METHOD AND APPARATUS FOR MANAG NG DEFECTS | N RECORDI NG MEDI A, AND A
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Technical Field The present invention relates to defect nanagenent
for recording nmedia, and nore particularly, to a nethod, apparatus,

and conputer re ' r ' f

a recording mdﬁgﬁ?bg’ﬁw %%Zﬁg éﬁﬁ%ﬂéﬁﬂﬁqﬁgﬁgb@clﬁ @%QD'?‘IG
meg! um i tS)t abno(rj rmw_smm,ﬁ]mmmneaECfmANAMmREtd@wﬂ«%lemgnsmmED
medi um obt ai ned using the sane : aratus., and conputer

readabl e nedi um Background Art%%&ﬁ'%%%&ﬁrmﬁgl 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

sl i ppi ig deshaicablsigld -~ | n |inear replacenent, data stored in the
defective area_of the user data area is recorded in a spare data

area havi ng noThefsesent invensipn seiptes to«iafes amenagement fooregefding invedia, and
area of t 1S a [ hp t i .

the wuser arg aﬁétrrtgg'%ﬁ%vﬁga r@elijé?b%? gali%gﬁ?s usglﬁ:.l %%ﬁ%ﬁﬁ%@ﬁe %Salum for
r epl aceneperfardingl n@Eraggmeapl afc defects af ea recorlirg ,mediph exbhewhen! gefect

to recording nedia,s as_a DVD- RAM.RW di scs, 0 ich data cgn b
Fepeat od! JPAAGETIAN 2t s deferFg DAk 5eRbasmiAly B alogaabdun defect
accesgo menithgedSrddordifg dﬁnﬁeﬂiu@nﬂ'dbt&iﬂe@eﬂéi? Nhei §8RE FREAGH eaBEraiRd and
slipping replacenent on wite once recording nedia, where recording

i s al | one8OBRUiErdpadable mediwsr 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

correctIyB%Qkérggndr?qpordi ng nedi um However, once data is witten on
ecor

a wite once Thg nmedium 30 it is inpossible to thereafter
overwite new gaf tg{},q, ; t ' i ;
medi um O her rrgt ods, g%g%?'gt"&@je{e% iﬁ%@%%ﬁ&ﬁﬁtﬁga@%&&%g‘ﬁ%#%?Ct“’e
managilfhg acke et asusen data Beepnta nesowlingi mepditediim,a e rporiion of e daendata
cannot beape[aa

?ﬁ&eg{( 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
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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 he
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.



rewitten, include the nethods, apparatuses, and nedia potentially

including the use of a reproducing and/or recording nmediumdrive, to
produce a defect managed wite 5 once recordi ng nedium However, the
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t enporary ect nmanagenent area storing teénporary nanagene
information identifying the defective area and the repl acenent area,
wherein position information and state information regarding the
defective area are recorded in the replacenent area. 2 The position
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and advant ages,
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.



of the present invention provirde a nethod of nanaging a defect in a
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I nformation. 14 gecomplish 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



5 The determ ni ng of whether the recordi ng nedi um def ect managenent
was successfully conpleted may be determ ned by checking a
consistency flag on the recording nedium The generating of the new
defect information may further include reading position information

regarding the defective.area fro he. re @ie nt,area. The iq
generat i nd"%&'ufrhea e&fe&QP%d}e"Y HP%WPB’HQ "E@Pt ther recor ‘U@é“eg‘”m defect
gener at i ngnacyyeteémas detdratimgt ioRaRRAEUbESh BliciEsefifly dohfisléted, and updating
i nformati on _and the read defect information. To acconplish the above

and/ or ot fefeds pEregemedt dnlpameatigesin endstrctemesagementarga eddp) of the
i nvent i on r@m;r@;rngdmm baskd%n HRGlicihed difect fiolafbd. ecor di N

medi um inc et erm ni ng e recordi ng nmedi um def ect
I

managenent 15 has been previous successfully conpl eted, scanning a
portiod of the Thecdstaimigindneldwbathen the recardipgcmadivim idefpol onanagenisrd was

L, RS0 o s € B U1 v

preci sel y reedridegt madiuacor di ng state of the recordi ng nmedi um based on
the wverification of the portion of the recording nedium 20 The

updating of th BM may..f ur r include recordi.ng an ted SBM as ..
tgrrpora?y manajgéeﬂ n‘?rﬁ?'ﬁjﬁipﬁ%rﬂ‘?vﬁ dﬁ?‘-‘édﬂ%ﬂfg O%éFEX#B&EWaEQM reading
area on t ppsitbadafaiinagonedyardingTiheadafestivel sieat fismaheViepRitehdint @k’ The
aspects and advant S, e%%di rre?t's of the_present invention provide
an appar atieBeratag e gl Aeleet BrogaeRdnRy ier inglude GeBewiRg new defect
to and/ or ihoRfihfior BAYOM BretRilisHBfe@ffofm SN A0 tHRY r,e%@tcré’fé%tgr'lefgﬂnaﬁon.

whet her recordi ng nmedi um def ect managenent has previously
successfully conpleted, controlling the recording/reading unit to
record lastiy recscadglightecaboveansionethenaspasts and agvantagentembpediments

d gener e Lt o i I -
managenent | HERieSEnCRvehtiuP RRHag s, Wiiod B meRadhg! el 1ok {HBpfiing
conpl et ed medidme thefuding i rdgtemmainingc whethey/ recantlimg) roedium defgd amanagement

R TN RN ST R

aspect s amiedidmaptipgrsdly estntaining M recdrdéd dafy, ese llentified® i ia0Sparedit deip

an appar at(ggM)j gﬁtlj l{/%iri gawgie&lgg%é ep%(r)'tgodrj cr:]gntgl%tsané ?ecorded 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 andfor 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 controliing the recording/reading unit to update a defect
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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 5 illustrates a spare area in the recording nmediumfornmed when
defect managenent of the recording nediumis abnormally term nated
due to an unavoi dabl e acci dent such as a power failure; FIGS. 6A-6C
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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



