t Description OPTICAL RECORDI NG MEDI UM RECORDI NG RE- PRODUCI NG
APPARATUS AND RECORDI NG RE- PRODUCI NG METHCD Technical Field [1] The
present invention relates to an optical recording nedi um

recordi ngl re- prodiring apparatus and rew di ng/ reprodui ng net hod for
def ect managenent. Background Art [2] Di sc defect managenent is a
process of conpensating for data_| oss, cagused by a defect in a user
data area of a disc, i.e., a de’DCSCUtptil(Hl:k by witing user data

recor ded |n the defectlve k_ to a tio
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defects. In the slipping t fective area is

sl i pped and a next non- d@@@?gﬁgim&wn t he |inear

repl acenent nethod, a black of a uTeehniealalﬁelda in whi ch a defect

curs is 'l ed defectlve blak Are cenmef ck for .replacing a

def ecti \,[ijibl ock 0g Presens mygpran fe ﬁteﬁ?ﬁé’gﬁlerﬁmf ngam lga,e{eéx?rmngé part

of disc. |nfoprodidnprapparatus i rebofdigyreprodiing aiethad for dbfectrneqmiagensme nt

black, i.e., Information for searzl?é‘%%r hﬁed Mzgatlons of the

defective bl ock and the repl acene IS presented in a defect
l'ist. [3p] CGener abihqdefwhmmageﬂnaﬁhs zmeadss aim:apmmuog e data thosa caliseidhy & he

dri ve to rend ot it BunaREO £A% 11 o SRR RS Bl o el bt
physi cal addr asthe defective phcidioragetvpottive of tlngmmkiatadnbameaﬂﬂ, dlszaJ@!&ctt he
dat ded th Leal
addr ese. 11 amifapibplt B ok AR AT ekl ARKEL A
physi cal addr esthodilnghesamethodss & defeptive arehisgenlaed witlhja sparepalaymgmo
plock thal eRL@aed &,Q%hgpeﬁe@%{ﬂéwgg,h ' pikid, B&Eﬁfvé)ﬁl%als%hgﬂﬁfaﬁ& nsit Sfon-

i ncl udes defec |st ent entries respective
cont ai ni ng i ndefegiveraterisiseh Tie the finesr repleerprat @é&pmébﬂwbe%usemfemem a

defect |ist eghiH 'défeg‘?ﬂﬁfs% &ﬁecf é)&efecﬁ@&lgla@eﬁ?gﬂlé:é’rﬁetﬁ bﬂﬂl‘for tdpiiSing a

requiring a considera recordi ng space for the defect |ists.
Di scl osur e of defactivabloghnis Tecerdad | t!laﬂ SPFIFW@M‘ pragetermisied part of digg. fnfemation

managenment of ;3 uRRREEHeMicR artfthe fdpladnfent bisck! ﬁﬂ%ﬂbﬂﬁhﬂoﬁ%r stes}btsng the
ef fective managenent of i nformation on def ectlve bl acks

especi al |y f ofoatigs efche defechivolrak and fe replcerpent glogk, 1566??%‘8@11‘5 et fist
| ocationg) of a WS@ErafliitwheA®8st reads data recorded on a disc the host determines a logical

address of the data and orders a hard disc drive to read the data. Then, the hard disc
drive searches for a physical address corresponding to the logical address and reads the
data recorded on the disc in a location corresponding to the physical address. If a
defective block oxcurs in the data corresponding to the physical address, the hard disc
drive has to find a replacement block that replaced the defective black. Therefore, a
defect list includes defect list entries, each of the entries respectively containing in-
formation on each of the defective blocks. That is, a defect list entry is generated for
each defective black, thus requiring a considerable recording space for the defect lists.
Disclosure of Invention
Technical Problem

[4] Therefore, effective management of a space for a defect list is required. For this,

effective management of information on defective blacks is required, espedally for

defective blocks that ocurred in consecutive locations of a user data area.



2 Technical Solution [5] The present invention provides an optical
di sc on which defects are managed, and a defect nanagenent appar atus
and net hod, which effectively nmanage & space required for a defect ~
list for managi ng defects in a disc, and a conputer-readabl e optical
disc storing a conputer programto control an apparatus to perform
t he defect managenent nethod. Adwvantagepu Jects [6] According to
the present invention, on an opti\é@l&ﬂﬂ?@ %ﬁﬁ%ﬁch dEaf zact manage?rent
i's perfqsped, a Tepeserdtinventinqralidey anlefted dist bs twhich defedeére mtanaged, and a

managenent can be ef- fectivel y managed y th ti '
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an enbodi nent, of the present inv i on '

i agr am of a SioRER & 7Bl Aica] SyEHol lserlitus o pEhiof B recibEhUbah
of the presentmethwdention. [9] FIG 3 is a structural diagramof a
doubl e recordi ng | ayer disc award{ s Eﬁég@l ment of the present
invention. [10] FIG 4 is a structura I'agram of data of a SA/DL
area awdblli ng t cAeordisginottie present ingéntiph,@nan eptisaltdisciop avhichgafec] mjnagement 5

