RECORDI NG REPRODUCI NG APPARATUS AND RECCORDI NG MEDI UM  Techni cal Field
S The present invention relates to the field of discs, and nore
particularly, to a recording/reproducing nethod, a
recordi ng/ reproduci ng apparatus, an optical recording nedium and a
conput er readabl e recordi ng medi um havi ng recorded thereon a program
for the recording/reproduci ng nethod. io Background Art Recent years
have W t nessed renar kabl e advances in optical recording techniques
.e., techniques for recording data on optical discs). Wth these
advances NEG/RERRGPUGIHNG ARRARATLE ANR REGORHING Mi ng
appar atuses have been devel oped. Wite-once optical discs are a type
of optical discs to which data can be witten is only once. For
exanpl e, conventional conpact disc-recordables (CD-Rs) and digital
versatile disc-recordables (DVD-Rs) are forns of the wite-once
optical discs. Generally, in the wite-once optical discs, a state
of a recdiedhrigallFiglér is . changed by applying heat to a predeterm ned
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ManageneRrsatie disc-recordables (DVD-Rs) are forms of the writs-once optical discs.

Generally, in the write-once optical discs, a state of a recording layer is. changed by
applying heat to a predetermined area of the recording layer using laser light to form a
recording mark.

20 Defect management involves re-writing user data, which has been recorded in a
user data area where a defect is generated, thereby compensating for data loss
otherwise caused by the generation of the defect.  Conventionally, defect
management is classified into defect management using a linear replacement method
and defect management using a slipping replacement method. In the linear

25 replacement method, an area of a user data area where a defect is generated is
replaced with an area of a spare area where a defect is not generated. In the slipping
replacement method, the area where a defect is generated is slipped without using
such an area and a next area where a defect is not generated is used.

In the case of the linear replacement method, a block of the user data area

30 where a defect is generated is called a defect block and the spare area, which is a

space for a replacement block for replacement of the defect block, is provided in a



met hods different fromthose in rewitable discs may be adopted. In
the case of the wite-once optical discs, the above-described defect
managenent net hods may or may 5 not be used. Thus, there is a need
for a nethod of using the wite-once optical discs based on whether
def ect managenent is used or not. Disclosure of the Invention An
aspect of the present invention provides a recording/reproducing
nmethod, a 10 recording/reproduci ng apparatus, an optical recording
medi um and a conputer readabl e recordi ng nmedi um havi ng recorded
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def ect nEDegedabs ihe lpgtion ned on the recording nedium if the

def ect manage e Is selected; and recording the data in the
Focor di ng. meGRIAERHIIPE BTSSRt MYSR-MENIEs PrTorHENGPBORS A TRhch o
of f nmde rbsorgi @@ﬂr@@ucn?@ APpaRRG, Nant eptRAl &é@ﬁ@hgoheﬁﬁﬁn' BHENA | &Shnpdt&e
recording o e data in the defect managenent on node conprises

i ni'ti al i ZP#Ptle recaEdP@ mpdkmi tAVing ¢ 1REOEE o AherRan e PEYHEBN TRt

the init 'r@édré:ﬁ@/‘ré}ﬂo@@ﬁgf | BbiRed a%'ﬂl‘ﬂbﬁ‘ga avHBaee 2bHifal Misd &2hagk NGsed®
def ect generated in ata area of the recording nediumto the data

area; and@cceidingrtawhgihes Aplerbmpnaggreent inedrRRN®TIOL nf or mat i on o

i ncluding i nf ARARbADHsREGHE aﬁdfépaamt ﬁﬁ@weﬁwrawﬁ% &gt Jb@‘?mg)éd i
I ndi cating the defect nanagenent e, a tenporary ec
manageneie dewpb@rwmédoiiqw&w nre@@mrvﬁdoen@wiqurqm@w desngiptien, an may
aspect Ofbetlg'ﬁnéﬁ'ggﬂ% %m‘tﬂ@ ifveraési ng of the data in the defect 2

managenent on no er conprises recording a replacenent bl ock,
whi ch According to an aspect of the present invention, a method of recording data on a

recording medium comprises selecting a defect management mode selectable between
a defect management on mode and a defect management off mode that indicates

20  whether defect management is io be performed on the recording medium; recording
the data on the recording medium while defect management is performed on the
recording medium, if the defect management on mode is selected; and recording the
data in the recording medium without defect management, if the defect management
off mode is selected.

25 According to an aspect of the invention, the recording of the data in the defect
management on mode comprises initializing the recording medium to the defect
management on mode, the initialization comprising assigning a spare area for replacing
a defect generated in a data area of the recording medium to the data area; and
recording temporary defect management information including information on the

30  assigned spare area and an identifier indicating the defect management on mode, in a
temporary defect management area provided in the recording medium.

According to an aspect of the invention, the recording of the data in the defect
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repl aces a defect block concerning the defect generated in the data
area, in the spare area in predeterm ned operation units; and
updating the information on the defect and the defect nanagenent

i nformati on for defect managenent as tenporary defect s managenent
information in the tenporary defect managenent area in predeterm ned
operation units. According to an aspect of the invention, the
recording of the data in the defect managenent on node further
conprises changing a size of the spare area; and updating tenporary
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According fo an aspect of the invention, the reinitialization to the defect
management” off mode comprises recording the identifier indicating the defect
20 management off mode in the temporary defect management area; and recording
temporary defect management information that is finally updated in the temporary
defect management area in a defect management area provided in the recording
medium.
According to an aspect of the invention, the recording method further comprises
25 finalizing the recording medium, where the finalization of the recording medium
comprises recording a finalization flag indicating the finalization of the recording
medium in the temporary defect management area; recording temporary defect
management information including finally updated information on the defect and defect
management information in the temporary defect management area in a defect
30 management area provided in the recording medium; and filling with predetermined
data a remaining area of the temporary defect management area where the data is not
recorded.



3 According to an aspect of the invention, the recording of the data
In the defect managenent off node conprises recording the data in
the data area provided in the recording nediumin predeterm ned
operation units; and updating recording nmanagenent information
according to the recording of the data in a tenporary defect s
managenent area provided in the recording nedium According to an
aspect of the invention, the recording nethod further conprises
finalizing the recording nmedium where the finalization of the

recor di ng medi A réé&%)erc?ﬁp{h%' tﬁ‘gerﬁ’iPﬁ %lrE&%{nﬁrbffthégatav‘{ﬂ'tﬁ% gpfect

I ndi cates the recordi ng nediumis orar
managemenmaaawen‘t@ﬁomdﬁelgomensmdlrengrdmn’mgdmm the datacaremprwrded in the

finally u ef nt ar .a_defe
mnagenen{égm ﬂg@pﬁedﬁ”ﬁ)ﬂ{%@@m&gf ﬁpﬁgﬁﬁﬁ q‘[ﬁr’ﬁf quc{]a]tlﬂ% vﬁCPFF}‘ng
pr edet er mnaeegemlattanfarmamalaucu@!rg Bathefrectdn(gng @it gam idef ’eﬁ'tporahry defect
agepent _area where n S Accordi ng to anot her
aspectgrgfmf’ﬁ%geﬁ%@@ma "?rﬂ\lllg?fﬁ In()tﬁ/gl r%cq@pg] B¥ M r eproducing 15 data
recorded on aﬁroecmr@l 0 e tinaf m@irwbnﬂmﬁtw[eemldgemetﬁoﬂ fautiest, cothpriads
ar ea, and -out ar ea cop secutlvelﬁ 3:%% ﬁ ngrl ses readi ng
def ect mah @Pr% ©of¥~8 M e e R’ phdh dﬁ%@dWﬁeFﬁéwm
def ect ”W@@@tre‘d@ﬂtr@eéf BRAIRE AN ﬂtaaewhrcﬂcmowalf& @ﬁ‘éj'rlé&rd'hbomealum is
terrporary def ect, mana enent area provided in the ad-in afea or the

| ead- out HiadZed, &y f&stemomae@ct Wﬁ&@m%@@ﬁa recqj'emedecgewemrmement
the daj a igformbssh ﬁﬁﬂlydﬁﬂc)@eﬁéd rfﬁpcﬁ@ecgﬁt%ra'ri‘fd@fé@tm% S fn@%%ﬁeﬁfa

the defect for every” predeterm ned operation an
recor ded PANIGFENSN t95e% PEYIdedsiadhe rreecpfémge"aedluarefaédt ﬂmwb rsedetemingd

mode i nf QigiRbl R hairff el SFShé ‘Perﬁ?cl) §P§§f&ct a I %éuglﬁere rﬂ@data was

r epr oduci ng net hod further conp S rea ate
i nf or mat i"epPTEAL he def ect and finally updat ed def ect 25 nmanagenent

i nformation fnaEbRe ¢ ﬂn%agg‘:éit‘f?fo?% Hte[ﬁ?t%&loﬁr g%efh[)d (% ?@l?cing

def ect managenent o/ or ma n &Ct nanage
mode. 1Accintalrergrded ema a@fmﬂmg ofediune, whicte mcludas atlhad-rreenﬁeddda’ragaml st

e PRI TSR Sty gy b S e bl e Rk i
ar ea; andﬂ@%lﬂlfmmatlm thfalnld;catqsdmheihlerafbfeo’uﬁmnwemi was tpecfonheddoon the
and the frb@cﬂ'hﬂnﬁ HEAIGhEHofe] RHhpdTRRAREIE Mar 205 HeTR Ellre%npljo{flged in the lead-in
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predetermined operation and reading data recorded in the data area based on the read
defect management on/off mode information,
According to an aspect of the invention, the reproducing method further
comprises reading finally updated information on the defect and finally updated defect
25 management information from the temporary defect management area, if the read
defect management on/off mode information is a defect management on mode.
According to an aspect of the invention, the reproducing method further
comprises reading a finalization flag, which indicates the recording medium is finalized,
from the temporary defect management area; and reading the finally updated
30 information on the defect and the finally updated defect management information from
a defect management area provided in the recording medium.
According to an aspect of the invention, the reproducing method further
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a defect managenent area provided in the recording medi um According
to an aspect of the invention, the reproducing nethod further 4
conprises reading final recordi ng managenent information fromthe
tenporary defect rmanagenent area, if the read defect nanagenent
on/off node information is a defect managenent off node. According
to an aspect of the invention, the reproducing nmethod further s
conprises reading the finalization flag, which indicates the
recording mediumis finalized, fromthe tenporary defect management
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" According to another aspsct of the present invention, an apparatus for recording

