METHOD AND APPARATUS FOR MANAG NG DEFECTS | N RECORDI NG MEDI A, AND A
DEFECT MANAGED RECORDI NG MEDI UM OBTAI NED USI NG THE SAME METHOD s
Technical Field The present invention relates to defect nanagenent
for recording nmedia, and nore particularly, to a nethod, apparatus,

T e 0 T PR S A VG L rE B B RD RG

medi um i s abnor MYEAL AND A@EﬂtECﬁmhnAéEtﬁREcﬁhmm@m:ww@mmeo
medi um obt ai ned using the sane matlﬂ\EC&THé aratus, and conputer
t

readabl e medi um Background Art W FTHORI udes a process
of rewiting data stored in a defective 15 area of a user data area
of a recording nediumin a new portion of the user data area,

t hereby conpensating for data | oss caused by the defective area. In
general, defect managenent is perfornmed using |inear replacenent or

sllpplfhg Technicaliield.. In |inear replacenent, data stored in the
defective area of the user data area is recorded in a spare data
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slipping replacement on wite once recording nedia, wheré recording
i s al | onecooputer igasdabla megsmer al , the presence of defects in a
recording nmediumis detected by recording data on the recording
medi um and then confirm ng whether or not data has been witten

correct I yﬁgg ngn ! Eﬁcordi ng medi um However, once data is witten on
awite ng medium 30 it is inpossible to thereafter
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managhing 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.



defects on wite once recording nedia, where witten data cannot be
erased or rewitten, include the nethods, apparatuses, and nedi a
potentially including the use of a reproducing and/or recording
medi um drive, to produce a defect managed wite 5 once recording
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of the present .inyention provide.a recordin diu L.ncl udi a
spar e ar desutatdelret matlhgelTraing medfy berdEss ofRuchititsrinlihs:,
defective area of the recording nedium 25 and a tenporary defect

managenent area storing tenporary managenent information identifying
t he defective area and the replacenent area, wherein position

I nformatiQn and state,information regarding the defective area are
recor ded ﬁﬁgﬁﬁ%re—?ﬁé%ﬁﬁp area. 2 The position information and
state information regarding the defective area my be
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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.



i nformati on and state information are recorded in the replacenent
area. 5 To acconplish the above and/or other aspects and advant ages,
enbodi nents of the present invention provide a nethod of managing a
defect in a recording nedium including recording a replacenent area
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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

3



managenent is determ ned to have not been successfully conpleted, and
updati ng defect managenent information in a defect managenent area
(DMA) of the recording nmedium based on the generated defect
information. 5 The determ ning of whether the recordi ng nmedi um def ect
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(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



managenent area (DVA) of the recording nmedium based on the generated
defect information. To acconplish the above and/or other aspects and
advant ages, enbodi nents of the present invention provide an
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present | gyQathiohay @Bﬂfo"ﬁ fh‘énﬂ@ébﬁm%g X reprﬁrgijdél”?o' W@%ﬂ%@her data is
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taken in corﬁ EC“F@\MtFQ thf: acco&gaqg%/ 8 drawi ngs in which: FIGS.

1A and 1B/§7ICgUen gt heqgrion ot thedge mM&AdM-t e once recordi ng nedi um
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accor di ngmbkaiugn enbodi ment of the present invention; 5

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 diagramof a reproducing and/or recordi ng nedi um
drive that includes the reproducing and/or recordi ng apparatus of

FIG 2, according to an enbodi nent of the present invention; FIG 4
illustrates a data frane format for a recordi ng nedium according to
an 5 enbodi nent of the present invention; FIG 5 illustrates a spare
area in the reflp.d s hogk giagramefca tapsoduniigand/onrecanding mediimtdrive that
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i nventjpon nvu'désm),d@m@hi ibeélltY{bé ldf teRpEFAN IRansyerishiSRfRHRABN] AScording to

drawi ngs. FlI 1A and 1B illustrate structures of a recording nmedi um
100, accoPapPifgr embogdimentigtdhe present Ruepias @A i nvention. FIG 1A

il lustrates a gy r g@;&l : Ol rg]g,rq.q |

of 25 the recgirdld?tlgsné |umh%gohlﬂ§€éltg{ 5%1 Iﬁég:'((:)(i:)}ﬁrgI ngé?ﬁg}fer%%[%?e'ﬂh@éde%em
r ecor di ng mashied; @actoding tecanatker embedichenhobheqresentanendivea, and a

| ead-out area. The lead-in area is located in an inner part of the

recordi ng medium 100 and the | ead-out area is located in an outer

part af t Bestmode dbmearrgel oubth@dnvenfibe data area is present between
the lead-in area and the | ead-out area. In this enbodi nent, the