5 medium 100. In this enbodinment, positions of the spare areas are
not fixed. At |east one of a defect managenent area and a tenporary
def ect managenent area is present in at |east one of the lead-in
area and the lead-out area. FIG 1B illustrates a double recording
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20  area is allocated to each of the recording fayers L0 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.



a verify-after-wite nmethod in which data is witten on the recording
medi um 100 in predetermned units of data and the witten data is
then verified to detect if an area 5 of the recordi ng nmedium 100 has
a defect. Mre specifically, the controller 2 wites user data on

t he recording di um ]12%0 | n_predeterny ned gni ts of data, verifies the
written user daf'd“P8"d r«,jcPe'gﬁ’f“'é?r'@éio ng R WQP&%@‘WW@@GC?W”Q to
whi ch a deheshbodiient 6f thengresBRl invaTtion, A 8¢ echbeifeht, Ve il bhugds

repl acenent area, Thereafter, the controller 2 creates information
i dent i fyi Agvasix-Alteowrite methast in which alaa i wetten @& the resarding: medium 100 in

repl acene ; { : WO | ! r .
11 th. aprscAyinghind Bf Batel ) Heritién blate Rbh VBrhdl1 I RERER oh dres
| evel , 5t hef thentecotding r2diwm i108hashedsfiect. e Monef spetifically) the cantrelligr @ |rites
def ect managenent apea (T of ,.t he, ..recordi medi um 100. ,

| nf or nat i Hﬁgr\/\ﬁ"i'el?toéh{qeoret%ﬂ 'mq"émc%ol 'QoPrf’aﬂ%g'?"W ”Wﬁ?ﬂﬁé@%‘énl’e”ﬁes the
i nformat i afitted Aser YRR d6tekbDaf &fres of RN PERAERY rhediaM 8O0 O wHidH b fefect
15 to a defect managenent area orary nmanagenent

DMVA) . The tenp
i nf or mat i B¥StSe gAE &6 §°@%%HGF%®C} defestive angpovitheireplarermant axgiang Thaeeatter,
defective ' I . Y
o ect | maiy EGRRH 2 ERGISRASHANOn ISERAR] T HoSione U nb S REYarea
i nf or vt | and they replacgroentaareai and istares tiso dieated jnfornhaticreinpibeamymoef 8ct If

i i i . bi t SB t.hat, 20
o ovt des e RUEFYS B sictedBin Bt A6t auiTEBaterlted 18701, ik cpniater2
areas of whies theatored ngformadiicminld emgdrany défecmianagermeatadian@DMI) of the
defective area is wjtten to e repl acenent re SQ as to restore
this inf oﬁ?&fcﬂ% Rediym e{b&)r QH?F' 'Qﬂe\_ﬁ‘ﬂﬁ?nitﬁf g?EFTg‘E[PMﬁ\ i g7l tp@porary
updat ed, gaBiagemRADIMAGMERNO IcBABSSorffird ﬂﬁaéfe%v%rﬁaae%d?ﬁ\gg@r@fﬁﬂ«ﬁgen

25 occurs, even though the defective area has been'repla
repl adenetn 2afefgct Managemestt raten olPMAgarkhen temperany freanagamentcaformation

specifies - ROS L L n t Y r [
I nstance, cc?rﬂ Iggng%&gﬁﬁrﬁl ﬁeg%ﬁqy%ﬁiwégtr@t ei 8@@%&; g?e%f%gﬁgl U2 and
is wittecontespanding wpleseaentiareas, and éprhparane defedt imamagerhédrt infsmation

substitutg for th defective cluster. The information regqardi he
dof ect | velOE gradia (5E KBy Beftet Hramptar, 08 PEru it s arpbdiment,
posi tion thedteripararydefédtangedgamientanfolHatic includesqd bk BRAdpISBM) that
defects include defects caugéed %lél’l ng recordi ng of data and defects

caused! dubPoNgesdpigrmelipn JAT ientindngyavaiiahle preas frame ynsyalable areas of the
i nf or mat i @BordifyMediumg 1bbe defective cluster is considered address
information. For instance, if

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



8 several continuous physical sector nunbers (PSNs) are initially
designated for the defective cluster, a first PSN of the defective
cluster is recorded as the position information thereof. The size of
the position information is a unit of bytes, so that aII addr esses

o e ¢ BRI BT A 6: RS ooeD, MRV g fr e

byt es | ongefecliee chistdre ai fifsorPBN lamhée@esféaiwegclhb@rdefr@@bmee 8% Uré Yosition
identifies vvhether useg\(’j\ﬂ_F h‘en i.n th defectlve cluster S
equi val entnerEaiontherge ] $128 Qf ePqsitigndp ion dg @dtnitof bytes, so that all

i denti fi eﬁﬂ%@éé?roft ltfe dRt8iding Smédiﬁﬁl"pk?a%aﬂefb%(:te fes3Bq! BQOIH@ HoSition

def ect. e conpl ete defect represents ta that conpl e
damagetl aindoroigiont ber iinstanee,ctiieeposition infatmatiemmoay be abowt éubytes long.

e S PSS el DIR i A S i
ccﬁrrpl et e weiftectin thatdefeutive taustenist bguivalphtatte neert dataustiten M)A RsPladitnent
the sane

data wjtten in t ctive cI ster This is because
data, whi ShstehrideHifies V@E—é'aer ‘EF ck%f%cﬁ s  coRPletgdateotyas an ineeraplete defect
conpared tphd Renfhiita deradt :%ﬁés%hksydﬁﬂadﬁaws EGﬂnBQatél? d!rhééé‘w ahd 6a|ﬁﬁot be

defective cluster, may be witten in the replacenent cluster when a
conpl & e G@Tected o%'ldﬁfﬂisd@#ﬂﬂ% hee@@ﬁlmtﬁgwbere@attaetlna@mamtdﬁcht represents
chanacs,  SUENEEhad bGP citbeted MR, ok o] 16 3555a A BBkin? 1 8 goroc
t he recor idisngomplétaidefet) datd wetten mMedeptgcemedathlsterZﬁa)t het bother sAmMeas
2 expects it oper tipns. to e been mnat