20  and/or reproducing data recorded on a recording medium, which includes a lead-in

area, a data area, and a lead-out area consecuiively arranged, comprises a reading

unit, which transfers data with respect to the recording medium; and a control unit,

which controls the reading unit to read defect management on/off mode information,

which indicate whether defect management was performed on the recording medium,

25 from a temporary defect management area provided in the lead-in area or the lead-out

area, so as to update information on a defect generated in the data area and defect

management information for management of the defect for every predetermined

recording operation, and controls the reading unit to read data recorded in the data
area based on the read defect management onfoff mode information.

30 According to another aspect of the present invention, an optical recording

medium includes a lead-in area, a data area, and a lead-out area consecutively

arranged, a temporary defect management area for recording temporary information on
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area based on the read defect managenent on/off node information. 30
Accordi ng to another aspect of the present invention, an optical
recording nediumincludes a lead-in area, a data area, and a

| ead- out area consecutively arranged, a tenporary defect managenent
area for recording tenporary information on 5 a defect generated in
the data area, where the lead-in area or the | ead-out area and
tenporary defect nmanagenent information are for managenent of the
defect, and a defect rranagenent area for recording final inforrration
on the de L.nal ntor
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According to an aspect of the invention, if the recording medium is reinitialized to
a defect management off mode, information indicating the defect management off
mode is recorded in the temporary defect management area and temporary defect
management information finally updated in the temporary defect management area is
25 recorded in the defect management area.
According fo an aspect of the invention, when the recording medium is finalized,
a finalization flag, which indicates the recording medium is finalized, is recorded in the
temporary defect management area, temporary defect management information finally
recorded in the temporary defect management area is recorded in the defect
30 management area, and predetermined data fills in a remaining area of the temporary
defect management area where no data is recorded.

According to an aspect of the invention, if the recording medium is initialized to
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a finalization flag, which indicates the recording mediumis
finalized, is recorded in the tenporary defect managenent area,
tenporary defect nmanagenent information finally recorded in the
tenporary defect nanagenent area is recorded in the defect 30
managenent area, and predeterm ned data fills in a remaining area of
the tenporary defect managenent area where no data is recorded.
According to an aspect of the invention, if the recording nmediumis
initialized to 6 the defect nanagenment off node, the defect
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not pBrf SPFRIGING ey snensiRst With PRoessing InsiHelasdat implermeping # dedhgdhof

the | eadréprodiicifg Gkta REoli8ahbroHreddr8iRg rAGI@R, WRiCH AR S leddBh MrBRL 4 @Bta
on a defect generated in the data area and defect nmanagenent

i nf or mat i%6FR 36 2 deathgdnage C@PS?%iVaéfeé@%g)rase%w By Befompidar the
recor di Nngn&REd addniitistiyd réRAH Nbfedafdnb@GRéfCan/oft HdRedMiémAliea nged
on the read defect nanagenent on/off node

T indicates one of whether defect management is performed on the recording medium

20 and whether defect management is not performed, from a temporary defect
management area provided in the lead-in area or the lead-out area, so as to update

information on a defect generated in the data area and defect management information

for management of the defect for every predetermined recording operation and reading

data recorded in the data area based on the read defect management on/off mode

25  information.

Brief Description of the Drawings

FIG. 1 is a state diagram of a write-once recording medium according to an
embodiment of the present invention;
30 FIG. 2 is a data structure diagram of a single recording layer recording medium
according to an embodiment of the present invention;
FIG. 3 is a data structure diagram of a double recording layer recording medium

7



25 information. Brief Description of the Drawings FIG 1 is a state
di agram of a wite-once recording nediumaccording to an enbodi nent
of the present invention; 30 FIG 2 is a data structure diagramof a
single recording |ayer recording medium according to an enbodi nent

of the present invention; FIG 3 is a data structure diagramof a
doubl e recording | ayer recording medium 7 according to an enbodi nent
of the present invention; FIG 4 is a detailed data structure di agram
of areas of the wite-once recording nediumaccording to an

enbodi nen Lon;. El.G s a view for explaining

t enpor ar y‘I’lC %Fd'ﬁéjrana e'ﬁgcﬁ‘ig' ﬁ?@h%gf%ﬁmr'@ée&?%’d 5in a tenporary disc

managenent ar ﬁGaéwawemj[eﬂmam\smdnudidmmrgojf drivas @ﬁtﬁsamte-oht?é/ patordiiy

FIG 6 is view fo | ai nj n I,.SC nagenment i nformation

recor ded mlgﬂMEP TR b, ‘ﬂ@' g@ Péa?'étd“ B%ding to an

enbodi ment of RiBe5 w@sgwtfor bxplEnihg @mpok8ryfdiée ménadenterfl @ff@h=Ri8n ¢adaded
lagramof a te def ect f|n|t|on structure (TDDS

structure di or )
# 1 of *t 1B 7 SHPGYER, diF SERRSRAIRBEIR ARRETRGLP G BEBRReR of Sepresent
enbodi menfvéiitiohhe present invention; FIG 8 is a detailed data
structure diagramof a space bit mp (SBM # i of the tenporary disc
management | nfg: Jﬂgn%ﬁ Q)wew@*gb@@n!m@ng ber&qpr@m wepdgentent iidorpiation fgcords!

i nventi onj ﬂ&n&&atysd@cqﬁé@g'eﬁ%n%%% §&6dﬂ<§ﬁ§”t8 M éﬁhb@&ﬁh‘%ﬁ?% ttlﬁl@%%ﬁf’

defect |ist I of the tenporary diSc nmanagenent _
accor di ngnY&tigh; enbodl ment of the present invention; FIG 10 is a

data g4 ructur @i aggam Faal@ﬁ%@%rtru&h?e; kA 5?6 ér?ﬁ&\%%@e{%k@deﬁnm&{)

FIG 11 is a schematic I agram o arecor ucrn
appar at usstrugiee (BPRG) #d Qafrthemntbrﬁehdlsofrnartagemee‘s mfurmahmrat:c@ﬁmgﬁb@

12A t hroyghy c;d%ﬁe@rcﬁtﬁén@gggﬁrlﬁ\?enhbﬁ .ustrating a nmethod of using the

write-once recor in a defect nanagenent (DM -on node or a
DM of f node FIG. 8 is a detailed data structure diagram of a space bit map (SBM) # i of the

temporary disc management information according to an embodiment of the present
15 invention;

FIG. 9 is a detailed data structure diagram of a temporary defect list (TDFL) # i
of the temporary disc management information according to an embodiment of the
present invention;

" FIG. 10 is a data structute diagram of a defect list eniry # i shown in FIG. 9;
20 FIG. 11 is a schematic block diagram of a recording/reproducing apparatus
according to an embodiment of the present invention;

FIGS. 12A through 12E are flowcharts illustrating a method of using the
write-once recording medium in a defect management (DM)-on mode or 2 DM-off mode
according fo an embodiment of the present invention; and

25 FIG. 13 is a reference view for explaining a process of defect management
according to an embodiment of the present invention.

