METHOD OF MANAG NGDEFECT IN A DI SC Technical Field 5The present

I nvention relates to disc defect nanagenent, and nore particularly,
to a disc in which a tenporary defect nmanagenent infornation area and
a tenporary nmanagenent area are formed, and a nethod and apparat us
for managi ng a defect in such a disc. 10 Background Art Def ect
managenent is perforned to allow a user to rewite user data of a
portion of a user data MEEHOD ORPMANAGIRGTEFECTWNA DIB@ new portion
of the user data area of a disc, thereby conpensating for a loss in
data caused by the defect. In general, defect managenent is is
performed using |inear replacenent or slipping replacenment nethods.
In the |inear 6 NE net hod, a user data area in which a defect
occurs is repl ﬁ-gal' &H'tﬁélg spare data area having no defects. In the
sl i ppi ng repl acemenThegirbseht invergion chddtes do adist alefen) rmankejenent] snd

slipped to use the next user data area havi no defects. 20

Both Iinear remoé%%ﬁ(ﬁ”lai d 1219 {5l Wg'ﬁﬁa%g%\gﬁ?%t‘ﬁgﬁg maagement
appl i cabl e onl yfdrehaliohCies ¢RE R EempdBnRihR¢aBnvErahadaommednaritba
repeatedly recorded and recordi ng can be perforned using a random

access net hod. methast #rd apraratils fen@agaging @ defeehin sueladistepl acenent
and 25 slipping replacenent nethods cannot be applied to wite-once
di scs on which recording is allowed only once. In general, the
presence ofio deBaeckayoumd 4rtdi sc i s checked by recording data on the

disc and confirmn er e IS

fonever . once t he cRoE% BEnabBRBR RS BRI AR 1 ufe"Goer

i npossi bl e to extarofra pertivavefdalserSdatageaim adichde idefidct ocbansanra new
portion of the user data area of a disc, thereby compensating for a loss
in data caused by the defect. In general, defect management is

15 performed using linear replacement or slipping replacement methods.
In the linear replacement method, a user data area in which a defect
occurs is replaced with a spare data area having no defects. In the
slipping replacement method, a user data area having a defect is slipped
to use the next'user data area having no defects.

20

‘ Both linear replacement and slipping replacement methods are
applicable only to discs such as aDVD-RAM/RW on which data can be
repeatedly recorded and recording can be perfermed using a random
access method. In other words, the conventional linear replacement and

25  slipping replacement methods cannot be applied to write-once discs on
which recording is allowed only once. In general, the presence of
defects in a disc is checked by recording data on the disc and confirming
whether the data can be recorded on the disc. However, once the data
is recorded on a write-once disc, it is impossible to overwrite new data

30  and manage defects therein.



Meanwhi | e, after the devel opnent of CD-R and DVD-R, a high-density
write-once disc having a recording capacity of several dozen of GB
has been introduced. This type of disc can be used as a backup disc
since it is not expensive and allows random access, which enables 5
fast readi ng operations. However, defect nanagenment is not avail able
for wite-once discs. Therefore, a backup operation is discontinued
when a defective argaafhife, aftefthdl @velpPidht df OE-REndITPOIR)a | S
detected during the backu operation because defect managenent on a
write-once di sg:gbadﬁmﬂy Wil Ep@WQ)dlﬁébaVIDQ [avegendiichtapaciy obseveng dozen
operation is p r te I

backup operatlgﬂégaﬁ%d% gﬁt@%&%@r neﬁ‘hfg%yﬁl&’&f ﬁ%gvﬁ? B&g}‘é E%“? gcrn’tlJ %”:}Héger
does not oper adiscisineedyisnetrexpensive andalkeys rahdom awsess, lwhieh ;mathias t he
backup oper atI%n will be st P edrﬁecause Ggef ective rea ??é"
ot e once. o st Bastad St HOGaYHE Kafpct SsporYenDR TRsAvefhble
system wi | |t hiyy Qfi6-8nbeHises. PEidréfof®th backtip'dperatidngs ER2bAtinued

Di scl osure of the Invention The present invention prow des a

writ.e-once di swhamameée%@@r@@(@,rm@wwfe@ﬂ%femﬁguw%%e ed
management, a”&u%d‘ﬁ%&%k@ Q.ﬂétla%%éﬁé@déf%t M’sﬁg@ﬁ&tw@f ect in

such a disc. I nvention also pr es a wite-once
disc with a daWatesmeﬁ:dlatEealvmtcble parfoomeddef ect managenent even if a
defect occurs on the disc during recording operations, thereby

SOEE 10 GH0C S R BBy BB e R 4 e
managenent . not freqebditly usedl Témqsebadﬂ@mbeaalmsteag@ﬁemperfhene@aé ntion
will be set forth,i art in the t|o in
part, i 11 be 00t WlieRysteinanaderdded i Shellk e pltedhrulll,,
practice of thgadd)Heeic?d likely that the backup operatlon will be stopped because

a defective area of a write-once disc is detected and the backup

15 operation for the system will therefore not be performed in a reliable

manner.

Disclosure of the Invention

The present invention provides a write-once disc with a data
20 structure which allows defect management, and a method of and

apparatus for managing a defect in such a disc.

The present invention also provides a write-once disc with a data
structure which allows defect management even if a defect occurs on the
disc during recording operations, thereby rendering successful recording

25  operations, and a method of and apparatus for managing a defectin a
disc having the defect management.

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



According to an aspect of the present invention, a disc includes a
def ect managenent area in at |east one of a lead-in area, a |ead-out
area, and an outer area; a tenporary defect information area in a
data area and in which tenporary defect information is recorded; and
a 5 tenporary defect nmanagenent information area in at |east one of

the lead-in area, and the | ead-out area. Accordi ng to anot her
aspect of the preseifeordMg R L Bspdct B HPsrelbni TR tioRda didtahitled A 2
di sc includes recordi r?g gg?‘ect F%?Cormat i gn regar di nggdata recorded in

a recordi ng opdefact managanentsireain ahicastrans o kead-ie geaadiergadtath
recorded in a V] r | ' Jd : r.ary. fect
I nformation i ng{s%déﬁciggP@geq%q?é%%%@éﬁé@ééfgﬁrﬁ%tﬁ%rgﬁg lﬁ:érdsﬁqg

t enporary def esteaiariddnmiciotenspodagedefedt infofroationt isvecordgdyratichg dat a
recorded in a next recprding operation as .second.tenporar ect

| or mat i o | rieTIROH SRR et P RRREE) 918 MALRRE ol ahe o
the present inwgalih arba, andehd RAddytERERgi Ng a defect in a disc

i ncl udes recording defect information regarding data recorded in a

data area of the disc according to a fir recordin eration,
def ect i nformati on AKgEIaY Hg%%hﬁ" ASRESH Biﬁ'eim‘ﬁ% "H%“ﬁg%’r%ﬁ'e&%?fdi ng
to a second reﬁ@gg{;iﬂg aOd’-@é@ttih%ru'sodﬁ.E@%s%dr@fsmgrd@?édtﬂﬂoﬁnw%dl ng data

recorded in the a“area according to an n-1st recording operation,
and defect i nfegardingdateggaerdieddn daccordingsmssatian and defrel infameation

accordi ng r di LR, : fect

ot or mat ot oAt f4EPLa%ed T E e e ARty bSRACAAY £

i nf or mati on f oleniponayidededtlimfontbiidreimzEodata \arek HEthe disd; andaecadingsheat h
25 tenporary degfect mana t Jnformati inate I ar fe
managenent i nf Fﬁm%ﬁaq&&g&}\kﬁgpﬂawq %“‘gﬂeﬁeﬁt 'QBDé—PgBCO’n ?eﬁ'argﬁg q%ia
preferable, buiscBRied iR fecdriifg opbratianidiaskcbhd témporancdefdes
recording a |last recorded tenporary defect information and tenporary

def ect managen®fmatipnimtie M2 BE%H def ect management area during
30finalization of the disc.

15 According to yet another aspect of the present invention, a
method of managing a defect in a disc includes recording defect.
information regarding data recorded in a data area of the disc according
to a first recording operation, defect information regarding data recorded
in the data area according to a second recording cperation, defect

20 information regarding data recorded in the data area according to an
n-1% recording operation, and defect information regarding data recorded
in the data area according to an n™ recording operation, as n™ temporary
defect information in the data area; and recording defect management
information for managing the n" temporary defect information as nt

25  temporary defect management information in a temporary defect

management information area, where n is an integer.

It is preferable, but not required, that the method further includes
recording a last recorded temporary defect information and temporary
defect management information in a defect management area during

30 finalization of the disc.



It is preferable, but not required, that the recording nth tenporary
defect information includes recording the data in a predeterm ned
unit; verifying the recorded data to detect an area of the disc in
whi ch a defect exists; storing in a nenory information for
designating an area covering 5 the area having the defect and data
recorded after the area having the defect as a defective area,;

recording the data f%n[geﬁrﬁﬂétl%trﬁo'??éhm#@t!tth%f fr%rret:&%mbeﬁ“‘dfémw&a@f ea,

repeatl ng verifying a storing at |east once; readi ng the

i nformation f rdefiechisfareation inchdlesdecordingghe idats @ajpﬁedetﬂrmmaddmm, n an
nth tenporary r nt h
recordi ng operg%fgﬁ& tlie?{e% gcﬁécﬁi Fatat) ﬁ@"e%{ aé Qﬁ%éfjghﬁ??#secqg%& [(\M]%H? ]ae%%t
requi red that é;kistsraoﬁngitrr@m@lmmumfotmammfar;desighahtg amémarmivenng

further includes recordin nfor

temporary def e R ?WEE%E)‘?]QE%@EB ﬁtaofg eﬁl'?a ﬁr?'laf‘f Hpﬁ
tenporary def egéfebtdss UBtdchive AFA redo5¢9iﬁ§ @ﬁéiuaﬁ ihQ ;ﬁ'bﬂéﬂerrﬂm% gt
aspect of the present invention, a record @_gj)arat us includes a

recor di ng uni taierdhe defestive ame; éeﬁ%tlagd’&flﬁl'rwr #ipring at lsaskencsy andg
to a recordi ngre%ﬂﬁ{gil@%?ﬁog@?l‘iebc rGRAThE Hedrfd tarﬁatre @-BHgothé redtf

recordi ng unit I nformati on regar which is
recorded i n a wirmationin ann@rtellinpgramdafacémrmahlgn@m af hherdat@erezo

tenporary defec nf ogmat i dat rrea and record tenporary
def ect nmandy en‘ﬁh?” Pﬂf‘orrﬁﬁ?r%m ?Qﬁra 'é$ﬁ§ the tenporary defect

|nforrrat|on In a tenporary defect managenent information area in at
| east one of a | eadtismeregaretanable, bigamt czquiredehatadhe réeording dhe n™

According to still anogher ect . sent inventlion

25r ecor di ng api{FARAEY 4‘%%‘7”%@8"%“%@5&'8{ Wg{uﬁﬁ?{e‘f%%%“gﬂ%feﬁ?%@of&fa on
a disc; and a g&dignAtingare hflaémperdry dbfect inforhiion direwas Bidefénive eeey d
defect information pegarding data recorded in a data area of the disc

according to alnfthe st teaperaly AgfashiMaliAn@®dugh an nth recording
operation as nth tenporary defect information in the data area; and

controls the recor hdrgrdi ttnsml é@tﬁ@%@c@@tﬁébrMWMn a

i nformati on for managi ng
recording apparatus mc!udes a recording unit that records data in a data
area of a disc according to a recording operaticn; and a controller that
controls the recording unit to record defect information regarding data,
which is recorded in a data area according to a recording operation, as

20 temporary defect information in the data area and record temporary

defect management information for managing the temporary defect
information in a temporary defect management information area in at

least one of a lead-in area and a lead-out area of the disc.

According to still another aspect of the present invention, a
25 recording apparatus includes a recording unit that records data on a disc;
and a controller that controls the recording unit to record defect
information regarding data recarded in a data area of the disc according
to a first recording operation through an n™ recording operation as n”
temporary defect information in the data area; and controls the recording
30  unitto record defect management information for managing the n™

4



tenporary defect information as nth tenporary defect nmanagenent
information in a tenporary defect managenent information area where n
Is an integer. According to still another aspect of the present
i nvention, a disc 5 includes a defect managenent area in at |east one
of a lead-in area and a | ead-out area; a tenporary defect information
area that is in a data area and in which tenporary defect information

i's recorded; %h@:}[&?ﬁgeﬁlreeggifsﬁﬁaﬁ@f@ﬁwﬁpdrawmﬂrﬁ&qa?g’e@ﬁeﬁthat s

in at |east one I'n area and the | éad-out area and in

whi ch t enpor arinfaation ima teryponany dafect maoagemertrinfoonatiemargiangnarad
tenporary def elgt iiﬁ{e?;rpation I s recorded; and a defect managenent
area that is fgre K'at |east one of the lead-in area and the

| ead-out area and in which aré recorded tenporary defect information
fast recorded in thecoatinptostl aleiertaspatiofitee poaseat ixenlian, Baligor ar y

def ect nmanagenent ,i nfo ion | ast recorded.in,th enmpor.ar

def ect mnagen@ﬁwdﬁﬁ?%%inﬁp%ewm area '"ES&??P&PH% Oi% Iéqcﬁﬂl argﬁépﬂer
aspect of the Plegiedlt dreweienfibray défes infoshatitesareadiedtds in ardagenent
area in at |least one of a lead-in ar?%?,tggolead-out area, and an outer

area; a tenpor@eg ad‘éfi@&hiqfhtﬁmﬂ?é@'w& i gpation Is recprded) 4 MRk Yand
I n_which te”pocﬁé’féb.‘tl lﬂﬁﬁﬁr'ﬁ?éﬁlfi%ﬁﬁéﬁ&ﬂ%@ tR&k i %Pﬁtr I@lﬁﬁ?on%_ SFRAP RN

def ect managenent lon area t is inthe lead-in area, the

| ead- out ar ea, areadndrthe laask-ourasea and in whishitemppeary detectisanagamentr y
def ect manggen; i L On. . 1S
in the | eago?i gﬁﬂ)&@gﬂgﬁEﬂ%@%ﬁﬁfﬁ%&?gﬂ)ﬂ%ﬁye@g oﬁﬁér}bgﬁég&gﬁgq’n

whi ch t enpor arandiedefdct minagemenbareadbat is doraratiid at reashen@ bf thenpor ar y
defect information area and tenporary def.ect managenent. inf ormation

| ast recor ded F’ﬂg“t“h@r_ &r'?@@?@#aﬁmdﬁé‘fﬁa'%ﬁ%?rﬂﬁpitec'mp%ﬁag’é are
recorded. deAB6IahRrMatiéPlast ddordutiohhing teasperaty défettnfophasenbrea

i nvention, a nethod of managing a defect in a |ncluges recordi ng

.d
defect 30 inf @%@mra@g@f%tﬁ@am%mmﬁmhgé rgsprded inther o

every recofdi "@mporary defect management information area.

