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,
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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
repeated|y 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
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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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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 the recording medium,

25 and a temporary defect management area storing tempbrary 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 provi-de a nethod of nanaging a defect in a
recording nedium including recording a replacenent area for a
defective area of the recording nediumin a spare area, and
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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 controliing 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



s The determ ni ng of whether the recordi ng nedi um def ect nmanagenent
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20 The updating of the SBM may further include recording an updated SBM as
temporary management information in a temporary defect management area on the
recording medium.

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

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

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

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

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
illustrate diagranms explaining a nethod of restoring a spare bit to
map (SBM, which is a type of tenporary managenent information,
according to EHethisra B%slsdiﬂamm affa melweoqswtgemdlonmmdmm%ﬂmme that

ot hod, acens, g SRRl e B g BE FICT 2Bl g an.

Best nopde eintrodmnenwfrtge@msmhmvbnﬂmm ion Reference will now be nmade

in detail tot odi nent s f the | nvention, .exa
which are ill ugﬁ? ‘{r@ ?ﬁ'ed ﬁ&y gpcﬁraa ng FmRdiun,a ‘qua’é'g to an
r ef er egce empFiEBESt deﬁQErégént hﬁehm&p el enent s thr oughout The

enbodi nent s are descri bed bel ow to explain the present invention by
referring to t G §ustates spprecpieasindhe rpeeming medium daimedch whesfdefect

acconpany R od! P LRpARE i) s, BerkFRElyTEnBd Gue, o an

r ecor di ngunediidable@eridaotsuch asya poweefdilots;ment s of t he present

i 0y LT, SR b, S IR S o

r ecor dp ng nhey €SBMY, wHih:ﬁ |ee@<w 8 tevepbranry h%agemémctﬁﬁ:rmah@ﬁdawbrdmg to
area, a data area, and -out area. The lead-in area is |ocate

in an |nn@F‘°§5'§F?"15’|°dl'H%ntr(g$'Eﬁ HT%Q”WEH?’EFH“NO and the lead-out area is
| ocated in an ter; h dign

i s present bet Se@en?t f[ovgzttj'laftnfﬁgétgé;tmg g '%c %@%@tgmapég&tqﬂéﬁ?ﬁérﬁgm
enbodi menmetoerh @Falrdjﬂ@tvdarmmeroﬁmbwﬂ@ot d%ﬁha rgegentanventing. sane as
those of a CD rewitable (CD RW, and the data area is sequentially
divided into a spare area, a user data area, and a spare area,
startiing Besbmotbdon caraiingeuttthenvention ecor di ng nedi um 100. The user
data area is an area 6 where user data is witten, and the spare
areas serve t oRefenpeoes alile nber bé onadé nntd‘eeall te the dembodinets of th8eresent
user data, are‘a due to defF ‘_‘ Si n@% d(tecﬁ ﬁlen occur _on, the

r ecor di ng"¥EAlIRM SKEPIes Of Whitheare ystrate RECOMRANYRYD giguings, pwherein
areas be jigd loreAdiRe SuabrdidIdéfeR tb N Fke ERMENRS thiGighdt@n Phé ldmBWRliments

witten on the. recording
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

3¢ 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 medi um 100. In this enbodinment, positions of the spare areas are
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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 iead-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
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i nf or mat | Yhtters A6ELERRANG ddtebioak GHAL bf TRNAGBARNG mMedidhPH0 SNwhldh 4 Rfect
is to a defect nmanagenent area (DMA). The tenporary nmanagenent

i nf or mat i D¥istscand emacasenfetestad drfeetive aran yithea replacement argangThereatter,
defectiv r Si ' f oLaLy.

dof ect | maBoeatoRe. 2, GRateR RRalch TGRARTTBBI Bp&MSns 37 Ind SFRRPE Yarea
i nf or nat i amd thenrgpdeceimentaarea, and biosestheocheatadt informationdnyihe anemdef Bctif

i nf ti [ ncl , bi t SBM .t hat 20
oo cae e ettt e sttt HtEfe i RRACHY & predetbEatibe el g veanvralire
areas of Wwhies theswred fgormationin Eempbieryl difédtmanaiermestadreh TIDMS of the
defective arieqla is witten to the replacement area, SO as to restore

this i nfJeRBIdNh MAEHM JOfer dniprmahiareweian itar tend A iscsaliest teraporary
updat ed, rﬁaﬁageﬁ‘\@ﬁt’"in@d}m&%ﬁpbm;ﬁ)ngﬁgl@: fgg?t“ enﬁﬁeﬁeﬁ?ﬂﬁ&rﬁéﬂ nu\{vﬁtéen