Best mode for carrving out the Invention

Reference will now be made in detail fo the present embodiments of the present

30 invention, examples of which are illustrated in the accompanying drawings, wherein like

reference numerals refer fo the like elements throughout. The embodiments are
described below in order to explain the present invention by referring to the figures.
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according to an enbodi nent of the present invention; and 25 FIG 13
Is a reference view for explaining a process of defect nanagenent
according to an enbodi nent of the present invention. Best node for

carrying out the Invention Reference will now be nade in detail to
the present enbodi nents of the present 30 invention, exanples of
which are illustrated in the acconpanyi ng draw ngs, wherein |ike

reference nunerals refer to the Iike elenents throughout. The
enbodi ments are described below in order to explain the present

nventi on by 8621k A0ckfy LR TR Pk Geohiy oS oA

a write-once record REdr U accordt ng G an ct o
i nventi onasamdt dﬁbw:pr&sleet invénﬁmnfartdl*@owsﬁheh@rmfethe mm—dmm‘gremanﬁingmnedium

f i0 b I d
oS Do PR ot PluafRbR o hialza R ad i RN Ribelstor B G e
aspect ofThmwm@F@ﬁ;enécdrdimg nﬁedimmmnoﬂurigeto@eahpent tivae rm@@t nventich ¢xh
t o whet hg%e def ect management use

Th t t
DV on o it Tt Seeordii eoaetBer ETe B ORI L 5 hRoh  The

def ect rrm?@ma@éns the mﬁroh%ﬁwlmnhbh@afae@%@brﬂgd BRE M&brdﬂ@ﬂné@iﬁﬁﬂﬂhile
node is the DMoff nmode in which data is recorded on a recor

medi um wiSTectdeaBgrmenbisRyeitERed PR thefegeefingmeeim. 1J hersacaed mdsns the

mode, a SPRALSF & iiF WRiSh 00RE 15O récdidP G @2 rédoRNhg efheiin? while  defect
recordi ng medium and data is recorded by a drive device on the

r ecor di ngnarfemant {fmat eedemast managenent and is performed with the
| ntengg on of eﬁbl\ﬁ)ﬁn FndHd, \(?g sparB it s lé%&gneﬁi tb rah@até)'\érgé rSRER on a

data I's recor drive vice on a rec thout
def ect rrefﬁqg’dmnﬂedlmemd tata isgecrided dyi & dive ﬂ@vmecomihewemré:rmmedlum

| ntention,pf @efﬁ&eﬁaﬁégﬁ%{t d%é‘ﬁiagggéﬁ&ﬁ{eﬁr\ﬁﬁh tl? @@%’l&ff})heeﬁ?gg{s@r A @Parive

assi gned to a part ea |'s provi
nanagenermaluﬁalctsnenc gnttioe H’M—eﬁfmmndgtame mecarged pienfdoivereldvice onteereDividiriy

node, it JSynatur t i 0
mode, i PSBR MG Aot hBbEBHE Qe b, AESLALE S erRifeq, ih® o
DM of f5 nowkentian oﬂmeselbm ardrineajmnufactursr ur&iMecsdalterm&a sesibnad 10 a part of

o o E BbEAsbiE pa ALl b e R B rbgament
final i zatpetiorme®divt te Didesdf Tode) it fie nefurdl Heatver sparecaree beptotassignediiuthe
accordi HihQ fftmodew\ﬁﬁtfenﬁ%e I|s s ct]v(\?r\lN\rr]wthout a reinitialization from the DM-off mode to
the DM-on mode, it is Understood that such a reinitialization from the DM-off mode to
20 the DM-on mode is possible to the extent that the DMA is not filled prior to finalization.
DM-on mode
The life of the write-once optical medium according to the DM-on mode is shown
in an upper part of FIG. 1. In the following description, terms “disc” and “recording
medium” are interchangeable and are not limited to a specific type of medium. When
25  adisc manufactured by a disc manufacturer is first used, the disc is an empty disc 1 on
which no data is written. However, the empty disc 1 includes a lead-in area, a data
area, and a lead-out area that are assigned during disc manufacturing. The structure
of the empty disc 1 is shown in FIGs. 2 and 3. The spare area shown in FIGs. 2 and 3
are not assigned during disc manufacturing, but are assigned during disc initialization.
30 Also, assignment of the spare area depends on whether defect management is
performed on the disc 1 or not. Thus, the spare area is represented using dotied

lines,



in an upper part of FIG 1. In the follow ng description, terns
"disc" and "recording nediunmt are interchangeable and are not
limted to a specific type of nedium Wen 25 a di sc manufactured by
a disc manufacturer is first used, the disc is an enpty disc | on
which no data is witten. However, the enpty disc 1 includes a

| ead-in area, a data area, and a | ead-out area that are assigned
during disc manufacturing. The structure of the enpty disc 1 is
shown in FIGs. 2 and 3. The spare area shown in FIGs. 2 and 3 are

o Bo0 9nedl e 8 @ofl oA e i disahls 71 85 GOSN ES A BhREn

initialization. assi gnnent the spare area
whet her daToget fhmm}édﬁnﬂ i mlthhéedtorthe@hbnn 1mm1|ed| Eor d!efect manageTians, the
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ata.a
oo oSV sl ot R CoRhS Bren i B2 HERSoph ity IrafeoR 4B ERSs Sand g ™Y
rfecoLded in a fceadds lalrdﬂanlt)mesgtxmwaiéagéamhﬁ a%mglg r@ehr?zaﬁein%éay?ré&bﬁdlg@ﬁ%agum
e descri Wi
Rl s T DR SR Y st DFeroRRGG IR abbartal o bR qRiTIag &p . 2, a

r ecor di ngleaedn El‘éa welatd erahnd B@eéﬁ §1§4‘. dre2@fOpaIia8d ﬁlﬁ)s@dbegﬁﬁﬁf‘iﬁ tref sitde
| ead-in area, a data area, and a

t
IQ;@”O{J;’ n%ﬂce ing %rg ffﬁaé%ﬁ%-iﬁ drofo dbe St aeR, aoing lggp-out pegcTgiasgioned

| ayer ;o Thegur sd: MapbRRturhge l‘f’@bfécﬂh%a?&ﬂgntt thea | PR deVice 36 %@rférrn?ed on
assigned jo during. disc manufacturi na_@ ity def ect nmanagenent

drive dev#h8é11$t‘s1 peincpiiialzagan farmee of ra BRATE BYEa &l asz;@nedntp tl*@rdata
use of thgredi SRePerru% t%ﬂ#@ez %B%gb% &reas dnesks g?leﬁgg%ﬁ()?t%l%a agéaeé‘nd the data

Referring to FIG 2,” two spare areas are assigne ata area
and the d&e€a lncaw@&amr@a@@% spebdalpaged BNda spase atkat 2. alaia regeddieg

|
s ol a8 S B Rl AL B A kO B
a locaii OWOEWE%*LON\W@S adnacatignhawirg the Iask LN qUVhitel notregliredhipalcaspects,
th f

B L MU eatil g T
progr esseld the spare area &8t if secordiogrptdgeedseadn thetdlwcbm from thedeadseut atas #o

can he REre ar Prrare AR &R spere praf p2 e PR ool iMicd Sh e
doubl € r eeasildpadoimeder “recor di ng medi um

20 FIG. 3 is a data structure diagram of a double recording layer recording medium

version of the disc 1 according to an aspect of the present invention. The structure of

the double recording layer recording medium is similar with that of the single recording

layer recording medium 1 shown in FIG. 2. One layer of the double recording layer

recording medium 1 includes a lead-in area #0, a data area #0, and a lead-out area #0

25 In succession. The other layer includes a lead-in area #1, a data area #1, and a

lead-out area #1 in succession. It is determined that defect management by a drive

device is to be performed during disc initialization. Thus, the spare areas #1 and #2

are assigned fo the data area #0, and spare areas #3 and #4 are assigned to a data

area #1. [n other words, the data area #0 includes the spare area #1, the user data

30 area #0, and the spare area #2 and the data area #1 includes the spare area #3, the

user data area #1, and the spare area #4. To facilitaie extension of the spare area #4,

it is desirable, but not required to use the disc 1 such that an LSN increases in the
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version of the disc | according to an aspect of the present

i nvention. The structure of the double recording |ayer recording
mediumis simlar with that of the single recording |ayer recording
medium 1 shown in FIG 2. One |layer of the double recording |ayer
recording medium1 includes a lead-in area #0, a data area #0, and a
| ead-out area #0 25 in succession. The other layer includes a |lead-in
area #1, a data area #1, and a |ead-out area #1 in succession. It is
determ ned that defect nanagenent by a drive device is to be

re aser ittt fofiiEubd dadalebin G e [ Pard g MoASRER FlG A" ™
fass: 8322 :ﬁ aSTdha';deaete;i?lg&etrdfﬁjr?st] of gg&lead-\g:)gr%, ammgaadgi(l).a aae:eaf ﬁ’& reco;ding
o on 55 AN B BrGea B anifhe Fetdnad ufh Eeieton e Biglf TG s

dat a ar eaa #btailad dddthesteipiire didg@m#dr ark@sf@cihki wWifetorRst RR6IHY Riediups 1
spare area #4, '{t i s desirable, but not _reqtﬁﬁr‘ced_ to use the disc 1
such that3GGRTIRENIY AR [ASREECT the(Riesent dnventien ¢ i fering dptHE. de@s dpserbed

area #0 tgbdvbethd $8lte-HRsrcdbRiMd thedia® PeNBed thefibsdl-irfared he d@iPhie8 dand
structures O%Wt he |l ead-in area and | ead-out area of the recordin

medi um 1 DRJGE-PY FPEdN spogasaion apd) the wpatke3w@ap Bdoand #A arefesrigned ta e
FIG 4. Rida afbd during dietislidiegdtdtlor dsfebUnb @RI AN l%d-?rf £28 iMuddis
write-once recording nedium1l 5 according to an aspect of the present
i nvent i ordefggifappagegant arew (DMA)a#1, o sisive Helormalisy erea, hee tetnperanodeiect
recorgjn i jacl t he = : t r e
| cad: ol RN A8 (18R, BrecRRig BoRifh, 14t ed nd P DA,
assi gned lead-putearea includas @ DM #Bramddi BMAIH#. t iNaturaliy, detailéd aredsfassigned to
managene e | -] I f rent

2 ar i 1ok 8T ouf B ket o LSBT AR B el
(TDMVR), dhe &eadridiergg.condi tion test area, and a DVA #2. The | ead-out

e gned oo Tie SRl 2ol g prbicl @ teid SN BeBhEdRen ook
area in dubsli tepoes @ block pEtteadsefdala keed eddniandafeehis Jhersipdrie the elatk
#1 and # r.ovi ded t ewite_data. in repl acenent bl o 15
Fhar ot BirBed i e Beet GalCdton: THE divk MalrfyRaT SFEIE R, pfoveS to'Rocor
gener at edniormativn atah arive devicel &bt loads kediss and dedoadsadeta. in bh eealisi dega from
ord infor dri.ve ,devi

o B0 R e b R e B SRR R e o e £
The r ecorpgifogn aprdidteminge tdst &rale berpps@ ot sediciing fdrl thwvobh@aldsdndion for -
devi % t Cl)'ec::)rding/reproducing data in the loaded disc.