cont Fot | o#55 VSRR friel® NG, nahRdh BRRRIR Hata.aviis) sholic have een
it to thewrittes o dhé glefernite nguster, tcoinparett t6 AMé d2its thdteactually ends up being
recordi ng/readl n to wite that defect _information to the

recor 8t ng"WHERR din %ﬁ%@e}ec“"fﬁé;“fsé%é‘?%‘/r be wiitigne e the replasermentoplustes when a
updat ed féﬁmgl\éﬁi YieWdct %%cgl%eﬂéﬁﬁg)?eco?élhﬁrd?%é%%&t shivothIG dHn péﬁ’ such as

managenent 25 information can be updatéed enever recording
conpl et edVlﬂﬂodat& edeterm ned recording unit. Also, the controller 2
sets a consistency flag when recording the tenmporary nanagenent

o nnene” R o B8 i 8FLehe L8 Bs SHEWhBP K i e
not 30 uptsbetingl@apparatiusnturemoveldiid eecacdingl enedivnnc 0@ safferpeerding of data
fail Uls t?\\ée@oﬁt}?&fégkbt%ects 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 fo write that defect

information to the recording medium 100. . The temporary management information

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

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

recording unit.

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

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

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

9



defect area has been replaced with the replacenent area. The
consistency flag identifies the start of an updating of the
tenporary managenent information . For 9 exanple, in this case, the
consi stency fl ag nay be set to 1 . Wen the recording nedium 100

needs to be re froma,recordin d| um fter recording

ata i i pPCBBEN i i GNPy Hecronseny:Niag My b SP6lh n, WReR the recording
consi st engdedidradl (RMedds t6 B8elenidved FOMaS réébr&iﬁprlﬂéﬂimfm %rﬁé‘%ﬁfe?srééﬂrdmg
updati ng of t he terTPorary managenent s informatfion

t enpor ar y dahRgRIeERtErMifest waits onafter awrite |aperafion; &g Cﬁnélﬁtern@mﬂﬁalmgy be

in the ne

ol oaded, TSHo0 12 o oy t81eBreeRl posutebelll GREANG BChiHEA nahgement
consi s§ enmjonimai@nl, while the temposanyrroahagerdentanformaticrs ist fivedly Lipdated.
recording was abnormally term nated and starts restoration of the

t enporary mna@g[gg 3 ' her  addi |on Lo ipformatio

That is, the con Torf bm‘%@éé %B%’Hﬁ g ﬁ.'& “ﬁ%ﬂ@'@ qOO

ar ea from reloadet, ttmcmﬂdoyerrzphaﬂedherceﬁmsmd lﬂagat Hshé bendiSteRey Aayis 1,

managenen | nf or. rrab ott r. addi tional | nf ormati on based on the
PIh2' dledhines inkt

read info I 4 iretarding was abrormally tsEmipatad ard)starts

| ater. V%@stérbﬁoﬁ eepr tHeN AeRipofdrya nhanRARMR! thfolm&tion V‘é‘ﬁd‘ ﬂl@i’t L@&#bnal
data will_ not be 15 vvrltten to"the recording nedium1l

r ecor & nginferaationa odhakisd the epmieoller 2 feady infigrmatien relammg ther defective area

controls [ r t

updat ed tfé%r}nﬁ;]or aﬁ;ﬁ/kﬁﬁ%ﬁﬁ@%ﬂ Igc%orér{g% i t@ﬁ'dl ﬁﬁ?é}tgsuﬂ] C%hogﬁ%#&ent
(DVA) of infematioar dinchpthvediadditibBal. inforenativhobased am teg aedd nigformation.
defective s _al |tt n.in are enent 20 area when a

def ect ocﬂﬁtﬁﬁgﬁﬂ??‘ﬂﬁﬁ'f’agﬁ%‘&ﬂ wil e %r]ovﬁgpicteﬁor i nstance, the position
information, e.g., a first PSN of a defective cluster and state

i nformation re\gldmedithg red:dird[ngexif&!‘etta e canplete, S@. Wwhérh additional data will not be
repl acenent. cl r. FIG IS ablﬁ@k aramlllustratl t he

structure® ng%%f’e r&‘???ddﬁﬁdmmud'?l c FRRPEdng nmedwim i agedsdo be

and/ or r efdlitedy thepRhebiG RicohtrEls e @@Bﬁﬁg/fadir@ bhie1 tPecdrd ttH@ most
recordi ng mediumdrive includes a pickup 10, and corresponds to

r ecor.di ngf&ceRHY HdatsHtempgrargn@nagement élaa‘@fraatr@ wetbemmaana;gelmwwea
onto the ﬁmﬁrﬁﬂhé%(’éjd‘ﬂgdﬂ%%"kim recording drive includes a

controlle has a a digital signal processor (DSP)

22, a radio-frequency (RF) anplifier 23, a servo 24,
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 onio 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.

10



and a systemcontroller 25. The nenory 3, of FIG 2, can be included
in the system 30 controller 25 of the controller 2. 10 During a
wite operation, the PCIN 21 receives data to be witten and a wite
command from a host (not shown). The systemcontroller 25 perforns an
equired for the wite

initialization of the recording nedi I . . .
operation. The 4 Qé’“r'tﬁé’PPEﬂt'ﬁ’g- m?eﬁ’émr':o?" Braivas fatg 1o Hgawritencpnd a write
encodi ng eimkiaRdd@om t4 A (ot dsHdwi)) t hehe é§§%én[|\' %némnlgggfg%rformean

additional data, such as data parity’'to the a, an ul at’es
ECC encodisiliaization of thegeeerding mediven, dagairdchfardne wrte operaiep! | The D3R 22