According to still another aspect of the present invention, a disc

includes a defect management area in at least one of a lead-in area, a
lead-out area, and an outer area; a temporary defect information area
that is in a data area and in which temporary defect information is

20  recorded; a temporary defect management information area that is in the
lead-in area, the lead-out area, and an oufer area and in which is
recorded temporary defect management information; and a defect
management area that is in the lead-in area, the lead-out area, and the
outer area and in which temporary defect information last recorded in the

25 temporary defect information area and temporary defect management
information last recorded in the temporary defect management

information area are recorded.

According to still another aspect of the present invention, a
method of managing a defect in a dis¢ includes recording defect

30  information regarding data recorded in a data area for every recording

5



operation as tenporary defect information in the data area; recording
def ect managenent information for managi ng the tenporary defect

I nformati on as tenporary defect managenent information in a tenporary
def ect managenent information area in at |east one of a |ead-in area
and 5 a | ead-out area; and recording the tenporary defect information
and the tenporary defect managenent information in a defect

managenment ar e%pfal%ftlﬁﬁ%s't@ brdr?ﬂéfec?ih%rﬁfatbh% {r%ad’atb%r@é ;@8carfgt he
| ead- out area, during f i zation disc. According to still

anot her aspect defect msngge@ent infargngtion &er, managingrthentemnsranréleiRiiing a

defect in a di [“%P f.

I nformation in %ﬁrﬁﬁlotﬁg&;tﬁé@%gérg ?ecﬁlm% | on%@é‘grtgmgg gctngorary

recorded -in a defext mamgemenhmfuimoaawanillatgl;eaai)oaefafas]ead-EtaIBdiamg

operati on, defet ' rmatio data re in the

area accor dng %aéa g%'@ﬁda'? E%"P fb%ﬂ? d%g%“g@%w#m%ﬁ["&n

15r egar di ng daté}np@eﬂf dstect rﬂahé@rﬁ'@ﬁt&nﬁfrﬁéﬂcﬂfﬂwﬁ def@Gt mﬁnﬁgbmeﬁtsérea

recordi ng operation, and defect _information re qﬂg 'aata recor ded
P

in the data ar Qmﬂﬁjdﬁra&ﬁ?@t o0e aﬁthﬁﬂﬁaﬁ'@b@'ﬁélﬂ%’ Bﬁéﬁ Arep.iBingi ng

def ect rranagenﬁﬂ liaﬂBﬁ’BFﬁ‘Fé(ﬂé‘cfor managi ng the nth tenporary defect
I nformati on as f’n nmporary defect managenent information in a 20

tenporary def ect rranagenent informati on area, where n is an integer,
and recordi ng a | ashceardinpde atill anpiberaspaspbibe nrasent dmeniion ahd

tenporary f nt area
during fi ng | zgi I on %?ﬁ?ﬁ%%?%ﬁf%@é%?&!én%n@gggé ﬁnr‘gﬁ@?ﬁﬁmaspect of
the present i m‘mnpmrary dm’e@ﬁnﬁmmatid:m'gl thpplataaren defedtuofesmatiorecor di ng
unit that records r C n

recor di ng oper 5t9% ngé‘ﬁ 'é?c{?go%tﬁg%l%ﬁa% O*dtbﬁtq’%% ﬁdé"gé %rggtng
unit to recor drétrirging opefaionpdefest infaaatidm eedanding et dedrdbaltia tiees

t enporary defect information in the data area; control he recording
uni § 1o T ecor dUWTATER AEMATEHEM SSRNGRERTIEN RS ABlesy TR AN

tenporary def epdgdrdhg /el RBriRl ih BP Q5B el @b86HIng to an n-1% recording
operation, and defect information regarding data recorded in the data
area according to an n™ recording operation; recording defect
management information for managing the n' temporary defect
information as n® temporary defect management information in a

20 temporary defect management information area, where n is an integer,

and recording a last recorded temporary defect information and
temporary defect management information in a defect management area
during finalization of the disc.

According 1o still another aspect of the present invention, a
25 recording apparatus includes a recording unit that records data in a data
area of a disc according to a recording operation; and a controller that
controls the recording unit to record defect information regarding the
recorded data as temporary defect information in the data area; controls
the recording unit to record defect management information for
30  managing the temporary defect information as temporary defect



managenent information in a tenporary defect managenent information
area that is in at |east one of a |lead-in area and a | ead-out area of
the disc; and controls the recording unit to record the tenporary
defect information and tenporary defect managenent information in a
defect 5 managenent area that is forned in at |east one of the

| ead-in area and the | ead-out area. According to still another

aspect of the Ri@g @ﬁwehf‘?‘uﬁftﬁiaﬂ@n irfa t@fp6 13N deRBOMEALGSMEMGhidARAELIGh
recordl ng unit that records data in a data area of a disc according

to first througfeathat isdeat lepsipnsefraleadrs aremandalead-eptarep 08 hat
controls the rgi‘ég{ Hd& mléth%qeéﬁraﬁ}[%%rﬁﬁ%%&oﬂd ﬁQEéTﬁ%ﬂr)@[}bﬁé%ﬁd' ng

the data recorde accor ing to t recordi ng t
recor di ng oper mférovedicasandttamperery dafegt deihagemient inforenation in a defeet dat a

area; controls the recordin to I ef ec n nt

i nformation foW%ﬂ%’&?Hﬁarﬁﬁghﬁt ﬁtfq ﬁf?faﬁgf’@%f)hqgﬁgg%ﬁf%gﬁa&g nt h
tenporary def efie |dad-ana@ament |nforrrat|on In a tenporary defect
managenent - i nformati on area; and controls the recording unit to

record a | ast recor fect mati on and fenporary
def ect management /g?qwtﬁfﬁg? W@@@P{]ﬂﬁhﬁd}’éﬁw 'r%\’reﬂé CMthere n is
an integer. AcgRbfiifg abﬁ‘arﬁ’édshhcléﬂ@é. 8eéccr8ing tinitAhattrB€ords eR&in a data
invention, a disc 20 includes a defect management area in at |east

one of a | ead- Pieafedismaceprdisgdo Hiat thpugh Na reGARBE gPgratienscand a

i nf or mat i on, ar def ect
o or ek o £ SoEIB o Y RoBfs A RoW BcbeRpatn

i nf or mat i on ar egatding thesddta reeudéed aatortimgdo thafirsd feconding tudugmn’r ea

" or mat | on 1 o eRBHEEPRY Al HEHDSmPYRAL FEkeCRiAlGh rf TR,
recorded, and gdrercs thetrbeommmmiabyred@rﬂeinfemtnﬁmamnm irdoonativs for
tenporary defect nana

i nf or re recorde n n,a
o6 det st | STABPABLE D terParepLreept R el Apar erwgteny Sefett
According 49 SgahhgémehtiRforRanss in @terhb@raw@éreaﬁmane{gémemnnfoandtm 30
I ncl udes a defect nanagenent area in at | east one of a |ead-in area
and area; and controls the recording unit to record a last recorded temporary
defect information and temporary defect management information in a

defect management area, where n is an integer.

According to still another aspect of the present invention, a disc

20 includes a defect management area in at least one of a lead-in area and
a lead-out area; a temporary defect information area that is in a data
area and in which temporary defect information is recorded; and a
temporary defect management information area that is formed in at least
one of the lead-in area and the lead-out area and in which temporary

25  defect management information for managing the temporary defect
information is recorded, and wherein the temporary defect information
and the temporary defect management information are recorded again
when a disc defect is detected using a verify-after-write method.

According to still another aspect of the present invention, a disc

30 includes a defect management area in at least one of a lead-in area and

7



a lead-out area; a tenporary defect information area that is in a
data area and in which is recorded tenporary defect information; and
a tenporary defect nmanagenent information area that is in at | east
one of the lead-in area, the | ead-out area, and the outer area and in
which is 5 recorded tenporary defect nanagenment information is
recorded, where the |ast recorded tenporary defect information that

was | ast recorgeohdldlitdiEa:tLERANRY A Gifolmatimareh Watas fiva dag t he

| ast recorded tenporary defect nmanagenent information that was |ast
recorded in t hareaamidn avhjchiisrecardad fergeenent defaeldpfesmation;&nda ar e

recorded in t fect,l ‘ rd [+ Al i fist he
di sc, and ther‘?gﬁg}g&grdyelf %é%?%& h@é@ﬁaﬁ%ﬁé&@?ﬁ@tﬁ%ﬂ&%ﬁ%ﬁs@%g éct
managenent i nfieredd-imareapthedead-dataragaamd the duter areapamddn whitdf iect
e S bR PR BB HEEEP R SR
verify-after- whiligsti¥eédradd tdrmpsrany défaet inRrdktibh tHrit dfddsastaepgted of the
present invention, a nmethod of nanaging a defect in a disc includes

recording as ttepenaprEndetest infermstivgEremand the lagt wearded eaweeary
i nformation re gl'rﬂgnéiiérﬁ‘edﬁt‘?ﬁlﬁ | that W8s $dt feréd nthe ¥RbYrary
on, recordi ng defe for

recordi ng operati ct managenent | nformation

managi ng t he tdefpcrmagaghrhenttinforratiorateararg@esarded incthpsiefest def ect
managenent _j nf ormat i on _ar i of: - | and a

| ead- out aiwea;mﬁﬂﬂg%ﬂ??@?rﬁsr%'ﬁgabg%lfz@&%?’? g’re-éﬁgtég%ﬁg?%%ﬂaé%%’at | east
one of the tengsfestifohahten aho tiny tiporaryatededt mearagepend mfodedtiont
managenent information and, recordi ng the, tenmporary,.defect information
and the terrpor@'Wee‘é"fjéetagﬁ‘ﬁ\ia_g'é?rgﬁwg‘?rﬁfyoﬁ"?fﬁgﬁﬁf?”fgt'%Qfeﬁ'_ ®a disc
defect is deteghfifbrary defect MandgeRicht aifabhationtitbaebpedivelyl WHen Bhat
the nmethod further includes recording the tenporary defect

i nformati on andist Hefeckigsintestod yeingdbe wemymllervite Atethdtation in a
defect management area in the lead-in area and the |ead-out area.
According 1o still goerdiRg tesiesio tl?érdééﬁ@c%ﬁﬁg!@?edeﬂ‘k’ﬁﬂbhﬁﬁh,aa met hod

of managing a defect in a disc includes recording as nth tenporary
def ect i nf or mamiethed of rmanfging adefecd bt @ gisciingladeriecorlineaa tempPiatyat a

recorded in th . I j i cording
5 operation, d@?fgg'ﬁfo?#%ﬁ?rﬂq %ﬁg$acei%%rgéll% f\%&ﬁ a?%tg@oégé@ﬁ\%tﬁe dat a
ar ea accor di ngrecordedda tiomdatacarea dmayenpracatding opefatien;t recordinadarieein

regardi ng data recorded .p the data area r.di - :
recor di ng oper@@ﬂ@%‘?mﬁﬂﬁnﬁ)éwg PrHe? 'ﬁ'@ﬁ%&gg@%‘?&ge% aﬂlf(r}@ii:ag'rocri‘ed
in the dat g arpa REGUrdHEfEE rianagement dxfohatipnogrea dn ableastremeoofdi ng
def ect managenent . . . .
lead-in area and a lead-out area; and performing a verify-after-write
method on at least one of the temporary defect information and the
temporary defect management information and recording the temparary
defect informaticn and the temporary defect management information

25  again when a disc defect is detected.

It is preferable, but not required, that the method further includes
recording the temporary defect information and the temporary defect
management information in a defect management area in the lead-in

area and the lead-out area.



io information for managing the nth tenporary defect information as
nth tenporary defect nmanagenent information in a tenporary defect
managenent information area; and performng a verify-after-wite

nmet hod on at | east one of the nth tenporary defect information and
the nth tenporary defect managenent information and recording the nth
15 tenporary defect information and the nthtenporary defect

managenent i nformtAé&r&ﬁ@t@sttﬁercﬁs%@cﬂﬁftﬁétprés‘éntjﬁﬁf@ﬁﬁcﬂﬂa where n
s an integer. preferabl e, but not required, that the

net hod furthermeﬂmdﬁégamagm aideipcdin %léitscr*'@f@i@fﬂ%?ef@cf)@lﬁﬂ)ﬁ%my def ect
I nformation a %ggét{fg
managenent ar gfaén;durl SC%Z%(FI naﬁﬁéz'tédﬁ@n of t eé gé@%ﬁﬂdrﬂf&nbﬁ(@%ﬁgﬁ.ﬁg to
still another dataeemordéd frhtheptads ardga mﬁ‘[hedisccacpoedlmmm tirsh e caypgling at us
i ncl udes a record| reading unit which.recaords data.on or .reads data
froma data ar %" 6{’]&& dteﬁ? '% Heptiondgaardyig @%a Wﬁe@m@ecﬁa&
recor di ng/ r eadadt@rdifg to é%e&@@d)fsio&ﬁn@ @ﬁ@@tl@ﬁydéi@étﬁﬁﬁnnﬁﬁhdmfeyamﬁg on
in the data area defect i nformation regarding the data recorded on

the di sc accordftAgeeas ﬁdﬂ’e@&rq}it%@rwq'%t%ﬁ@i“t% eeesing eRrgration,
management | nf&;d‘faéfeeﬁnfo%aﬂaﬁ &lm faid RIEBRIGY M tNSBS@larkg! Or mati on

as tenporary defect nmana errent tion in a tenporary defect
managenent i nfagoeedingio amea rewrdmglmatmnee@rdlag detest managemeahd 30

a | ead- out re gast one
of the teh@mggoﬁ%‘g{)@ﬁﬁnﬁ?éﬁrﬁ% rﬁ“@@%%@ﬁ%ﬁ'ﬂgﬂ?%&rﬁ%hagemm

i nformati on; aﬂempnwyrdeﬁa:tmageamndinﬁ@mamdungtanmpbrarpdemnbrd t he

t enporary def ect i nf or nd tenporary. def ect n

nfor it on whiBAnadeI e P Baiot e pat BetiomRg coHA oaREE: | |

anot her aspectmefhddish &858 Hnel dTiBO hF edmperaneesredi iRfbridEan ahtshe
includes a recqrding unit that records data on a data area of, a disc;

and a contr ol | riefparanysiefecsimanagemest Bfefmajiopand regorditsihg s nth
tempor ary. ot o g dgRich Mloimhaloha S B ApHRI 7 EbrdPhRR 8O

regarding the data recor ata area e accorgl ng to
first information again when a disc defect is detected, where n is an integer.