25 occurs, even though the defectiv en"replaced wt
r epl abendft agefact mEnagemest aiea dPMAIgarfhientgmparage managesent daformation

opectl) SeiinP ORI IoRET, S, ARG T B, e, o

i s writt esortespandiay replasesment iareas, amdr EphEranedefect nsdreigemidntinfosmation
substitute for the . defective cgluster. The information regardi ng the
dof ect | velO% FiAnARIG 17 tarepossts BrfoRt EfamatBn. o o partculEh, i e critbalment,
posi ti on thBdembdify eefddt enalRigefidnt SrfeinicRr inclulfes @ ﬂ:&d& mma\esg(ssnn) that
defects include detects caused during recordi ng of data and ef ects

caused duRPYigesdpiomnatien der identifying,ayaiteble geas frome upavaitablsm areas of the
i nf or mat i @RordiRPREdiuRg 1666 defective cluster is considered address
information. FOor 1 nstance, 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 desighated 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
g



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 all addresses

of the recordi di um 100, can be express s. the position s
nf or mat | SRVOTED EoRTioUR2IYSioRE SpRer fiBibers (s el A VL SSRsted for the
bytes | ongefective @listée d ﬁmrm@w@mth@e%eﬁmcﬁ.gger%f@%f ‘éb%ﬁ{e?osition

identifies whether user data witten in the ective cluster
equi val eninfegnafinsy thgeacd. wihe siga of theapesitioraintarmationds asinitrof hytes, so that all

identifie r d 1S efect i ncoppl et e...
def ect. ?Héﬂ%%r%% 8% gﬁ%ef%?fa Irr‘%pﬁnggg’ﬁ?y @a’?c 53('1& t? t %XE’F%%S%SI (%gel f position
damaged aiforaationt Ueriinstaoce.ethe gositionl infonnatiommay e abadt dubytes long.
wher eas t i nc l.et e . defect represents. data . that has been

oot oot cn 186t G Lt GorditR e dbietn e Hanlias wiealaer usersdata
conpl ete qeitteAtin tHatdefadtivet @bstep i$ BEUIVABhAGS IBEE dEtal@hiBENTRYa F&iladment
the sane as data witten in the defective cluster. This is because

data, whi EWsEiceN identfies weather theidefest is a completerdafectvar an insomplete defect.
conpared t ' ' i

defective ?:’Y‘%g"t% (ra‘!rib,’]Ié t%a(g&%%t \%ﬁr%g?ghé/F‘ﬁ&?ﬁ'gw?se%ﬁ@%&éﬁt%#‘éé?@ran\?m%%ﬂgt be
conpl @6 e defrectedoand thusicanngy heetsaddoutg whkreshst thet inevmphate tdefget represents

h , ' aat ,ect . but

(ot “snoud oy aF et peER satisfieg Biich Brore HheBlGtRcSafRarh dtin o f Bhintect
the recor i mgompibite defddf, datd Weitten & tietiepthcefmetif tiusterdhay A6t 66 M SArhé ks
2 expects ite. operations o have been term nated, Next, the

cont rol | ofiai Wite i (he dripetive qlisten ndiis becanse Aataraviicty shouig heve desn

11 10 thewrite 9h Ghe Hefe@RENEuSBY, Leohpaed! t6 W 'dlt# thi¥€actually ends up being
recording/reading unit 1 to wite that defect I1nformation to thg

r ecor & ngWHEER imthe glefeuivet cuyer angy hanwiditercin therreplacement ciuster when a
updat ed f?érg@fé?é %e%dtto%cﬂ%eﬂaﬁl’lﬁQﬁ%oﬁ‘giﬁwgmétgeﬂhgt s%%tﬁlgrﬁ'géq%rgg, such as

managemnen I nformation can enever “recor
conpl et edvidaoaata.edet ermi ned recording unit. Also, the controller 2
sets a consistency flag when recording the tenporary nanagenent

i nformation i T | r.. 0 t t rar .
managenent info i§ %ﬁé&%@%%ﬁﬁé%@&@ﬁ)& @@EQEgWBﬁEP iﬂ?ﬁ 5%‘”’89?%“9 iagd/or
not 30 updbedingeppbratas) tanamoveldlind eecaeding angdienc hO@satternmperding of data,
failure, gven t O}Jeghthe . . .

20 e 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 controiler 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
consistency flag may be set to 1 . Wien the recording nmedium 100

needs to be repoved froma recordin diumdrive after recording
data i pPEAEPEs i g APt Becronsistaoy-ag ey b ERkid bn. When the recording

consi sten r i i
medidr 910 Mebds td BeSenidvel f?&gaf 1 ébr&iﬁ? rﬁééfﬁvﬁ'phi@ilngéf‘ﬁ?%bﬂrdmg

updating of the tenporary managenent _I'nfornation, )
t enpor ar yd@i@nifgriiedatermiask writs enafter a iwrike Ioperation: the consiatency dlagi may be

in the ne I | r i di ' 0.1

ol oaded. 1355 68,6 28, WTebreSet pSuRbelell WRERRE JUF GGV pahdgement
consi s§ enirjorhatipn, while the teenpoatyrmanhagenierddnformatiasistfirally updated.
recording was abnormally term nated and starts restoration of the

tenporary man nt 1 nfor Lon and ot.her additional io ipformation,
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managenent i nf.or rraaltg-g and ot her additional 1 nformati on based on 1he