converts (o) L Ok | I e

o cup. 10T therd orfecfifl e G CHenbBila i Be, Bt SRR from the
si gnals ouPQULF 21y adlﬁn?iﬁddiﬁphélad?a, stilﬁihasﬁdatarpﬁrng ltey the Hatas [ehdorzzadblates
recei ves servo contr omran romthe systemio. . controller 25 an
per f or ns t3& &QCgcﬁﬂCPg?g\,ﬁiéﬁﬂ ’F‘e@p@’@_ﬁje stéﬁﬁt%"ﬁ %@ E%ﬁmwﬁef %3
control | egorifartal the ddis louysit Srdrh eh@ IDBRIR21iAtd 8n RFadighal.2 THeOPicktlS 10 then
recordi ng medi um 100 or to record information, such as tenporary

managenmenvritesftothereerdingdnediom 1QLusing doe MEasianal radputifeare the RF amplifier
speci ficabd y, ALOGARUR! B8 GONbTAN HEbIRS EbABdifioR chifridif FEFOHY ffdtem
I n pred verifies e

medi um eterm ned nunbers of clusters an
dat a wri temirdler £6andl perfams. sentd cantox fvdtit reispectdbdbé qickup 0. c I Tihet system

t he position inf ti.on r rdi.ng t def ect.i,v cluster and the

St at 6 s ni GITEIEGAS PRgRarEe Mrh B 0 S fastlesy Gans IHeSHBbrdit mpdkim 100
When the glate reebld iifRinnation,s saemPas ttempbrarpemdabgéinent iARr@atics, td RRe
system controller 25 receives user data fromthe nenory 3 containing

the wit decorfiR@mestmi§Ouser data transnmitted fromthe host. The
user data specifies the position of the defective cluster. Then, the

system cont r ol Mgfe SrecifiRafy, B9 3jRemidttionst 25 Qftes dHta G Bie RIROFHOF Fitiditm
the defective cluster and the state infornmation regarding the thdef ect
Vérg@r‘ﬂetﬁt e

into the 1N predatesminag nuretersiad clusiars aadyeriges e daip) clusters.

cluster. [ : : ' i i .
b Comib st SSRGS L LA ¥ R0BAT B I IS Brocive
initializelusten aofl thbestateciofatinationeegandinglve, defegiuanecstofed in the meatbry 3.
operati on,, The,pi c 10. ut, r beam the recordi

o um 100" B R B 1S BrofTp ol P lisbl s SRR My e
t heI . :c asegorieiier L6freeeives! ubendatahomethermemonnediantaididg. theheritBrcommand
anpit 20I eran2 ugé)rncyeﬁg ttrsansmitted 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 refiected 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
conftrol, obtained from the RF signal {0 the servo 24, The DSP 22 demodulates the
modulated data, performs ECC decoding on the demodulated data, and outputs the
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the optical signal output fromthe pickup 10 into an RF signal,
provi des data 30 nodul ated fromthe RF signal to the DSP 22, and
provi des a servo signal, for servo control, obtained fromthe RF
signal to the servo 24. The DSP 22 denodul ates the nodul ated dat a,

perfornms ECC decodi n% on the denodul ated data, and outputs the 11
ECC decode&Cddeeodeth8atar vidhe seper 24 rpasfosmp\asnve rmanyiol ©R thee piskurutd, in

10, in r : | I 3 I L

and the Sorngants the SV AR ot he R BRiZa end R qefd gl
The PC |/ éorimnant anutpredrfom tive syistesn controien2dl f TlerPOhiEE RSRhén sendsthe data
host. Alsg, .th e oller 25 Lnstruct the Lckup. 10 t
Fead” def cleoaNABERTRDRRR Iolop sty AT the Svatehh apmip!Re b e otmuct the
durings t hﬁck?dpd@&éadimal\méﬁaﬁﬁ@hﬂ infoiriation iffordNhé REESTRINGt MediRheq b0
I's detected, duri ng a read operation, in response to a read command

gi ven frofingthgdeed opREALoN. t he system control ler 25 deter ni nes

there is sufficient time to make a replacement for the inconplete
defect to aft ayiofcdhgpdctRBINGALAAAIMIEteCYEBtdE 'detetibd AuHRGS RRA" Gdrbn,
the systemcontroll'er 25 “can reproduce the user data inftially

desi gnat el reeponseetogRread rommandsgiven from therhasy andhi the systpmecaentrolier 25
defect, b ' ' ' I | t Y '

the useriiaramad et T FRELS hiRe s orfeiar B g iepoldlh Setect
The user afgrdhe pead opesdtipnvar eveanduringt the rdedi eperation ths sgstemncbritiodler 25

i nformati on reqgardi ng the defect..v 5.cl yster b CC encoded, and
writren i So IR ien hendsar oty Epsidratia dor pcReiie alstr aaniaiag
ECC encodgd intshmiletd Hefect, ageadififig WMfbinatlod ieghrlin@ the BefechERtlkRY iktBqhe
defective cluster in the replacenent cluster. Exanples of nethods of

rest or i ngusRit datar ARY SMTing Aheidisetdate ipl Asieplacgmendsclustsr.| ohke user ikta
Pat ent ; A ‘ ' i

Format i e oang el i HE oo Tuteer 4 817 (MR PEbn fedihing'the Rbrective
Reed- 8ol oflusteEQRY, be dr@Caemnaded andimeifienrin Sheoeplacemes) chilstent ePtherwise,
consi sting,of.24 BlLS gl t Ki . | . .
porti on oMol uper e EEC! BfcoddB o Bhgdq'ofmef i, the, Mrormation
i nf or mat | regardigpthd defectdfeadtisterindhe séplaserhentvalugteen. 25 More
specifically, in the recording of data in such an ECC format, when a
(rjg]::g(r:fji In; dﬁtsg)}aﬁgilgg o WRethold§ r&ffrgétgﬂng rd%?ae\sm?itt%wiﬁra tdrt]a?ec!ti%tclh.?slter 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 inforrﬁation 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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previously witten in the defective cluster containing the defect is
read froma nenory, in response to a wite conmand given froma