start and end Réferdrce3willaon Beemade antdutaib A0BhaSembegitedits df @Re present
rewitable gCD Rgx ar?d tFe d%ta a([ﬁa I s, ,sequentially divided into a
spare ar edVeRUQy Sxamles GF Whch-are tusiied ineaaccomparying 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



fromthe inner part of the recordi ng medium 100. The user data area
Is an area 6 where user data is witten, and the spare areas serve
to conpensate for loss in the recording space of the user data area
due to defects. Since defects may occur on the recordi ng medi um 100,
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of the first re 'ayer and’ conti nui ng € olt e Areh
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area. Fl.qvritten stagting frer thedgadin ereanot ther iFatiicedina dayer Liltowagd the outer

appar at us r r enent
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FIG 2, tﬂworcbm@tayenmappmlaadwut axelamfd:beasecond 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.



recording/reading unit 1, a controller 2, and a nmenory 3. The
recording/reading unit 30 1 wites data on a recording nedi um 100
according to an enbodi nent of the present invention, and reads back
the data fron1the recordi ng medium 100 to verify the witten data. 7
nmedi um def ect nmanagenent
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and r epl HSEE datqy ONHE JECRENLL 5‘"%19 iniPredeterralped uite af dataaverifies the
Ther eaf t aitter] DSeiC@&¥ar 8! detbct?art bR SﬁtHen?éébi’Hiﬁg? Mediganfad i ﬂrﬂmhgé Refect

positions of the defective area 10 and the replacenent area, an
stores t HEXi¥p.candppagas-hdetested dﬁfeﬁérermﬁ@wth:a remacementaareant Théreafier,
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The t enpagritey tm@smwaﬁbrmamnm ﬂempor@:qmeaeasna.@agmart»aréaf(mMA) of the
information identifying the defective areas and corresponding

r epl acemdBEOTEh Inediue t189por|ﬁwméﬁ?’éc‘t-’“ﬁﬁ%{hé@ew@nﬂ’ OMA denedllesh temperary
nmanagi ng hhea é?ﬁ@l’ﬂﬁﬁfdfﬂ%%&ﬁc& Hrégp%h g l%”defb& Prat | LAt mfbﬂ?n&t@;hswntten

enmbodi ment, he tenporary d F'ect cman genent on inclu
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avai | abl % I | di um 100,
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area has the @mperirpaetbctinidhdgement faFRARIM indluB8s 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 oceurs, 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



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 witten to a new cluster,

i.e., a replacenent cluster, that is a substitute for the defective
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of the rewritteh iy thee diefotil@ Clestor Beequipalesstduser dite WABEA P2 Feplacement
i nformation., For i nl_i{f,anc t he gosi tion informatjon nay be about

, 4
byt es | ongfustefiQf idgntifies witetherh _cs#?f%%%a&Pw'%tﬁéie&%ql@&t%wecwel@_t%ﬁefect
i denti fi esTdebhplett Rfedaepresthntd 8@ that ﬁé’@oﬂﬁfe?@l&'dé?néééé&?%ﬁ& dannot be

equivalent to user data witten in a replacement Clust

i dent 1§ | eeOrfRbethedndt Hwisdedruwt besread cutpwbeeagdhedncamplete defeshperresents
def ect . . ' t el.y,
damaged a%%lﬁéﬁ%%%§h§er?§5@%{:tre éc é?mgjtrr\% llgﬁggotggﬁénaorb&%ééooggé; 'ohttpe defect
wher eas tise toraplefd defect] elbbe writtepiretherreplacdmieat tloater ey hetehe the same as

corrected,hut is nore |jkely t e d ed again., If th ef is a
ol ot o sin eitfetia e et 'Pustn, o THEE Debdieg data, wiih S bave Bedn
the sane aftterddi ghavdetdctive | dustbe cdaipRréd @ tiié et that THbtSallys cRES dpSEeing
data, which should haye been witten in the defective cluster,

conpated Wottemdn e defacive Lysten Mavhawilienl e teplagamentnciuster mben a
defectiv I & L i r e

Coml et & e e e R o R A0Sl Rioo B g8 o8k as
changes, Wdemdat. video data. Wien a user presses an eject button