It Is preferable, but not required, that the method further includes
recording a last recorded temporary defect informaticn and temporary
defect management information in a defect management area during

20 finalization of the disc.

According to still another aspect of the present invention, a
recording apparatus includes a recording/reading unit which records data
on or reads data from a data area of a disc; and a controller which
controls the recording/reading unit to record as temporary defect

25  information in the data area defect information regarding the data
recorded on the disc according to a recording aoperation and to record
defect management information for managing the temporary defect
information as temporary defect management information in a temporary
defect management information area in at least one of a lead-in area and

30  alead-out area; performs a verify-after-write method on at least one of



10 through nth recordi ng operations as nth tenporary defect
information in the data area; controls the recording unit to record
def ect managenent information for nmanaging the nth tenporary defect
information as nth tenporary defect managenent information in a
tenporary defect nmanagenent information area; perforns a
verify-after-wite nethod on at 15 | east one of the nth tenporary

def ect i nf or matheRnisttaiytRiedtinforiamirand Ealiearyndviegen@dgement

i nformation; and controls the recording unit to record the nth
tenporary def edtfomationaand santsla th%@cﬁf‘ii“ﬂf@ﬁsiwgawt Weeeerd thanagement

I nformation ag?érﬁ %ﬂﬂdé’fegi iRfort ]&?%n%?erﬁfél%w &é#ecf’\%ﬁﬁ% %ﬁt an

I nteger. 20 Bri scription o ove and/ or
ot her aspects informationdvien agiss dﬁfeftth%dﬁee@dnt i nvention will become
nore apparent and nore readily appreciated by describing in detail

erbodi ment st her eof A g8 SHFEGNECadiie SPURSSBEEABEGHI v NOS 1 1

whi ch: FIG 1 a recor
repr oduci ng appeocatling aappamtlab mgludes arreeortiogi uréirthabifecohds date spst data

i nvention; st.rat uctur s of.discs
according to eﬁfﬁﬁﬁ%ﬁ'ﬁg ?ﬂ[p? ﬁgrlaﬁ?]t%g?ﬂt cPH@%’%ttg'%ﬁeco g unvg?ﬁecgrd

il lustrates anaerﬂiﬁ%thﬁe géfedt Pldrthetion i e da18 asdsdsfestinfpmiation! GS.
2A and 2B; FI G illustrat es an enbodi men{ of .the struct Uﬁe of

the disc shomfﬁgﬁr@ﬂ@th%da@ﬂﬁ@rdg iRt Qﬁtﬁéf%ﬁrp iheglise agooring, i tirst es s
of recording ay 80§ HE ¥ cording operations as n™ temporary defect information in

the data area; controls the recording unit to record defect management
information for managing the n™ temporary defect information as n™
temporary defect management information in a temporary defect
management information area; performs a verify-after-write methed on at
15 least one of the n temporary defect information and the ™ temporary
defect management information; and controls the recording unit to record
the n™ temporary defect information and the n™ temporary defect
management information again when a disc defect is detected, where n

is an integer.

20
Brief Description of the Drawings

The above and/or other aspects and/or advantages of the present
invention will become more apparent and more readily appreciated by
describing in detail embodiments thereof with reference to the

25  accompanying drawings in which:

FIG. 1 is a block diagram of a recording and/or reproducing
apparatus according to an embodiment of the present invention;
FIGs. 2A and 2B illustrate structures of discs according to

embodiments of the present invention;

10



defect list (TDFL) of the structure shown in FIG 4 according to an
enbodi mrent of the present invention; FIGs. 6A and 6B illustrate
data structures of a TDFL according to an enbodi nent of the present
i nvention; 10FIGs. 7A and 7B illustrate the data structure of defect
#1 contained in a TDFL and the data structure of the TDFL shown in
FIG 4 according to an enbodi nent of the present invention; FI G

8 illustrates the defd3sfushatey &n thédhﬁ?éﬁﬂ'férs‘fruﬂuﬁ@ofiﬂife’diéés' shown
structure (TIDDS) #1 shown in FIG 4; 15FIG 9 illustrates the data

Ztructure of t eFIES-2ABn&HBwn in FIG 8; FIG 10 illustrates a
. .
Cabodr ment of the TS Anistelel dn BhoBHiE: Of e cihihurB o ARG shiw”

11 il lustratesirFiGBa structure of a defect list (DFL) according 20

nbod f i i
e e T erEie 8ip PueBatra stiating & o Sss SRadiomg B ettty

a disc accordi asfebpnsamlnbp@htn%tru@mré S0Vl RSEIE, 4iddeemiingOtd; an FI G
13 is a flowhart illustrating a nethod of managing a defect in a

di sc accor di ngemoﬁmﬁﬂ’ﬁ@fﬂlﬁﬁ@a?%m’efﬁpnt he present invention; and
25FI G 14 is a Tl ovejal BAldHdUH Niabidte dAtd B Qtres of ZBFHA! E&cﬂ‘dlﬁﬁft@Ct

in
an embodiment of the present invention;

10 FiGs. 7A and 7B illustrate the data structure of defect #i contained
in a TDFL and the data structure of the TDFL shown in FIG, 4 according
to an embodiment of the present invention;

FIG. 8 illustrates the data structure of a temporary disc definition
structure (TDDS) #i shown in FIG. 4; '

15 FIG. 9 illustrates the data structure of the TDFL # shown in FIG. 8;

FIG. 10 illustrates a data structure of a disc definition structure
(DDS) according to an embeodiment of the invention for use in a disc
shown in FIG, 3;

FIG. 11 illustrates a data structure of a defect list (DFL) according

20 to an embodiment of the invention for use in a disc shown in FIG. 3;

FIG. 12 is a flowchart illustrating a method of managing a defect in
a disc according to an embodiment of the present invention;
FIG. 13is a ﬂowchari' illustrating a method of managing a defect in
a disc according to another embodiment of the present invention; and
25 FIG. 14 is a flowchart illustrating a method of managing a defect in

a disc according to yet another embodiment of the present invention.

Best made for carrying out the Invention

Reference will now be made in detail to the present embodiments
3¢ of the present invention, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals refer to the like

11



a disc according to yet another enbodi nent of the present invention.

Best node for carrying out the Invention Ref erence w |l now
be made in detail to the present enbodi nents 30 of the present
i nvention, exanples of which are illustrated in the acconpanyi ng

drawi ngs, wherein like reference nunerals refer to the like elenents
t hroughout. The enbodi nents are described below in order to explain

the present i nygmenfthiugh8ler mheGrisodiMents! 4 d@Seribed beldWih ofder fo 2
bl ock di agram of a recordi ng and/ or reproduci ng apparatus according

to an enbodi negxplain thepreseatiarentiomniefesing b therfigwesig to FIG 1, the
recordi ng apparatus includes a recording/reading unit 1, a controller

2, and a memory 3. Fheq ﬁsggsro%kra%gr UraretiBiding'af BB OHodbRHLr

reproduces data with respect to a disc 100, I's an enpbodi ment of
an i nf or mat i orappavatug@ceedingito avembedoentohifetpresentinventipe

Verify the Socaraeyi R TR bRy RE brar R e s elPR R eBRihr,
def ect managenmiit 1,26 conteblleg2f anced nesmhedi3Te Theobcdrdinglreadiagunit 1

vor i Ty- af t er - PP AR dePORATE e U LA RoRao Aebes 10 WA IRt sc
100 in predet egfihaGithemPbf 8n MicmatATeshge Mddi@ndi Wheh(8chdindahect ed
by verifying 15 the accuracxéyeg:j the recorded data. After

recordi ng of tdmadhedecordingdepdiodenneads thendata fronm thecdisg 160 pe@s2
records i nfornatj i Lndi HED Lt i ar ea
of the di sgzoo1On%.\}e%ﬁ,ewl’gnaf%glrj'Egltg5 iogn |sc§®?gr eéd a@%%ﬁ%@#lﬁ%ﬁ%ﬁ?ﬁeﬁgﬁ

i nf or mat i on ondefbet dasagendént adbemjng teearcembediniest obth@reserdr ds on t he

di sc 100 managenent i nformatiqn,. which.is infor o] t o manage
t he tenporar y%@'ﬁ&“iﬁ%&ﬁ@@%ﬁh %@O%@%Qggﬁ%ﬁ%fﬁr{@%%ggg‘n IS

recgr ded as Ej WW—QEt&r—ﬂﬂD‘e&ﬂbthﬁdm%mﬁhe idatnismatardsd ohdhe dischid0 in

predet erm ned recordi ng .uni.t y be recordin eration that (s a
s Cof vor k. RPERITARGIAOS A R aeTec Atpeutisd Tab B dstecRl By ping 25
recordi ng yor knkQchfrak§ ot Heeordt@@Ritali Ng to this enbodiment, a
recordi ng operation indicates a process in which the disc 100 is

| oaded into the recordi ng apparatus, data is recorded qn e disc

h
100, and the disc WIPirecardingof sir detadniiseredgtasminadriisotiat us.
Howeve_r, It 'fscdl‘?]r@ﬂéisi %r@é’ﬁhrﬁﬁﬁoﬁQﬁﬁﬁiﬁhﬁ@:a@%ﬂhébb@ﬂoﬁ%ﬂabe
ot herwi se defi ne For 30

: I nstance, the recording operation can be
defi ned accor digfgctive area of the disc 100. The information is recorded as

temporary defect information on the disc 100. Also, the controller 2

20 records on the disc 100 management information, which is information
used to manage the temporary defect information. The management
information is recorded as temporary defect management information.
Here, the predetermined recording unit may be a recording operation
that is a unit of work determined according to user's intention or a type of

25 recording work to be performed. According to this embodiment, a
recording operation indicates a process in which the disc 100 is loaded
into the recording apparatus, data is recorded on the disc 100, and the
disc 100 is taken out from the recording apparatus. However, it is
understood that the recording operation can be otherwise defined. For

30  instance, the recording operation can be defined according to a

12



recording time or an anount of data that is recorded as opposed to or
In addition to when a user inserts or renoves a disc. Duri ng
the recording operation, data is recorded and verified at | east once.
According to an enbodi ment, when a user presses an eject 5 button
(not shown) of the recording apparatus in order to bring out the disc
100 after recording the data, the controller 2 expects the recording

operation to besdopdifiy fifticost. arfNenbunit dfelatpthat & deeordedcersasipeset feor in
tenporary defect informtion and tenporarg def ect managenent

i nformati on an@9tieN tYywWeen RdSERINSERACT #MPYES A81SFecor di ng/ r eadi ng
unit 1 to be recorded on io the disc 100. The tenporary defect

information, which b&riﬁ?tﬁvﬁ' fee6rditiy Gpdrafiol, ldatd istreeorded @ndiveafied et
verifying by the controller 2, is stored in the nenory 3. However

the verificati liestancaye Aseprditciacamenmbpdiatontiwean ausPhyesRorupIegt | 1
the recording gludib3RohRForing feddiinkupbarathehiistaet toying g ©

15data will be reco e the disc 100 i’s ]
finalized, thedisorit00aftesrec@rdiogthaldatahthecamnprotier 2 expsaatethe retonding i on

and the tenporar ef ect mana nt,.L Af Qr ' ' f

management  ar eGPVER) TG e TRITERER. et Petndlend sRah8 f bempopy
structures of Hbfectinfearmlionaedasipotary deflenadyemehtinfirmatien pndsent
invention. In detajl, FI_C? 2A_iIIL%strateq?__ a disc 100 .that is i ngle
record | ayer dPE‘B"dﬁNhﬁ@“ amation tg the jreordipg/regdingHait 1 19 eifﬁ%qfaaéena
lead-in areg, mmdd@ke186.aFhARthporhgaibiedtinfafRation! Midhaadbidned &8al S

| ocated in an inner part of the disSc 100 and the | ead-out area is

located in an trauof fag tecordingandvedfyingdly thasophielierss istpredindbent 25
bet ween the | enfbmdly3! CPiodder, Iifs iifatit o4 68 pBROmEY o dthePfmegt 0 2

user data area an Spare aréa. e user taarea is an area In
whi ch t he user duan@grecerdieg.or ded. The spare area is a substitute area
for a portion of the user data area having a defect in order to

conpensate for a | oggnd RcBrdifg 8f B4 DrahE iU 8 coRfpIdtEd §%.; no more
15 data will be recorded on the disc 100 and the disc 100 is finalized, the
controller 2 records the temporary defect informaticn and the temporary
defect management information in a defect management area (DMA) of
the disc 100.

FIGS. 2A and 2B illustrate structures of the disc 100 according to
20 embodiments of the present invention. In detail, FIG. 2A illustrates a
disc 100 that is a single record layer disc having a record layer LO. The
disc 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 disc 100 and the lead-out
area is located in an outer part of the disc 100. The data area is present
95  between the lead-in area and the lead-out area and is divided info a user
data area and a spare area. The user data area is an area in which the
user data is recorded. The spare area is a substitute area for a portion
of the user data area having a defect in order to compensate for a loss in

a recording area due to the defect.