host, and is encoded into an ECC cluster. Next, control data with a
physi cal address of the defective cluster is 30 encoded into a BI'S
cluster in a portion of the control data, so as to make a physical
cluster. aRdressesel poeplaeement ¢lisier and inforraation regardiegl the pasitior ladd istate
whi ch 16 ' : re n | Ust er . .
ot or mat | S e GBfestive HRUELRI TelhraRey “NeRE HBCHNGSIGH (sl iy avriten in 2
cluster areplaceomrdelistédext, the physical cluster is witten in a

repl acenent cluster. US Patent No. 6,367,049 illustrates a nethod of

recording in f.or 8 en an.inco et.e defect is de d,
during a reada"g%%?ri‘to'ﬂ?' é#sﬁggéo'ﬂ'égrqt Sgm k‘gﬂ %fg'ﬁﬁﬁr ggl'\/@'ht%é)g?@at
host, 3. ewheR afeingbinplete Qlefisdtas dededted ndinthd Beredl@fdidratich) intsponse to a
replaced with a replacenent cluster. Thus, 1 n view of the enbodi nents

pl ac . ) e
of the pieadesammand aivesnroma hapleheamhefestivefiustercnatairing the defect can
illustrat j P 0 : '
opr otuaclt 1eflatbduitn 8 telbodflentolibibr. husl if GIcRELE My EhitRidhofE b Hfe
corr ect edpresents invention,aand uspan @pphcatioxto, thehelats structime allestratés in U.S.

encoded i E e n trol 1 hysi cal

addr ess aﬁ%t%gfgltoegﬁﬁofyﬁta{ gﬁfggﬁv? ﬁ@%g%fcé"& l?%t&g%@%%fa ?é’@ﬁ%l{béﬁ ECC
i ntﬁ & Bl clsu@tlbushera Blii Tlust@oaie oasrr@dte@@]ptasalrt]o dbtain ukFﬁgam( Nex@ thgrlﬂser
a sl cal cluster. re, thnhe or n .o t contr atal_s use as

2 FIoTa” [9Ptia Broenguid B &1 BGE Giapiphcethah el Gat aviing. physica
i nf or mat i gaye69aRd sBle INTSIRATIH 61QRe Hefectiva chistdr ér@%_n@!@&é@idtdt%hﬁelb%ﬁﬂﬁén

are recorded. Next, the cghy& cal cluster can be witten in _

r epl aceneifita gertien of controliaatay| thereby nhtainiagteophysidab clwstesc oare gherpantiomof
def ect ; ' r@ACOL i i ye.

can be w LB hoan BaesHo R el i B A ks g TofEok pa Blder
( RSPCs) (aekinfdreratian aegandingt thefpasitibuzrididtaiz0ofdpe dieféatine ichuster are recorded.

Ther efore,, the,present, inventiop is.simlarly applicable to

! or et 1 NXSPB S CRLIMBE bR Be igbn T eobt sl o

i nformati on can be recorded wusing RSPCs. Information regarding the
posi tion and dt & elsef passisitetot pedomh ustatingameditsn defectsinainagemention a

det ect 1 v S PuSRU e Aopatns medird Plupr PBREFN BRI e B orget
the rel i apdihg Reedf 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 atemporary defect management area (TDMA) will be described.
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recorded data, the position and state information regarding the
defective cluster can preferably be witten 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 tenporary
managenent i nf érabé @é‘gwrl tten 30 to a tenporary defect managenent
area (TDVA) wi itstdtes) &y recordipgamedium | spere area fé?rméédﬂmmgecordmg

medi um Spﬁ{e%ln.ﬂﬁ%fé&rrﬂgﬁ'ad@}ﬁ@rgr @Czﬁfn%'rﬂgl ’f@?‘ﬂhl‘éﬁ%ﬁ% %Ctdﬁgifbagﬁrslﬁ'% mggble

abnormal ly term nated : navol dccl den
a power f&cgidert. SURbT a8 aupcgvero‘amra Referapgaoeﬁi@nﬁ relplexteenent cisters, which

are subst e cl ar'e itten to are, area.

I n gener alF‘Fewss‘arBsetpt {z’?ge @éfe}é@ &@i@'{*s ae W é‘ﬁt? aPR{R faég"fﬂ'ed"\ sepagal,

spare fr eﬁeplmen’mgorf defect amoséqlmhttalhef%?mfeld}/mtt?etépg&é aféd t%?ém ?lﬁ-om a
ntially formed startin rom

| f necessar acenepts, can b e

a portionP B¥ th'P ﬁ%feé""ﬁ} éﬁemﬁmﬁﬁ?ﬂeﬁ%ﬂ gedt mqssa%e'eplgge@@e en be
clusters i

i or a1 SouGUIN Rihicf Raltig oS paitidh UCHR! Spark dise Wilh WeBfsst PN
and cl ust &h8 fﬁé'&%ﬁ@@*l%%@rﬁaaﬂ%dlw irdo tlwetyneﬁddt cldsterkr dystere whose

Focor d noforfch L BIRER Win EntiRb Ay o IR AMOLGT eI g clusters
Repl acenmewhosd irdfommatiothbas nbnbeenmpdated]aaimt tﬂmepda&r@@i €k replacement
represents that. ecor din Qﬁ?‘ Ff ect s abnormally

t er mi nat edUSEEQH WWOHaw £% R}e‘ﬁ i gCp e’?‘@gl% Péls teanpgemeant  was
be rest orQibcedSiuly @onﬁalétbbusﬁe%ié%‘énﬁhrﬂ%%#w&%th&nﬁtlﬂﬁtﬁk%d n8f been

updating a spare bit m (SBM which is aty orar
nanagenen‘ﬂpquW%rrﬁﬁqu@ﬁtS thetdeacarding Pngiluendeufeqtmnagweat M(aeoablmmglally

medi um r eEah NN, ?é@ilﬁngﬂbﬁqmﬁgéﬂn tﬂg?ig('f:%tﬁg i@ hate 16 Eg?%%hf%ﬁl ly

medi um 100, ere récording managenent Was
term nated and restoration of data witten in defective clusters is
requi Fed, 20 4@ Biitusteres diagsamstexplainiag ac mefihod of updating atsnaee bft map

