inner part of the first
recording layer LO to its outer part of first recording layer LO. Similarly, an outer
area, a data area, and a lead-out area are sequentially formed from the outer part of
the second recording layer L7 to the inner part of the second recording layer L1.
Unlike the single recording layer recording medium of FIG. 1A, the fead-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. 18 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 L7 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 L7.

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.



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 where user data is
written, and the spare areas serve to compensate for loss in the recording space of the user
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reproducing and/or recording apparatus for g;:rforming recording medium
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or managing the temporary defect information. In particuiar, in this embodiment,

the temporary defect management information includes a space bit map {SBM) that

20 provides information for identifying available areas from unavailable areas of the

recording medium 100.

The information regarding the defective area is written to the replacement
area, so as to restore this information when temporary management information
cannot be updated, e.g., when an unavoidable accident such as a power failure

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



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.
The controller 2 performs recording medium defect management according to an embodiment
of the present invention. In this embodiment, the controller 2 uses a verify-after-write method
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ticular, i iS em i th rar fect management, information incl a
Cpace bit a5 L0y Nk, e et Bt N TR S S SRR 0L ol e cefect
unavailable Braaspoipleta dededh datreditiien dothe mpmenhﬂhrs@ngM&zsém as
area is writes (RGPIATAEIBRIGLER EREBIC PO BsdIBAIOTIIRIRPIANG been

management information cannot be updated, e.g., when an unavoidable accident'such as a

power failurévitiestdr e detepiiigy Flustene rarinarafe toHhe biata b estiain ends up being
replacagentafiten ThaHeffenadite "erRISNar B Reie are tarrsiissdhreresitisRAthen a

state of the defective area. For instance, information initially detﬁégnated for a defective cluster
is written to SONRRESR HEfert oceHIp dusin HeeRIdiBg. flaffa hiflsampothlv b arges:auch as

cluster. Thevifesnaiten regarding the defective cluster, in the 30 replacement cluster,
identifies the position and state of the defective cluster. Recording medium defects include

defect dd j d L ificati JWVIitt

data. Tho postion eei 2 ePEHEEE i GErE daH 160t AN S R e dEg SR or
information. "EePRiStErRparates dearedmmveudes ipaoEkiRg seetivmuiibraftes resoadinmicbdata,
designgied tpetheAgaeive cligisks iR SPeritbgsdeieHiNg CISer R FRrRLUSE asNRSt, the

position information thereof. The size of the position information is a unit of bytes, so that all

addresses JRENRG RiifgATR dhfndefectiniceeatinrstamath e dss8Rmn 3. Provides it fo 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
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5 information. For instance, the position information may be about 4 bytes long. The state
information regarding the defective cluster identifies whether user data written in the defective
cluster is equivalent to user data written in a replacement cluster, or identifies whether the
defect is a complete defect or an incomplete defect The complete defect represents data that

is completeledamplge dretitisceasmt the Lomsistenmydflagdribyheagutoioos reawheh eereasrding
the incomplete efect,‘rggrre]:éggéstga%% that haéé) en corrected.but is glore likel

to e _
damaged again- If the defectis a complete datacy AR FrfeLAng (Mermd Wén?@bﬁfsfﬁ??ﬂw
not be the salatads gaesleteitrainad thpitdede caiter dustite Sheraibectheseoksisterighiahomsly be

have been written \Y 0, t C ends up bein

15 written ir\:%gesdgqélﬁ/g%fiigeﬁﬂgé%é \gvrﬁgﬁél%g{éﬁé [rlé%ga@éam&;ﬁ{ C l%ﬂ{r% When a?%&ﬁ%?ﬂ?&"‘
defect ogcurintpimaiescavbilegtes sempararnsmeoaggorahidermatinmis fidatlydadatedWhen a
user presses an eject button (not shown) of the reproducing and/or recording apparatus to

remove the recordivgnaredbsording infine iRert AtardirtpimiLOane ePnHe!IRCABIRE Fheditite 100
operations tQ haye %?gl erminate@. V\ée t, the (ﬁ:?)ntroller 2 reads the defect information from
the memory '§,r5¥%§ GRETFRYS i%ﬁg § GRRsisteRaYdRaroidfihe copsisinprydiagds 1.