(not shown) of the reproducing and/or recording apparatus to renove

e pece 0 R LA e oS B8 A, s by ol Py e
cont r ol | enec@rdirgadppanatusdtedf ezrhoventher rexording fmediumh€00veafteryre8ordimguf data,
it t0,d hethe 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
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recording/reading unit 1, and controls the recording/reading unit 1
to wite that defect information to the recordi ng nmedi um 100. The
tenporary managenent information is updated for every wite
operation. Alternatively, the terrporary rranagenent 25 information can

be updat ed_wh dj ted det d
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I nformat i regarding t defective are froma nost recently
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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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The information regarding a defective area is also witten in a

repl acenent 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 witten in a repl acenent cluster. FIG is a block diagram
i1lustrating tHurRg Pd&rﬂtﬂr@e@“%‘ the-Bedimg! rﬁ%ﬁ'lﬁﬁ ‘éﬁ'tﬁ\l@ be weiteaad jarwrite
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pi ckup 10pt h@nred&dtlﬁﬁarhﬁtlbﬁe sk Oa¢li tBehpBRAH, UMahBgemehn dnfdi@ation, to the
signal output fromthe RF arrpl ifier 23. Accordingly, the servo 24

recei ves HCeENRNG MaHMJI00conmand from the systemto controller 25 and
perforns servo control with respect to the pickup 10. The system

control ler 25 q@bgds Oébﬁfﬁdaﬂgttﬁe %pﬁeﬁi Gd?HrlQ)llépZS Q.rnfé%a&btg% he FRYiRG medium

recordlng nedlun11 o record I nf ornatlon such as tenporary
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specifi Cagr %0%&9& éycPeBSc%lg&‘?Htar @hét@F the 3%?'5 ﬁnfﬂﬁhétuér?récéb‘?drhﬁctﬂécﬁe five

medium 1 fmne ers and verFfies
data wri t ¢tlestet -n'drtdaec?.tam ifarmatibh regaidir@thel defdet axt stdrechimtiE meneory 3.

e DSt At M B PSR b B 6, Hel 1 e 0 vt
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
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When the data-verification is conplete or the defect is detected, the
system controller 25 receives user data fromthe nenory 3 containing
the wite command 20 and user data transmtted fromthe host. The

user data specifies the position of the defective cluster. Then, the
system control l er 25 incorporates the position information regarding
t he def ecECCedetadadedatind Thee sevat 24 iperformatsesvo rcegiredongthehpickuye f tin
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modul at edndespgnseciofa read mdcglvmgfrom thadast revdtiuif maedysiem‘lacormmﬂer 25
o P el et AR e FEhoRE ol gh S BN ol

anpl i fo erafts? thendedd epsrtion cradvienaduringaheaesd opbrationf thesystemsotitieier 25

controller 25. The PCI/F 21 the ends the dat recelved fromthe
DSP 2 t o taherapHIUceNE USET téy@{]@& ‘é%ﬁ'ﬂ’?aé?Q’g? ’%9 defectiveselusier GPH@WBHQ

pi ckup 1QhkGnédipdiettelerett, Wﬁ@ iHfornHth R afRfing fr%éfaeweeenaéﬂk iiflo the

medi um 100 during the read operation. Moire specifically, 1f
i nconpl etuseiiedalat and widtingc thel user idaja dnradepaserment qiuster. n Tlaptsawata

to a reag,g&o Hﬂap%ﬂie\‘ﬁﬂ tf‘lé?@‘é&% R{ﬁer 3?1[ Ohbflnfonﬁaﬁgﬁ [’%ﬂﬁ\” ﬂﬁttﬁi? (Iglrafe{ch\ée

25 determnes there is sufticlent nmake a re
i nconysl etaustef ety he BT Ceendddedrarat waitten dn itba replaeemnntinhxst&; t Othereisg,

one o i iSRRG R it

i nconpl etr@gdﬁifwg:me dufeetild digsteninahavéplacemagaieltay t he defective
cluster into the wuser data and witing the user data in a

Gef et i ve. ol LG of FRETARS hderolng SgE riighing defestvs clster 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
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15 cluster nmay be ECC encoded and witten in the replacenent cluster.
O herwi se, only the user data is ECC encoded and witten together
with the information regarding the defective cluster in the

repl acenent cluster. Exanples of nethods of restoring data witten in
a defective cluster are as follows: 20 US Patent No. 6,367,049

i | | ust r at addrasses bioal replacaventiclusted and infornsatiob0€gatdingrthe positioraandGtte

cluster congi stiy . | ong di st.ance .50l .onpn , E .and..a .
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the makipplafenidit cliistercl uster, a portion of control data may be
allocated as a field to which information regardi ng defective

| ust ' iLten. 2 ffically, in th di f_d
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i n r espongadieeramapd givenofiamn hgply ba.. f& defestiveoelustes eantaining dbel dafechcan
ECC , it '
an ClBé’?%@%ced\‘W&h a ?%ﬂ%é%gaﬁf‘%l?gt\@g gﬁ@sgﬁglegfbf A bftDathettl o the

defective ¢l er i1s 30 INn a portion of
t he cont rpreseat investiomsand updee applidationctl thecldate etructdee diludtiated in U.S.

portion th ont ta i sed, as a field in which 16 physi cal
02" adar ecealenE L B odt £ eV FuBles han, 7 Erifievid Fod SrBRD fhéce
posi tin @nstesbatica BI$ dilitedsfccedriraed lsbsdLto abiin aser dag. Next, theneser
physical cluster is witten in a_replacenent cluster, US Patent No.