The DMA s provided to record defect information and defect management
information (DMI). The DMA includes a disc definition structure (DDS) for the DMI
and a defect list (DFL) for the defect information and is provided for compatibility with
rewritable recording media or to read and record final defect information and DMI

25  recorded in the TDMA during disc finalization.

The TDMA is written to while temporary defect management information is
updated. The temporary defect management information includes the temporary defect
definition structure, a space bit map (SBM) that indicates recording or non-recording in
blocks of a physical available space of a disc using bit values, and a temporary defect

30 list (TDFL) for the temporary defect information. In other words, the TDMA is provided
to record temporary defect management information (TDMI) including temporary disc

definition structure (TDDS), the SBM, and the TDFL.
11



performa predetermined test for the purpose of searching for the
optimal condition for 20 recording/reproducing data in the | oaded
disc. The DVA is provided to record defect information and defect
managenent information (DM ). The DVA includes a disc definition
structure (DDS) for the DM and a defect list (DFL) for the defect
information and is provided for conpatibility with rewitable
recording nmedia or to read and record final defect information and
DM 25 recorded in the TDVA during disc finalization. The TDMA is

witten to whithe TBVRAE &p¥cidBf s@pa%n%gﬁfﬂﬁiﬁeﬂtrﬁéiiédf%a%eh@nt BpdRHME
The tenporary defect nmanagenent information_ jincludes the tenporary

def ect dé@f\fi'q% 'p fisnwaieranee (eeordiag giesin.bi trastisallysBvpwritable fererding readia,
recor di n@kh@fbmikérﬁﬁﬁfdﬁdéa drfd tgblw 1soﬁotaad9@&$ﬁél m\ﬂa ! Wsefs%%)%gfsor .

of a disc using bit” val ues, a tenporary defe | st
t he t enpdharriterenes redordiog mdlu-m canpotdicheyerwotters as tCIfié armvmtatde medium.

provi ded r t f
el ud: ng e 1E6fle, RN el Sfke T IHREDRC LRRIHE et Feidt pe
t he TDFL.ovemwrittes Wieiithe PMijetd bé Lipdaied zanavd atea wingrk epdated débretion is to
managemne i Vi i 0 r

Speci 11 oma i 4 ks s, 3 IMely. s M P ifcted i yeiliea in
provi ded panﬂortnbmtoTiDMhun'ﬁ:enof tiraegltHel IDMhIlegpdptedw Hedreve'll"hsme thetipldAus aot

oo 1 by BRI O e e D TP SRR P8 3Re Rrvgsonce
\Q/r it eéoonaecmrﬁmgrrdedlmrmdlth@rmﬂﬁmupdaged u?theﬂWMAt QNSWHHBmg esciMalizzgioh0
u at a n te | N th IS to eerttn S
oo re el uPSled T30S Tbi*?fﬁé' & hR OV 54 BF gudstirgoon D) i
ﬂ] Op%HA | Q‘chird?di fretheuDiar a@fhet ID![O’HBE | By f2cBMin i theUDNIatethe r@fnde@ i @R
e 1S.NO Willa e cor
bl (1 onatite SpeyEeaaing imefiim, PreihiE Ve feudpaientsoheic media cende

DM is upghteedd. mdrft@nwah&qce%fs@aplamﬁcm%éilm dpdasdd mahs TDMA fd Rférred
updat ed TDM he TDM. as of a Iast recordl ng

oper at? ori9 aﬁgTDML"c%‘IddF@él THE\W F‘F‘&Oﬂﬂd i3 ghe AR Fefersgd oo Ming t he DM

in the DVA prexrdigdr, 't'ﬂet'i"l?Ml \f\éddr@ed)ﬂpﬁer ¢Qﬂfﬂdm9b€‘%ﬂ#s%ed in detall The
conpat i bi Iltgmvmth rewitable recording nedia can achi eved.

conveni enddMbinclydps BitatPBR; thendBWvend i BALI n\hea WD% th%ﬁﬁ{\ﬂ’e@"d
15 to as thd PMF 8 deddraa [nTtQMTUI\ﬁROt’thﬂJDS‘ aEBQh%M ﬁﬁ&ggerreﬁ%ea% fe

"DM". Hereafter, the TDM recorded in th escribed in
det ai | . ‘Hage block and the TDFL may be recorded in anothnr block. For example, as shown -~
20 in FIG. 5, the TDMI includes a TDMI #0 composed of a TDFL #0, a TDDS #0, and an
SBM #0 and can be updated in units of TDMI # i in the TDMA. As another example,
as shown in FIG. 6, the TDMA is divided into two parts, a TDDS # i and an SBM # i
may be updated as one block in one part, and a TDFL # i may be updated as one block
in another part. The detailed structure of the TDDS # i will be described with
25 reference to FIG. 7.
FIG. 7 is a detailled data structure diagram of the TDDS # i of the TDMI
according to an aspect of the present invention. Referring to FIG. 7, the TDDS # i
includes starting location information of the user data area, ending location information
of the user data area, size information of the spare area #1, size information of the
30 spare area #2, a TDFL pointer, a recording condition test available location pointer, a
finalization flag, and a DM mode.
The location and size of the user data area assigned to the data area and the
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TDM includes the TDDS, the SBM and the TDFL. \Wen the TDDS, the
SBM and the TDFL are recorded in the TDVA, the TDDS and t he SBM may
be recorded in the sane block and the TDFL may be recorded in

anot her bl oclc. For exanple, as showmn 20 in FIG 5, the TDM i ncl udes
a TDM #0 conposed of a TDFL #0, a TDDS #0, and an SBM #0 and can be
updated in units of TDM # i in the TDVA. As anot her exanple, as
showmn in FIG 6, the TDVA is divided into two parts, a TDDS # i and
an SBM # i - may be updated as one block in one part, and a TDFL # i

may be u ne bl ock an [ The detailed structtc e
0t e TBERENS A7 Spareiatas: f1 AT 425 CorbB6 g, 28T b PraPing Rislieh
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area #2, i3 chpRgedd; tﬁ?e?PaF% afeac i ANt? doRBRIIEENOR EeéjPC%C{/alTr@bT@F poirtter
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ho o HEY 1B ORCarb O BRCARECID bARn. A G B BE Bl Sy FeRRR 5l
The TDFL rpcnrdmgrcondrttdmcttestaavdnkabw icsatiomfpointet laoimcaﬂorawheteeat eyt can be

b cast | PorBIRG, 4R BBl ol BT bR spRuibd St e RER Bl e lon S
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A DM mode of FIG. 7 indicates whether defect management is performed on a

‘.

corresponding disc 1 or'not.  For example, when data is recorded on the disc while
20 defect management is performed on the disc 1, the DM mode is set to the DM-on mode,
and when data is recorded on the disc 1 while defect management is not performed,
the DM mode is set to the DM-off mode.
FIG. 8 is a detailed data structure diagram of the SBM # i of temporary disc
management information according to an aspect of the present invention. Referring to
25  FIG. 8, the SBM # i includes an SBM header and a bit map. The SBM header is an
identifier indicating the SBM. The bit map is an information map that indicates
recording or non-recording in a block of a physically recordable area of the disc using
bit values. For exémple, a block where data is recorded is represented by “1" and a
block where data is not recorded is represented by “0". In this way, it is possible to
30 know recording or non-recording in each bock.
FIG. 9 is a detailed data structure diagram of the TDFL # i of the temporary disc
management information according to an aspect of the present invention. Referring to
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|s determine using the finalization flag whether a disc is finalized
or not. Although the finalization flag is provided in the TDDS # i
in FIG 7, the finalization flag nay be provided in the SBM# i as
shown in FIG 8. A DM node of FIG 7 indicates whether defect
managenent is perforned on a corresponding disc | dr not. For
exanpl e, when data is recorded on the disc while 20 defect
managenent is perfornmed on the disc 1, the DM node is set to the

DM on node, and when data is recorded on the disc 1 while defect

managerf_enﬁd ?é;ﬂ% T@?L %gila L(ljl:l es & J?BFPMEEQQB 'u%f?sc?thﬁtté)vgﬁl\#‘q#ai deg ct ]nper%ry

FIG 8is a ructure gr‘amo
t enpor ar y#Ui.sc TherdBay dweder is mhdderdifieoindiseatigy erDRLO a‘rmeecmmlhspénttym?l

t Ref 25 Fl G, th i |
B headdIEES ool ¢ §hetn opRurted iniite 4G Fhiaprer Endb ShoMAg
t he SBM ddie studturseg thesdefact lisf @ttred | showmaw Fidheg. | ndi cates recording
- di i, f Sj dabl f th
i sc b ng. bitetee i Plec. S bRttt i hafides Se itosiatanon detec
i s repressntiephysical dddrasy] aad DipRiceipnr Bloéiabﬁy{étc%l 'éaare%QCUI‘HEEQefeét block

repr esen IS possible to know recor

t
e e R o Rkl Aot abTebe o mee Tt Bpohaf foatp i Gres
dl agram aindt hee T@ﬁbcéf‘néntoﬁlobk'epﬁy@iéﬁpraﬁﬂbésg' |ﬁ8lca@négﬁﬁ%@al 'a{afdpés%BBf @

according to an aspect of the present iInvention. Referring
FIG 9, tMeBlagementyblock @éﬁh@é@a@ FIoRL Wiighd Eaplacgs dibe edafedti lslocl@ntTmp state

a def got |hﬂoﬁhaﬁdﬁlhﬂlcat€%|f the rep Ia\-El?.l eﬁgﬁbrﬁﬁﬁ&ﬁénd éor%%cbtﬂ%’ﬂe‘fédt formation.