unit 1 to Writmmebdmﬂtari&fmmg\?s thatriteordigdimgoivans h?ﬂoﬁh@lt?lmﬁmﬁted and starts
management | jon | ated for every write operation. Alternative e temporary..
%%géf@%ﬂ of Lfﬁg Fe%%fg{é( i Wgﬁa’ep egt OlrlaflA Emgt&% %Q dﬂﬁ?rp a?!a;tlonal

management 25 Information can bé r P
predetdminisdarrostiging uriatisdheheardraliefts? eeadssinfeumastitamegéatinghthe eferdivey dhea

M s i e R R

management information when t porary marlagement information s
to an unavol@fpe@atieniandrihers adgsivepkinicsmalion theegd e detedrackdrtiasmation. A

replaced withdbméaridsemtiirticaebhRilYeshiengydipgddentifies the start of an updating of

the temporary management information . For
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 r_ecording!reading unit 1 to record the most
recently updated temporary management 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 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 3, of FIG. 2, can be included in the system
30 controller 25 of the controller 2.
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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 operation, the consistency flag may be reset to 0 so as to represent a
successful updating of the temporary management 5information, while the temporary

managemhent infordmﬁimgig Wmasbpafh”ﬂlgﬂ,- éhg wéhap Wﬁd“‘?@ﬂ Wb@%ﬂt’éﬁ@eﬁ'&#&l write
starts or the recording medium 100 is relgaded, the coptroller 2 checks congistency flag.
lithe consisté‘ﬁmaaasr%f)me%onﬂ%tllépéidéﬁg}wrbies tﬂ?ﬁ tﬁgﬁ@éﬂrd?ﬂa%wi?raé%rﬂ%{% ms an
terminated ainilisliagtioesibthéoeairtieg engdiuary revuiagefoe tienigite aperatich othElle DSP 22
additional 10Q information. That is. the. contrgller2.reads infprmation reqgayding the defective
area from a H]eoﬁsf?rrnégeirht y%-i%{a%%réegrg? ,%?18 u@%%‘? S E@%%?a%%#a%ﬁ%&%ﬂ%ﬁ%?ﬁ?ﬁi&e
and other ade@idiraPrhfoyradding edditiomalt detes aukoif @srdatanparitictaike diztariptidntiodidates
will be provi I rging, o, ' I I n itigpal Wil
not be 15 i enie e ot (i I 8 AR REE St Sl oL I Bt 23

finalized), theasoiéts| e dearinweiresb iim G @A dnnien Bfretignathe Thespiduamtlyp then
updated temparantsFRAGRBIBNIHRSEIEHCTIN B iRtk MR SgRIISIALeFERMAY rMenplifier

recording medium 100. The information regarding a defective drea is also written in a
replacement280 aASSNHEGY. JBR SEHR 44 (RARNPRBreBDQISAUrAtaMBrnkfEpethaesystem

positiongnfogpaienec2s shd'peHSMhSseelestivelckaieEapect RierBBiarRaperg e opring dhgn
defective are also i‘vrit en in a replacement g%éster. FIG. 3 is a block diaé;ram illustrating the

structure of SHRIBIEHEHARAIPTESHOE RickHP (1 1o Frad datr o s LE6RIfIREMssiUf T 00
of FIG. 2. Refertingréedrt>.infdrdhatienieeattingsnéshyiorariy enizelagemanticiaforidationg to the

corresponds tq the recordjng/r ging unit 1 of FIG. 2. A recording medium 100 is loaded onto
gL

the pickup 15798 Wgrlmﬁ ding 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 29otéenfefitiyathss syeiem centnedandfiMstian dabastatbm regentine mediom

of the g@ntrojigs # predstermined numbers of clusters and verifies the data written to the clusters.
If a defect is detected in a cluster, the position information regarding the defective

cluster and the state information 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 I/F 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



During a write operation, the PC I/F 21 receives data to be written and a write command from
a host (not shown). The system controller 25 performs an initialization of the recording
medium, required for the write operation. The DSP 22 performs the error correcting code
(ECC) encoding on the data transmitted from the 5 PC I/F 21 by adding additional data, such

as data paripye g aieq2agha Y sNB B¢ HERBRAECLEAR IadhREIdsie NN BRI A0, in

format. The RF amplifier 23 converts the data output from the DSP 22 into an RF sig
pickup 10 tH@SRAMER 16 the RYRITFigNAkeuipyt Biordhe Bfe amplifipraPduand: thenserworgontrol

amplifier 23 cH/FAEME BULPOE FERY e siRIEN B AITIIRIE NS POMENd fritidn 3R S @id dta
controller 25 and performs seg%ﬁggtrol with respect to the pickup 10. The Ségiem controller
r