6, 367, 04993tR| ¢ANY b&r eacedaeiMBABEGecdigPhy Thenafontie! datawnith & phsical
an | nconpé(ﬁﬁrSséjgﬁt?gfaté $nid é’tférﬁgﬁthgld%féwv gfut%?é}.é?g%rnﬁgﬂ%g]lnéﬂét@i%lg cluster,

response to a read command given froma host, i.

cl ust er dort portipngf coktrolafatetthetaby dbéainiag leapisioal clusterr eldere; émeportion of
cluster. | ' f the e i o) p | |

and upon tﬁ%ﬁnéﬂgr P%ﬂﬁqgo"%fa Heélsd%t? %@?‘r‘&@? Erﬁg altqqtrggs[ers a‘%@ﬁg{}%p%gé’%@“ Sster
Pat ents Noand®bindmdlién regardirigeibiei positivhusidestateaot the defgutiod ehsterand recorded.
errors in an Lo cluster and,a Bl S clyster are corrected so as to
obtai i usdiSHang Phusiel uster G4 b8 wikten o e BeERmAT sy an Eac
cluster. Then, control data with a physical address and state

i nformation oflt thelsdepesdibiectoc pufoen racardacareilin defeét Mlabagémehedn 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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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 replacenent cluster 15 and information regarding the
position and state of the defective cluster are recorded. Next, the
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general @rﬁqﬁm&ﬁggmﬁrﬁgfdafa aﬁ&&@mha[qﬁefé&ﬂg%wsﬁkﬁgéggggﬁsg“rt ®

spare area, start ma portion thereo
| f necessary, r&pl acenents can be sequentially formed starting from
a poriion of the. §pllustratee diagramstexplaipinges metis)d of Updatirgp haspame it map

clusters Lk | t o] s; .clusters 0

I nformati rl??Yl WS;‘F[)%S% eg”t\%?? ﬁﬁgh%@f%&*%ﬁ%@%éﬁ@npf 'H}aZ'PPrat ,%ﬁeﬁDﬁ@ BA
and cl ustibusirates veh seeoriimgo nmealiuro rebasiimyp tstdte etveing diisefbedian ean 9BM of a
updati ng

Updati g ool BG5S lncb ) R DR St 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

| 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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‘successfully conpl eted. Repl acenent clusters whose information has

not been wupdated represents that recordi ng nedi um def ect nmanagenent
was abnormally termnated, requiring data witten in the defective
clusters have to be restored. 1s FIG 6 illustrates diagrans

expl aining a nethod of updating a spare bit map §SBM which is a
type of tenpor Bh§ reeafdifgnBediumidiiveescans. a pertian af the reerdigg medium 100

11 ustrat o s o ! ; ) )
N L b e
managenenin twet pertonr.naln $his eway, nthieerbcarding esediuat iddve aformatsa the iISBM to

act ual r cBISEIREN, FAREE G recitiinacetarelt, Bhesie find doecuiS 16! pRs epsntioned
rect angl egbe\e)ahe SBM g anaap thatspeciies ierordimg mubidhGetdingcstBicdivith bit
data, gray rectangles, denote portions of the recordi ng nmedi um 100

that act u¥@iH§s, &8nt &i RAigates pyhethBere clustare.aidich giret aliggatedide anphyrigally
in the S ' : rdd ec i ‘

red Um 100 L0 ad of RS TARGURS, MEQRIF 105, AR, dita ok PPAS Kefbraing
managenenmedbmo drive Isparn all of chustegsrhati are determinéd do haveipdatatal specified in

recordi ng rj r j i um: s inserted
o a ol ant hEhRel eRE i Aaaal, A n¥ colAin oaid. s L REkRS anew
cogsi 34 SnSBM Leﬂyactihg thé&rﬁchiabﬁresnlt,yi.é.ld &g.l[idat%sl'the pB%WoUseSBMi f\ggeg Othe
medi um dri v t ines .that the recordi ng nedium_1 was, r enoyve
froma r cHRRRIPRGSTIGS NIRRT S GrRRen DARERaSrn) INOTRRIRN Rghee KoV the
nanagenengpdatngdtahé SBNVY ddfiplete) @ TDVA of the recording nedi um 100.
14 The recording mediumdrive scans a portion of the recordi ng nmedi um
100 containing no data, indicated in the SBM and checks whether
data is actualfT§s §G Hiustratesa regardipg rstatgrof. theprecardinguediymet 00, with in a
recordi ng ' ' i | of ot