i ndi cating_the st entr cates 1 nform
on a def edthegenieeament fnwrmﬁ@ommrcamwh@theuatheFdezﬁectﬂaosmbas aarepbhatment

struct ur gygf t h?oﬂ? \%ltdsl fh%f'e @r}:t ét)égfﬁof' théla t bl%cﬁh%ttn? PIR‘E%I%EH l:qgck

to FIG 10, the de entr sta
def ect tﬂ"doﬁksﬁﬁtﬁy@f fbalde‘éﬁd:tl b@gk ha\angl ne re[dpd:emmféﬁn)ckbl dbk cphgmutx‘eé defect

o o33 PR oReE s YA o I Sl 1 oRad D e
bl ockisphyiska aireandsl gesaratadd irc abmescatiyehplockal  ladothes swood's, awhere[al elehmen;t
ko ARPESE S bl B PR S el Sl th 2B
consecut icopseties bloc!mc i® rnmamlada buiﬂitefrsbqbéfemt@m&ptof thef frsnadfbeidlock among
s et SSh Ao b0 gL 560 B8 B B8, B 65 TR0 Bl et U
bl ock®  consecutive blocks are only made. Thus, it is possible 1o save the space of the TDFL.
20 Hereto, an exemplary structure of a recording medium to which the present
invention can be applied is described. Referring back to FIG. 1, after initialization to
the DM-on mode of the empty disc 1, the DMA of the disc is empty and the TDMA
enters a state 2 where the TDMA can be updated. Update of the TDMA indicates that
the TDMI is updated in the TDMA. Such update is performed in units of
25  predetermined recording operation that may be one verify-after-write unit or a plurality
of verify-after-write units in which a block is recorded and then verified or eject units
according to an aspect of the invention. Here, a block means an error correction code
(ECC) unit recorded in the disc. However, it is understood that other update methods

can be used and/or performed other than in units of recording operations.
30 Data is recorded in the disc 1 of the state 2 while defect management by a drive
device is performed on the disc. Then, the TDMA as shown in FIG. 4 maintains a
state 3 where the TDMI is updated according to data recording simultaneously with
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and a state of the defect block having no replacenent block. The
consecutive defect information indicates a state of the defect block
when a defect generated in the user 15 data area is generated in
consecutive blocks. In other words, when a defect is generated in
consecutive blocks in the user data area, a defect list entry for
each of the -consecutive blocks is not nmade, but the first defect
entry of the first defect block anong the consecutive blocks and the
| ast defect entry of the last defect block anbng the consecutive
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si ze inf dﬂm i @ mml@&‘i@ﬂ@pa‘ﬂ@ switabe tavordiMmedis, dinahd&ns tdrel TDFL
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(state 4DMA?§atelﬁﬁ%n%ué%L|§)ﬁl udi ng such changes is recorded in the

TDVA. Even a e Si the spare area is changed, data is
recarded i n -t Bpediicatly, aftefibkiag deihidializendo #geDRIRGT hydeee DMA df theadisc 1 is

devicg | syl 98deh PBvaESisShe £UE HNShaDVhs TOMR L 8L (Sl Brice
the DM mode is changed inic the DM-off mode, data is recorded without defect
management and the TDMA is updated (state 12). Since defect management is not
performed, the update of the TDMA mainly concerns the TDDS # i and the SBM # .
However, if contents unrelated to defect management are included in the TDFL # i, the
25 TDFL # i may also be updated. While the disc 1 is used in this way, if the disc 1 is
tinalized, the TDMA is filled in and enters the state 13 where the finalization flag is set

in the TDMA (state 13).

While data is recorded in the disc of the state 5 and defect management by the

drive device is performed on the disc 1, if the disc is finalized, the finalization flag is set
30 in the TDMA fo prevent the disc from being used after finalization, and finally updated
TDMI in the TDMA, (i.e., TDDS # m and TDFL # m fill in the DMA and serve as final
DMI) (state 6). With reference to the embodiment in FIG. 7, the finalization flag is set
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The disc | may be reinitialized to the DMoff node during data
recording sinultaneously with defect managenent. Wien the disc 1 is
reinitialized to the DMoff node, for conpatibility with rewitable
recording nmedia, final TDDS and TDFL information recorded in the
TDVA are recorded as DDS and DFL information in the is DVA and the
TDMA is changed into the DMoff node. In other words, an update is
made in the TDDS shown in FIG 7 by setting the DM nbde to the Dw of f
node and finally updated TDDS # n and TDFL # n in the TDVA are

copi ed an l“'ﬁefbopg‘égte' fhdii2ionHné Sl'tD%}Se nd 4 %Eb@%ﬁ}? %@rded In the TOMgto

Specifica being re|n|t|aI|ze
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updat e, of the W n‘%l nly concerns the TDDS # i and the SBM # |.
Howevesr i f CB) B %nrel ated to defect managenent are included in

the TDFL # | , Thé #fe2d tfldivtitedoricerapical nseuilne avpstdingdo tIWIDMeoﬁ Mmedéisssholwn
s used i,n thls Wargrgfalj-'lf t he

dj s d, TDVA f | ed
e ol O RIS, 5 bR Eietarimiad thP g st foG P weediaeooidiid fe
TDVA (st ahg DMBHEF mtiiie! med@ﬁﬁtylcﬁsd ﬁmhmamzeurto g DA- §1¢ nﬂj‘det hghs DMA obthe

and def ect nmanagenen drive device is on the disc
1, if theligh lggal dftPﬁ'&EF F\S%Elff Mogde isiempty a4 thenT ‘BM&geﬂfgfss%ﬁtatesbwhﬁfQW@

TDVA {0 PITeMARER %E%p@é% fTﬁQﬂ"D@S"%cH%Q Afihifal |ﬁfoﬂﬂéﬁc%|aih'tﬁ>é‘TDWdurmg
finally updated in the T (1 TDDS # mand TDFL # mfill

in the Cdniaalgéwwn&&ldfeﬁ ﬁhﬁﬂlnmﬂowmfatr@at@ﬁ of fipa usersieta @r@é@nﬂ@ndm@
enbodi mendctibn fHi&mafion tolf‘ﬁ'nef ué@?"d'a’?aaérbg thd élf@m'fc)':rnﬁ%n oﬁﬁlezfggre]ereé% and

indicate finalization DDS an IS recor
TDVA t o thmszeanf@rmat@nmfébe BRam aia n#ieeme rm‘dﬁ,d 89 “Qr edlsat thereMToMde is

from bei e TDMA, predetermned bits (e.g., "FFh)",
may fill %gt%qqégﬂrrg?ﬁﬁ%déar ea of the TDVA where data is not recorded.

As a Pesult, Binee TiBfevtinsanagemeant i nok p@frotet dusig date reedrdingf theh&DDS
s AP B URPSERAETG e 1O DR SEIE dpepUA: R
used accoedomed, detailad dBid of the RS usérbincthptDM-aiffsoode nmayibe diffelenizedo
to the Diggd éntﬁ?edf?\e ﬁﬁﬁs% tﬂfe Stl‘:h\ﬁ used in the DM-off mode from those used in the
DM-on mode, the TDDS and the SBM used in the DM-off mode are called recording
20 management information.
In the DM-off mode, data is recorded in the disc 1 without defect management
by a drive device and the TDMA maintains a state 8 where the TDMA can be updated.
When the disc 1 is finalized, the finalization flag is set in the TDMA so as fo prevent the
disc 1 from being used after finalization (state 9). Also, the final TDMI (i.e., recording
25 management information) updated in the TDMA fills in the DMA and serves as final
DMI (state 9). The finalized disc 1 has a state where the finalization flag indicating
finalization is set in the TDDS or the SBM recorded in the TDMA, the TDDS and the
SBM that are finally updated in the TDMA are recorded as DMI in the DMA, and
equivalent values to “FFh" are recorded in a remaining area where the SBM can be
30 recorded (i.e., the remaining area of the TDMA) so as to prevent data from being
recorded in the remaining area of the TDMA. ) '
Hereinafter, a recording/reproducing apparatus that makes it possible to use the
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disc initialized to the DMoff node is enpty and the TDVA enters a
state 7 where the io TDVA can be updated. The TDDS recorded as
initial information in the TDVA during disc initialization includes
starting location information of the user data area and endi ng

| ocation informati on of the user data area the size information of
the spare area #1 and the size information of the spare area #2 are
recorded as "0". Also, the DM node is set to the DMoff node. is

Si nce defect managenent is not performed during data recording, the
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9). The finalized disc | has a Sstate where th I nalization f

i ndi cat i mprtiqulaapsopsdingte the psesent iventionTthesonirol ynit Zhapteanivpe whethgr to
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are 1 Cbor B ep R e TRty Xl REBdi i R b P g palid
recor ded the recordinaireading unié 2 1vitnst Witializessibr dath 2Beacgording tr degsylt ot the
t he remaiy : ofardah A0S it 3t vent '

recor ded C?Erg t "Zét?)ghafﬁohgh%r Saor 8?'ﬂ23TM{0%Heﬁ-{%ef.énkg#@%él!:égghﬁehﬂﬂ 21 1o
r ecor di ngeeegsr dafadn g cippa? acewrdinpae theatessit of detewsinblien as desasibetl delows
above-deqﬁb}&%} h§c Wil be described with reference to FIG 11.