Is a detailed.s r ' = TagHe) I kn FIG
4. [12] FIG éséegﬂdgﬁegléggqafdée@%t r uc% ﬂé}g{tﬁg?g}é%f%gé?ﬁé%éﬁh%?ﬁggﬁf entry
#i il ustr at edectivelFmanagsd and thws, thele@ire isi spaee @p beeffastivelyimanaeada

illustrating a consecutive def eplidfptRirACHf avaRFiflgd'd an enbodi ment
of to the present invention. [14] FI'G 8 is a reference di agram

i | lustrdflng a JddGskisatbiokediggtmc aidpte recprdingfreprothcingdeyie aeididg fond®nt  of
the present i @%ﬁ%@&ﬁ@ﬁt-ofhé?}esghﬁve&ﬂn? a diagramillustrating an

exanpl e of the reg acenment state information_ and consecutive defect

i nf or matBbn shovfGi hispistoctal diageym of aamglejreeopding,layer disg amrding &3 @y ence

diagrans ill ugﬁ,{,g&ijngﬂ@ﬂﬁ%peggﬁmviemﬁmdef ect black having a
repl acenent and a consecutive defect bl ock havi nﬁ% repl acement
pe lgver :WP%

accordi gl to arFignbisaisetiralgjagtanof s doulls recprg ngip@n 11 A

iIs a struct ur@hlbgdiﬁlgﬁtmfpr&a{t@@ﬁﬁ@, DL #k illustrated in FIG 10B.
[18] FIG 11B is _a strwtural diagr of _dat f aD. #k illystrated
AipiER oD,

in FIG WO, fJfeHbisasiemg]diagrm plrdsiaple Arep PTding oo egpbodiment
consecutive def @ebreséntinveriioni €S-

[11] FIG. 5 is a detailed structural diagram of data of DL #i illustrated in FIG. 4.
[12] FIG. 6 is a detailed structural diagram of data of a DL entry #i illustrated in FIG. 5.
[13] FIG. 7 is a reference diagram illustrating a consecutive defective block axording

an embodiment of to the present invention.

[14] FIG. 8 is a reference diagram illustrating a consecutive defect list axording to an
embodiment of the present invention.

[15] FIG. 9 is a diagram illustrating an example of the replacement state information
and consecutive defect information shown in FIG. 6.

[16] FIGS. 10A and 10B are reference diagrams illustrating a consecutive defect block
having a replacement and a consecutive defect block having no replacement awording
to an embodiment of the present invention.

(17N FIG. 11A is a strictural diagram of data of a DL #k illustrated in FIG. 10B.

[18] FIG. 11B is a structural diagram of data of a DL #k illustrated in FIG. 10B, further
including information on the number of consecutive defect list entries.

[19] FIG. 11C is a structural diagram of data of a DL #k illustrated in FIG. 11B, further

including information on the number of consecutive defect list entries having re-



[19] FIG 11Cis a structural diagramof data of a DL #k illustrated
in FIG 11B, further including informagion on the nunber of
consecutive defect list entries having re 3 placenent state
information '0', and information on the nunber of consecutive defect
list entries having replacenent state information'Il [20] FIG 12 is
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bf
disc on which defects area_are nanaged awr_di(ﬁ to an enbodi nent
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| ocation information regarding the first defective black, and
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first defectdpiBe RlcRQbta akedd] The end entry may include |ocation
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i nf or md22bn r egdibdicenseautive defgeidint autriyinay kompiidescitarg enthyecdreesponding to in-
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I nformati on regar consecut1ve
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information r rdin nunher .of defect.|ist.entri.es. 7] The
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and location information regarding a replacement block replacing the last defective

block.

[25] The information on the defect may include information regarding a number of the
oonsecutive defect list entries.

[26] The information on the defect may further include information regarding a number
of defect list entries.

[27] The number of single defect list entries may be calculated by multiplying the

number of consecutive defect list entries by a factor of two, and subtracting a resulting
product from the number of defect list entries.

[28] The information regarding the defect may include a defect list entry comprising
location information regarding the defective block, location information regarding the
replacement block, and state information regarding the defect.