read i nf offatripllen? qrlermings thatdbe regardingwas abmormally teemipatag ardystarts
| ater. Whgat egpr tH ap t =¥ Lti

dat o ui 11 oy apof COE" e AeRipofdyE ridnageient  Mfofmifon 15T Bk 2Btional
r ecor & nginfermatien1 00 hakisdthe: eordeller 2 reads infyrmating reganding ther defective area
control s r.e [ | [ r t recent |
updat ed tfarér}r'g]ora a?@gsga%gééﬁg%& ?ﬁ%@rén'%% E)aﬁdi ﬁﬁ@%]tgs dtp'gc F%ﬁh%@@ﬁéﬁ?ﬁ#e&ent
(DVR) of infermatioar dndgothediadditibfdl. inftwenatishobasdd @m tlegaedd ngfoamation. A
defective,area,i,s al so itten in a replacement 20 area when a

def ect oc@%@ﬁe%H??‘ffﬁ’%'f)@\;%?fﬁﬂﬁ‘f"|"&? UPV'HEFEE. ®Eor instance, the position
I nformation, e.g a first PSN of a defective cluster and state

i nf or mati on r egéuedithg retdrdindedfatdta e completd, 9@. Whén additibnal data will not be
repl acenent. cluster. FIG agram il lustrating the

3 bl ock di ,
str uctur eVBHeR Pe H?Q%d’ﬂgdh%m%&?iﬁfp (ﬁl":?c ReeEding meAm effb dgerdrfo be
and/ or r efqitedy tABRVNAbIGT 2fcohtrGls t%ek@%ﬁ!iﬁd/f&gir% Ghit 1 tc?gec%g[r% tuthfemost

recording mediumdrive includes a pickup 10,” and corresponds
r ecor di ngreceatly Hgdaterttemperargin@nagement dgorraatian incthieUdise ddanagamend ddea

onto the i 14 2 recording drive includes a
controlle ﬁ?\ﬂﬁfﬁ&h&&gg&’gﬂy@%%n&iw 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 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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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 PCI/F 21 receives data to be witten and a
wite command froma host (not shown). The system controller 25
perfornms an inpitialization of the recording ne iu;n required for the

f red . .
wite operatioRuring@ Wde operation; the R el dpeelves datactor e yriten and mowite
encodi ng minsh tga ' d th F aggi
addi ti onaleada_t a,_dj?tcgﬂ gs H?ﬂ%’ﬂ_ gﬁ(gaﬁliflé‘gmf 0 'ﬁ!l% {}gtté{% gﬁﬁtr%éu?gt Qgrforphse an
ECC encodénitialization af thepiesaeding medaan deauiréd fordhe wvirite operation. i TiherDSB 22
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si gnal 5 ouP@UI/F f21oby a?einlﬁ%daimh'agd?a, s&?mhaé\daty paritglty thé Id@tflemnggéulaEies

borform 6 FEGoAITPA.IER TodpBradaimines HRtA damiel. Hie &% eamifier 23

control | egorvarft 2 dMatduphiSréRanti BErR2lRtd anw%igﬁﬁl.a ‘i‘ﬁ%?dkt]?ym then
t

recording medium 100 or to record information, such as tenpora
nmanagenmenwrited tor thetreeerdingomedism 16¢ ysigrihe Mfusigneh@dpulvibers the RF amplifier

o | _ . :
o um 18°% 0B CPSTORERL R SORRLAY Fefehres H sl oy FERT S Bger
data weit cemrolertdbcard pstfems servd cantielfiweitit respedietoetheqaickup 40.c| Tisd eystem

the position infarmtion,r rding t defectiv cluster and th
tat o nt GonRs 25 Bt PahES e pidve B e inhdmr 4% HEoRRS redium 100
When the datia yéddrdli ipddriifiohs st@APhet noraiye niffagemdnt MesrRfatied, 6 hte
system controgller 25 receives user data fromthe nenory 3 contal ning
the witerqeondiBgdediumntPOiser data transnmitted fromthe host. The
user data specifies the position of the defective cluster. Then, the

system contr ol Meke SPedifiécMyRAE 3YSent EshtioNet 25 Wited AhtartiaRhé ‘Pébdr@iﬁgrn‘i’édi@m
the defective cluster and the State information regarding the defect

into the (8@in peadeteymingd numbersef dusderscandaveriios e data wikeria the clusters.

cluster. rJ e t:) ' " ‘ | pes :

Cesl commt st ISR cOBRAhy St ninkl TR i ydocive

initializeusten afd theestate infalimagionedpandingl 0@, defequiareedidred in like nesdory 3.

operation,,,The pic 10.0out.put.s a | r beamto.the recordi

mect um 208G 186 d4tRs veabER R SoraPRH o2c PR, U8t O, BEREES e, sygtom

t heI _ :c as ebgﬂﬁﬁ:&!@rf)_@f tezeived sep tatdhfromether slen@ryredeontaihtiy thEh@rifdcommand

t

anpt| 2(|) er an uggrn gaetré t?ansmitled from the host. The user data specifies the position of the
defective cluster. Then, the system controller 25 incorporates the position
information regarding the defective cluster and the state information regarding the

defect into the user data and writes the user data to the replacement cluster.