25 also instfRIE'YRE PrRRLINE 18 1808 thisP=arcRGHRR GRRITNRr SPERICHRIruct the

informagon, sigkbipa Oeto peErt Wefeohgrnageinéntmatoematow ereps e oerding r8QiiMone0
specifically, the, Sﬁﬁem co(rtroller 25 writes data to the recording medium 15 100 in
predetermin o 1§ aB%EEPS'And verifies the data written to the clusters. If a defect is

detected in a cluster, the position information regarding the defective cluster and the state
information regardMgrénerraéicelye iE@ndnaarmietectetestds \delosted duting eritkad epesation,

complete oriih R dpkdd 318 MR c AT RAREGNVER NI HEIE MRS ﬂ%dé}@t&ﬂrﬁéhﬁ]oller 25

memory 3 containing the write command 20 and user data transmitted from the host. The user

data specifié¢tpanonidicts iscuifidentdnademekr s elagemantirthrineomelsisAafest
the posijion iffer matirshtPepEFatbHNErasie At Py Y AR b &iate AN IIESHRB I BaREIEFES

defect into the user dzata and writes the user data to the replacement cluster. During a

reproductioF AP ERRIBAUGR IR Yreh dala mifially, designaiathigidthe dessctive rivpteheosyairing
controller 25He ifeonpletéadasict) ivf ddiegdnfongatiodiveydh gatuigsiéetiveectasiér into the

operation. The_pic 10 qutputs a laser heam to the recording med 100 and_pbtains and
outputs  eHBELoE 0B s AT P S oA B o R R R oo
100. The Rpviplifdy geittemve tiwetdefeotival digtet anththcinfotmatirk egatdingthe Béfective
iqnal. . p . : .
cional. B saiger el BRI Rl e I 8 epistecdiit SQUEE Dt
demodulate8mnhe e dusseHataaisp drfermencededcandinyriiemhdagsihedunithd thetainferenation -
outputs the [E&Lrfigs At tRivERAUREEY haRPRIPAERRGIVaGGRIO! on the pickup 10, in

response to the servo signal output from the RF amplifier 23 and the servo control command
output from the system control er%ﬁ_i g%e RPC Ié‘: 21 then sends the data recejved from the
D8P 2 to the hoss SARBIATE QlcTRRMSGRB1dr 981 i e, TEITRL 2 Aetocive custer sre 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 information 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 to a write command given from a host, and is encoded into 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
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5 pickup 10 to read defect management information from the recording medium 100 during
the read operation. More specifically, if an incomplete defect is detected during a read
operation, in response to a read command given from the host, and if the system controller 25
determines there is sufficient time to make a replacement for the incomplete defect 10 after

h d 5C
tho weer aa Ok EoS 872 ApIRRSHTHRTA S0 AHA InomBR R Cte TR e
adding infor@lafioe deferdive) tlestrieriw degariedintdVed. uthe physiond ﬁlﬂﬁt@fti% wsﬁenlam a

ina replace%péggﬁé% dhg§aser data previously written in the defective cluster and the
information regarding the defective 15 cluster may be ECC encoded and written in the

replacement clust rw er data js ECC enco and rltten together with
the information reg %?ﬂ{ésﬁé* %t&r} Héélll"fﬁ [ﬂ@?e%lﬂl%ﬂ%? |[RE8F ng B amhpfet dprmat
methods of kghtariag datarypleen defbdefs(dmeﬂb&tmmaa felnivspeidom, drerédiionse to a
6,367,049 illustrates a method of r. cordlr]%dfat

d of rec ; q for at wth an EICC ili% ¢
consisting of (I:ong FORAE ﬂe BI0RoN ﬁcés R4 g%ﬁrg? ﬁ&l%%%?glﬂﬁ: %ﬁf%c) can
cluster conststingmacedBidb. @meqnlgttlammﬂkl:hgsm‘riheTBdS diusteny aop dho emboditrehtiats the

be all f
amore spollEeaft fypbdn G BT BHBRRA it Balh A RUSHErS MRy s
during a verlﬂﬁt@bPéféeﬁe?ﬁﬁé}ﬂt&earmieeé&ar@lugtwmbearpmomwﬂwmearrnmm an ECC
defectiyg Clugipt&oaRiNNB ORI AP S EOBHARI SR o4 FERRBF SRR WS, the user

command given from a host, and is encoded into an ECC cluster. Next, control data with a
physical addigtg 5@&@@@@@%%}@{&@ ECC cluster. Then, control data with a physical

address 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.