13



It is preferable, but not required in all aspects, that the spare
area includes 5% of the entire data capacity of the disc 100, so that
a greater anount of data can be recorded on the disc 100 on the
assunption that defects may occur therein. Also, it is preferable,
but not required, that 5 the spare area is present at an end of a
recording area of the disc 100. Especially, in the case of a

wri tedonce di sc flOch 1stﬁgere$m.ebmmaaeqmmean es@ém@l that the spakd aréga
recording area of the_ di ) so that s acenent can, be
ber for ed whi | EOKHES SYePEng FONTSATA CERarBRe BIsL0: St ATPRST
Inner part of éJH@uﬂ'o?‘a {08217 B8 rédHii 89 oh WEE-C 408 oPUhE asB@hption that | N
t he shown enbodi nent e spare area i s present only between the user
data area and dé¢fectsemal oeaur ghesain. | Alsgett isprefgrablg, bulrnat sequired; H@tuser
data area napy di ng
o anot hor orcaHal: 238 BRR, aCATe R B EReouBRG e B (e g4 FE

bet ween t he usled;pedmug, iatea caselot heriteaneadisc aDB,athe spare &ie@.maR be
illustrates a di sc

Otht has t record,l ayer 0] 1.. A
| ead-in area, C %fﬁgé’?ép@g of Afeger %rreaé&érée é‘ﬁ%ﬁgéﬁﬁgﬁgﬁéppvgf or ned
froman inner r@grdceﬁfentbﬁberpéﬁorrﬁé@mwm@ CPd;@awa H4t@ i rcRrddunr t .
Al so, an outer area, a data area, and out area are

sequential |y Z8afipgfem an dnespag el dre 6§Pt109fcoﬂﬂ'é“'§@€%’l’ﬁfdrﬂé%9|d@rl ayer
L1 toits idmg[; fpart. Unlike the single record layer disc 100 of FIG
2A, the | ead-out area of the second record layer L1 is present in the
i nner part of the second record |ayer L1 of the disc 100 of FIG 2B.
That is, the disc lotheshewicemppdinentaifedipabsarea is peasenpafiy betwesn i n

whi ch data is thgmépﬁgta?r%tahﬂ%%@aﬁr g?‘%‘fellﬁrﬁ%ebé‘a r§Bgﬁ1§n%‘PtHémer

part of the first recor towar

conti nui ng framarldata)amarmay ba uséd ahenstheosparccrread Ipaoificallh to t he
| ead-out area at 't nner [t \ Fl 3 il lust

eanr o or ¢ netdeotdiie I BRmeHhbogiment gro anne spi rBkiefbe, o
2A and 2B. (Reffarrhid oetviedn the user dataMied andhpleagdantt aren.at | east one
of the lead-in area the | ead-out area, and the outer area of the

di sc 100. Al so, fec nt .area r med
in at |east one of "ﬁﬁp&% 3[&%“?&? @'ég?ﬂﬁ%ﬁ E\SJ'QB r ﬂ{rg?@é Liang
temporary def acf, iNtbad-Mbicd) adiatfaied, bad ARhuter 4rb8 atabequurtialiy n
predeterm ned recording units.
formed from an inner part of the first record layer L0 to its outer part.
Also, an outer area, a data area, and a lead-out area are sequentially
20 formed from an outer part of the second record layer L1 to its inner part.
Unlike the single record layer disc 100 of FIG. 2A, the lead-out area of
the second record layer .1 is present in the inner part of the second
record layer L1 of the disc 100 of FIG. 2B. That is, the disc 100 of FIG.
2B has an oppoesite track path (OTP) in which data is recorded starting
25 from the lead-in area at an inner part of the first record layer L0 toward
the outer area and continuing from the outer area of the second record

layer L1 fo the lead-out area at the inner patt.

FIG. 3 illustrates an example of the structure of the disc 100
embodiments shown in FIGs. 2Aand 2B. Referring io FIG, 3, a DMA s

30 present in at least one of the lead-in area, the lead-out area, and the

14



5In general, information which relates to managi ng defects on the
disc 100 is recorded in the DMA. Such information includes a
structure of the disc 100 for defect nmanagenent, the position of the
defect information, whether the defect managenent is perfornmed, and
the position and size of the spare area. For a wite-once disc 100,
new data io is recorded after previously recorded data when the
previously r eC@qud@bﬁtr@’tﬁs‘rgﬁ@O |Alsg enenforanyhizfed: neardigemeb®ardas

| oaded into a recor |n reprod cin atus, such as ,t shown in
FIG 1, the apbkP el iag; ertom brbS 1AM 1o Ao e lpatrt ||
| ead-out area gfgd h%@gg@a&g%ev&t%%ﬁﬁmd?ﬁa@% IPmERNRGR 448 a‘ilééﬁm 100

and record or read is n or fromthe discl00. However, if the
amount of dat a predgiemwided reaonding ¢giis.i n area i ncreases, a Ionger time
wi |l be spent prepari ng the recordi ng or reproducing of t he data

after |oading the d 'ﬁ@ﬁ?‘* ﬂ.g‘ngg sent
i nvention p?oposes grporar’ e é@?%ﬁ%éﬂﬁtgﬁwl nt o f#gtd%fé?létgﬁg%@
tenporary def edisczmmsmemrded)m the DMASp8uch infermiafion dndlydasae stnestpier ar y
def ect manage I af or, e} ilch is ortant

t han t he terrpopghg ‘H@? é@ﬁ% r#ég%?rmgen?@?ﬁﬁg(ﬁétéﬁIoﬁti‘[éﬁcie%gétgg I n
area. The tenpgifamyatitel, adiethertiog ﬂafebbllﬂiahsgérﬂémrld@drfbﬂnéd]famla‘ha ar ea.
It is preferable, but Bot 25 "] guired, t hat new i nfor dded
to the previ oudP§ition gL s 91he PR JRA; qr@W{l@M

i nfor mat i onpSod Rabrdidd affe? PREVREN RicBFdERE diétﬁ wHenaRé %F@Ulcﬁls‘%drefcﬁﬁfe%l' n.

The recordi ng/re roduci ng apparatus reads |ast recorded tenporary
def ect i nf or nadatsmchangedet lacencsds woen thawise JBO it loaded itea 100 based

Past recor ded TErBSglPgdpog oRpERkLE Bdr SRR Bl et R Oy
def ect managemapparatisoresdsidate fiomdhe Weekia arbe and fppleadyoud afescef the
management i nf OrsnB’lthOto de?ennqn gﬁqo manage the disc 100 and record or read
15 data on or from the disc100. However, if the amount of data recorded in

the lead-in area increases, a longer time will be spent preparing the

recording or reproducing of the data after loading the disc 100.

Accordingly, an embaodiment of the present invention proposes

temporary defect management information and temporary defect

20 information.

Specifically, only the temporary defect management information,
which is comparatively more important than the temporary defect
information, is recorded in the lead-in area. The temporary defect
information is recorded In the data area. It is preferable, but not

25  required, that new information is added to the previously recorded
information in the temporary defect information so that all recorded
information is accumulated therein. The recording/reproducing
apparatus reads last recorded temporary defect information and detects
defects throughout the disc 100 based on the read result. Thus,

30  information regarding the location of the last recorded temporary defect

15



More specifically, the information regarding a defect occurring in a
recording unit #0 and information regarding a defect occurring in a 5
recording unit #1 are recorded in the tenporary defect managenent
information area #0 and the tenporary defect nmanagenent information
area #1, respectively. Defect managenent information for managi ng the
tenporary defect information areas #0, #1 is recorded in the

t empor ary def eirifomeatagdsesnorded mrt&mpbmyaiemt management infatatationan be

recorded to on the disc,100 or ?er does n?t want, t Q record, nor
data on the di 83 g6efe ;heetemqqq@'ydf elect franagemedtt inforgiation s, rgepEYRd. the

tenporary defect information recorded in the tenporary defect
information area anmckéepéciigadlyahy Irﬁemwrraga@&@miefeﬂ ocemtingin a

recorded in the ter‘rﬁorar def eci%l[rr‘anarg nmen rrratl on rea are
recorded in thESQORE! QPQ’? PHPITF 'B?ﬁ‘d? %QGEH?S R ¢ def ect
managenent i nf %d@&.gg@n&mﬁ a*re%écﬁa@@mwé t@rﬂbéﬁéry bBfeRf ﬁ%h!a@é‘mbﬁt the

DVA again wll now expl ai ned. When no nore data will be recorded
on the disc 100nfgmmation aree #iang the temeerasy d@eb@nﬂnmmqﬁdwformaﬁon

tenporary defe nf

Several 1imes, St DOgREtyely SEREH dRaadhbinidRaRaE for dRigRty the

t he Qat a area twmponanedefect infoemBlidn afeashi®, #eéasirecordadeia.thd t&mpor‘aty i s

100 Al so. it HeteshaenBeRTent NRePElRR arie. 1 B4 PEl o HeHgeorded

i nformati ong by oh@e®HBEL rmotdwf ajﬂééﬂ‘doe@&ﬂb@%ﬁﬂai recOfdohoRs d4ta onrtha

plurality of areas. 25In th t he d%Jaect |nformat|%ft
lis

recorded in t heiscd@drg )ﬁhﬁé’fsé‘cmoi Wﬁelﬂsﬁﬂbﬁgwa% sthedemppsiyHe _
agai n recorded; df&nﬁﬁ%ﬂ%@érﬂe@‘ﬁ{ ﬁ%tteh'fbfo%r?'@ltefé?ﬁ wﬁéﬁﬁatfﬁ?ﬁ ardhanafige, it

is sufficient to read the defect infor fromthe |ast tenporary
def ect i nf or matéroporancdefasidnanageiaent infeoaaiipn reeordegldn thg tamRaradh i n

| Tustratoe ot PACLMEDegRnpREiatn Rt execdin he DMA T 7 g 1

FIG 4, the DMAis fornmed in at |east one of the |lead-in area, the
| ead- out anea, and Therzasoerfoaresardiig thedemipomary defechimanagrment sc 100

is the single r i is 5
formed in at | é:?ﬁaglphg%@ tgg t?’ﬁgé'%g’égéfeﬁpﬁwgﬁdagﬂgg %EZEI?MAC#& rBMﬁr
When the di sc howW HesedpisinethuWaen aommmielcmysemlmesnecﬂ:ﬁ:lbdamm 100
FIG 2B, the DVA is for n t .on f the |lead-in.area, the
| ead- out ar ea, (zﬁ"rcf?‘f* nﬁl%e e%fséﬂ b@fafsqaﬂéecg @'@@6’@” Lof exanpl e,
't];\ t lhe gl sC 10915;‘*@§eﬁ11eﬁt @ renatie A OWHich Rue hebupBits! s’ﬁv@rélﬂh’f&dahdl bot h
e | ead-in.
20 the temporary defect information recorded in the data area are moved to

the DMA of the lead-in area. Thus, it is possible to have faster reading

of information recorded on the disc 100. Also, it is possible to Increase

the reliability of the information by recording the defect management

information in a plurality of areas.

25 In this embodiment, the defect information recorded in the
temporary defect information areas #0 through #i1 is again recorded in
temporary defect information area #i. Therefore, it is sufficient to read
the defect information from the last temporary defect information area
and to again record the read information in the DMA during the

30 finalization of the disc 100.
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io area and the | ead-out area, and if the disc 100 has two record

| ayers L1, LO, DMAs are fornmed in the lead-in area, the |ead-out
area, and the outer area. After recording the user data in the data
area according to recording operation #0, a tenporary defect |i st
(TDFL) #0, which is a 15 tenporary defect information area
corresponding to the recording operation #0, is disposed in the data
area. Information rGad diustyatesdéiettiresctthe disoyl 00hshdwen ndd6. 8at a

recorded accordi to t recordi ergtion #0 is recorded in the
TorL oo & vy BT na e G ha A RBRER in Sl eAsry AR IRl 4
is recorded i nhbheadladitaras Smnd Mebilerdted BF thdfdisc W00 Chween tigsaigeds to
the recording operation #1, is disposed in the data area.

A TDFL #2,
whi ch cor r espotikisttie siaglerrgrarg laperrdise K00 g shown i EIG. @hs Brss@MATR t he
data area. _Te | (AW a[AY I ol is the
tenporary cfef g@ﬂh ?raaﬁqa%e@réﬁgﬁ iohP c?trf ‘rtrl'%‘lle%ﬁ '#’%Eégn@}\%g‘?ﬁ?‘? ﬁgpﬁ%ELs #0 25
t hrough #n, i sWhendheldidci160tihthe dogide eoprdi EHyecdisad A6 gsrslown in FIG.

i nformation area., The, TDOSs #0.t hr,ough #n rrespond tq the TDEL #0
through #n. 1 bt BRI ISCRAR S F8bGeebrI6e [RRBRared,dné fd

possi bl e to regesdadidleritercardgiof tie disc MepaRyway beegamplepf thehdiss par e
area, and information for managi ng TDEL #i in TDDS #|. Ahs?aé{t IS
possi bl e to r ety kessa singlegieratd laver ldy HMns gre femg il;’?@rt geag-in’
defective gre L w | lideh Q3
which is aﬁ);uggsr??% Sﬁjgﬁ? Ioer%‘(at%"g de gd(yta ?t{@%?rlééda?ﬂj? ﬁésé%eﬁeﬁi @yéstor' a
hi gh- densi ty diG ©&MAs arg fohmed frothedeadnin areas thedlead-ogbawea, erd g es can
be recorded, i&utélsarggsirabl e, but not required, that a cluster is

After recording the user data in the data area according to

recording operation #0, a temporary defect list (TDFL) #0, which is a

15 temporary defect information area corresponding to the recording
operation #0, is disposed in the data area. Information regarding a
defect occurring in the user data recorded according to the recording
operation #0 is recorded in the TDFL #0. Similarly, the user data
according to recording operation #1 is recorded in the data area, and a

20 TDFL #1, which corresponds 1o the recording operation #1, is disposed
in the data area. A TDFL #2, which corresponds fo recording operation

#2, is also disposed in the data area.

Temporary disc definition structure (TDDS}), which is the
temporary defect management information for managing the TDFLs #0
25  through #n, is recorded in the temporary defect management information
area. The TDDSs #0 through #n correspond to the TDFL #0 through #n,
respectively. Using the TDDSs #0 through #n, it is possible to record
whether a defect is managed, the size of the spare area, and information
for managing TDFL #i in TDDS #i. Also, it is possible to record
30 information regarding the position of a defective area and the
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5 allocated to each TDDS #i, and four to eight clusters are allocated
to the TDFL #1. This allocation is because it is preferable to record
new information in units of clusters in order to update information
when a m ni num physical unit of record is a cluster, although the
anount of TDDS#i, which is tenporary defect managenent i nformation,
I's just 1lO0several K bytes. Meanwhile, it is preferable, but not

required, that cgrésiordi torodf tHe bparesarad | wiiel id & stibstitateSor the0 i s
about 5 percent of the disc recording capacity. For instance, the

TDFL #i i ncl uddsfeghvrigregoliya dBFE#nt ¢l usters consi dering that
I nformati on of about 8 bytes is required to record information

regarding a defect pgdy hidp-dedrafy Aiscdnokiish ffformsatRh dFeliéial 86zen GB
According to an aspect of the invention, the verify-after-wite

net hod can be pwesscande regorded, it Sotesirablgnbut nad reaypitedythat arclegieriscase,
when a defect | t | 8 | | : e
correspondi hg QE?%E%%& %%gatﬂbgﬁ%qo@utg ésﬁ?ﬂ'ggghl Ialrl}gét:ér}g(? :mr?glea
process of recPbD#L# arhPBlocationisibeause s peafbadiertorvecorfd ndve present

i nvention. Here, a ynit. of. da be pracessed ip uni.t f sectors
or clusters. Alrgf%rgfegpndlg,qa{t%g%au%?ﬁﬁ ‘Hl?r‘f&%fﬁptu%[?ped'g?oa{"\ahgﬁ“ﬁ?n%anaged
in a file syst gimigfun? pRENEa Rk of Feddid RPLIUSEY, ithough thepambList of

denotes a m ni num unifJ of data that can be 25 ph\ésl cal ly recorded on

a disc at oncelDDOS#eMaFRs tegmoray deinc managsrent BiRMatiene!Sdust ust er .
There are 4yo Lypgs }Q‘lagf?t%9t%§hwﬁilémb’l§'p?éfbra%ﬁ%tb®[ néqairé@ahstd total

sector. The physica or is an drea where a sector of data is to
be recorded onatiountibkdeleds allpwed ininestiss HR0 isaabont Hrivgreand opthpdiss|

sector recording capacity. For instance, the TDFL #i includes about four to
eight clusters considering that information of about 8 bytes is required to
record information regarding a defect and the size of a cluster is 64
15 Kbytes.