During a reproduction operation, the PC I/F 21 receives a read command from

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

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

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

11



the optical si'gnal 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&Cugesodes a?ervwezaewer%rnegf%@ﬁvsﬁ%mnypl o thee pigkurutP, in

10, in TRIPGASES the E&ggﬁsrrgrpaé%ugﬁgut oY R R afg) 35086 denfd gdritrol

and the servo control rom-t he em contr ol
The PC | / sorpmant enitpidifeaim the sysiem controieén2h f'FhmPCHéF Rérhen Bendishthe data

sz é def e%ce{\rfgﬁ é?ﬁner@blgﬁ%{o%%q{gﬁﬁ tthé%&é@ﬁ{ aéﬁgoll%égﬁﬁﬂgﬁwépmcﬁhe
durings t h;acktqadOctpereaﬂ|dyfnectl\maaawﬁmtfmfmdnbﬂon iffor@the necortingt Medidfre 400
is detected du g@gorea operatlon in response to a read conmand

gi ven fro "E‘Wet BEAUPR- t he system control ler 25 determ nes
there is sufficient time to nmake a replacenent for the inconplete

defect to aft@noﬁ&@éoﬁm@upneémn@méte%@ctdgrdetm:téd]auﬁﬁ@% fé%rc?dér&fbn
the systemcontroller 25 can reproduce the user data inrtial

desi gnat e TE8PORSStoRFead FoMendsdivan tem: thphasy aﬂdwéthﬁhébﬁﬁnb'ﬁ%tm“ef 25
def ect, J@H‘Hihag éhé]fe% i tftﬁ%fodgﬁﬂetd“%p%e At¥6r méJﬂcﬁﬁqgég% Uefect

t he user ata an |ng e user tailna rep acenent
The usker aftardhe peay opesitipnvari avearduringtthe read @peratmnc thes systemncbritiolier 25

wri ot on i S FERRieDfhel e G SIS SNl Br TR ot8elie (ERR SR o
ECC encodtd incempletd tefect, Qgeédtﬁlﬁg fbrmdtion regéﬂmgithe)ﬂefebﬁw&ﬂbm intbehe
defective cl u‘iattﬁﬁﬁl n the repl acenent cluster, | es of nethods of

rest ori ngHFAt pg iting Hheydissedala i) %sftes'laC&kae clustsr.| olRe user gata
Pat ent  NogreGiogSig VAN ih!tHE defdctife JUSRIr tAb |ﬁ@%éﬁbﬁ%d¥?&ﬁg'tﬁe derdetile

format with an ECC cluster consisting of 304 |ong distance
Reed- Bol dF’rtbﬁeE(I@/ be aEfaCaﬁflﬁ@ld@ anﬁw&ﬁe@rm §b@d@§'@ce-|esj clisten ePtherwise,

consi St' fthe4u %rsﬁataarg od’éﬁk'aﬁ@ \%ttér?ﬁce)&édxﬁt ol‘H\%ﬁ@% iRformation

portlon ontro data rra ocat as a
informat|mgamwtlmdﬂjecte!beﬂmsteemdham;ﬂa@emmt\mwsﬂeen. 25 More
specifically, in the recording of data in such an ECC format, when a

def ect . I S det g%ilgé”o'f WetRods rolf fré’étBﬁné’ B%Faeaﬁméﬁt.ﬁ ra td@?ectloét ll.?slter are as

recordi ng, user
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 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 nmake a physi cal
cluster. Pddwssesnef pdeplrepment clnster and information regandieg the pasttionlzumdi state

whi ch 16 | : re egpen 15t . .
i nformati gﬂ)ﬂ?éeg%}lrf%ﬁtl% @ﬁ%’égﬁgfﬁegér%ﬁid @{eg(f'e{ﬁ%okhﬁ%}éad‘gpsec[) ﬂ%ewratten n a
cl ust er areplacsmerdetustédext, the physical cluster is witten in a

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

recording in f n.,.nco et efect is det d
during a readaggﬁwﬁﬂg%ﬁs?ei%gﬂgﬁr?%sg %&'{9&8 %ﬂWﬁﬁf#ﬂn%i‘W@H %eq?@ﬁ?'éﬁnat
host, §.ewhed aleireohiplstecdefsitels dmoitatndigng beredal @sdrafiom inb@sponse to a
replaced with a Trn(%;gl acement cluster. Thus, 1.n view of the enbodi nents

of the pFRASSRMIADEAYIhITORN® hosh ieahArlestive flustprianataining e defadi can
i11ustrat EQ rbflabbPwithPR 8 acRenf cid8ier. 04Phusd irﬁ“?fiﬁ%‘f@? It diherRofife

reproduced and errors in an ECC to (% uster and a B uster are
cor r ect edpessent invention.aiendugroen d@pplicativexto théslata estructireaillustrated in U.S.