recor di ngmg?gst%mo?{a% ﬁetﬁi@%?ﬁ?%gﬁeﬁé@?ﬁ%i&e B&%ﬂg%@ﬁéﬂﬁ(ﬁ ﬁga l’o'{;/tsg‘, The
t he SBM i scardiag masiemglivei makes ther ravo SBM §Y updiating the pravioug SBMtwith bit
with bit V%méyes, I.e., it indicates whether clusters, which are
allocated 10 a physically recordable area of the recordi ng nedi um
100, contain data or not. The recording mediumdrive scans all of
clusters that Rfe Mas er fiowehart dllisstreding oa dreterdirgp evediumd defect nhanzgBient

ﬁg\?v(:ks | fm ﬂ%%%&éolﬂ%s "§ a%cél%%lo!i%néjn? o'??llle %Penste%it ?nv%%iign. aﬁgferrrr?nkge% EIG. 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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lo SBMreflecting the checking result, i.e., it updates the previous
SBM When the wupdated SBMis witten as tenporary nmanagemnent
~information in the TDMA, the wupdating of the SBMis conplete. FIG
6C illustrates a recording state of the recording nmedium 100, with in
a new SBMthat precisely indicates whether the clusters contain data

or not. THE MEEMGRYd8 TaAfgtheeapeiparafv Mestascently fsmedairriscamenitarag is
the previ G’é’t%ct%?,'v'd‘é‘(é ﬂ{iﬁéﬁ in ‘éaﬁéﬁ%eﬂﬁbgneﬁhb@s%rfié ?%‘frﬂ&ﬂ%ed,léﬁasﬁcﬁ'ﬁiaﬁgn
a recordi ng medi um def ect manageneht nmet hod according to an

enmbodi mentegafding éhe pesition andvaiatei ofra defective clugterds Betacted, iniaperation 703.

operation, 7 i r ' i n which recordin
ot am 20"r el Bier B A et 16 nehith he elBtie Huder 0 her ot
arecoy diﬂgsteedisumeattéd \bas(ed;pheﬂgs)wmm&i |t§Un rafh@%tﬂt@ginformatio?. In
apparatus), the or di ium drive rea enmporary nmanagemnent

D T operlian Y §5 TS teE MEaMation, S gteaeq bRstl Dotg oreatetgafaryist and
and perf EliolLk abs | i 86sH. di | i

Lo T e el O Bt R B 1 S ER T 0f. 1RY tbAfoldhy dRect
medi um i smapegementareadiMAd bpdatad. medi um the recordi ng medi um
drive reads a consistency flag set value C -flag fromtenporary

def ect manageniiihotedf MoTR! 108 PER 16063671048 ifilittes A el b TdiBuin
whet her defect 1nformation regarding the wite once recording ne e
was sliccedatéun lep K@adfordat, Fowhichaarphysicalfaddnesscafn and tirfoopafioraegardingga

=1, the t Jnfornation was abnornmally term nated, and if the
consi st erd S%tﬁggd&f{q?aadng@ﬁr teryin tahgep cfeé%efrxi(ﬂll’%?haf"f'ﬁﬁ qg?;& management.
successf urtys, honebeembblinédnts Sf died praBeRe thvieRtiomR|TRUPEN apPicatibatio the
t he def 'e(r:é%i nf orrratigl?ﬁtwas not ucr:]%essfully updat ed, tenporar

defect | MR RUCHHE RSN YrS: L EAINR 6 FordHEq IRt ireastivasndsted
recor ded reflacémenf RINSIEOENN bt Hefbted AONPRSspArRNakh 6f Eor%tco{'cﬁﬁﬁ'?ﬁéd’:um,

formed replacenment area is detected, data witten in a nex

r epl atfeneifsed ansteatpararyrdgieeduiosmatiomdontainedria detast manggedien information.
203, I ange4dio Suipn indteRBELINR Bl holdhio b HsEled raBEF BN flster

and t he rigspleadendlext,5arclarmrein asBiS ehistal bfaaedptavetihphybitat cdlester can be
position and ion, 7 d