According to an aspect of the invention, the verify-after-write
method can be performed in the TDDS #i and the TDFL #. In this case,
when a defect is detected, information is recorded again in the

corresponding adjacent areas.

20 FIG. 5 is a diagram illustrating a process of recording a TDFL
according to an embodiment of the present invention. Here, a unit of
data may be processed in units of sectors or clusters. A sector denotes
a minimum unit of data that is managed in a file system of a computer or
an application, and a cluster denctes a minimum unit of data that can be

25  physically recorded on a disc at once. In general, one or more sectors

constitute a cluster.

There are two types of sectors: a physical sector and a logical
sector. The physical sector is an area where a sector of data is to be
recorded on the disc 100. An address for detecting the physical sector
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is called a physical sector nunmber (PSN). The | ogical sector is a
unit of sector for managing data in a file systemor an application.
An address for detecting the | ogical sector is called a | ogical
sector number (LSN). A disc recording/reproduci ng apparatus such as
that shown in FIG 1 5 detects the position of the data to be
recorded on the disc 100 using the PSN, and the whole part of data is
managed i n uniitsaidd b pbysicsectorauatyep (PEN).oThelogipal sectdriioa unit ofr der

t d dat the disc 100, The.rel ationshi t he . L. SN and
Lhe PO 1's chRRetRl 1B, meRESB Aaleok e 2vBlent Reat Beelcalig, AIbFUAES ng
appar at us, basgg jefciheiHabgichesettdtds bR Righsal Qe:lﬂglf Qehband Sh).

initial position of recording data. Referring to F 5, A denotes a
data area in whiise reeerdipgliep@duciap apparatus secrhapthat hewn InpFlGdct or s

(not shown)_ i | . I ; to
) east offe EEHEMRRERAE e BRI focorfrth I OTaRERMAe 0
all ocated to sRSNpasd trexwkgpe padrof datieisenanagediis uniis bbthe LSNsagcendi ng
order, the correspqgndence between.the PSNs and, t.he o ot

mai nt ai ned whePiEeHPSN ?LUS'C\P'%E%" Q %r@%@ﬁesgrcgqagg?néﬁ%ﬁ'%cﬁOt'aheTlg?Ze
of a physical @efibAshipbectiidarbed SI$ ahllte PENIs Chghgal bypthetcntroller 2
Referring to FIG 5, 1010 through 1090 denote units of dat aisby whi ch

a verifying wotfkhe seqnsdingrerradusing apaaialiis Pased opuhethartheidissi | a 20
recordi ng gpp HSHinfaf foditorodGttORingla. returns to the
start of tﬁbg gﬁ#@%%mﬁ%gn?%s[?art@% ecki ng i1lc the user data is
appropriately recorded or a defect occurs in the section 1010. If a

defect is detect ed,Refaringda RG\a A deatera dateaieadn whigh the RNs aey
after allocated to a plurality of sectors (not shown) in ascending order. In

general, each LSN carresponds to at least one of the PSNs, respecitively.
However, since the LSNs are allocated to sectors, except for a defective
15 sector, in ascending order, the correspondence between the PSNs and
the LSNs is not maintained when the disc 100 has a defective area, even
if the size of a physical sector is the same as that of a logical sector.

Referring to FIG. 5, 1010 through 1090 denote units of data by

which a verifying work is performed after a recording work. In detail, a

20 recording apparatus records user data in section 1010, returns to the

- start of the section 1010, and starts checking if the user data is
appropriately recorded or a defect occurs in the section 1010. Ifa
defect is detected, an area covering the defect and data recorded after
the defect in the section 1010 is designated as defect #1. Next, the

25  recording apparatus records the user data in section 1020, returns to the
start of the section 1020, and checks if the user data is appropriately
recorded or a defect occurs in the start.  If a defect is detected, an area
covering the defect and data recorded after the defect in the section
1020 is designated as defect #2. Likewise, defect #3 is determined in
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the defect in the section 1010 is designated as defect #1. Next, the
recordi ng apparatus records the user data in section 1020, returns to
the start of the section 1020, and checks if the user data is
appropriately recorded or a defect occurs in the start. If a defect
is detected, an area covering the defect and data recorded after the
defect in the section 1020 is designated as defect #2. Likew se,

defect #3 1S dglbH1086. | Rowsfst %}ﬂ?% 4 Rfact MG VEitect8Y Wé%(ﬁloﬁqfoﬂgt i's

not detected in section 1040, a ctive area is not deternined in
section 1040. adefechﬁeamsenDh@eieml@edea@@@rm@g to an enbodi ment
of the present invention is a wite-once disc 100, it is desirable,

U, ot L1 e g 10T S e g ot

is not used and an area coveting data re
det erm ned t o iheerdiotid$ acﬁnte@naedacamomm desirabite; bax aat requised,ribatt he

defect. Assum the,LSN i is allocated.to an ar i ich the
data is reéoro‘gfgaé‘?qoéﬁje(gﬁﬁeoﬁ%arﬁ arngaa 33% tE qoﬁugsqjgﬁdtaﬁa&g t he
data, an area ddverhy ghtediorded iR tglgsteof it detdrmindictodreeadefectivg t he
LSN i nust be denoted as the LSNi-1 for data re roducinggnh%tgmls

if there i s a ¥ea@sovelkas (igiarea coeringnbe setechor AsRUIES
ascendi ng 0rde£|h3céfed a'ﬁ%reé?r?%hfcﬁ tﬁ?ﬁgat 2Eis TG ri8d bfte SR R¥ahaving a

Therefore, in this e odlnen a areas after a defectlve
area are al so defgeirinederdo e the deifcan aven arieh dﬁiﬁé%@ﬁpﬁ‘?ﬂ:ﬁ@%{& ng

t he 15effi

recor ded i s%‘%’i%% @@8% @ﬁgmr%g'g%r (é{ge(al(’)ésetpetl"so'\rl]' lﬁl S expect ed
to end after tt’eprdcﬁmtwmi rlgomtbrwémelr@usn@secﬁtlmhe vehithathier Shieasauiti on
1040 (i.e., ser ses butfon of a,recardin

appar at us or raﬁﬁaﬁﬁdaaage'@ H@fdte'élqo 122 ﬁn%gq,g!ggpgfpﬁac rs.
operation is 2fh&efbné ah eals embdaiméhtl-aief @&E@éﬁaﬂéﬁeﬂﬂé\‘&bﬁ@‘area
regarding the defects #1 through #3 occurring.in the sectloRs 1010

t hr ough 1040. asprﬁlercafqulrdemb%@g defactive ptpas. thereycipereasigdhne

correspond ¢ o ik detgr@nt ai n i nformation regar di ng
defects #4 %ndé@@%%@%gtgﬁﬁég ?hrough 1080. The TDFL #0 al so

contains information regardl ng a part 25 of an area in which a user

data is recorded adddrlaFip resorded in seetian Hpbyberthegwcaing preratioh e
part having a fipfabhnediad g el ik LESIANPLAIVEKyRg Uf HREJatdtn Bea.

Al so, the TDFL # ntains 1 nfornmation regard Iecg a part of an area in
whi ch t he usersataoa1ﬂé@@r@eﬂha@emrn@ssestaﬁ@1 buﬁ@n Aba serardingon #1,

uhere Le, D2 CMBRR s AHAG of BaliHOAPhEHeR, JRahg SheritoRd | Vo

20 completed). The TDFL #0 contains information regarding the defects #1
through #3 occurring in the sections 1010 through 1040.  Similatly,
TDFL #1 is recorded in sector 1090 to correspond to recording operation
#1 to contain information regarding defects #4 and #5 in sectors 1060
through 1080. The TDFL #0 also contains information' regarding a part

25  of an area in which a user data is recorded according to the recording
operation #0, where the part having a defect and thus being designated
as a defective area. Also, the TDFL #1 contains information regarding a
part of an area in which the user data recorded according to the
recording operation #1, where the part having a defect is designated as

30 - another defective area. While not required in all aspect, the TDFL #1
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further contains the information recorded in the TDFL #0 according to
an aspect of the invention. FIGs. 6A and 6B illustrate data
structures of a TDFL according to an enbodi nent of the present
invention. Referring to FIGs. 6A and 6B, 5 information regarding
defects #1 through #3 is recorded in TDFL #0. The information
regardi ng the defect #1 describes the position of the defect #1, the

i nformation r eﬂﬁf]ﬁéir iﬁﬁ?ﬂa% tﬁéﬁrﬁﬁﬁnﬁ%nﬁ?ﬁﬁfdeg‘?ﬁ H{é‘fPDPE%fbtdg%m‘ﬂfgbib%

defect #2, and the ormat i on regar g the defect #3 describes the
posi tion of thaspkeftetthesBvemtiont her, information regarding TDFL #0, io
whi ch indicates the position of the TDFL #0, is further recorded in

the TDFL #O. ; j gl : #0,

it is not required @%r?esggbqﬁ@?!"}f ort%acﬁ?%ﬁ%(ggge%gg%ewlﬂf ﬁté&#ﬁ)'ﬁ?%o

duri ng repr odushiembedimehteofibe pretenhinva@htian. i Keféring thEIGs HhahdéB.on

of the user 15,data,. it is nmeani.ngl t o di,st.i ngui sh e

et ective. af earaian AaSr I carae ) Jnsofid i SE e B TFRBp.

cont ai ned in t{fAg MigfrRationTiegartiiig-tHéteredtisat dissctibes thef susitivhi ofithe

regarding its position and thus can be used ?s yfszceéul 'ng'&érmtlpn’

for exanple, t@eleatiFbdbe infamatpn keariy Bepaiedntescrees fierPasdion

that the user gei defodd, SRS icIRfbrinaibl fedélaitlihe ffect #3 dedbifbeEDFL
I ng defect 4 and #5

#1 contains information regar ects 1 #5, in addition to
t he i nf or mat i other pasitiateef the defest #BFLFurtherThiormativn regasdisg TEGH, ns

that the podi ¢ MBI BPHSEHAE B ofe Ll o Shtiegrecdied ffRop oaccn
illustrate theTD&L&0st ructures of information regardi ng defect #i
contained a TDFL and information regarding TDFL Referring to FIGs. 7A

and 7B, the infor ion,regarding.t CH i.nformation
regardi ng the st arg,élnpﬁéh%ﬁggrtc!atgg:slgcﬁ\;ggérﬁéﬁﬁ %ﬁ)’gﬁaﬁgﬁg Og_f t he
defect #1. |In grp@edho rédicthetiafoematidroreratdeahinitise D&Y #0i durimgmat i on
that indicates whether a_present, area.is,a.defective area.i,n which a
def ect occurs Eﬁpr‘?éuc_z'o'?lﬂfghq HS%HH?% ﬁ?a?éscg?r%ﬁ T%Fgﬂﬁ%‘%@f‘ff&'éﬁr HERr
informations |QafhRid ﬁ]feghfﬁPFésﬁmo HROAGEER Setliihifactivettlea handthat €
information is _the flag information which indicates that the_present
area i s TDFL #0 because the user data is not contained in these area. The

TDFL #0 contains the information regarding its position and thus can be

used as useful information, for example, to indicate during the

reproduction of the user data that the user data is not recorded in the

20 TDFL #0.

The TDFL #1 contains information regarding defects #4 and #5, in
addition to the information recorded in the TDFL#0. The TDFL #1 also
contains information regarding the position of the TbFL #1 for the same
reason that the position is indicated in the TDFL #0.

25 FIGs. 7A and 7B illustrate the data sfructures of information
regarding defect #i contained a TDFL and information regarding TDFL #i.
Referring to FIGs. 7A and 7B, the information regarding the defect #i
includes information regarding the state, the start, reserved, and end

positions of the defect #i. [n general, the state information is flag
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5 a defective area. The start information represents the start of the
present area (i.e., the start of the defect #i ). The end information
represents the end of the present area (i.e., the end of the defect
#1). The reserved is referred to as an area in which recording is
pending to record other information therein. toThe information
regarding the TDFL #i includes information regarding the state of and

the start, respfofidioRRith MMl WhbRRS alfraddit aFB ks Fbefebiivedgeanal

the state information is flag information that indicates whether a
present area iwhighdedefectiopsumaras prf mﬁh iprwhichiisfreeerded demposyy fefest

TOFL i whi ch bt ok 090 e ARl det g COLARL ke 48" the

|nformat|onregard|ngth e|n orma fon1s the flag
i nformati on whinfdmmiatiohn Gamesﬂaghlaformhmrpwhmhnmdleeneatheﬂ tize piEsEnt areatis ch

ded t def ' mat i on. El | Lust r at
the data st uch BPiechYe f@por e 9l BoraarpRrRrasertt e tarter Mkbog) 5
Referring to ?br@ser%aré@ﬁ eTQﬁssﬁ%rt bmhbtué@@ctm 2®hedﬁaﬁnfbmnondef ect

managenment node information, a drive information pointer, ; #1
L #1,

poi nter, whi chHepEsents Baendinf %ar&seahar@a (tprethes %fpiaﬁaiiefr@i
a user data Phy$d %%n%rdqé{% HBH® as AnlitEh uﬂﬁgﬁh \QSHr@RlY IR pERIRGENT T .

an optinmal power control poi nter, and disc usage I nformation.
25The def ect mnagbmtbetlnfmdmtlonmﬂrﬁmhon i ndi cat es whet her def ect
managenment is perforned on the disc 100. For instance, the

i nformatiop describgs, |ﬁ ,ng{,gn %ﬁgwg%b BFES i r{éﬁﬁj@ﬁ%ﬂﬁa

performed and does not escr pare area otherw se. |f defect
managenent i s regardigthierstate of leadithé stanp resenvet, end ded positions at theso

that 30 nore TOFL gﬁt th ﬁé‘rﬁ‘erBF tﬁeegt%{ed%?o tlBh?s f?fga’r nforfie®8n tift! <"

ot herw se uses
indicates whether a present area is a defective area in which a defect

occurs or is a TDFL in which is recorded temporary defect information.
15 In the information regarding the TDFL #i, the state information is the flag
information which indicates that the present area is a TDFL in which is

recorded temporary dsfect information.