Sress npaterf Mo 8ad, 0404 el cfisti @in F6tShBhkled SR an ECC
;nt(r)] 2? E;&Iusieus:-mdra BiS rclastpoats oorrefted et aolto dbtan uskedaty, i) thengser
pny

| cluster. Her the portign of t contrqgl data is used as
e a” Hetnfen bes chares 88 BF 86" pibiencorhan camiel diBth oind physical
i nf or mat i gédress ahdistede ikteratdr bomeaifedthvalcfustér ér@%r&%ﬁ@&%t&fﬁhg@aaabr,

are recorded. Next, the physical cluster can be witten in _

r epl acenelfita ppiign&f controldata therehyahitaniagtaophisigad clistasc o Heregheapattiomof
def ect ; ' r | ' |

can' be wr TErantoh ol Byt e BNl it RS B ok ok rork hter
(RSPC3j (arairforsnationaeganding thef pasitiovbareistatoofthe deféativeiabuster are recorded.

i or mat § ONeRe RS ehL PEE bR Ba s Tl bRl iaiiat oy

i nformati on can be recorded wusing RSPCs. Information regarding the
position and dtds elsal passibleettt pedorh ustedirgametlivin defects ramademention a

def ect pveDYRERM G50 aEfiebiind methid Pls 2DEFR AN CRUSTER" Tl B St
the rel i abiihg tRecdl 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 nwitten 30 to a tenporary defect managenent
area (TDVA) wi émé ifjustrdies ey recpdingamediym | spare -areg fermed owhemgecording
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datin 0
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updating a spare bi which is a type of tenporary
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medi um 1 eeAiiHaAey ?éétﬁl%&ﬁb%ﬁﬁéf?fn' Q@@e‘fébti@@ cﬁ%r@f a@e th %QQ%QJOP&

medi um 100, where récordi ng medi um defect manageme normal | y
term nated and_ restoration of data witten in defectlve_cl usters is
requi ted, 20 di§- Bl itystegtes diagsamgredlainiag & meihod of opdating et spage dit map

t he recor(éerm WATHHUR éque df'eiélé?\g @%aé&#&rﬁ&@ ﬁ?orﬂ%?ﬁangﬁ'nogﬁ@gi @f BA

the recordi ng nedi um 100" t hat gray rec
portions istrates ree cegatiling rr@dlumnmcdrdiﬂgamtaietbmhg ydescrbédiim apiSBNYUWf a

are |nd|c t cI dat a i
rect ang| estcglcean'gf még "{nlqor‘l &Fﬁrg r'&&et H?thnﬁa&% %E&Swwaasmea f nwas
no dat a. al:indrhﬂllﬁﬁermmedlang rﬁﬂdraimncbffdmé WIBBA S BB fictind BRISTERS isyrequired,
ends, the JBI}@&A%EI] ﬁ
I trates 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 recordi'ng 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 recording appropriately. \Wen the recordi ng medi um 100 is
inserted into a recording mediumdrive, the recording nediumdrive
checks a consistency flag. If the consistency flagis "1, the
recordi ng medi umdrive determ nes that the recordi ng nedium 100 was
removed 30 froma recording nediumdrive w thout successfully

updat i ng t enpof bg yecarginggenedium idriver saansom partian of the, racording miediune 100

recordin e (oF i | I on.

of the rosarari ndfata: holaRed e PR, SRE HELAY WhguRE 8% B fla Whiten
SBM and irhéwedtspodtiet her Irdétia way, atheusdcoyding irmhédiom idaivé hatrrepty theoSBM o
In this way, .the recordin diu ri corrects the SB o] .
preci sel yP qeé\{:{effeﬁg “F%é%?cgﬁwg %pf'% 8%/@?9 fefor 'BE(ﬂ“E&HB‘ %é1 uf$ Toentiongd
ment i onedaporaANe SBM s 8bivhp Shat SpRRiffeb retBRIhd Infsdidm! RESTHHG SlatB Wit Bit
recording state with bit wvalues, i.e., it indlcates whether

cl ust ers, ValHe®hianelt aindis@tase vheather shiptareamhjch rareoplicasted deea physidally
recor di ”gréE%gﬁm% 339% of BHY ?%@ﬁb%@&ig@fﬁoo T&@ééiﬁﬁ@%&'&%ot.ﬂﬁé‘ Pcording

drive scans ust er are ermin ave no dat a,
speci f i edmediun heveBhang ak ok siusters Heatcare| detéreminedidd bhalve ywodiataodpecified in

contain data d, make new,i @ SBM.refl ecti ng the checking result,
Ton A, et pRE SRS T Bels sl i S ok ot SRR, 9reP makes anew
as tenpor 8BM refiveyagahé dhetkihgtresam, i.¢l, ithepddd\thd previtld ZBMIO Wheh e
SBMis conplete. FIG 6C illustrates a recording state of_ the

recor di ngHR%Pﬁr§QMO'? Wiitten i@ iemnQEayImenagement idorration; ingtheal BMA, the