Informaiion 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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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 addresses of a
replacement cluster and information regarding the position and state of the defective cluster
are recorded. Next, the physical cluster is written in a replacement cluster. US Patent No.

6,367,049 illustrates|a MethpaPAtactdiaadRip ﬁﬁgdfﬁﬁ‘i“%bér\é’hﬁféénfa?mpfg%ﬂ?g&ﬁing

detected, during. a readﬁf)peration, in response to a read command given from a

defective clu@EPLERGRRR fRENRIcRIERIDaepRaly iarminashce gerfiuguiaaanunayaidable
view of the ezcoidémesnishoatha prsentalventioReffANP e PIRIISateMdR R ARRLIHMSI Which

illustrated in U.S. Patent No. 6,367,049, a defective cluster can be reproduced and errors in

an ECG 10 &l&&H §ﬁ%§lg%ﬁS@iugFéngageC(ﬁﬁ’@é?éa'sﬂrgs WitBRite B PRARE. AIER:, tHe (Beneral,
data carsbe eeplaceniants for HefSatisier sEasntiay dbansa withhe Fiss areddigstingdrom a
state informat] ft ctivg. cliister are, enco into @ BIS cluster, in a portion of control
data, thereb @gg}niﬁgeggéﬁys\%%l éf’u%tesrmﬁ"eer%, tlﬁlej5 pOrtio'rf o’f?ﬁssé&%ofaal%ﬁg'uéeﬁ aS3p be
field in whiclseguentialystarmbth stestitg fromna ghastion] 6 thved spBmemarteen withatidbnkaiiest PSN.
position and-stat | ter.arg. d t, the physical cluster can be
written in theﬁ?p%%@gn%rﬁ%fﬁfs%%?&ﬁt%%gcl){}%%%siﬁ%otlz)l&pz)éér rr%greéﬁso(rjgfrslgeﬁé(ﬁ@%?edgf&@ose

managemerifENEAYODIRUpT atsH Wih detRpgheinagement Driearoaticne(WRS) mnanclSBrs
format ysingfReed_iBRIpMAbR RIYGOEssH RpBSeY (Sagdhe ﬂ%ﬂﬁ%&}ﬂi o R\é%ﬁé%ﬁ%m

specification). Therefore, the present invention is similarly applicable t rmation storage

media such SYBD RN aHarDnsicates Hbatinterersinm dardisme Spik UmagaRsPER, was

Information egreismibedeppierand RispReEM SRR AUNRESENMISIRRISICIE Bt been
linking area be;éwgeﬁp recordin? urgs of a recording medium.when a 25 defective cluster is
HRE PP !

replaced wit L LERIERC R IR TR RRLARE I ARG S reRbRgEghta Wis BoSEBRAMY

and state infemniratad cogayoinog detdefeitibreis tinialafattiveethishlysiravsitte BarastiEE!
correction structure in the linking area so that an error in the information can be easily

correcteg. FIG. 6 illustrates diagrams explaining a method of updating a spare bit map

(SBM) which is a type of temporary management information. In detail, FIG, 6A

llustrates a recording medium recording state being described in an SBM of a

recording medium 100, where recording medium defect management was

abnormally terminated and restoration of data written in defective clusters is required,

20 and FIG. 6B illustrates the actual recording state of the recording medium 100.

Here, black rectangles 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

| rectangtes‘ 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 400.
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“Hereinafter, a method of restoring temporary management information written 30 to a
temporary defect management area (TDMA) will be described. FIG. 5 illustrates a
recording medium spare area formed when recording medium defect management is
abnormally terminated, e.g., due to an unavoidable accident such as a power failure.