the recor@ ' ! 0 f
t he recor@gr']lg) {r@g:lh %88‘)? hzﬁéﬁ' n@@%aéfﬁérﬁ@% gx?}orﬁ%égéhgﬁﬂe @g’n (g 6A
portions itdsttates rEecenmidlng medluumn réﬁﬁrdirigahtaaethmﬂlg Yeseatddiim haSBNPUWF a
arelndlcg&glgj not t |nclg8 e data in the ma white
rect angl €S deltt &Mf A o0 weiere ("EELIth g™ Hﬁ gl56t t management nwas
no data. dtfndrﬂhéllﬁferﬁﬁ@édlaﬁd rosarationisiaea wittBa ae BBfictind BREMRS |s/required,
ends, the %Fll\_zllé\n%gﬂ refl ect
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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‘updat ed recordi ng appropriately. Wien the recordi ng nmedium 100 is
inserted into a recording mediumdrive, the recording nediumdrive
checks a consistency flag. If the consistency flagis "1, the
recording nediumdrive determ nes that the recording nedium 100 was
renoved 30 froma recording mediumdrive w thout successfully

updat i ng t enpof B¢ yecordiggBRsimdiver saNSon RArtian oh the recording wediume 100

of the rogargIia Adate, hiiitel 3% BicLRM, SREHISLES WHEWRE 2R R il Witen
SBM and héwspotienher Inddhia way,athieu eddoyding i medinm idnive hettrreots theoSBM to
In thi 1 ' ' ' ts the SB .
preci sol yPIAsiseRE oL e Mot Tolk o o ol oeuG: ot uAs oentionsd
nent i opedabodlakie SBMés 8bivap shat spiiffebad reupedihd infsdigmr reeerdiidStafeeeith Hit
recording state with b values, i.e., it indicates whether

n ot : ]
clusters, VaHP®h '-Sr’e'talnlﬂﬁ-‘@&?sed"”!%h%r SHipserEaIWhich rateoplivgated deea Bhysieally
recor di Nyt HAs of B #drdbmBAiyRP100. TiSARCASE #hot e the Facording
all of ¢ to

drive scans usters that “are detern ne ave no data,
speci f i edmiediure idesiveBrans alk o clusterstbatcarel datermined do have yoddataotpecified in

contain s CHERKS Y feBE e Ml F8 ' bobl HAS AP pRRE d hew
1m0 s o, st L, S e v
otor di noURRAIEG SHYGls Wiiten 45 ke CEREARneRT ERPERApn, inineaTRMA, the

whet her t hed&ingsdfahs SEMifédmeieter or not. The is recordi ng nmedium
drive makes the new SBM by updating the previous SBMwith bit

values. FIG 7_is a flowhart illustrating a recordi ng nedi um def ect

management et ko $laliugirates @ recaidingrgiate alethe wcording pediem 100, with in a
I nvention I ; indicatdal ' i nc
recor di ngnaﬁ&ﬁlﬁﬁl} {Héﬁ é’rﬁ?lcilﬁlg@g?'gﬁsngﬂﬁ@ f?r‘r?%gsg%? e%%mﬂgﬁ%égj}%n%ﬁ?&hazhe
never lpeerecoeding mesiumi drivieonakes the: oew SBM dydipdgting dhe previbusv8Blowith bit
repr oduci \rpguggnd/ or recordi ng apparatus), the recording nediumdrive
reads tenporary managenent information froma TDVA, stores the read
information in a nenory, and perfornms initialization of the

recordi ng nedifkl@ 7 %A flewchert lustratingesr eadrdime ma¢diom defect pearsdgenment

702, if trrﬁ%ﬂ%o%aggcdor&i%%dainngm%%gg erpltio§ the tpr(-;i‘snen’t 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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25 enpty recording nmedium the recording nmediumdrive reads a
consistency flag set value C -flag fromtenporary defect nmanagenent
I nformation recorded in the TDMA, and determ nes whet her defect

i nformation regardi ng the wi te once recordi ng rredi um was

successf r exa i f the consi fI a?q Cflag =

ted
T e, P TREMORY 5 Hed. HnRGBHE S A G T EreRNa s med i AcTaRG Brea is
consi st erU@feétbé.ngaf\}V%rigﬂ'l A oxt rBSlacEhest clb%PféfPédreﬂhd%S ang mﬁ:rmaﬂon

successfully conpl et ed Is determned In operation 70
t he def edegansing pwtmagnﬁ@tatgmfcsaedgfmtwq/clup@aﬂ%dgtetctaqom apsgration 703.

R e e v

f or red re;h.lnsieuemerﬂreatedabased den ethtsedeted:téch pusittohelanﬂnsﬁtélanformataon In
repl acenent clus [ ced,, and |n mat i on egar di n

bosi £1 o Shatmtf @, s GBRERITTetiof ik piepted Sakackeh it eategitbfeatighand
703.. I n tReQrelibes teffidorafy Befer€ infbirhtiota MM @pbRAioAeToR:; tthy Serhb&ainE Hefect
and the replacenent 5 cluster |s creat ed based on the detected

posi t i on 'EARRIAMER: arad Epr%ﬁ* ioppdatad. operation 705, new def ect
information is created based on the created defect list and the

previous tenpaisandted e, UY F’ra@{t[rl%‘ 6,387 Qﬁgrlﬂ’ﬁé Rites’ Q%efr{?ﬁa f recordi

tenporary def ect rranagenent ar ea | s updat e not ove,
Pat entd Naiats jran F520 formalsin whish aphysital @ddressafoand informatiatategardingra