FIG. 8 illustrates the data structure of tempaorary disc definition
structure (TDDS) #i. Referring to FIG. 8, the TDDS #i includes an
20 identifier, defect management mode information, a drive information
pointer, a TDFL #i pointer, which points out the position of the
corresponding TDFL #, a user data physical area pointer, a user data
logical area pointer, an optimal power control (OPC) pointer, and disc

Usage information.

25 The defect management mode information indicates whether
defect management is performed on the disc 100. For instance, the
information describes a spare area when defect management is
performed and does not describe the spare area otherwise, [f defect
management is not required, the information provides this fact so that

30 more user data can be recorded in the spare area, which otherwise uses
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about 5% of the disc recording capacity according to an aspect of the
I nvention. The drive information pointer describes the |ocation
(e.g., the nunber of a first physical sector) of a drive information
area (not shown) of the disc 100 according to an aspect of the
present invention. 5Drive information is obtained by conducting a
test on the disc 100 with a certain disc drive, allowing the test to
]E)e ski ppgd wheabald5% obtheatist rfecoruimgle%pﬁcﬁy ﬁﬂ:&gdi@era%mepeemfahéng

ast readi ng operation I n ot her rds, .t rive . inforpgatjon |s

Cr eat ed o usoMEERaN, aThe v Gt Pins fentibhs the logaton (=g e
enbodi nent, t huEbeNer 4 frsPpRRidadBedtBr)idh @l dHBInfoRARIGH BaqABLHIWAY)S .
such as an identifier of a used drive and the optimumrecord power.
In the case ofofthadisceldfrasoriing to ameaped of theopresantinventisBw cl ust er
whenever drive information is updated. Thus, if information regarding
an area of ghe di sGdfnidimitfibfils dBiEinBETY cdhliGing RIsBh Rfiase 109 e
recorded is known in advance, it Is possible to I5 reduce tine

requi red to pewithamepsin dist devey ajpwingtthetast tmbe stipped whepdatais

reproduce data,f 0 ' ' 1.1 susef ul
to record sucﬁ’eab?@g? F%@;ﬁgﬁ?ghageﬁ?gg%q{r@{g f&Qf '%aaﬁﬁzc’%%ﬁéf%ﬁi I|5'oi nter
i ndi cat es the gther Wworis, tife drivednioamafion Isecrelated td 06e atveriaint dvveTDFL  #i

is recorded (e.g., .the n rr of a firs hysical 20 sector,.of TDFL

4y The user ot FRSBAAS v BYmeaboRfiea e RITERIHE o (he
nunber of {fe jhabed RordiAy cERELSNS, sOth as dAtidertifiefof & uskd Bhvaisrd dat a
I's physically recorded. The user data | ogical area pointer indicates

the end part (egptimuseracorbeewer el ase af ggvdgionsectiss: fatrist he
data area in V\%b&#aeH%fT?%trﬁg& gg%%rwﬂ@h ridfive GRBFA&SN iétgPutéﬁe?S?hQé,e to

detect 25 the start o area where recording e user data
begi ns duri ng ifinfewrtatios cegaliding arpaneataf dmg digsi10g in imbiastbe ngxt crive

physi cal area .pgi th My ' r ' The OPC
poi nter descr i'ﬁg@%ﬁén f%gab[el %ﬁg%%da{g? é@f"l.' g-?ée(g@fngrg’ @gst @%S!bﬁl%{dt he
opti mum poyger redntd time réqeirddPIo poiontngreliraimasy sperhdonsiadrdsr to read or

i nfornmation that ovides_a next area 3 vai | gbl e when, di f f erent
types of drive&P caﬂa&ﬁowr&qtﬁg@&?@cgorﬁns reason, it IS useful 10

record such drive information on a disc.

The TDFL #i pointer indicates the position of an area of the disc

100 where the TDFL #i is recorded (e.g., the number of a first physical

20  sector of TDFL #i). The user data physical area pointer indicates the
end (e.g., the number of the last physical sector) of a data area in which
user data Is physically recorded. The user data logical area pointer
indicates the end part (e.g., the number of the last logical sector) of the
data area in which user data is logically recorded. It is possible to detect

25 the start of the data area where recording of the user data begins during
a next recording operation, using the user data physical area pointer and
the user data logical area pointer. The OPC pointer describes the
location of a test area for detecting the optimum power control. The
OPC pointer can also be used as information that provides a next area

30  available when different types of drives are driven by different OPCs.
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The di sc usage information specifies whether the disc 100 is
finalized (i.e., whether user data can be further recorded in the
data area). FIG 9 illustrates an enbodi nent of the data
structure of TDFL #i. Referring to FIG 9, the TDFL #i includes an
. identifier, a TDDS #i pointer, information regardi ng defect #n,

I nformati on regardi ng defect #n+1l, and so on. The infornmation

regar di ng defgﬁ? g@c'u@é%;é’nﬁﬁ&rﬁdﬁoﬁ E‘Fgé‘vfh%ﬂﬁrr%é‘glsétmbtls firslizead

p03|t|ons of state i nformation. DDS #1 pointer
i ndi cat es t he (peswhetherokendatarcan hmfmetrecosiadelodh@data@rea)
correspondi ng TDDS #i . For instance, the TDDS #1 pointer can indicate

th nb f f | .

(he number. of o 11 Ak DINalEEk sEmhGBafer} Srd 0B ol gL i

i nformation r ]?@eﬂe?n@gtotmt@ 9 ohetTinil. ﬂflnalms;mDEegﬁflema TOHRSE#i pointes
TDDS #i the positians 0 an

are a pait ot ABAHER MR sBlect B, BRSTlbnaSd PG Bty by At on

can be 15used é@oﬂeﬂﬁe&fnfdimaﬁﬂ@tég’ﬁwzhgtdﬁfé&#hmﬁ@mmlnmmaﬂ@mrded in
the TDFL #1 and the TDDS #i. The state informati V\[mchlsthe

i nformati on r dggrWingsiadandiendposiionsaf detecifadimaiate)] PR area is

an actual defective area or an area where defect nanagenent

information is recofgempshg pbméﬂﬁdn@ate@&heeoém bhA®aRELih eFhich is
regarding the defect #n into the state information is_ o tlonal The

i nfor mati on r ggaeEied @m@e@padmgéfm%#d Fesinstasice, e TS didpainteryn

may be recqyde aneT=T f p%g&&g khs€pb& #iand t he
nunber of ﬁL (%:H’Yb iaF||y3| cﬁﬂ se(l:-tog;é f@?t dfﬁﬁ:g ectrﬁ@é ar ea,
respectivel y. Mfemiatibn regartiog the gesitiom gf thef BTL #iindluded il the TRIRS Hied
using the 25 net of ..recordin | def ect
i e TR e e Bebfip TR RSP G RLER Y (7
net hod is per fPDDBd kpeciimae positivas af thel TRFle#isand thetTRDS #i which are
\S{Ie;gf )c/)f a;tne;r \Q%Ipéxiﬁ]ms hrﬁ%\hloﬁ p?ﬁ&soﬁﬁrggbé\%rm%vc? ngren{ f?wgorma%oH Thibe ! the
15 used to verify the availability of information recorded in the TDFL #i and

the TDDS #i.

The state information, which is the information regarding defect
#n, describes whether a certain area is an actual defective area or an
area where defect management information is recorded. The inclusion of

20 the information regarding the defect #n into the state information is
optional. The information regarding the start and end positions of the
defect #n may be recorded with the number of a first physical sector and
the number of the last physical sector of the defective area, respectively.
The information regarding defect #n+1 is also recorded using the

25 method of recording the information regarding the defect #n.

In an embodiment of the invention, the verify-after-write method is
performed for every several clusters. [f the verify-after-write method is

performed for every single cluster, the size of an area, which is
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designated as a defective area, is determned to be a cluster, and

t hus, the nunber of the |ast physical sector of the area need not be
recor ded. FIG 10 illustrates the data structure of a disc
definition structure (DDS) to be recorded in the DVA shown in FIGs. 3
and 4. Referring to s FIG 10, the DDS includes an identifier, defect
managenent node information, a drive information pointer, a DFL

poi nter vhi ch ReglALESs NFBARE S i©heRniMdaa8 BINLIG B tudiser

dat a physi cal poi n , a user d ogi cal area pointer, a
poi nter, and dhenuntzgef ihd lashphysnal sadahef the facea neschpefdreciecordsde
I nformation indicates whether defect managenent is perforned. This

[ nformat i on descri g, I 5ihcf. S0HE AL InlcArBYY M Eh ol e 100

according to the p I'nvention managenent 1S not
perforned, andDidoibeaectiiat] imtrepRMA stoem inFiGer Sradd dt hBefersrg toThe

i ormat i o ardle (HohesR e B an HaRet Beobr iR e ar i ve

i nformati on pohiyrRaEtisRa aRREhformialien PoMesT a UFLapdintepivhith)spetifibs st or
of the drive information area. Drive information i s _obtained by

conducting a trasitiaspfiaeorgrspendivg Dl 12 usef datanphsind! 3eea RAMBhiehg t he
test to be ski . 1Sy I ' t her eby
renderi ng fast@gggﬁggg%g{?%tai@ﬁﬁseﬁﬂﬁﬁ?ggm\}\%ﬂggggH'tﬁs%eu]sgg?ve

i nformati on i sinformatiel to use a certain drive without testing the
drive. In this enbodi ment, the drive information includes recording

condi tions_such as ' t1fl | 2% et | aum
record powéor. In th@éc%és%g&&ggﬁﬁ'ﬁ%ng?%ﬁﬁgﬂ E"@,Y'Sﬁat a |§§¥EB{ngggrded
in a new cl ustdefesimeasagamehtiis perforhmadraThiginfamatioma tiestribea dlkat & f

i nformation regardi ng an ea of. the di ' [ ext drive
i nformation i eﬂé&r EJ@?@‘HH‘%“&'P]%@\ﬁﬁﬁoéggg'lﬁ@‘egmitﬁgipg&%S sible to
reduce tinme repvéntRm Wikt dufeat st dganiet ys agtqerformod, drl desbeibes o

read or reproduce data fromor on the disc_100.. For. thi.s reason, it
i s usef ul {3 o thata spare areais formed othenu?se. Tllue drive |

t
nformation pointer
15  specifies the position of a drive information area (not shown) of the disc
100. For example, the drive information pointer can specify the number

of a first physical sector of the drive information area.

Drive information is obtained by conducting a test on the disc 100

with a certain drive, allowing the test to be skipped when data is read

20 from the disc 100, thereby rendering fast reading operations. In cther
words, the drive information is created to use a certain drive without
testing the drive. In this embodiment, the drive information includes
recording conditions such as an identifier of a used drive and the
optimum record power. In the case of a write-once disc, data is

25  recorded in a new cluster whenever drive information is updated. Thus,
if information regarding an area of the disc 100 in which the next drive
information is to be recorded is known in advance, i’g is possible to
reduce time required to perform preliminary operations in order to read or
reproduce data from or on the disc 100. For this reason, it is useful to

30 record such drive information on a disc.
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30 record such drive information on a disc. The DFL poi nter
specifies the position of an area in which DFL is recorded (e.g., the
nunber of a first physical sector of the DFL). The user data physi cal
area pointer indicates the end position of an area of a data area in
whi ch user data is physically recorded (e.g., the nunber of 5 the

| ast physical sector of the area in which the user data is recorded).

The user data | 001 the MR hehAbALRciididhg BoSfion bPaf A RIALADFYS 2N

area of a data area 1 n which user data ysi ca recorde e.g.,
t he nunber of teverdacsfe.ghihsi rmhbaradedirsiathysival sedter oftheBIFt). tHee user

data is recorded). \\ t.h t L cal Al d_ .t he
user data | ogi 83%'-daa\r{\ééi}!ﬁﬁ%#éibo'ﬂﬁr%@%%égrfeo?ié ﬁ%lﬁtﬁtwﬁgﬁ%% of
an ar tea in w qgtgtcma_i:dtwmhi@et_d?t_aasp?%sicalmedprdéﬂg?.g.,nlsah?meooﬂ} ng
operati on. e oi ntfer specifjes the pasition o tes rea for
detecting the Histla Yﬁlﬁ_ﬂ\‘a?e erffit ??r%@”&@blﬁ‘l'ﬁeérdaga‘ﬁ "S?%’aeﬁ}e used
as informati 0nTh@%e%é’t&'l&gﬂ%al%r%‘!s?gbin?ér%iféﬁéé E@éﬁhig&%ﬁblﬂbf AreBRAL

types of drives are driven by 15 different OPCs. T | sC usage
i nformati on spetatiptesarghdn whichiuser datecis Dhgsicallv repaided 46.9¢.ithe number

whet her user d ] N

FIG 11§11 ust P edask Pl AdREldt B bt wihicr el ReP Bt ecordea),
list (DFL) to WéthibeasdedatarphykisabDitdagioinvtar amd theGser ataridgidal area
Referring 20 to FIG. 11 th L incl ude n identifier. a DDS

ot nt er i Af or A1 Painss a8 tevbe ST ob =R b MAIH et BRI dong
defect #n+1l. The rédﬁr@édfﬂbﬂi?lamegﬁﬁedbmgi@é@ﬁﬁor#n TheabRQgmintef or mat i on
regardi ng the start and end positions of defect #n in state

i nformation. Hepeciiesihemeaition o AdgshaIrA fPIalatesiingdne RRYMBE PAWSr mat i on
regarding the E‘éﬁi@.ﬁ‘}mé gp%dp&ﬁtv?/-rll]—i@%lh attlo- be used as'iforklaioR MhdtliRbvided nt s

out the position of an area In. a corresponding DDS is recorded

(e.g., the nunb&exbarea avaiighle phesidifgrestiypes obdrivelsarepgyen bif or mat i on
regar di ng e L1 t é%ﬁs' ke @gaf,ﬁ%ﬂ ' Jation
regardi ng b%e g@%ﬁ'{.t%‘% tﬂi‘% (%gu _ |'ﬂ&?ﬂ]3g§n %ﬁg? e ,egglfggclh y the
posi tions of the0 BFinadired {ilee, iDRShahussr data can be further recorded in the

data area).