Referring to FIG. STfgplaremimiy hisiiim Whidh &8st f%fdﬁié%\é%ﬂwﬁ_}erﬁe(@% 100

‘written to a spare area. In general, 5 replacements for detects are sequentially formed in the
spare area, SEAVRYRELAP B@*ti'&ﬁ”ﬂ%?é%ﬂ/mﬂ §RM2akshecks whetherdaly Isastuainuriten
can be sequgntiedy ISl StarinenfsomayPaidoreebiimgPaecRiAR wiletholrerstiSEBIM 20

replacement clusters are divided into tyo types of clusters: clusters whose information is
updated wittP& YaF?ﬁﬁ%% ﬁ‘?&ﬁ{% r r?fc'lt @QW@UQ}@%‘{H‘V}%&e infoMmestigned

has not beeabpdgttie SBM.ithe mamting ehtiuifiapkneetording uatatiumforecatidnd sisrientn ait
recording med"um defect ang%% eent ng_.s?cc?s?ugy cqin leted. Rﬁﬁl%:(e %nt clusters, I

whose inforatSs hi€ not bRS RIS A BeISE RIS WIUSTY AlEmalRSRiRk iR @ Physically
managemerreacrdaliiecaneal pfidheireted]ingnmisdipuiatdOyrittantaintdatdeteative cllistersduading
to be restor 1] esdi ini ] u i are hit.map.

(Sav which e R S e R R h S g
recording mﬁ'@ﬁuﬁﬁféq@hﬁﬁbssiﬁﬂéwngléﬁgﬁi@@@Jiaﬂﬁrﬂsmdfcmi_@ilibdﬁtag Andiinakes0s new
where fecordiggm mefliingaiRs tdRBBRAE MESYaS A0 RNy S AHBINARARRIIBRIO AR the

data written in defective clusters is required, 20 and FIG. 6B illustrates the actual recording

state of the HRGFRARMTVIEN-RILaMROABL RAGRASTPR): dformationfihéhe.JdalAy the

medium 10Q,fniteétithd BB :opsHatales 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 pprtions af the recording medium 100 that contain. no data. If t S .. .
recording medium %@#‘e%?rﬁgun%téaer%%n 5%%0@%&@[%#%3 Rﬁeeéﬁﬁ}?@iﬁ‘%cﬂ‘?ﬁf%%%aﬁ' In a
recording ap@epSBidithat presisethdndicatei gvhetbiarthe0olisstess wedinim datacordiad.  The
medium.driv, : eTsMagf-te iy aWe m' . ' lag |
the reggrdinrg%?ngégli@cnﬂé%ve de?erminesi%?za?ll?ﬁ}eﬂ%ﬁ‘'ae(;0rd|ngb:#:_:iejgi\t?jer‘frtllml%E)IlfI \%ﬁ%@%ﬁggg %%(Emﬁt
a recording Waéf8m drive without successfully updating temporary management information
written in a TDMA of the recording medium 100.

FIG. 7 is a flowchart illustrating a recording medium defect management

method according to an embodiment of the present invention. Referring to FIG. 7,
in operation 701, when a write once recording medium, on which recording medium
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 recording medium drive scans a portion of the recording medium 100 containing no data,
indicated in the SBM, and checks whether data is actually written in that portion . In this way,
~ the recording medium drive corrects the SBM to precisely reflect the recording state of the
recording medium 100. As mentioned 5 above, the SBM is a map that specifies a recording

medium recgidingerfy ithdatyake oo Stidh RFic s Y ebsIt Utitred s asmalecsies is
to a physically recordaple area of the recording medium 100, contain data or not. The

recording mEBIEREHARYTEER P @uReMsTaRlRcRIERlFIvRRIISTRRIRAHBh (ANd pafamation
the SBM, chegjgrdiriiane plositin asiyaite onat ¢efaetingaldstendsaakestadn ey o 2Bdh 703.

reflecting the checking resylj, i.e., it updates the preyious, SBM. When the updated SBM is
written as tem&ﬂgwtﬁ%n%‘gnﬁerqﬁfﬁ%r iBAT He¥%gﬁ£9ﬂ(¥% 1G Bfﬁﬁi gigPiacement
complete. cluster. 6§ ithusitede basedoutinthetatiztefcted rpositiony aetligtattO0fotthation hevin
SBM that precisely. indicate he clusters.contai ta or,not..The 15 recording ..
medium aroP SRS 100 Ca it ey BRI S H e B e (e Bt st g
a flowchart fhespegivigus recoponagynaedaohidtferoaticenade meetatioth @06 cter demporary defect
embodimenh_%{ﬁﬁge%gﬁig}é%vpﬂmd&.iﬁr%é%(?{gg to FIG. 7, in operation 701, when a write once
ediu ing medium’

recording mediunt, on which recor m 20 defect management has never been
performed, is loaded into a recordina\g(;%dium drive (or reproducing and/or recording

apparatus), the re¢StdiRtEFh&aRYE: reiert BevBr3fy Nidh Aistrates Aomethesh alrecerding