whet her t heq4 fhS SEMIAddm@aiea or not. The 1s recording nedi um
drive nake'gdtk]g%new SBM by up at&?ng the previous SBMw th bit

values. FIG 7 is a flowhart illustrating a recordi ng nmedi um def ect

managenent etk @Catiusiraien recaadingrateigi ofete terotding prediemt 100, with in a
rocor di g aar o a8 ereitoll indicatel WARRLF NG B Sibhe Ml drndt 2o
never 1Heerecpediig masiymidriveondkes thet meva SEM by dipdgting dihe previbusv@BKowith bit
repr oduci n nd/ or recordi ng apparatus), the recording nediumdrive
r eads teﬁ%ﬁ%&ry managenent information froma TDMA, stores the read
information in a nenory, and perfornms initialization of the
recordi ng nediki® 7 éxE fedchant iHustratingea rreadrdinuenatédiom defeco pesradgearent
702, if trtt]%thloo Q&%réiﬁé cr)de{nngmggg{nlljerﬁt io? the tp)réisr]ent 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
“information recorded in the TDMA, and determ nes whet her defect
informati on regarding the wite once recording nedium was
successful |y updated. For exanple, if the consistency flag C flag =

1, the dBPeTEMARY & FBRFoIeRISIHYM G fhIMQst reraRtyafaraTedafaplagemant area is
consi st engsteétedddital Wﬁﬁelﬁg’l iat itbxt rBS1aBement glh_@fe?rié'r?éﬁrgﬂuﬂ@ﬁ anéj ipﬁoépation

successfully conpleted. Is determned in operation 70
t he def ectedriling the Pesition gnd stateof ;& defegtive cClusteitie detacterh dn apgration 703.

defect into P ntAj Iyl . r n I af o tion
Fecor ded TnoPaatigh 700 P8R S hafhind Re cRidoiTR"GPAF o, BeCteliicefont
f or meds r eglugter riendreatetia biased dem ettteedetetdaéc? positicne andn saat@emforma}]ion. In
repl acenent_cl us i s reproduced,. and info tipn . regarding .the
bosi £ on SHRIBUATS( 85, e SRR BHstio i ciarpted Basacieh e Seateclitarest lghand
703.. I n 1mBpgirelibes tetfforaiy defert infbiriatiohMIAGpbhRicfhe? 68; tth¥ tefblElrf Yefect
and the replacenent 5 cluster is created based on the detected

posi ti on AAgageraert arad dOMA iowedatad. operation 705, new def ect
information is created based on the created defect list and the

previ ous tenphNteddRive, IUY Patdit 196 6.b87!0f4§riﬁﬁé Riled @Omet f recordi

tenporary defect nmanagenment area TDMA is updated. As noted above,
Pat ent0 Nodatg irsen K520 fonmals i whish aphysital dddresseefo add informatiatategarding,ra

ECC for ' ' ' d ng. i [ et i

regar di ggc?ef%étl%g‘g@légl? [ \%582'?/ @sﬁkﬂ gr %pﬁcl% P?ge'}t] ‘iehﬁé{g} %ﬁv%é{ﬁ%ﬁt m@p%g%rg?nt.
during defrecst imaiaag@‘rmnd bodimEnts of the presenbhventierdi amentsormpplitation to the
present ipyentio upop.a icatio 0 ta structure

i || ust ratcg%a |5:lr“6p"‘§,e %'aﬁr@ﬁ%dqﬂbwé SE’??%QSJ\,EO'aé’gEZtO% e @ M1asy réprnily ipdated
repl acenegplagbmeheclustst 64n dRt gefcRtbd M @ SPAECardaear af reRofd g rokdigm,
medi um i s based on tenporary defect information contained In defect

managénerfased oo taaposTy defestinformationeontaingdiin detgst manasement infermation.
next to t I LSl , '

2Bl S of uneab e WehiR BERERMEnE SRS nolto! M8 HetdAEA refle 6 gtler
def ect | iistreathaniNeyt, duf ectorvie a|RBISt elusteanaf aerplavedepbysidalstlgster caarbe

e cr oot bl NG S, WS AU B AL AR 2, BB, gt

Next, newahetgporemted defrefdrring tothaphesicaicadurbssey aad ethtbaseneatior bEthe

o SarSe R R, s RS sbael e Bk T b s e

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 recordi n% medi a while changi ng

a

par ti cul adefestintesmation ganiainpddbdbe JiDMAL oNexte daienwritien 1 a sextloek isaread
recor di ng, iﬁ%ﬁg@’%}?ﬂan@e@ é%# W thﬁét&%%%bﬁe&%&a 0, ﬁhfaﬁﬂafﬁgb%gardmg

defective vvrlt en’in an
format, athe pdsﬁlqnhwldcetat%dmfrc@‘ecmmdclestatsawntlémnmratneearveﬁ area RSV shown

defective e itte epl acenent bl.ock, first

e vent |y gt % oBleinall abhihed iR ERmRESHR e fR bl did fplicgment
the DD, Hasiess are tcﬁ@ﬂ@ﬂabasedl@ndﬂiee@btauné@r.ﬁmrrmeﬂoﬁonNemewbw RefpBrary
TDVA. Next, data witten to a next block is rea and rep roduced and

an error defesthigformagionds coeated: baseduent thei q’ﬁfB’Ftn'ﬂW @ﬁdr@&éﬂﬁmﬁgmw defect
poSiti Onsmﬁai?ﬂiaﬁfa@ ﬁﬁlcﬂfls G858 Hrd’ Stored! $h &f ﬁmvec}rfl b lbaﬂlr{geﬁﬁr BeDH 8h6%