FIG. 11 illustrates an embodiment of the data structure of a defect
list (DFL) to be recorded in the DMA shown in FIGs. 3 and 4. Referring
20 to FIG. 11, the DFL includes an identifier, a DDS pointer, information
regarding defect #n, and information regarding defect #n+1. The
information regarding defect #n includes information regarding the start
and end positions of defect #n in state information. Here, information
regarding defect #i may be information regarding the aforementioned
25  TDFL #i.

' The DDS pointer points out the position of an area in which a
corresponding DDS is recorded (e.g., the number of a first physical
sector of the DDS). Information regarding the position of the DFL
included in the DDS and information regarding the position of the DDS

30 included in the DFL, specify the positions of the DFL. and the DDS which
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are a pair of information. Thus, the above two different information
can be used to verify the availability of information recorded in the
DFL and the DDS. The state information, which is the information
regardi ng defect 5 #n, describes whether a certain area is an actual
defective area or an area where defect managenent information is

recorded. The inclusion of the information regarding the defect #n
into the st at eaterd pairaf informagioopt Thusakthe abeye oddiierenbinforagdiedicag t he

unber of a1 PeRopPETerl b Rto TRtk e rdbFL ahe®

physi cal sect otheddD8he defective area, respectively. The information
regardi ng defect #ni-1 is also recorded using the nethod of recording

the information regardi,ng the defect #n. . . In_an enbodi men f the
nvention. ¢ he. ver e SRIARTTERR SR i e o et FRARTNE Bifest
several cl ust eg§.ddstribéewhthief ¥ cafthiraras id n BefubPdefestiviSareg ok anmed
for every single cluster, the size of an area, which is des_iq%nated as

f ea,
a defective ar@gawhergdelschinaragementiniormationds recgried: ndbe ngldsion moer

of the |ast phéfﬁia%%foﬁﬁ&ﬁcm regéﬁi%tr%fq@e&%ﬁn%e%té%ﬁ@ﬁﬂ%ﬁb&igor di ng

Herei nafter, enbodi ments of ef ect managenent nmnet
to the presentoptionaht The informatien thgauding & stadmNd. entpdsdionsiof dwe har t

illustrating a,di sc,def ect t i J

erbodi ment | of - SHEC 1 b0e Per RRRRBAHN T tGr 7 B R 8 Ao a0l o1
1201, a regpr dihequathearofthes|asiepiorsital deftecsf thafdefevtive anca, egspedtingly.
data, which is _recorded,_accordin first recording gperation, as
frret tempor ar y RORTalh Grapeng RefartAng it alah EsporetnsBE e . 5o s
to perform di sgefiRiesttretFamGSAE Hfotatdt regardimPe deigctgmcor di ng
apparatus records the first tenporary defect information and defect

I nformati on regarding data, which_ is.recorded according to a . second
recor di ng operatioﬂ!"%ése@%%ﬁ'&"ﬁﬁ §ARYNtgRs Et"ef'ﬁ‘rgiﬁémtﬁm?tﬁo‘?ﬁe

data area. |n ggidrRfedléPeveryBBvararansteRd MMASNBHitySaffcpiits! ncliedLrt

15 performed for every single cluster, the size of an area, which is

designated as a defeciive area, is determined to be a cluster, and thus,
the number of the last physical sector of the area need not be recorded.

Hereinafter, embodiments of a disc defect management method
according to the present invention will be described.

20 FIG. 12 is a flowchart illustrating a dise defect management
method according to an embodiment of the present invention. Referring
to FIG. 12, in acticn 1201, a recording apparatus records defect
information regarding data, which is recorded according to a first
recording operation, as first temporary defect information in a data area

25 of a disc, so as fo perform disc defect management. In action 1202, the
recording apparatus records the first temporary defect information and
defect information regarding data, which is recorded according to a
second recording operation, as second temporary defect information in
the data area. In action 1203, the recording apparatus records defect
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managenent information for managing the first and second tenporary
defect information in a tenporary defect nmanagenent information area.
In detail, action 1203 is perforned by sequentially recording the
first tenporary defect information, the defect managenent infornmation
for 5 managing the first tenporary defect information, the first
tenporary defect nmanagenent information, the second tenporary defect

| nfor mati on, ' hndabmeht HRIABEGRMr hatayiAF el i SRBAAIBARbREY

second tenporary ect 1 nfornat e second tenporary defect
managenment i nf defieat informationdn dégropbisedefenemanagevenrtrinfprmeation desat wo

nformmt 1 on- f off dofan HelBh 12fis I Pefalme T RRekA BESIRIBERIET | .,
i's no limt totdnhpgoranrdefectonfoimation, aliy defetembnagémentitiopmatiovd fatef ect

managenent i nformatjon which can be recorded. .If the nunber is
oroceed 15 Menganatbe A BrberaRcieias Bprnation AATIATRYEY ecor ded

in the te”poraﬂé!fgéﬁ%ﬁﬁégéfﬁ@ﬁﬂﬁmﬂhﬁbﬂftﬂé EBEdrRIteRipdRaryidefect al | of
previ ously recorded tenporary defect infornmation are recorded

t oget her wit h inéwmaticacthedisiect snqnagement éfferationrfof managing theur i ng
finalization o | iHFEne d ¥

I nformati on an%]ec{c{g@ptg}rn?r;j{/arg(‘3349 geﬁt 'H’rﬁanagt@ﬁbﬁ%&fﬁr%%or nag?%{r?ﬁﬁgaywz g%feg t her
noved from t hemaeapemenyinfbefmationi nanagenent information area to a

def ect managenent area (DMA), or be namintained to be recorded in the

tenporary fect mg I f ' I cation
Is selected, a di scﬂ%lg?g%mggt@?gégﬁkhgﬂ’ggﬁp%g?dasrt{fyohgﬁgé%g%éacﬁagerrent
i nformati on ar iforangion emdswb hempasry defeot thedagempot iafoymdtibre &dr the

i nformati on therefromspo as tg%det ect, a defﬁct' e area @rhﬁrg‘# di sc.

FIG 13 is a f afctRVENeNFEst HOWPYR) Lisdindersiasd therqisiay t hod

according to apGhBeF o Fa fefdth irfbendtiopsaidl défestanahagemdraf erring
to FIG 13, in action 1301, a recordin irptgarat us records 30 defect
cor

i nfor mat i on r efffArmatign ydich cathbe reqosds BAUEHSH ISNAEaE8%a fir st

15 temporary defect information is accumulatively recorded in the temporary
defect management information area (i.e., all of previously recorded
temporary defect information are recorded together with newly recorded
temporary defect information).

During finalization of the disc, a last recorded temporary defect

20 information and temporary defect management information may be
either moved from the temporary defect management information area to
a defect management area {DMA), or be maintained to be recorded in
the temporary defect management information area. If the latter
location is selected, a disc drive accesses the temporary defect

25  management information area and reads the last recorded temporary
defect information therefrom so as to detect a defective area of the disc.

FIG. 13 is a flowchart illustrating a disc defect management
method according to another embodiment of the present invention.
Referring to FIG. 13, in action 1301, a recording apparatus records

3¢ defect information regarding data, which is recorded according fc a first
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recording operation, as first tenporary defect information in a data
area of a disc, so as to performdisc defect managenent. In action
1302, the recording apparatus records defect nanagenent information
for managing the first tenporary defect information as first
tenporary defect 5 nmanagenent information in a tenporary defect
managenent information area which is present in at | east one of a

lead-in area afé@oﬂiiﬁq“éﬁerﬁg&;n.t SisObnipdfaridefect iffodatiodnn bifla afdie

recordi ng apparatus Tecor e terrporar%/ defect information and

def ect i nf or maef adiseetmasiinpertrrmadisadelest managesedt d Ineetiondl 32, the a
second recordi %g?&?fﬁd %@#@wﬁ%@ﬁg@%&pﬂéﬂ%?%ﬁf w&].ﬁ{%%h férnf ormation

in the data ar e recording apparatus records
management i nf managingthéd first tenmparanoddfeet isfernatibrt asfiet eryparafeddfect

i nformati on as second tenporary defect mana nt information in the
Lenporary. dof CERNRIHABRHEINMANED Mt OO aRIETo T maRaqehe R ABIaton o
checked whet hegrehiviidt B3rb8dhtoh af REstIAE 6fCa leadlif Gréd gek hjeshegked.

In action 1306, if it is determned in action 1305 that finaljzation
of the disc isamatofthgdiseedn astien §383,186 1e9a¢iHd FRPELIUS ERCOdHIHEat ed
whi | e i ncreasi | I AaF '

tenporary def e%& q%ﬁﬁ?‘?éﬁfﬂ%ﬁ“ﬁ?‘?%gn‘gtgﬁfé’?@'ag‘z’séﬁdrﬁgﬁgéﬁem

i nf or mati on bywhichlig recordes acededisg toal setend reigerdimglepémtion.@as scbod

nunbers other than 1 or .non-integer.s.so.lon S N nges so
nato refl Bou ey Re S Fup AR be ar B te: hetelabads T o
not required ifcatdindapeabius rabdrdemarageirens infomeationdedmuaaging dingy
defect information are accuggéjgég el y recorded enever w tenporary

def ect i nf or ne$959Aditempetacy for atiop 2s seCceRg, lerapprary ‘?e%??t is
determ ned in gehbQémdRqRiorMation Methet&mpbiary eeféct Mdnhgelent i nal i zed,

a |l ast recorded one of tenporary defect managenment infornation and

tenporary def elgformation @eea. iy adknrchoMaiids phegredadmntbrrdinaieationiithen
1305, are Eﬁegg iggg ljeaafged&itgf&%ké@nagerrent 30 area (DVRA). In other

wor ds, the recor enporary def ect

In action 1308, if it is determined in action 1305 that finalization of
the disc is not required, actions 1301 through 1304 are repeated while
increasing indexes given to the recording operation, the temporary defect
information, and the temporary defect management information by 1. It

20 is understood that the indexing could be numbers other than 1 or
non-integers so long as the index changes so as to reflect different
recording operations being performed. While not required in all aspects,
all of previously recorded temporary defect information are
accumulatively recorded whenever new temporary defect information is

25  recorded.

In action 1307, if it is determined in action 1305 that the disc is
required to be finalized, a last recorded one of temporary defect
management information and temporary defect information, which have
been recorded until action 1305, are recorded in a defect management

30 area (DMA). In other words, the last recorded temporary defect
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managenent information and tenporary defect information are recorded
as final defect managenent information and defect information in the
DVA. The final defect managenent information and defect information
may be repeatedly recorded to increase the reliability of data
detection. 5Further, the verify-after-wite method nay be perforned
on the final defect managenent information and defect information

according to a ' ; | ' f ' ed
rom these | ni eRABCRieHERforfHatbf 3k tRBLI<RY dofett AdHlafph o e
occurs and dat asfinaldefect mdnagemednt inforaatitavantydefeet idioimetiominthbe

ded bej [ i [L.abl i.e . 1 ' t .
Gof ot ve. ar caPVnaHer Faer meademehtitRialon 3Rk S tefifodiion
def ect i nf or makigybyRpehRdRIREOdeEq0 iIfbPeasf therekdiditylef éathidetectiona.
FIG 14 is a flowhart illustrating a nethod of managi ng a defect in

a disc according to t apot her epbodi,nment, of th resent jinvention.
Referring td FIG 15.%'/5@{3&.@'@6’[3&% qﬂ”&ﬁﬁ%ﬁtgf’%g"aﬂgﬁ‘&) ormedonlies on a
data area of afdhifefédl mdHdgenttnt flémndtRnlaR ddfbétigfobhation according to
verify-after-wite nmethod, in action 1401. In action 1402, the data

recorded in acanembpsdimentofibe inveation. o e defect iretected BPM theseii sc in
whi ch a def ect irﬁéﬂnﬂt@gréﬂggélﬁ @ﬁeﬁfé&% wWhich FeieiltloRburd #Md dhs 1

creates information ghating an area covering the area having
the 20 defect wuwrdid afterdbe acedhavingthetdafeciroay havegaydedes beingct , as

a defective area. ln actio 404, t I . ke r.eat ed
i nf or mat i on? as uFWaéI?b@e(hﬁ'oﬂ-é%yfqaéﬁ%@ﬁarﬁ%% %&Fggﬂ&? %Fet%l%’e%@%r@a of
FIG 1. In act yefectARPagémensinfiimelion and defeut irdomeationdhagbe pgait i on
Is expected to end, '

[f 1t is determ ned_ ction 1405 .t hat .t he
recording oper ERGO¥ed afterdpe F’F&‘&i'v‘*‘ st ngrdfa' ‘ﬁ&ﬁ%ﬁé‘aﬁtziﬁjf?@ﬂ?%ﬁgh
1404 are r epe@p%&&&%sné@ﬁg anfbredt in aeijgcembﬁbm?t@mra@btm- In
action 1406, if it 1s deternmined in action_ 1405 that the recording
operation is | proginentefthy present ippritionheRetesdn@itong Gofl4t HeeceediPd dat a
I's conpl ete,by ' ' r hdinie oPRSEAL ON)
t he 30 con??ol P@?M%ﬁgseﬂgggﬂ%ﬁ%%%ﬁﬁ%ﬁ%ﬁ%%gfﬁ@ i mJ oromatglf on from
t he nenory facilitate the verify-after-write method, in action 1401. |n action 1402,

the data recorded in action 1401 is verified to detect an area of the disc
in which a defect exists. In action 1403, the controller 2 of FIG. 1
creates information for designating an area covering the area having the
20 defect and data recorded after the area having the defect, as a defective
area. In action 1404, the controller 2 stores the created information as
first temporary defect information in the memory 3 of FIG. 1. In action
1405, it is checked whether a recording operation is expected to end. If
it is determined in action 1405 that the recording operation is not likely to
25 end, actions 1401 through 1404 are repeated before the end of the

recording operation.