[29] The state information may include replacement state information showing whether
the defective black is replaced, and consecutive defect information showing whether

the defective black is a consecutive defective block.



repl acenent bl ock, and state information regarding the defect. [29]
The state information may include replagenent state information
showi ng whether the defective black is replaced, and consecutive
defect information showi ng whether the defective block is a
consecutive defective black. 4 [30] The information regarding the

defect mpy furt ep idfBEhatiR regdr@ingRid Rifedt 895 FHHRG iRc1BIE AR mBtion re%ardmg a

consecutive defect list entries having replacenent state infornation
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i nf or meBilbn  shdhe mfornattontrbgardief dut defect maydhrther indude infiramtidn régaling a
According to G l.on apparatus to
record/ repro u%ggg%q%ggcg H£%§éf8%? ll‘gt &t&?sg}%tgr & %gﬂé e di Ry ?‘ﬁacoﬁgoﬁngél%n a

wri ting/r eadishgwing that the duﬁebﬁx&:blhﬂnsinmaeplaceﬂhe rredl um or read t he
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nd infornmgtion re the defect 1s recorded,
and controls ‘Y‘Wétb\‘l?a ti‘ﬁﬁﬂ?e"&@ﬁ’@ Q!iﬁ‘?‘{dg[ﬁ?g gf@&r@%@@%@ﬂ@a@psﬂﬂmg unit,
regardi ng t heyklgéiaghe dﬁ’&bﬂiﬁg%ﬁ%é@&&o%@&iﬁiﬂ MES AT ka, th Shich a re-
entries correspondltrrﬁ to intormati on regardi ng defects |ocated in

consecut i ve |RiEsmeRiickywhichaenlaes a dafestive leck havingrpedefzgt i a ypas glata) gy,
Aaording to t thgpv@rﬂﬂ%f
recor di gg/ reiﬂdﬁg %ﬁ cing Sg r*ﬁﬁﬂé}%&??%ﬂd%%gyﬂh(ﬂé orr%l)drul1 anit

assigning tote N@Drﬂe@ﬁ mfpanatlos/rbmdmgé@ defectywihicln Otanp@p'ﬁ ensequtive defectldlst
to replace a ﬁ‘ie%ﬁ{)fré! omhﬁ o oo a'ﬂ%ﬁ eg@ﬁﬁlﬁ%d?fégt@lﬁlwkﬂ BhYIRd RBtions
0 defective bl ack, 1S

regardi ng a corresp nd| ng . .
recor ded, and)frtRHﬂeddutgareafmrthaSAdhLlamgardl ng the defect, which
conpri consgeut i.ve def tries.corr ondi t .

o or meebn.  egARE i Felis et ordhe bietn SRERESE ABLPALAL resmutingre-
t he user dat apredmg data dnheh SphicdDiecardig mpdidin sbapoisel 3gighingao diehaedium an

ahaabl o opt RAIPLORER i NPy R RapARL Pt 1B SeIoe R RBI ia user data

appar at us t o a3, hed Hférmatieh e@garcnﬁg adefeerdor@Bionathgb the defective block, is
recordi ng/reprod ng?éata on optical djisc_on which, defects are

managed, the T8®F Oﬁ@?q‘fﬁﬂeg?f@%&hﬁ efgets Whigh qempidses he

medi um an SA/thse&itﬁ@ de¥det liél' e‘ﬁﬂm@ oﬁﬁé&lp ﬁcﬁﬁ?ﬂi inPdrRfalioh ﬁag%ﬂﬁ'ﬁ@&éfe&s located
defective black havi ng(p'l defect in a user data area, and Tnfornation

regar di ng t hdn GUseKive dcations oA theriger daga anga, indheSADleatgp.ack i s
recordgqdq) and r aeRrdhe e Aot TekC8F the Pt Hvehtibn, #dré ¥ provided a computer-

readable optical disc storing a computer program to control an apparatus to perform a

defect management method of recording/reproducing data on an optical disc on which
defects are managed, the defect management method including assigning to the
medium an SA/DL area, in which a replacement block to replace a defective block
having a defect in a user data area, and information regarding the defect corresponding
to the defective black is recorded, and recording information regarding the defect,
which comprises consecutive defect list entries corresponding to information regarding
defects located in consecutive locations of the user data area, in the SA/DL area.
Mode for Invention

[35] Reference will now be made in detail to the embodiments of the present invention,

examples of which are illustrated in the acompanying drawings, wherein like

reference numerals refer to the like elements throughout. The embodiments are



whi ch conpri ses consecutive defect |ist entries corresponding to

i nformati on regarding defects |ocated gn consecutive |ocations of
the user data area, in the SA/DL area. de for Invention [351
Reference will now be made in detail to the enbodi ments of the
present invention, exanples of which are illustrated in the

anonpanyi ng dde@aﬁmsoeldwﬁf&?mﬁ tﬂé‘i)res%ﬂtfl‘ﬁ{f&ﬁfb‘ﬁ bgtfgﬁﬁﬁigstortﬁé ﬁguﬂeQ the