PO o0 R Syl L O b BBl Bukole PRLrS5LEShent custers

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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the previous tenporary defect information. In operation 706, the
tenporary defect managenent area TDMA is updated. As noted above, US
Patent No. 6,367,049 illustrates a nethod of recording 1o data in an
ECC format, in which a physical address of, and infornmation

regarding, a defective cluster are witten in a replacenent cluster
duri ng dedefett mﬁ)mgeioﬂmbntaiﬁ'drdjm,théﬁ' DMaw Niexe dibtaivriten o ahekhilock is read

present inventio a pon appligatign.to the da .
i |l ustrat @'&‘? BH%CGGBQFg %BP @"@f’%ﬂés corrgpled. g%éﬁt'm?’"ﬂﬁ{ﬁ% Igparding
repl acenetie sdsitidrer arPstabss SPESTRLRb ELSBrEWHRSA on arregeNbdarks RS WisRéwn
medi um 1s based on tenporary defect inforpmation contained in defect

managemenin frif drisngbtainge efegllisés Npming:the; defeetiyedustors and (eplagement
t tot i .
2 BI'S Cl ué'?%‘r%?%{%%ae‘?g% 0 BRI ' ined SnfolSof Next el Blogbfery

defect i defech'mﬂd)mgatioef Ieairearhedclbasedam theddefept mwrmdtf rel demposary ciefiect
be created, by refer addresse

ot or rat | BrennEbhe highis: Bati Sn Hdied B 2RI S et fre PV prto @

Next, newdcerdmg angdidef gave.i nif Qfat@ttocwe coBtaing i ¢ wknbaﬁrgd rﬁéhéd&‘ﬁ'lent
defect lists and fipal orar def i nfornmation was read
and st or el qrﬂ‘%%%i%“‘iﬁ%ﬁ@ B%Eﬁ" HB @‘ﬁé mqaéa&e@amé@eamwwmtws

ont o g r e@Afstray WBAbWMER! ifornfieA inithe TBMAL OTHR etHod o8 ERF b hefBfined

terrporary manag ement  information exists and needs to
data is adalscboupwateedn% r@nmdmgdnedladam;travaﬂpﬁeaeyorﬁmg@dmwhlle changing

o L Bk S, eSS SRR ol A M

once reco Fedi & and’ record
parti cul awseddf data updating according to the charact eristics of a
recordi ng nmedi umused. Simlarl y, to restore data contained i n a

i n.an

defective clu data, .3 wLitt.en

format, and tﬁ*&fﬁwi ttp TR Sk etih Hersive bl iR 3 inkir g3 Containing
def ecxsi veupfdrtr&(tjuan :@g@rdMg ttherpdsincansr a@dé am@t@erkgf ?‘Ie)dbfecflv&é Sdiustarsrr@]gnost
recent Yy or cene (0] I'S et ect r a spare area o

t he DVD, §E® Eﬁsﬁa@@ﬁwmw @&%Pan n%rffﬁé??tsﬁ"}sewt 3 fR¥re Aresof a
TDVA. Nexlfecofémg'\ m¥didrheBabéd %nn%p&b@caefeét rrﬁ&%at@ndcdrﬁﬁheéqﬁqsmﬁaﬁbry

an error in the atals corrected Next information regard
posi t i onsmanagemantisfasmagienechewte d@tm@g@rdsnwemla@ememt @mt@%al i¢ddpdhe

RSV ShOwnreplacemen’c 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 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

17



in FIG 4 is obtained, and defect lists nam ng the defective clusters
and replacenent 5 clusters are created based on the obtained

I nformati on. Next, new tenporary defect information is created,

based on the defect lists and final tenporary defect information,
which is read and stored in a menory when |oading the DVD onto a

r ecor di ngmedigi regquire iadefeck maaagemen%ere@oaﬁdaa ndMA dor resording Bregliym defect
mﬁ”f'ige”E”Fntané&érﬂéﬁ?%@%@’eﬁé‘ih@tiﬁciﬁgﬂn%?%Tbﬂﬂﬁ?ﬁt&%%ﬂﬁz;ﬁl@?e&%ﬂg!rﬁedia
agai n updafedand Witten as 10 tenporary nmanagenent | nfor nmatTon%in

t he TDVA. isTdptenakt Nodbe @onipatipler vith medritable beddnding i hediapéds mecamdiended

di d i t abl di di_ g _whi ) e changing icul f
ot & updaPhie SEec mARGSPTeDRaaR tas vl offe cbsrdnaBed hégida e that
used. §urgiehe tr@w_fiw@rﬁedéaaiﬁ?vvrnhédis,n amy dRicget fecenfly Usib8atRdi r’teﬁhpgrary