RSV shown obt ai ned, and def ect sts namn
def ect i verecbmthgamcmm dm adbdata 16 by gontainedaire the ¢empdrapa seahagement

t he obtain i r i t of ar efect infornmation,is
created, !B'g)g@gﬂéﬁ eglﬁts %84 3%?‘3% 105&(;&/3@1%%?! {@I Jﬁ*%?ﬁa%f%lbypgaﬁ’é’&”d writter as
i nf or nat | empondryahanagereert iafortzition éd the TOMARNOT hiiswhethodosh bBg peffermed
DVDontoa cordln medi um dri v |f data to be contained in the
Domor st A BAECEHE Eca FRtor g Bia,and wiabia eaadns Pedimuhieahangied

data is I t it9 t
o or RIS e Aot 40y thE TR 8P TR v mogium

once recd#¥idng nedia and rewitable recording media while changing
particulars of data updating, according to the characteristics of a

recording ”Ed'FlHHheHQS%stgl‘ér 448 writte ih RIS e MlsRerdtih tatlﬂkldgrb({g c%ﬁ%'iﬁfﬁg

t
clusters in a |1 nkl ng area cont al ni ng gél nformati on reg
posi t Ifongntonmatiomtregamiing the defsiionsvend |sfatesraf, the defective enl;tmersy a most

upcar o SBLARE Bk, S8abaale R EAF bl MRARITORE, 2 S e o -
t enpor ar yrecomlirap avelium, basedreni tempdkhwt deféeﬂ inforagaiodi cuntaingd ¢ eempbrary
O et P eoh SARSCIEN B 05k LS kot l uslie, LS
the def ecihideeflet bRICR-is Nexd frofe tRS linkihg ta¥ed) 20BN ormation 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. [f information to be added to the temporary
management information exists and needs to be updated, the information is updated
and written as the temporary management information in a TDMA. This method
can also be performed on both write once recording media and rewritable recording
media while changing particulars of data updating, according to the characteristics of

30  arecording medium used.

These above data restoration methods are applicable both to write once
recording media and rewritable recording media. However, the write once recording
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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 nanagenent information read and
stored in a nenory n the recordi ng nedi umwas | oaded 25 intg a

r ecor di ngMeaH WH?F\/ feF’? maregemgnt 67?5! anda HaMAdor ecording egstivra defect
managerren};nahgé@ﬁ.,gg W‘%r E'Feslnﬁlﬁgloﬂ‘?ﬁ(iﬁe TONIR D 904 Rewrith e recordmg media
i nformation | F t witten as the tenporary nanagement

i nf or mat i isnoptienal. TOwKbe mnma’«bleqwh Tewnitallle secardipgr medisedt isrrebommended

wite onc 0

changi ng. Ay FlecatsEmBRHGaraRtafshe e sRER rgt deing e B 'ehdal to that
char ac er btthes rﬁﬁvcr;ta’ﬂlb aretmmhgl B?edigﬂl and U siesht TdSMyalanetadattémporary
restoration. net osarea i cabl e _bo o Wite onc

o 5 andMABARFTER! BISTEESER e the T bt Wities irthe e anansbement
recor di ngareyddmglrgcérng ﬁgd@@ﬁﬁg%ﬂaﬁnagenent area and a TDMA for
recordi ng medi um def ect © managenent, whereas the inclusion of the

TDVA into the rewitable recording nedia is optional. To be

conpati bl e wi tthe &gfact sprrRagementamethosedescrined herejn misynbe Ribodisdas a
t he def t

{0 et °CboyfRORBBIRRAmAnEeATod i My CrfRer. | CIREUrBGARF AP ST o
updat ¢@l t esrpputer yeadableamedium. |Wrmnrﬂiaeimrogm istreadiamdtroe bvm/womputer, the

witten ip the a nt . a aylri i Lum

i nal | zat PeRe. TROGE el SRR Bingn: iieril ARuPRER BRI may be =
enbodi ed magnetic eequntiey mediingmah fepticab redoeding rmbdliugn, conp Weaerier Waee, for
program can be stored in a io0 conputer readable nedium Wen the
program i & 8 and run by a conmputer, the defect nmanagenent is
performed. Here, the conputer-readable nmediumnmy be a magnetic

recordi ng mediThus, a8 détdribatl 4R8e! Shilbdiraehtdnaf the Bresant in@EntivaY Brovide a
exanpl e. Thus, as described above, enbodinments of the present