In action 14086, if it is determined in action 1405 that the recording
operation is likely to end (i.e., when the recording of the user data is
complete by a user input or according to the recording operation), the

30  controller 2 reads the first temporary defect information from the memory

.30



3 and records the first tenporary defect information in a first
tenporary defect information area TDFL #0 of the data area. In action
1407, information for designating the first tenporary defect
informati on area TDFL #0 as a defective area is further recorded in
the first tenporary 5 defect information area TDFL #0. In action

1408, the controller 2 records managenent information for managi ng
the first tenpdandyeundethe firatiemperanysieiec infommationgn adfirst iegporary

tenporary defe y def ect
managemnent mf%%fﬁgaﬁ%g'%gﬁ@gak{éoﬁlﬁg %(%%3%%% Iﬁ‘a[", dﬂ)?ﬁ%‘f ‘whet her
t he di sc is tdnfemiatioaforaedignatingthe finst fbM;ﬁhranyfdef&ctnm‘oﬂnﬁtmmmad in
action 1409 t di s S.not req ed to fipalized, actions
1301 thr ough 1A0BL 4D elkPu BeR G e R b St ey

i ncreasi ng § ndgufest lﬂfovmaué.oaﬁéaemﬂrr#or alhm@!sﬁ 948 ltﬁé%ﬁﬁéllé?m the
tenporary defect information area, and the tenporary is def

management i nfleeawis eanagementigpamatian fosmanegingdhe rF (st ﬁ@aaqara@ddefect
tenporary def %ﬁtonltn@@@ﬁ IRid POFELS ﬁ%&gﬁh@h éf?'dléféc? § gnever new

tenporary defec ormation I's recor IS un t hat ot her
nunber s (i ncl udfommatiom TDRS:H@ irsd tmmmr)béefestamanagemm mfndaat[cm) | ong
as the index changes reflect different recordi ng operations being

per f or med. 201%®dction 1411, if it is deternined in action 1409 that

finalization of the disc is required, a |last recorded tenporary

def ect i nfeor mati on I Retior 46@\dt [B@hpokea:fwheltebett'te dismiage erfinalized. In

I nformati on TDD!

#i, are._recqrded. as .fin f t DEL d
def ect manage 'rﬁqgrﬁ&t?aﬁteﬂﬂ@e & ?:’f cisf@mt n @é‘ér%f tr}equ‘redan
managenment ar &g t(éimfé)hzea’ hetibheaho feireggh 2503 afexrersameqrbe(faétthe and

def ect managerrent i nf or matj on e repeat ed| ded in the

S
DVA several tififgdizatioragh H%‘”PW@;E‘Q éd‘ﬁ?é gan wghe ff%'ppgfia
det ecti on. informafidth tths&em@&%wéﬂeamﬁa‘rh%ho%ré@ aﬁﬁttﬁ@fbrﬁﬁd#ect

performed on t defect information (DFL) final
managenent 1§ nfdafecitmanagsmenibgpraatian b hg Mereanll abpreviously reeerded

invention. I @, 08t&ohekstt ARLATLRM are accumutatively recorded whenever new

temporary defect information is recorded. It is understood that other
numbers (including non-integers) could be used for the index so long as
the index changes reflect different recording operations being performed.

20 In action 1411, if it is determined in action 1409 that finalization of
the disc is required, a last recorded temporary defect information TDFL #i
and temporary defect management information TDDS #i are recorded as
final defect information DFL and defect management information DDS,
respectively, in a defect management area (DMA). The final defect

25 information (DFL) and defect management information (DDS) may be
repeatedly recorded in the DMA several times so as {0 increase the

reliability of data detection.

Further, the verify-after-write method may be performed on the
final defect information (DFL) and final defect management information
30  (DDS) according to an aspect of the invention. If a defect is detected
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fromthe DFL and DDS, an area covering an area of the disc in which
the defect occurs and data recorded after the area having the defect,
may be regarded as being unavailable (i.e., be designated as a
defective area), and the DFL and DDS may be again recorded after the
defective area. 5The aforenenti oned defect nanagenment nay be enbodi ed
as a conmputer programthat can be run by a conputer. Codes and code

segments, whi choPhatDrIUARd DI, GANEIEA QbvaiREmalealithd Bis8 &% which the
reasoned by a conputer progranmer in the art. The programis stored

in a conputer fefeshpreursand data Kserdedmites iy aea hayinadhe defertyaY B¢ ro

a conputer suc r 0 Js Do t

managenent is Eeeﬁ %éar}g?iggﬁgre,abﬁﬂaeﬁ%g%b'mbeérj%@%%%%g ani%?%&g%%a)be on
a magneti c r ecanditmyDRedindBDAmayplve egdinrecwdeil atienihdidafgctive caea.i er
wave nedi um or any other nmediumfromwhich a conputer can recognize a

program Mogeover, '

program Nogeover. e aFAEMEHRSt SureE AafSibtich iu o s BE I o

I ndustrial Apptompbieriprogram tesedri be clirabps eonputerpr ©sded andipadd i on
provi des a defect 20 mapa emantt {Tetﬁ;hOd t@@t i S %ﬁgl i cabl e tIO a
recordabl e di sESIBEEH: WHICH GRAPYIHtERESOfREEr RIAgEHE SRBISRSIY
tenporary def egdagdoREOLYR dtfp@ELFrogRarhmel HOBE drl) ThephéyrafiFa stired
disc, and therefore, defect information is accunul atively recorded in

the tenporary HesEemputeréeanablemegiumn. (\Yhan deBPomm ithead ansd run by
o . ! rea rega S, onl
vporary 4B oScElpbnRen W haoh Ry ol TndBetiers. o7

tenporary defe ast tenporary defect
i nf or mat i on ar ewnagdmenhtisrpeatdmador ideie; the campwenraddablermediDiviimay

t her eby enabl i efficien f the. DVA wh .d] ity is
[ ted. Aecor BP Rgigmesfee MButia, i hrarl GRE R SESRIEY iR S,
write-once di seamierivaveerddivmiongndetrartmaginadenme mhidhhe computetr seneby
30 backup operations can be m)rﬁ stabl¥éperformad WL'[ hout
i nt er r upt i ons. fecognize a program.  Moreover, he computer can be a general or

15 special purpose computer and can utilize the program encoded on

firmware.

Industrial Applicabili

As described above, the present invention provides a defect

20 management method that is applicable to a recordable disc, such as a
write-once disc. In the methed, a temporary defect information area is
included in a data area of a disc, and therefore, defect information is
accumulatively recorded in the temporary defect information area
regardless of the disc recording capacity. Also, during finalization of the

25  disc, only temporary defect information is read from the last temporary
defect information area and the read information is recorded in a DMA,
thereby enabling efficient use of the DMA whose recording capacity is
fimited. Accordingly, it is possible to record user data even on a
write-once disc while performing defect management thereon, thereby

30  backup operations can be more stably performed without interruptions.
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In particular, a pointer, which specifies the position of a
corresponding TDDS #i, is recorded in TDFL # and a pointer, which
specifies the position of TDFL #i, is recorded in the TDDS #1.
Therefore, it is possible to crosscheck the relationship between the
TDFL #i and the 5 TDDS #i. For the sane reason, it is possible to
crosscheck the relationship between a DDS and a DFL. Further, defect

managenent - mode | nf b gEHib@Er bpdiAEk Wfitirdurdaand PBSigh orgd the DDS

and allows selectiv ect nagenent er eby successfull

perform ng recoomgsppndingr ERDS 4 i$ reC@scﬂﬁ,d:DlW i ansod paintey;, \@Kiahr onment
condi ti ons. t r i eve
a recording caﬁ%ﬁ%t%%@}g\yébg%@gﬁ 'g?%) qd%&]ﬁ‘ th?%@%%ﬁrﬁ%&é‘g}%ﬂ/

[1 ep[1 oduci ng unitis dossitdevto cmsEcméckihe:mjaﬂbnshm heteean et DBL & and) the

i gh nuneri cal rture type unit usah| e cord dozens,, of

gi gabyt es of dgﬁﬁ%o#i ﬁ‘é"%g%‘”@r@as@cd Ip¢9§s' @Eéﬁsﬁ?ﬁ?a%thencl ude,
but are not "@Iét%shfﬁ bét\n@éﬁatﬁ)%ha%FLngrdrtmtdef@cvteh@ﬁe@rehfemf 405
nm and havi ng nunmerical apertures of hose units conpati bl e

with Blu-ray dmege infamaatinn iscestaings mh@m&h’i #iand heBPaand ablews
tical Di
i toconce. di seeRive defect manadtor, HERE SHELeqdh b HcorRingfrecording

rewitabl e nedogeraticnthienespédtiveraf decordingen2ibonmenissamditionand rewr it abl e
portions. Al t hough a few enbodi nents of the present invention

have been ?l?OW” and ﬁﬁg%gﬁqt is' nd Jéchd n@ é%%&féﬁr't@%‘éﬁg@gatrgc?@‘alng

skilled in'The art t n’esma

wi t hout depart bmcﬂy ofrse\ruralmﬂzen|glga1§;t@nmesmcorctng)andiberGMng)n
the scope of

What is clai rreHn'fé shdwhi T H}gd' %@n E}’ciq%%ra g":a“qaﬁ Hah qﬁ@BPH (f]'c lnglnz)?
reproduci ng apasérfirt$ypd 6t Gédifte ROMROIGHd@ENS of glgabytes of data on the
disc 100. Examples of such units include, but are not limited to, those
15 units using light wavelengths of 405 nm and having numerical apertures
of 0.85, those units compatible with Blu-ray discs, and/or those units

compatible with Advanced Optical Discs (AOD).

While described in terms of a write-once disg, it is understood that
the method can be used with rewritable media or where the medium has

20 write-once and rewritable portions.

Although a few embodiments of the present invention have been
shown and described, it would be appreciated by those skilled in the art
that changes may be made in this embodiment without departing from
the principles and spirit of the invention, the scope of which is defined in

25 the claims and their equivalents.
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a defect managenent area in a lead-in area and/or a | ead-out area of
the disc and which includes defect managenent information used by the
recordi ng and/ or reproduci ng apparatus; a data area of the disc in

whi ch data is recorded; a tenporary defect information area
that includes tenporary defect information regarding the recorded
data in the data area; and a tenporary defect managenent

information area that is in the lead-in area and/or the | ead-out area
and includes tenporary defect managenent information used by the
recordi ng and/ or reproduci ng apparatus for managi ng the tenporary

def ect i Whatisgldimed iswherei n the tenporary defect managenent

informati on conprises position information conprising a position of
the tenporary defect information, and wherein the defect

managenent i nflor nef AgRTHHSs Wit RyErwaing Rad{ggeredycingapgarais iadisc a | ast
recor ded co@pperiary defect Information that was fast recorded in the

tenporary defect for r. e t enpor
def ect nanage {ec{}ﬂ?”a%? I[Ie% ﬁ2|e%[]dn grle ?ﬁél? al§$ gﬁ%reha:{{% cﬁsre&rl%]gfv (Q'rCh
def ect miniugesdefectinminggereant oWpraeticn. used by the retordingrandior thpragiueinglArparatus;

repr oduci ng ag;ag(aaat,.éhsoff“{gd,égﬁwmcﬁ gatglgleg&de&. he appar at us corrprl Si ng
a recording/reading unit that records data on the disc:

control | er thatereRaFrY gefectin{ermationirgs Pﬂ@ﬁ 'ﬂ@a@ﬁsrﬁamemw defgeti @86‘?9&0” fegafd'”g
t enpor ar yhedeb@aéd datd mrtmaat@aregoa*mrl sing position information

conprising a position f ad ective area c,an e rar
Gef ot - mpagentaearsty sfeaRoTii orhfies bkl Mb o AL A FHRR e
i nf or mat ilesd-duharga aeﬁmdpmemmrewwemnaqmentaﬁwab@n tded byl thegre¢agding

di sc def gglioMRpRAHRI Ypp aﬁé(ﬂ.%rf&"lﬁ‘aﬁagﬁg HRITBARGEY d@%f:ﬁ%mmeﬁgﬁ‘im the
i nformation conprjses position injormation co i ng@aﬁgom tion of

the t errpB?"%ﬁ’OyarHQ?%EE""%?F%'F‘?Fﬁﬂf‘?fﬁ'at'wmpnses Pogifi 'EI 0 prising a,position
def ect mafihgesmgtirarpefact idiaehatibg aadnt rol | er control s the

recor di gl eaghge Yl ferdr SERN Lol HE SIRGY AL NS REEoLLALI AN RNC

t he tenporar ect recor
t he t enplastieporded momﬁ&j@ﬁ@fﬂmaﬁ@dhatms {astregerpedtin tieleageispitieest ea

in respo mmfaﬁoraaréé Qﬁ’d ) %@ttrbéﬂ?déﬂftehb&al‘}'d‘éféct managementiinfommc@maﬁn&twﬁ
as clainmed in ¢ eint etenﬁ)rar fect information is

:
"ot Combeidh e ey Goret RO PPt hosi ¢ | on

i nformati on accunul ated fromfirst through | ast recordi ng operati ons.

4. The appar ﬂ% us %re%rﬁfng‘éﬂdfbﬂeﬁljo?% &rlaﬁjstfcﬁrmg i é d%@ftﬁé;gpparatus

managenment i nformation t0 nanage A& tenporary
i nf or mat FYAPISNGpr ovi ded in a tenpor ary def ect managenent information

area of the t@?@&@fdﬁfgxfeamgam tHER ARG RAR oarneeadlsc and 5. The disc as
claimed in clalmt I V\(("I? L Hgletergp d}/ t? Q{ornatlgr}&reals
in the data af&eptro er that controls the recording/reading unit fo record femporary dete
information comprising position information comprising a position of a defective area of the disc
and temporary defect management information to manage the temporary defect information ina
temporary defect management area of the disc for disc defect management, wherein the
temporary defect management information comprises position informaticn comprising a position
of the temporary defect information, and
the disc comprises a defect management area, and the controller controls the
recordingfreading unit to record the temporary defect information and the temporary defect
management information, which are recorded in the temporary defect management area, in the
defect management area in response to a finalization of the disc.
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3. The apparatus as claimed in claim 2, wherein the temporary defect information is
last temporary defact information comprising defect position information accumulated from first

through lasi recording operations.

4. The apparatus as claimed in claim 3, the temporary defect management
information to manage the last temporary defect information is provided in a temporary defect
management information area of the temporary defect management area.

5. The disc as claimed in claim 1, wherein the temporary defect information area is

in the data area.
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