l'i nking area containing 15 information_regardi ng the positions an
st at es of mepegemeatinfermatiopswvidten ingtheoEPMAr e siiftep indhedstect management

r epl acene&leagiugﬁb rg@&d@rrﬁgg@%ﬁ%’{zﬁﬁgﬂ_a spare area of a recording

medi um based on“t enpo ormati on contained in tenporary
managenent information. Next, data regardi ni% repl acenent clusters
allotted to tnhkhe defschaeanagemgrdomethodr degcribednharain maykbe grebaslied @s a

bt oi s . . o _
def oct i veranget pbdathe ah b fuf By B i Bidireh Bnbdfiored ina
f"‘”? r epl aggnput Ngr cdadably medmm.bevmead athegbr(_agrfaa'discraad madready a C%mplgter, tge

Nt or mat | . Xt new t enpoy ar er ec ntrornatli on 1,S, Creat.ed, ase
on the  cRTBELMPNAGEMERGSREIGTMER PR ythA COBRUIS T aR Rl BEdU e Hesa
t enpor ar ymaABASEE feitirding @B, AR dptisdl ARArdiA@ rREdIUM, Sor"E BkerhaVe, for
t he recordi ng nmedi umwas | oaded 25 into a recording nediumdrive. If

i nf or mat i ®¥AMR)ebe added to the tenporary managenent information
exi sts and needs to be updated, the information is updated and

written as therd RIMRQr @ds6riBBa HRVEN brbdfhémts | dithk brasdiNRventiohSprovide a
method can also be perforned on both wite once recording media and

rew i tiabl methedor appayatuse daad wadmpuiehareadagler anedivm ofos tersteringa temporary

doed. | ThetBREgETERGinldimRBo MELAR Terfhi Rl GotectichiatER ChRdt fhitAis
w it e oncwritteretootedi poganyatéfectanahagemeritaéa (TMa).di ng nedi a. However,
the wite once recording 17

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

18



medi a require a defect managenent area and a TDVA for recording
medi um def ect nmanagenent, whereas the inclusion of the TDVA into the
rewitable recording nmedia is optional. To be conpatible with
rewitable recording media, it is recommended that the defect

managenent area in the wjite once recording nedia be equal to that 5
of the relfr tm%lsrrwiwtdw@%@@paﬂmsrfmmﬁa@ priseipifs 9ndseltt & the invention,
tammaw'§%@gmmm f i witten in

t he defect man gemantcH Erﬂ%ﬂr@ﬁﬂ%@&?gpﬂg’%g um i {nggl i zation. The
def ect managenent net hod descri bed herein may be enbodi ed as a
conputer programthat can be run by a conputer. The program can be
stored in a io0 conputer readable nmedium Wen the programis read
and run by, RR Rispiihe def ect managenent is perfornmed. Here, the
conput er - may be a magnetic recording medium an
optical recording nedium or a carrier wave, for exanple. Thus, as
described abovia, perisulgr.nthea spr@$enth@vgr-Mrmm heeadvmﬁagemiw@mlued sto a

nmet hod, a uter u e

Ferpor ar y CaEng et SRR, b SN MR BesRilr shdinls, capable of
i nf or mat i cimeckinyg whetédr atsysiem may\MavbttmentlmprwaleWerédfcﬁbt However, even
nanagenen ar ea Ac ordln nts of .the sent

i nvention § {ech&ngg%ch Qve é@ hqrﬁrzg %%Fhﬁo?ﬁ?molﬂgﬁ/\ﬁpﬁ'ﬂ dmpEepesly
def ect NMBPGUERERINGF, ahE Prédent Af2nEbn bﬁ%!ebalbé ?eco?@m@erﬁeaﬂhﬂenww Perfditf a
i nst ance, although repl acement clusters may have Substituted for

def eci veWBteU@P%'ﬁQOH @adJegtogatiamel datay in @ss)@aae & & bestoeprpeand riafavhema
a wite g:hﬁ%ﬁ%rdmrﬂgs BEEY ek e RedoRiihg hibismIfiGa! di ng medi um), - a
recordi ng ne be renove roma r cor Ing medi umdrive

wi t hout successfully updating defect information in a TDWA defect
managenent area, e.g., due to an unavoi dabl e 25 accident such as a
system power failure. Thus, even in this case, according to

enbodi ments of the present invention, it is possible to restore
tenporary defect information/defect information witten to the
TDMVA/ def ect managenent area. It is also possible to restore a spare
bit map (SBM that has not been updated. Although a few enbodi nents

of the present invention have been shown and 30 described, the
present invention is not limted to the disclosed enbodi ments.
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Rat her, it would be appreciated by those skilled in the art that
changes may be made is in this enbodi nent w thout departing fromthe
principles and spirit of the invention, the scope of which is