FIG 11 is®a schenatic block diagram of a recording/reproduci ng
appar & us accdhdicngtrelamit 28 ipsledsera host iff &4t a I8P Befaar RF AdiR 864 Sorvd 27,

LSS SRR D8 P D6 083Pe. SRS TR A e
5 a pi ckwedaiemﬁned dembading comenzgiidsfcordy hosti Zhand fensofit ithalpredstendnety
medi Um a¢eol A% oh et 3RPE el ol RSP 8> Ot HWSRLLARoR %6 UntrdBthe
’ DSP 25 and the servo 27 10 execute the predetermined recording command received
20 from the host I/F 24. The DSP 25 adds additional data, such as parity to data
received from the host I/F24 for error correction, creates error correction blocks (i.e.,
ECC blocks) by performing error correction code (ECC) encoding on the data, and
modulates the ECC blocks in a predetermined way. The RF AMP 26 converts data
output from the DSP 25 into RF signals. The recording/reading unit 21 includes the
25  pickup to record the RF signals transmitted from the RF AMP 26 on the disc 22, The
servo 27 receives a command necessary to servo control from the system controller 28
and servo controls the pickup of the recording/reading unit 21.
In particular, according to an aspect of the present invention, the system
controller 28 determines whether to use the disc 22 in the DM-on mode or the DM-off
30 mode. Such determination indicates whether defect management is to be performed
while data is recorded in the disc 22. While not required in all aspects of the invention,

the system controller 28 detects input from a user or detects input from the drive
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The control unit 23 controls the recording/reading unit 21 to record
data on and read data fromthe disc 22 according to an aspect of a
predetermned file system In particular, according to the present

i nvention, the control unit 23 determ nes whether to io perform

def ect managenent during data recordi ng when the enpty disc 22 is

| oaded in the recording/reading unit 21 and initializes the disc 22
according to a result of the determnation. Also, the control unit
23 controls the recording/reading unit 21 to recode data in the disc
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to record data in the dis¢ 22 without defect management. In other words, during
20 reinitialization, the system controller 28 controls the recording/reading unit 21 to record
information indicating that the disc 22 is used in the DM-off mode in the TDMA and fo
record TDM] finally updated in the TDMA in the DMA provided in the recording medium
22,
When the disc 22 used in this way is finalized, the system controller 28 confrols
25 the recording/reading unit 21 to record the finalization flag indicating that the recording
medium 22 is finalized in the TDMA, to record the TDMI finally updated in the TDMA in
a disc management area (DMA) provided in the recording medium 22 as the DMI, and
to fill with predetermine data a remaining area of the TDMA that is not written to.
When the system controller 28 determines to use the disc 22 in the DM-off mode,
30 it conirols the recording/reading unit 21 to record data in the disc 22 without defect
management. In other words, the system controller 28 controls the recording/reading
unit 21 to record data in the user data area provided in the disc 21 in predetermined
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s controller 28 controls the recording/reading unit 21 to perform
defect managenent while data is recorded on the disc 22. In other
words, the systemcontroller 28 <controls the recording/reading unit
21 to record a replacenent block, which replaces a defect block of a
user data area of the recording nmediumwhere a defect is generated,
Iin a spare area of the recording nedium 22 in predeterm ned operation
units to and 1o update information on the defect and TDM for
managenent of the defect in a TDVA of the recording nediumin
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' TDMA provided in the disc 22 and read data recorded in the data area based on the
read information. When the read mode information is the DM-on mode, the system
controller 28 conirols the recording/reading unit 21 to read finally updated information
on the defect and defect management information from the TDMA, and if the
finalization flag, which indicates the recording medium 22 is finalized, is read from the
25 TDMA, the system controller 28 controls the recording/reading unit 28 to read finally
updated information on the defect and defect management information from the DMA
provided in the disc 22.
When the read mode information is the DM-off mode, the system controller 28
controls the recording/reading unit 21 to read the final recdrding management
30 information from the TDMA. If the finalization flag, which indicates the recording
medium 22 is finalized, is read from the TDMA, the system controller 28 controls the

recording/reading unit 21 to read finally updated recording management information
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the sane way as in the DMon node, when the disc 22 is finalized, the
system controller 28 controls the recording/reading unit 22 to
record the finalization flag, which 5 indicates that the disc 22 is
finalized, in the TDVA, record the TDM finally updated in the TDVA
in a disc managenent area provided in the disc 22, and fill with
predeterm ned data in a remaining area of the TDVA that is not
witten to. During reproduction, the host I/F 24 receives a
reproduction command fromthe host 29. The systemcontroller 28

per forns »to reproduction. 1o The
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LD e IR R eI 45 5 SRR, ¥ e
finally opoiatied 28atberdiifes miriagerfemt defebbmanagernent H&cording to according fo
20 the intention of a user or a drive manufaciurer and selects the DM-off mode,
initialization information is recorded in the disc 22 in operation 20, and the process
goes to A in FIG. 12E. Since defect management is not performed in the DM-off
mode and the spare area is not assigned, the size information of the spare area is
recorded as "0" in the TDDS recorded in the TDMA and the DM mode is set to the

25 DM-off mode.

When the system controller 28 selects the DM-on mode, it assigns the spare
area 1o a portion of the data area of the disc 22 and records information necessary to
defect management by a drive device and the initialization information in the disc
(operation 30). More specifically, initialization is included in TDDS #0, SBM #0, and

30 TDFL #0 and then recorded in the TDMA. With reference to the embodiment as
shown in FIG. 7, TDDS #0 includes the size and location information of the spare area
provided in the data area, the starting location information and ending location
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fromthe DVA provided in the disc 22. FIGs. 12A through 12E are
flowcharts illustrating a nethod of using the wite-once recording
mediumin the DM on node or the DM of f nbde,, according to an aspect
of the present invention. s Wiile not required in all aspects, the
method in FIGs. 12A through 12E can be inplenented as software
readabl e by a conputer. Further, it'is understood that if the
controller 28 is a general or special purpose conputer, the nethod in
FIGs. 12A through 12E can be inplenented by the controller 28
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S0y Nor SR el A Fid Brtapro ot dihintae: Bebuded tn TOOG #0.  SBM
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G 7, TDDS

f ggat? Fgﬁdl.iprr%i%&drﬁppgﬁ%mﬁt% Frggrtéodgree%{oceﬁjre oP 8pgr% ion %8 |[Fl':)e Sescn ed in
~ détall with reference to FIG."12C. In operation 51, information on the defect, stored in
20 the memory, is read in. [n operation 52, a defect list including the information on the
defect is created. In operation 53, the created defect list is recorded as TDFL # i in
the TDMA, where i corresponds to a number of the recording operation. In operation
54, TDDS # i and SBM # i are recorded in the TDMA. Detailed examples of such
operation 40 of performing recording through the verify-after-write procedure and
25  operation 50 of updating the defect information and defect management information
will be described with reference to FIG, 13.

FIG. 13 is a reference view for explaining a process of defect management
according to an aspect of the present invention. Here, a data processing unit can be
divided into a sector and a cluster. The sector is a minimum data unit that can be

30 managed by a file system of a computer or an application program. The cluster is a
minimum data unit that can be physically recorded in a disc at a time. In general, at
least one sector constitutes one cluster.
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provided in the data area, the starting |ocation informtion and
ending location 20 information of the user data area, the TDFL
pointer, and the DM node set to the DM on nbde. Once the disc 22 is
initialized, the DVA of the disc 22 is enpty and the TDVA enters a
state where the TDVA can be updated. After initialization, the
recording/reading unit 21 and the control unit 23 perfornms 5
recordi ng through a verify-after-wite procedure for defect
managenent in response to a recording command of a host (operation

40) . Herei naf C 0, eratio
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20 The user data is recorded in the user data area according to a sequential
recording mode or a random recording mode. [n the sequential recording mode, the
user data is sequentially and continuously recorded. In the random recording mode,
the user data is not necessarily continucusly recorded, but is recorded at random. (1)
through (7) indicate unit areas in which verify-after-write procedure is performed. The

25  data recording and/or reproducing apparatus records the user data in the unit area (1),
the data recording and/or reproducing apparatus returns io start of the unit area (1) and
verifies if the user data is recorded normally or a defect is generated. If a cluster
where a defect is generated is found, the cluster is identified as a defect cluster and is
designated as a defect area (i.e., a defect #1). Also, the data recording and/or

30 reproducing apparatus rewrites the user data, which has been recorded in the defect
#1, in the spare area. A part of the spare area where the user data is rewritten is
designated as a replacement #1. Next, after recording the user data in the unit area
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30 managed by a file systemof a conputer or an application program
The cluster is a mninmumdata unit that can be physically recorded
in adisc at atinme. In general, at |east one sector constitutes one
cluster. 21 The sector conprises a physical sector and a | ogi cal
sector. The physical sector is a space of a disc where data
corresponding to one sector is recorded. An address used to find the
physi cal sector is called a physical sector nunber (PSN). The |ogic
sector is a sector unit used to manage data in the file systemor the
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def ect | Topssnutive defect Blosk ¢hosst @msecutive blocks include defects. The replacement
20 #5 is a consecutive replacement block that replaces the defect #5. A block is a
physical or logical recording unit and may vary. [f completion of the recording
. operation #1 is expected, the recording apparatus records temporary defect information
#2 (i.e., TDFL #2), including information on the defects #4 and #5 and further records
information recorded in the temporary defect information #1 accumulatively. Likewise,
25 defect management information for management of TDFL #2 is recorded as TDDS #2

in the TDMA.