ECC for al ad

regar di ng, efedti@g"\(g Pr \%(582'?( %e‘rn grgé’wrl (—% C?L%q%'l ngﬁ@ﬁ%ﬁgtmﬁn?&%‘?m
during défhast lmalewgmfnﬁnbodlmﬁm of the piesenthventindianentsoroappiization to the
present ipyentio upon.a ta structure

i |1 ustrat®@f S &'I' EF”? algﬁ‘frgfﬁcpl%ep% E"?{ Sﬁ éﬁgz{ﬂ e CeMosY, ety atpdated
repl acenﬁéblaﬁérﬁéhﬁblu%tﬁ? &h det getertbd oM a SphbCar@heds ere%ofoﬂfd)hﬁﬁd'lﬂn
medi um |s based on tenporary defect information contained def ect

managéneMased PataEPoEY defestinforaationsontaiagd im detast Hlf’élﬁﬂﬁtﬂeﬁl inéeraation.
next to t %x@'%@ﬁﬁeﬁ ‘?H'rg@‘éﬁﬁr%nf: LSS nektSto'tha eté\&érﬁ refl &éél‘?t[\?eu#er

a BIS cluster a replac physi cal cluster can correc
defect | |IStrstharrNay auf ecorvie 2| BISt elustesinof aelpplftcedemysuﬂahsﬁtat@' camarbe

nt or mat COMRBtEE nSle "Betpf. G A RGr BB, BRRRTa Y, Fehdernpt lyggers
Next, newahesporeated bgfrefarringto Ithi@tpmslcalca?ddrbﬁse;y &ad ?tr]htsibalfﬂfedn@ﬂibd bethe
mation that . was.rea

i MIEER AR O RhTete. Nert BouHemactary dsfer infeavatian
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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- onto a recording nediumdrive. Also, if data to be contained in the
tenporary rmanagenent information exists and needs to be updated, the
data is also updated 25 and recorded as tenporary managenent
information in the TDMA. This enbodinent is applicable to both wite
once recording nmedia and rewitable recording nedia while changi ng

parti cul adefegkintpamatiop gantainediadbe diDNAt oNexk datehwritten o a sextljoek isaead
recordi ng | |!|’cse€od I . a i i .
defecti veaé:qgﬁésd# glr’ 0 g"%\?@, éﬁlﬂe%ethgg?éatgqé%)ﬁg&%?i tﬁ gg{ ?tb]fagrﬂa@b%gardmg
format, athd pdsiionsyasidcstatesdol dafectiredclastere writboimatreserve arba RSV shown
defective ster e itten .o a,replacepent block, first, a nost
Fecent | y Pgrtied ® PRl Aokidkpd By SomBEREHermt iR duatpliranc fulipment
the DD, 4asters erfe terentedabised Grd e Wbtainé@riRfimation.onNakh etk tefpBrary
TDVA. Next, data witten to a next block is read and reproduced and

an error defechisferaationds heated: dasedion: thej defeeidists @nd fingh tempgrary Wefect
S ons oo of . Lo . :

RSV shown e aipf @ichlis(1a8d Stfodih & efficry offbr eI PHY BOD 856

def ect i verecouding: meediunt deiye.adéniata t6 b wontainedaire the éemparana seahagement

e atod BESmatoR SRl § nBEA 1o b8 UphSIA i data fEhedh WolRREHd Rt as
VD oG T g O] the M O This heModoadl D6 petformed
Do 51 SR BT ocq P ARG BRciaqns, EebIRBeu oS Blediruhle shengiag

data is agatiulRdsy sta alth t A&brdifgte the ERAFRESKsHBS 3P aNRRbrding mediul
information in the TDME}\J.MThigs met hodgcan be perforned on bothgvvri tg.:m
once recodstidng nedia and rewitable recording media while changing

particulars of data updating, according to the characteristics of a

recor di ng ”EdiFltUth?HstSqestgl'H a8 writtdh ih%%f EtReFRisterdih ratlﬂkirig‘aﬁﬁfc%ﬁﬁéﬁﬁg

clusters in a linking area containing I nformation reg ng t
posi t Ifonsintonetationtregarding ke dufsitiomisvand | sistesr ¢f, the defactive adustelsy a most

Upoat e AR THobicl S60REARRHE AR ShAcht  HbasaTOO, ¥ et e ot =
t enpor ar yrecomlirig aneeiidm| bhsedrahi tempdiant defdat inforegaiodi cuntaiepd de dempbrary
orea to JBEEFIPTRRINRITEUAN, cYaraRAE: toRedoe soureabae dities: algdap the
the def eclepMReflcnt bRick- is Yexd fraie {8S linking tared a8 obthih WFormation 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 o 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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defective clusters and repl acenent clusters can be created based on
the read information. Next, new tenporary defect information is
created, based on the defect lists and final tenporary defect

i nformati on, which is tenporary managenent information read and

stored in a _marmrﬁ %r}the recor di ng nedi um\ﬁ@ | oaded 25 into a
r ecor di ngMedE 1@Hle @ detert Management area 3dha TRMAJOL (peorling Mpsting dpfect

manageneniahBh&hent, Wﬁr@é@ﬁg‘bﬁnéﬂﬁgioﬁ‘?ﬁ%e E@Mﬁirﬂ@ﬂﬂé RAritadle recording media

information 1S uPdate and witten as the tenporary managenen
i nf or mat i isreptienal. TORKRbe Tompatiblenhwith rewntable seeedipgrmediaed 18 rebommended

wite onc of cd | [ l e 1 rding. Iis '

changi ng. 12t FECdfeEem By araRt af2 b8 Wite SRER 1EcdHing 62 B S o that
char acq er ¢fstthes r:'evzlvrita'ﬁxlla ar&c@;m_ﬁhdi)lrlgedfadi amd usedt dduemty alupﬁategattamporary
restoration nethods. are applic e pot wite onc recordin

redi & andmRBRpeTER BlrEaph wif & TRMR, B wified irine cefi mangement
recor di Nggred GuimEirécdrafMy medmmifhaEktibRnagenent area and a TDVA for
recordi ng medi um def ect © managenent, whereas the inclusion of the