defined by the clains and their equivgl gjjs- | ndustrial Applicability
5 1n particular, the present invention can be advant ageously applied
to a rebtdnatiimglamddugn dri ve, or reproduci ng and/or recording
appar at us capabl e E%f checking whet her a system may have been

i nproper |y poker edAB¥3PPABWSVEPMPESIBR: if a recording medium drive
cannot check whet harree?wﬁq/%adm@uhﬁwrédaﬁa@@ﬁama WityRs Rk cPld a rédifding
present invention enables the recording nediumdrive to performa to
wr i t e Soperatiirorconnglising aclala ame dispdasd betweares featsin areazantoa tead-out area,

conmand orI en a_ recordin d{'lum's | oaded iﬁlto t he rlecordi PYrea t
medi um oMIeHAING § Ysenties Atghand ot ibasf Fepdrdres Naving, g isblaegnent drea to
conpri si Aghlade beRAEEIVRHESIECOEINgThithé UsePEatadreaadnd atdbfdtitrianagdaent

to a recordi n[gw 5 medi um conpri si nP a data area di sposed between a
| ead-i n aresa(RMA) armasgad duenaoéthe [saddnareagnd the dgadiguizargaeandnd at

| east a spare area ' f J |

area occurring in ?@%ﬂ?ﬁ%@%ﬁ%ﬁoﬁ&ﬁ@trigEéec%églbsﬁéﬁéﬁgi@%ﬁgergéggedata
( DMA)10ar farreplicing ihealdféctiveeareaad thé recardingndediom, ipesitiopuhfoameation and

a controller arranged to control the recording/reading unit to record

data 10regardingdhadefectiveeaaraas ard slate infaumation 1rgardipg e Agfactiue grsa. on
posi ti ongy It | |
I nf or mat FHoéane%gar d(%ﬁgar{a ﬁg(%c?g%@g} ?@?%‘?éga?é%ﬁﬂrﬁ]@%‘gﬁgé’zé rr@tftllfl gp%ztio
| ocat ed recdri elefer irform atioroidentifying positiong ofrtei defectivedartea andether d
defect information identifyi ositions of t fective area and
The’ "t eplaiermnenLaEs hine et Reiodsain arem MM (D . 15 2. A
recoridi ng medium conprising: a data area disposed between a |lead-in
area and a | ead-out area,

2. A recording medium, comprising:

a data area disposed between a lead-in area and a lead-out area,
including a user data area to record data, and at least a spare area having a
replacement area fo store data to replace a defective area occurring in the user data

20 area, position information regarding the defective area, and state information
regarding the defective area; and

a defect management area (DMA) arranged in at least one of the lead-
in area and the lead-out area, to store defect information identifying positions of the
defective area and the replacement area.

25
3. A reproducing apparatus, comprising:

a reading unit to read data with respect to 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

30 replace a defective area occurring in the user data area; and a defect management

area (DMA) arranged in one of the lead-in area and the lead-out area; and

35
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including a user data area to record data, and at |east a spare area
having a replacenment area to store data to replace a defective area
occurring in the user data 20 area, position information regarding
e Jefect | Ve 21 ¢da Aiftalbhahale IqBRNMMI tné FEATIAL B k0 TedlPbat! ol
area; and a defect nanagenent ea ( rranged”in at east one of

t he | eadreplaciagehe zﬂieﬂadtllve dreadf the remoeding medaumr poellabemformatmrm-:agamdmg
i dentifyi si.tions of t ective are Iace

ar ea. | 25 t8 ARty Btk ang lfisuPfriatosdrgr g e GelBebi wER or e
read dat geyiabbmEA Akl iobated in 950 5ph ARSI IS ré@IRingThodiuth, St 2643
di sposed between a lead-in area and a | ead-out area, 1including a

user dat defactinfardatinn ideatfying ppatlenaoémerwafeﬁg/aaaneepﬂmb’r@eﬁnpiaaemnt )
30 replace a def ctdaqyfe ahea. ocour in%c](iqwge user data area; and a
def ect mi’ﬁ%% &4 ’P?j\‘/ﬁé‘e’Q?P I ne of the lead-in area and
the | ead-out area; and 35 20 a controller arranged to control the
reading unit to read data for replacing the defective area of the
recordi ng medi um position information regarding the defective area,
and state information regarding the defective area, fromthe

repl acenent area located in the spare area of the recordi ng nedi um
and to read 5 defect information identifying positions of the
defective area and the replacenent area fromthe defect managenent
area (DVp). 21
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