TDMA; storezthenraacHCiOfoatiay in wmemephpicapedarass iofidiaiicomidben eegeidisg, a
medium, required. for az)write/read operation. In operation O% if the loaded r cordinﬁemedium

is not an 25 Me& lﬂ&‘ﬁb Aedtimehdtétd, SR TR Fig defRelsmm 9qﬂaent.
set value C Thgsfrimview pdremybdelienemsaoé deenprasent imaittiore aridashont e JioMibn dodhe

set vell o oy it hanpreses et
Succossiahy S ey WILHBUOR e AR MaS €352 I AR unegre

was abnornfgépacamenitstiisier damdeodsiseiedy lag @ Hpqro arga thé defecoidiognmasdium,
was sqecessgé%C&ﬂ%%%ér&@@%ﬁ%&%@%ﬂﬂ?d@tet:f*?ﬁa@%fggmamﬁﬂ@%@tion.

was not successfully updated, temporary defect information contained in the temporar

managemenfNRISrSRifoHeBieteRiaarmerRintista s axt dethedrtpcied ieplacaspentigluster

formed replacemant apgads SS1RFHBH. iR BISIRN Lt Qﬁ‘xhr%}%@@@ﬁ%%lébqréﬁ.lster can be
reproduced, and information regarding the position and state of a defective cluster is detected,

in operationPE ot pehifitin S0%CH IR Aaina A g ehiarR andiceriagament clusters
replacementanchisteeistetdenjerblmsgad oo the gaisital aoditossandrei aimtelaifoatiationof the

provioth te AN RN GRIIOR T Go Bl da 306 PR AR GO Berdet Rer g naapon
area TDMAdsrupeatezhted 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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As noted above, US Patent No. 6,367,049 illustrates a method of recording 10 data in an ECC
format, in which a physical address of, and information regarding, a defective cluster are
written in a replacement cluster during defect management. Thus, in view of embodiments of
the present invention, and upon application to the data structure illustrated in U.S. Patent No.

6,367,049, RfSHHABREBRE AR MR C 1681 NEHP IR 10X R BIGR R Ehd

a recording medium, 15 based on temporary defect information contained in defect .
managemenistdRRERBIcadeRdiam eliatdn thecpriadmentreciedrs Next (i frematicatseparding

replacementygligiesifprgashd\sidicdNoterdBitv 8 shisier e hatta i aR | aCRE BNY Cared UR SV GRBwn

be cOrrected. Next, defect lists namina defective clusters and replacement clusters can be

created by rifdifRghdSRBtBINRG Andidrieckists namingithsAefastiver ehsiars ars rrrlacement
clusters sspegifistdr) epatoededd. besédnew teBpenandafaafdriesationitat baskeatefporary
ct

based on the defect lists and final temporary defect information that was, read and stored |
omory. whaR BT GTTHE e oH B2 i AR R BRISCL Mot Aoy AL G mRSTo AR
if data to be ipdovanatiohinvihicte s peradyand netgesdeint nfiorenasignveiiest deadimedes DVMIE onto a
updated, the data is also %Pudrﬁt%q'i% arzfl rfa(for e%gs égm&%%fyi mana ement information in

0 bo i er

the TDMA. fﬁ%%%%é?n@lent IS ap\f)?l'ca le writé once recording ot A F‘e‘ﬁﬂﬁ%%ﬁ%em

recording méﬁm_nﬁil@mﬁ&h@ﬁ@ﬁmﬂed&ﬂe bedmdaipdmwggimquaibdrambvmmm
a recorging %ﬁ@%ﬁ&ﬁ%ﬂﬁﬁ%@é@f&@&?ﬂ%ﬁﬁ%ﬁ@%ﬂm ing,fefrct é?dcl}!ﬂe?é’ %%Yﬁefd

where data written in a ormat, and the physical address and state information o
the defectiveoBl sy wrda emes ecardpt ceeshm@nddewnitable reeprdiog imgdanwddle changing