TDVA into the rewitable recording nedia is optional. To be )
conpat i bl e wi t¥e dgfect aparageseentdmgihodedescribed’ hereine Fynbe REabodighas a
t he defec ' Lyt re | |

to that £ uPyReeRatmiildud K by o Rrfae. | " TRe Do EEPhg Shed i o
updat edl teompputer seadebleagedivm. | Whenntheipsogram istread iandirie by aveomputer, the

witten inp e ; t ,a [ i Iy

i nal  zat RO oG el e R Ringn: Hole il SRuAFPRlE B TR may be 2
enbodi ed magreticc esqundiag pedwnanah hedticalbredoeding mégium, aonp waerer Whee, for
program can be stored in a io0 conputer readable nedium Wen the
program i & 8 and run by a conputer, the defect managenent is
performed. Here, the conputer-readable nmediumnmy be a magnetic

recordi ng mediTHigs, ag déycribatl dRve! ehil@direhts nof e Fresantrin@gntivavgrovider a
exanpl e. Thus, as described, above, enbodjnents of the present
i nvent§ onMBHSH daPrRaratlss, naid o GOMRKISS, ERanable nediymp ulos r rastelihgo | temporary

medi um f %gé?%érﬁéﬁﬂ?f&rﬁﬁﬂﬁﬁ?fnﬁlud ReifRpERly HEfeRt MRS Rition! daptaid @hich is

tenporary d ct ormat1 on contal I'ch is witten to tenporary
def ect naweiggmientemposary(defagt)manegssnentajea 6TRMPBIdI ment s of the
present invention, it is possible to restore

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 fo 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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defect information witten to a defect managenent area of each of
rewitable 20 recording nedia. For instance, although repl acenent
clusters may have substituted for defective clusters, caused during a
writel/read operation performed on a wite once recording nmedium (or
arewitabple recording nedium, a.recordi nedj um nma be renoved
froma r e'@oﬁ?'éﬂ ﬁﬁ‘%ﬁam vitnayd W?H@Qtfr%éggﬂmﬁﬁpr%f &P\ @f dhag vention,
i nformat i g dddpd of WHHIRIRFheABYARE BRiths ah8 IheifeuivaldHls. L O an ,
unavoi dabl e 25 acci dent such as”a system power failure. Thus, even in
this case, according to enbodinents of the present invention, it is
possible to restore tenporary defect information/defect information
witten to the TDMV def ect nmanagenent area. It is also possible to

restore alngggf,-@p?' plicaBitk SBM that has not been updated. Although a
few enmbodinments 0O € present invention have been shown -and 30
descri bed, the present invention is not limted to the disclosed
enbodifrents. |RaPAdiEuiar: thep Rreseyd ypRkan £Headbeyadyaiiagequsly applied tthea
art that : e ' ' dj o A épy; e j
fromthe %lr&?ﬁgl lrggéﬁgﬁg ds?%lgr iotr oip ?ﬁdgﬂ‘}gﬁe@ﬁﬁ?otﬁ%ﬂé‘é op%tugf B%%H(I:{%f
i s defi nechépkingnehethar asysteth otayihavedeendmpnepsarlyl priveredicdl.  However, even

2tvant agebas arorils TG e sl HERRAbnREER, BTt o Bremdmpraperty
and/ or 1 esowetedmf i prisent dnpatibe enfibles Hies kedgdingahbaiunbd v teeperfdiin a
have been inpro en“¥éﬁémered of f. However, even 1f a recordin

. g
medi ulf drVUtE QRETRE? drsiprationeef datay iy igsPRASE AR @nhoshrAWaANG or when a
pover ed OfgbordifPmiddRiTR Y IobB¥E HHtb & F‘é@:@ﬁiiﬁérﬁé&ﬁ‘urﬁ%?i%ﬂ' ng mediumdrive
to performa 1o wite operation and restoration of data, in response
to a host command or when a recording nediumis |oaded into the
recording nmediumdrive. 19 CLAIMS What is clainmed is: 1. A recording
medi um conprising: a data area di sposed between a lead-in area and a
| ead-out area, 5 including a user data area to record data, and at
| east a spare area having a replacenent cluster in which data for
replacing a defective cluster occurring in the
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user data area is witten together with position information
regarding the defective cluster; and a defect managenent area (DVA)
arranged in at |least one of the lead- 10 in area and the | ead-out
area, to store defect information idesiafigng positions of the
defective cluster and the replacenent cluster. 2. An apparatus,
conpri si Mihaisofaimediisg/ r eadi ng unit to record/read data with respect
to a recordi ngI 15 edi um con$r.i Si ng a data area di sposed between a

| ead-in area and aﬁE%? -“yﬂgnéll @Hf"'c HLH"&mghg a user data area and at

| east a spare areag@ataifed diiseaERters bUsa@in bR¥a afi¢BlIésd-Bat drea,
defective cluster occurring in the user data area, and a defect

managéeeicluding 3 max)dada arerytiracerd datapandiad leasi @ sparaceeea Badngiee

| ead- out , ) t S
recor di ndFPEEamSE Eeter hy S FotaTor BHATHE R Ao R difeteb Blsuring o e
def ect i veisel dateesreladg @irhen togethedalith poxitioreipf@friation rebardief thet deofective
cluster of the recording nediumon the replacenent cluster, in the

spare ar G#5e @AE recording medium and to record defect information

identifying positigQ ' I ; t -
cluster in the def gcc‘ljﬁfggtfrﬁ%ﬁéﬂ%ﬁ%ﬁfé?ﬁ%ﬁh{%ﬁég?@?%gﬁgégﬂI ng‘%g lead
medi urd ii2@rea and the lead-out area, to store defect information identifying positions of the

defective cluster and the replacement cluster.

2. An apparatus, comprising:
a recording/reading unit to record/read data with respect to a recording
15 medium comprising a data area disposed between a iead-in area and a lead-out area,
including a user data area and at least a spare area having a replacement cluster for
replacing a defective cluster occurring in the user data area, and a defect
management area (DMA) arranged in one of the [ead-in area and the lead-out area;
and
20 a controller arranged to control the recording/reading unit to record
position information regarding the defective cluster together with data for replacing
the defective cluster of the recording medium on the replacement cluster, in the
spare area of the recording medium, and to record defect information identifying
positions of the defective cluster and the replacement cluster in the defect

25 management area (DMA) of the recarding medium.
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