Referring back to FIG. 12A, the system controller 28 determines whether fo
change the size of the spare area in operation 60 when the spare area is not enough
and needs o be enlarged or the user data area is not enough and the spare area

30 needs to be reduced. If the system controller 28 determines to change the size of the
spare area, reinitialization information is recorded in the disc 22 in operation 70 and the
process goes to operation 40. In other words, the changed size information of the
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where a defect is generated is found, the cluster is identified as a
defect cluster and is designated as a defect area (i.e., a defect
#1). Al so, the data recording and/or 30 reproduci ng apparat us
rewites the user data, which has been recorded in the defect #1, in
the spare area. A part of the spare area where the user data is
rewitten is designated as a replacenent #1. Next, after recording
the user data in the unit area 22 (2), the data recordi ng and/ or
reproduci ng apparatus returns to start of the unit area (2) and
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Next, operations when the DM-off mode is selected will be described with

reference to FIG. 12E. In operation 110, the system controller 28 controls the

recording/reading unit 21 to record data in the disc 22 without defect management. In

operation 120, the systemn controller 28 updates the TDMA. Since defect

25  management is not performed, updates in the TDMA are mainly to the TDDS and SBM.
In operation 130, the system controller 28 determines whether to finalize the disc 22,

If the system controller 28 determines to finalize the disc 22, finalization
information is recorded in the DMA (operation 140). The recording of the finalization
information in operation 140 is the same as the description set forth above with

30 reference to FIG. 12D and is not again set forth. If the system controller 28
determines not to finalize the disc 22, the process goes to operation 110 and recording
is performed without defect management.
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in the TDVA. Referring back to FIG 12A, the systemcontroller 28
determ nes whether to change the size of the spare area in operation
60 when the spare area is not enough and needs to be enlarged or the
user data area is not enough and the spare area 30 needs to be
reduced. If the systemcontroller 28 determ nes to change the size of
the spare area, reinitialization information is recorded in the disc
22 in operation 70 and the process goes to operation 40. In other
wor ds, the changed size information of the 23 spare area is included
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programmers skilled in the art. '
20 While embodiments of the present invention has been particularly shown and
described with reference to exemplary embodiments thereof, it will be understoad by
those of ordinary skill in the art that various changes in form and details may be made
therein without departing from the spirit and scope of the present invention as defined

by the following claims and equivalents thereof.
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operation 120, the systemcontroller 28 updates the TDVA. Since
defect 25 managenent is not perforned, updates in the TDVA are mainly
to the TDDS and SBM I n operation 130, the systemcontroller 28
determ nes whether to finalize the disc 22. If the systemcontroller
28 determnes to finalize the disc 22, finalization information is
recorded in the DVA (operation 140). The recording of the
finalization information in operation 140 is the sane as the

descri ptigimsset forth above with 30 reference to FIG 12D and i s not
again set forth. If the systemcontroller 28 determ nes not to
finalize theyHatSEcldidedtiifie process goes to operation 110 and recordi ng
is performed w thout defect nmanagenent. 24 As described above,

accor di ng t 0y, aspes gppQfatdster RESERY tantRdY AprddRBing JatadE8Irgédsh a FREIHIHY
can be sel ectively used while defect nmanagenent is perforned on the

r ecor di RediwBdihers aleaddn agard drtaetPaasbd P tadput arepiqee swseettiveli arrapgayd, the
it is i .Mse the recording nmedi umw t hout defect nanagenent
even a?@rﬁﬁagkssscr%%n ﬁéa'r ecordi ng s medi um whi |l e defect managenent is
per f or ned ora tebding eoib mdiiangramefgrsudata witbl déspecina@theyrecdriiieg medondiand -

medi um can be_use 0 t 1 bl Lth rewitable ia._ Moreover, . th
o di o e Cu W b e 3 e BecPrnan AR &lor e
Di scs (iAfobBation whére tiahedaatkdivelirigivatdsona®tivhActaaddedsct Magagimerd phs bédn
nmedi a whi ch erform defect managenent. 10 The recordi ng/ reprodu ing
met hod REFATRRF Phibr&rrariRymadiv hsther é’&F?&b’F@”aQEBtTQEhQSrf‘O&BE’ﬂhE rmed

r eadabl fonk 8¢ SHray deREt RanddefemPamRH (pRdvidedds Ml iead-if GRsFbrite BBE0at area so
i nclude all kinds of recordi ng apparatuses in which data that can be

read byasdoefaﬁ@aﬂré@maﬁ%%mdp@%@%ﬁéﬂed Bd%dﬁiéﬂfﬁﬁt%ﬂ qe%ﬁ‘l@ﬂ@e"?e"t

recor di ifr h&is84 for ﬁ.g%gé?ﬁé\‘l o@'dggéﬂ for %ﬂ%?g!pﬁjrﬁlﬁp&’pr Ae‘?&ﬂ%eﬁ?ﬁ&ations,
and optica ata storage, and transm ssions via the I'nternet

(e.g., ardraoniels Weewedding et tovequlidada receriddlin therdatzoarda hgsauem the cwad deect

distributed in § %pnﬁéltEf sgitem connected to a network, and can be

stored ’8%’&?985‘8 ?qé TRG GrFEa conput er readabl e codes. Functi onal

prograns, codes, and code segnents for inplenenting the

recordi ng/ reproduci ng net hog can be easily construed bg Iproaram‘rers
ontiolsd

skilled in the art'® 2PPRATRHS CEClRhHbAYNRERD dhegionfrpiding futhen ¢ [9HiNdas

been panitit§ FaarindiyS RS ddTErm=487 oh tedbid bhd figdig LBASEd LiefeBXRATRIgBM¥Nt
enbodi nents thereof, it wll be understood b
information from the temporary defect management area, if the read defect management on/off

mode information is a defect management on mode.

3. The apparatus of claim 1, wherein the control unit controls the reading unit to
read a finalization flag, which indicates the recording medium was finalized, from the temporary
defect management area, and to read the finally updated information on the defect and the
finally updated defect management information from a defect management area of the recording

medium.
4, The apparatus of claim 1, wherein the control unit controls the reading unit to

read final recording management information from the temporary defect management area, if

the read defect management on/off mode information is a defect management off mode.
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those of ordinary skill in the art that various changes in form and
details may be made therein wi thout departing fromthe spirit and
scope of the present invention as defined by the follow ng clains
and equi val ents thereof. 25 25 CLAIMS What is clained is: 1. An
apparatus for recording and/or reproducing data recorded on a
recording mediumwhere a |lead-in area, a data area, and a | ead-out
area are consecuti vel t he ar at us conFr|S|n a readi ng

e A S Pe ik Boberalus SRR fotiesein Haonibl 4 CaRES o dea A

a cont rahd H'?héllza%Hﬂ‘ég @Ak 'fr@i'io‘étéshﬁe fe%@ﬂﬁﬁ'@gnéﬂ?u% vJa@ fi hél%d q’%‘n‘?fﬂe temporary
managenent on/ of information, where the node sel ectively

i ndi cat ¢afect manggergid @rasy agkiogesd Hrﬁrﬁagléfrwﬂ@ta&a@fowwﬁn op éher dafeat @and thet he
recor di W;?da'tgﬂ @é?%t Myﬁggﬁﬁl rgﬁf ! tigR e ct %ﬁaé@ﬁerﬁg%ﬁ cPf the reﬁerdmg

per f or med, roma tenpor management area” provi
| ead- mmauhem or the lead-out area so as to update information on a
defect generated in the data area and defect managenent information
used for nmanagenent of a defect for each of a plurality of

predet er m nesl opedppantus foRd8ordmgianlos rdpheucing daagvithrespdcotor £@dordimba
recorded in the data area bhased on the read defect nmanagenent on/off

node i nP8YIHEL heAPPTFalLTREMAHAF at us of claim 1, wherein the control

uni t furthery Rt @h® tHabRarshAd tH U atd With rdsPedt 88 the frididihy mdBRAL 864
information on the defect and finally updated defect management

i nf or mat i on ¥ eapitipk Uné tha wistectsradeiedt managemenjemsistselectelle hetwqamea dafent
o JERARERIY ABLE Wy ek hal Bl phuci RV EIED) o]

node. 3. e apparatus o e contr
the r earaborgm' g mediung and aatﬂ;fa:t fnanaganzaat ot mofle dg whighidefect mdnageest ishet

recordin mwasfl fromthe.tenporar ef ect . managenent
o, - irotEed b Bae oAl he eb e MruR Bt e U S ar e LA
the fitfddisfey tHethtd tofRi{et6 thaSdadan®tbctinidfnagsmentombder om a def ect

managenent area of the recording nedium 4. The apparatus of claim

1, wherein the control unit controls the reading unit to read final

record| ng ”Wnageﬁﬁe%pFé}E@E@Elbﬂpsff[u@ri’@rfc&% F|§ﬁ639rﬁ AbYt wﬂwﬁﬂ%&gﬁ‘ﬁﬁ‘i@i@ﬁﬁem
area, if the read defect managenent on/ oP de Infornation is a

def ect geatalgereencives Inferowdion to detect the selected defect management mode.