replacementlarkis-dieaiad tipaharPaeRrame e \tRakrteA8d P RS rdlREF Rledium

information contained in the TDMA. Néext, data written to a next block is read and reproduced
and an error4#&fe 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 defectiFerthestdcsrastbre platzewritte s il defectinecciustersdm adinking trea ktrtatoing

naming the ¢ v ol e
el eomoor . or B A IRl o

DVD onto a feeentiing:rradfsrémacament tlask coataibeddataried niforarg mantg@ssntof a
information eSiRifRf! MEaRTIC besuBIGHEth Mo PR AR RARESPEIMAIHER #F temporary

management information. Next, data regarding replacement clusters allotted to the
replacement block is read from the linking area to obtain information regarding the
20 positions and states of the defective clusters. Next, defect lists naming the
defective clusters and replacement clusters can be created based 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 ioaded
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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ro temporary management information in the TDMA. This method can be performed on both
write once recording media and rewritable recording media while changing particulars of data
updating, according to the characteristics of a recording medium used. Further, to restore data
written in defective clusters in a linking area containing 15 information regarding the positions

and states o &g IpIGEINCLUEEE nTafT ARG RNADL HRARI 4 TEINAC RSP P8 SHaIRl FRBdEm defect

detected from a spare area of a recording medium, based on temporary defect information
contained ini@RREFAIGARRIERR MeRskizian PR T HMA fatptamis lipRlefRarrdingatedia
allotted to thig tlaaamembbircikddrsableowithedinkitapiarasctadihipindalialiatoreceanidinged
the zo positions and states of the defective clysters. Next, defect listg.naming.the defective
Clusters and DD B HRLA LD BAGR IR T Era R 1B AUEIP TGS ORI T o esehimtnat
temporagy defechinforgpattablis creetedingasertdia thak:fentdistts muaiihal wpdptedrytdafpctary
information, which is tempogary management information read and stored in.a.memory when
the recordin@ﬁpgﬁﬁmev@%nfgédég' |nrfg%nréncgﬁgmgﬁ%dﬁngwc'i"rq'}\%‘. ¥ iﬁ}grgn%fﬁg?w %aé%gement

added to theateengoriagy necordiragraadinfofinalisatiexists and needs to be updated, the
information is updated and written as the temporary management information in a TDMA. This

method can also beperderng EhYWTe PBRSOEE ISERD sneAErAR Ry HaLISSAENgs a

media while changing particulars of data updating, according to é_lke'gcharacteristics of 30 a

recording meRTIRYgERICdranfhatcanbe MR LYR CRTRHIGhethd € ArOUBMEANLBSRRA in 2
write grﬂ@e reeatginerrestia (?@fdri@wdt@ble’w&mdmm@nd' H@\rﬁcef Brideunrise aru?nputer, the
recording media require a defect management area a TDMA for recqrding medium

deteot mandR R TTATRGREE TS FERRITIPS eTEnile AR S REAR G SESFNG MRtbeS
optional: Tormagretipaticterding mrewdiaiie aacopdical membiedings mediomm evrd eddiaisth evelede dor

managementé%rl%glgl the write once recording media be equal to that 5 of the rewritable
ia

recording me , and most recently updated temporary management information written in the

TDMA be written in the defect management area during recording medium finalization.

The defect managdhéht 28cdesdriked AhaypcRMPAEIBRIS AbLRR-Brasent SMBLHONPERYide 2
that cafsbe fHBthyd Cappaivitiis | Nardl OBEMpGRT DEAHUBIE INMd@GeMRsHeFSRANGIC tBIRPBIHETY

When the program is read and run by a co ter, the defect mgnagement is perfarmed. . = .
Hore, the coRTRGRTHABIERENRIH e lRs Wimpney s M oroalian canslied yinch is

recording mediitten, tortarnpoierydafectonaxageptent area (TODMA).