i nveni§ onMgtheR dapearatus, naRe o BOMAHRAr é?flfj?blehnﬁl'e%‘r%ufc’ér rsiQiingy| temporary
medi um f op, ﬁ?éérﬂéil'lﬂ?lférﬁﬁﬁﬁﬁafnﬁlu Ef?‘?&ﬁﬁ@l%y bBfeRt [Mdintition! ddntdited @hich is

t enporary ormat on con whith 1s witten to tenporary
def ect nawdiemtntemposary(debaetmanegsonentragea TRMAJdi nents 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 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 resiore 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
wite/read operation performed on a wite once recording nedium (or
arewitable recording. nedium, a yecordi nedj um nma be renoved
froma relb ﬁ@%ﬁ’glﬁ'ﬂ viHhaue qﬁpﬁ'%‘ﬂtf"@'ﬂéggﬁ'ﬂﬁlﬁlﬁiﬁ and sPirtk @f diag invention,
i nfor mat i gy ddbpe of WHHIRIRFheAHHABE CRiths BhAdneif guivaréﬂfs.t 0 an ,
unavoi dabl e 25 acci dent such as”a system power ? Ilure. 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 TDMW def ect managenent area. It is also possible to

restore mnﬂﬂgﬁﬁLhéﬂm%BmngBN9 t hat has not been updated. Although a
few enbodiments o € present invention have been shown .and 30
descri bed, the present invention is not limted to the disclosed
enbodifrents.  IRaPARIEUlar: thepraseid ypRkian $eadbpyadyardageausly epplied tthea
art that : Bde ~rl Sopl ' dj o WM e [

T om the epia Bl TRER or' Spruloie SRR IEERYnd' aflifun el r
i s def i nechdsikingwehethar asysteth mayihavedeendinproperlyl palveredicfl.  However, even

l'i cabifi_t . N th o ti b .
atvant agelhds1routle PERVE 4 Ve oo ERRaeFaR 98T has Beemdmpiapery
and/ or r esoweled®b i e prdsent iraRatbE eAhbles NS kedtBdiNGahBETUNRdAWSIEPRIBHN a
have been inpro erlxéﬁomered of f. However, even 1If a recording

medi uffl drVijte QRaTAHR" ARd Jrsipftioneef datay it rasPRASE AR énhoshraspmang or when a
pover ed ofbordifiEmRuRne Y 1obBYE Htb Mk Pé&apdiﬁﬁn{émh%gﬁradl ng mediumdrive
to performa io wite operation and restoration of data, in response
to a host command or when a recording nediumis |oaded into the
recording nediumdrive. 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 area to store data to

repl ace a defective area occurring in the user data
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area and position information regarding the defective area; and a

def ect managenent area (DMA) arranged in at |east one of the lead- in
area and the lead-out area, to store defect information identifying
positions of the 10 defective area apdaiNe repl acenent area; wherein
state information regarding the defective area is recorded in the

r epl acem¥Mhatis glaimed I8n apparatus, conprising: 15 a recordi ng/reading
unit to record/rea W e3P .a recording nedium
conprising a data g‘?%gbgq@%téﬁee%ﬁ%é?%gk@h ‘ead-in area and a | ead- out

area, including aaudats alles dispossad drdvetn bhaead-imasreasd anesd-bavamg, a
repl acenent area to replace a defective area occurring in the user
data ar edcl4ing @ Wrsralata AEamiRiasard datae and ma%@r%@é‘@%hé\’i%@f t he

| ead-in gx&3:a0dnt BHRd t%%‘ié%atﬁﬁ&"i‘é;{;!%@g Qb8 hred] d&h;@pq’ mﬂSngtbﬁgata

control the recording/reading unit to record data for acin

def ect i varea and positioa inlecoation gegardingiheadefectoa dreanandf or mat i on

regardi ng the defective area, on the re nent area |ocated in the

Cpare area of “theadsErtARaaTHEIhreA NS AEABISH Hortieas: ceptibe G-

| dent i fyiipgrpshd trRRaBlodtiea d81H6id dgedl iff eritPphg pRERIBhs ¥ B

in the d(la ect mamagem::nt0 ar e%a’(DIVA ; ZSG%Ierélﬁir?%?ﬁé d@?@cg% [

i nf oritat idefedtivetenea dofidbe replacgmepharea;ea (DMA) i ncl udes tenporary

def ect managenent irH‘or.rratiton ]Lo manage th d{,?]f e&t i.nf or mat.i on. 28.
wherein state information Yegarding the defeclive area is recorded in

the replacement area.

2. An apparatus, comprising:

15 a recording/reading unit to record/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
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

20 a controller arranged to control the recording/reading unit to record data
for replacing the defective area of the recording medium, and position information
regarding the defective area, on the replacement area located in the spare area of
the recording medium, and to record defect information identifying positions of the
defective area and the replacement area in the defect management area (DMA);

25 wherein the defect information in the defect management area (DMA)

includes temporary defect management information to manage the defect information.

20