8. The apparatus of claim 6, wherein, in order to detect the information {o determine
the selected defect management mode, the control unit retrieves predetermine information

stored in the apparatus and which indicates the defect management mode to be selected.

9. The apparatus of claim 8, wherein the control unit controls the transfer unit to, if
the defect management mode is the defect management on mode, record the data using the

defect management to manage the defects occurring during the recording the data.

10. The apparatus of claim 6, wherein the control unit controls the transfer unit to, if
the detected defect management mode is the defect management off mode, record the data

without the defect management to manage the defects occurring during the recording the data.

11. The apparatus of claim 6, wherein:
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26 5. The apparatus of claim4, wherein the control unit controls the
reading unit to read a finalization flag, which indicates the
recordi ng nmediumwas finalized, fromthe tenporary defect nmanagenent
area, and to read the finally updated information on the defect and
the finally updated defect managenment information from a defect
managenent area of the recording nedium 6. An apparatus for

recordi ng angd/ or reproducing data wth res t a recordi

od um | he B pentiel B SiraR s Fryre ol i S0t e Ercar i (1B driectetie
dat a Wi ddledt @EPEEEMEM nidde, WRSBtIH MdediBWilisfatt ntlgemERMddelis BRd &f thdadfect
detects a defect managenent node sel ectabl e between a def ect

managenBAtagsMeberpmoffanghingietsst aradementeif®rée s performed to nanage
defects on the coﬁt%?@ﬁi%é?&té%tﬁgpde%gm?g%&%ﬁ mm%ﬁﬁggﬁg?ﬁftﬁe &Réjreonﬁ eof

i n which defect nanagenent 1s not per t 0 manage ects on t
r ecor di thg defedi managameéntammpeds and the ddtecbmanagestept offimode,tand t r ansf er

appar at us. of e ot % deFoR el LBk R ARSI o Bfontion e cr

the coddtecndd anvitiier defzel Masagenient madé.on to detect the sel ected def ect
managenent node. 8. The apparatus of claim®6, wherein, in order to
detect the information to determne the sel ected defect managenent

node, the comtrolthdRibparhfislof QYRS 1RWeERL@r M ne information stored in
t he apparatus and which indicates the defect managenent node to be

sel ect ed. 9.thearmeoedisanedivig inpfudes aitemporaptilefast managerash areglin which the
control i i L

Gof oot Bmpfan) dcieet kftmidiod ol Genblrar] B0 ihare b MERANERlop JFarlsbink %
managemsfects priartmirgézatios ofiteaetmdiog mediumgnd afinalglefdsbmaaagamiinhgret Indrich

data. 10.. The apparatu f..claime®, erein the.control unit .contr.ols
e i r dpde o ARG ApfSby oMl e B Betent acied slebres Mt fPEiifa
def ect reedrdgeding fiabiizati®rder, the Aeordihg hedig@fand W t hout t he def ect
managenent to manage .the defects occurring, duri t he recording the

h
data. 11. THRe SRyaFurijutlan fieqm ecording Mg dpta angh? e eletssid pptgRReEc

control rﬁaﬁég@mbhﬁﬂgéeeie e ddfedt hanB§ahentloftn iRl BorolsQhéltrAkiérQunit i€record the
det ect ed ef ect managenent node, where the detected defect

manager8MPORDEedS Iforeagien antbthg dererarary efrsh@aaagemant infieationdor e
def ect @@&é&?ﬁ&%@% Ené]‘agﬁ‘ect %Qﬁ?]g%?r%hgﬂea?ﬂbhogﬁél%ﬁ& B8 RLbrafRrficdium,

managenent no sel ects the other ne o
and record fill data in areas of the final defect management area other than the area in which

the temporary defect information and the temporary defect management information are

recorded.

13. A recording medium for use with a recording and/or reproducing apparatus.
comprising:

a user data area with respect to which data is to be recorded on the recarding medium,
and

a defect management area including information regarding defect mode selectable
between a defect management on mode, in which defect management is performed to manage
defects on the recerding medium, and a defect management off mode, in which defect

management is not performed to manage defects on the recording medium,
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t he defect managenent on node and t he defect nmanagenent off node, and
the control unit controls the transfer unit to transfer additional
data according to the detected another defect nanagenent node. 12.
The apparatus of claim 11, wherein: the recording nediumincludes a
tenporary defect nanagenent area in which the tenporary defect
information and tenporary defect managenent information for nmanagi ng
the defects prioor, to finalization of the recording nedium and a
final def ectWRERIR I ABRETARAIENRIFT T e CPIRdP IRAUSSE Hile PERARFCAFodR ecne of
i nf or meght @BfediNAaidyembRIGHOSRY off rH6d&CelERIIAN HEB o rhdtoR r8gr iRy defe &G ded

during finalization of the recording nmedium and the control unit
further, after the recording the data and if the detected anot her

def ect nanqgrenpﬁther;@&?d“i] m%@ﬁmdrﬁfc%%1m Aent of f node, controls

the transfer Unit to recofd the tenporary defect information and the
t enpor ary dehedefectanerggamant ared turtheitdoopribes: the recorded data in the

final def [ finali ' f th i ng..
redium - and 1 ec admpoery el RiehSGeeht sk ot BB okinG nedram e bl
ar ea otdredefédiaferichatediinghe UserWataCdiea hinbtehDaRRy a&fEctaedrRgbment o itdtion for

and the tenpor a{#/ def ect managenent information are recorded. 13. A
r ecor di RaveEe0h iR deieds\@eh a recording and/ or reproduci ng

apparatus.  CONplhifipal@hfec man8herfiert ardd BAretbdlhgiRaRRFct nforiBiicH orfiRb 2
is to be recorded on the recording nedium and a defect nanagenent

ar ea i riefesdpagfinahiesnesary defeptapanagiengndefortstionodrd sel ect abl e bet ween

a defect mg@?%%marga?fﬁg[qﬁaeng'ggmm iﬁflar foﬁ%co%ggﬁgbpbmgéfé&r med

t o nanage ects o rding nmedium an agenent
of f nodeanagamehi arba theludes thenmdfomtptive kgardingidéfegierdder mred t o manage
defects on the recording nedium 28 wherein the apparatus transfers
the data to the user data area according to the one of the defect

managenent ag. andhefécormeedesiamesticRin H A, wiieeihnf or mat i on regardi ng
defect node. 14. The recording nediumof claim13, wherein: the

def ect manad'é‘?r*@ﬁtpoéar%gﬁﬁﬂﬁft'?f@ﬂe'@ﬁﬁﬁﬁf?%fé%the%f:of@r’i‘ﬁ%? MZ%EP ddgrmation which
nmanagengditatéd WReth&thd RESFHINBediGiAL BEdh fiRliS&, ahdf ormation on
defects generated in the user data area and tenporary defect
managenent iifthe fingligatipr infeymation indicates 1o the apparatus that the recording medium has
not been finalized and the information regarding defect mode indicates to the apparatus the
selection of the defect management off mode, the final defect management area is filled in to
prevent the apparatus from writing the final defect information and the final management

information in the final defect management area.

16. The recording medium of claim 14, wherein, if the finalization information
indicates to the apparatus that the recording medium has not been finalized and the information
regarding defect made indicates to the apparatus the selection to the defect management off
mode, the final defect management area includes a last recorded temporary defect information
and a last recerded temporary defect management information which was recorded in the

temporary defect management area prior to the selection of the defect management off mode.
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managenent of the defects; and a final defect managenent area for
recording final defect information on the defect and final tenporary
def ect managenent information, and the tenporary defect managenent
information recorded in the tenporary defect managenent area

i ncludes the information regardi ng defect node. 15. The recording
medi um of clain114 wherein: the tenporary defect managenent area

further comp finalization in i ndi cat es whet her
the recor a1 - meceHIRLdng e AADad, waeran § herfsataatial farron

i nf or mahbiestes BPthe Abpsraiug il thedBORHRL Wedifhad MR bé@@ﬁmké&amﬂé \HidrAvafion
not been finalized and the information regardi ng defect node

i ndi cat ©gawpodetechmede mdisates e thesppaiatysdhe seleqtion teibpaisfechmanagemant off
of f mod s i ]
Phe appiiodd e b Buretlidiabo BAPETTRS! ftchboldry Utk oo RAY ST

managentemporannfefectataragementtitferniationl def ect nanagenent area. 16. The
recordi ng nedi umof claim 14, wherein, if the finalization
information indicates to the apparatus that the recordi ng nmedi um has
not been finalized and the information regarding defect node
indicates to the apparatus the selection to the defect managenent off
node, the final defect managenent area includes a |last recorded
tenporary defect information and a |ast recorded tenporary defect
managenent information which was recorded in the tenporary defect
managenent area prior to the selection of the defect nmanagenment off
node. 29 17. The recordi ng nedium of claim 14, wherein, if the
finalization information indicates to the apparatus that the
recordi ng nmedi um has not been finalized and the information

regardi ng defect node indicates to the apparatus the selection to the
def ect managenent off node, the final defect managenent area

i ncl udes no tenporary defect informati on and no tenporary defect
managenent information. 30
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