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, although 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 medium), 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. It 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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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 rgstale gefstimiontaiinouyidéparing folecthapaamprenneasifiteeHd invention,
rewritable 2Q recordin dia. For ipstapce, although re&ﬁi‘ement clusters may have
substituted f ed%?SBﬁ\%p&eﬂ@H& ‘i%ﬁ&%‘g%bﬁ?gcia\ﬁ?ﬁeﬁ %?&ff&ﬁ%’éﬁormed on a write
once recording medium (or a rewritable recording medium), 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 failurgndiisifiaEAppliEatslikycase, 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 i ssible r re hi (SBM). that has not been
pdatect Athougn3 18a LRRIHEC SRS BOCHRIE Sk 2A0enlaB0t oY ©
described, tiegerdifithtmedittordkiveot dimreprediisingisuidéed eenbutinge appdatter capabled of
be apprecialg by tsRakiled iy st 8 arsambad
without departing Ifrgm_the prinpigles and %ﬁiﬁ?% ﬁlmﬁeﬁ@ g(%%ga o?@v{ﬁicﬁglksq%e Ihte-:‘aren
by the claimi anteaesding dmedaHts diw sapnaipheskiwhethep#Rysiemnbasrbean imrsanery
can be advaparred ¥ aPRliBrEkeAt 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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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
medium drive to perform a m write operation and restoration of data, in response to a host command
or when a recording medium is loaded into the recording medium drive. Claims What is claimed is:

1. An apparatus to reproduce data from 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 replacin;(fé'%-srective area occurring in the user data area; and
a defect management area arranged in at least one of the lead-in area and the lead-out area to record
defect inforrwﬁion to identify. positions of the defective area and the replacement area, and defect
management m%'r?n%ﬁbrﬂe[ ' ilanage the defect information, comprising: a reading unit arranged to
reproduce data from the recording medium; and a controller arranged to control the reading unit to

reproduce data froqn the r/%ﬁor ' r’&%@iu% byerﬁr%%i@?gethaé:[gfeﬁjommr%narg%rtcﬂr{'%eqﬂg/dﬁﬁﬁitions of the
the defe [

defective area and t_he replacement area, and ct management information from the defect
managemeoaeEsing e detdraling fieptsed betwherch ieroréplaarend &daddaub@igahe spare

area Compriges pASIlON KIPHRAI 9P IR K9 B AL G REEPNANIGY &S UHUERHRIR LRIVt the

data for replacing the defective area. 2. The apparatus of claim 1, wherein the controller controls
the reading @it esqEhna s @etect apigaingia rirRisty ve rfe AGRUARE A dRetiaits gt At @Rea arranged

in at |e?‘5t Oﬁﬁd)faad&@éti%%éﬁ%ﬁt!ﬁ?&a%é‘ﬁ@é&fﬁ% 1east Qiﬂg Bradiiead-in %r@afﬁﬁﬁ‘f)d of
managing a defect in a recording medium comprising.a data area disposed between a lead-in area

and a lead-d0¢ &84 SHERGRJ U BSRIbdeies da annalioR deidegifyPardioRaAhEe A&iRei¥ment area to

replace a defesdivharer eeplHtae énthedsseliptReamand Geatiacimanaarnant Aeprageanged in
one of the I%ﬁ‘gﬁ %gaagﬁnd the lead-out area, comprising: recording data substituting for a
qURE

defective ar 8Fmﬂ89ﬂeaﬂfﬂ9réﬂa%osition information regarding the defective area, in the
replacement area @easeiihiy tinét apairegatel reproduce data from the recording medium; and

a controller arranged to control the reading unit to reproduce data from the
recording medium by reading the defect information to identify positions of the
defective area and the replacement area, and the defect management
information from the defect management area on the recording medium,

wherein the replacement area located in the spare area comprises
position information regarding the defective area, which is written together with
the data for replacing the defective area.

2. The apparatus of claim 1, wherein the controller controls the
reading unit to read the defect information lastly recorded in the defect
management area arranged in at least one of a lead-in area and a lead-out area
of the recording medium.

3. A method of managing a defect in 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 to replace 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, comprising:

20



recording defect information identifying positions of the defective area and the corresponding
replacement area in a temporary defect management area of the recording medium; and

recording defect information, which is lastly recorded in the temporary defect management area, in the
defect management area arranged in one of the lead-in area and the lead-out area during a finalizing
of the recording medium.

recording data substituting for a defective area of the recording medium
and position information regarding the defective area, in the replacement area
located in the spare area,;

recording defect information identifying positions of the defective area and
the corresponding replacement area in a temporary defect management area of
the recording medium; and

recording defect information, which is lastly recorded in the temporary
defect management area, in the defect management area arranged in one of the

lead-in area and the lead-out area during a finalizing of the recording medium.
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