| i ke el enents throughout di nrents are descri bed low to
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1 is a black gi I ng/ reprodui ng devi ce according
to an enbodi rrent o&tqﬁ&p&aegn{n%lg%%ntlon [37] Referring to FIG 1,
t he datld7} eoor an@dmwt(rHGl hgthel data gecoiding/regesiugnguéviderigéludesem diritimg/
unit 2 and a The writing/reading unit 2
conprises a pls u%g é}rélmeéalgu data on/froma disc 4 on which
def ect J38} e rrarfﬂwewlnangmadmggmitd d)h@nws&smltupl and eedord3/readkidata on/from a

controlling u tfo def ect nages ccording to t

present i nveﬁﬁ? o‘hon Rﬁxgéqu]%%%%?ﬁnﬁgpg tBr G ByEent h‘&@ﬂ??‘bﬁq‘et he
control | ing udhfrolling &% 13eroihd Jefedtnflmapérhér? acdidinpad thedpresdidinvention. In
defective data by recording data py a, predetermined unit and

verifying tH& enihodimgent of hepreseRbinyentiong thejppirelling unit & yaesasveri{gafier wete

defective datgethédo fd ddBdtive raﬁtaadyc}e&ﬁamg Yafa®byUSseddeninYuidt and verifying
recording operation unit. The control unit 1 generates defect
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checking the ‘%ﬁé: ﬁﬂlﬁ}] }{%

menory, and record%ﬂdv“}?e gﬁg%g&fea in (%rgngl?q%ﬁltagﬁn?ﬁﬁof hGthhEuﬂnl

t enpor ary defgsoerateside @maabnmdmfmg where the ddeqmvedetaes lmgha%ﬂmunt
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i nvention, a recording operatlon, i CROTSYah operation

by an intent |th¢1ge1feraedmﬁor;maupnandﬂ&sdisceah temporady defectprfoamnation aftendolldcting
i ke, refersto&qro#per ontt i ncl udes Ioatglngthe di sc,

recor di ng dat*3P e éne Uty etﬁ‘?fl%“ CAYPAR YW sc. During the

recor di[89] opeL aln mnembodimenﬁ?f -thé plesenMnf viefition peg@tdmg\ gpegauixﬁr fwtiche sl ﬁm

| east once. The t.enporar) ect information obtai.n usi ng.the
verty it ter RSN dgterained BY AG inhon ol AP f F Jouted fepding ppadtion, and

nenory. [40] tH¥BKe,Refefstb aftloPEafon At RicRdbs buaﬁlgrthe(m% réeb it} ddtloRtHder
to unload the_disc, the, controlling unit determ nes that the

recording opdlisg; andmleading the M&%@éﬁ@@?&@efﬁwéﬁﬁw Hftarayite
i nformati on SjpRf@en! hd‘%é finid HPledst oREQ The §in [Sd?ﬁrty' def& REMRioh Obldfed bg

Wit ng/read| ng uni t causes the informafion to be recorded o
the disc. [4Msingibe gerifyradieriwtic oparation is daprtrmperarlyssrered in themmeraonyer

10, a hagf !/F Hhend dibBpre&es an eject button (not shown) in order to unload the disc, the

ocontrolling unit 1 determines that the recording operation is terminated and reads the

temporary defect information stored in the memory, provides the information to the
writing/reading unit 2, and causes the information to be recorded on the disc.

[41] The controlling unit 1 comprises a system controller 10, a host I/F 20, a digital
signal processor (DSP) 30, RFAMP 40, and a servo 50. During the recording
operation, the host I/F 20 receives a predetermined write command from the host 3 (in
this embodiment, a computer) and transmits the write command to a system controller
10. The system controller 10 controls the DSP 30 and the servo 50 in order to perform
the recording operation in the write command received from the host I/F 20. The DSP
30 adds additional data, such as a parity, to the data to be recorded which is received
from the host I/F 20 in order to correct data errors, performs ECC encoding, generates
an ECC block, which is an error correcting block, and modulates the ECC block in a



si gnal processor (DSP) 30, RFAMP 40, and a servo 50. During the
recording operation, the host I/F 20 rgceives a predeternmned wite
command fromthe host 3 (in this enbodinent, a conputer) and
transmits the wite command to a systemcontroller 10. The system
controller 10 controls the DSP 30 and the servo 50 in order to

erform the SHindi Fiohe IREA NP ] ?ﬁ@g '
ltohe host I/F I;_ng@‘%l'he Dsggﬁé[%%adds .aggrb?fl%g]égl ﬁtgg.);ﬁ , sug??fggﬂe%é(??@w
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servo 50 st ori@sinroedartelimagage dbfects. Thp defeetimbmapemichienrdty B wads emporay defect
10 and servocoptrol.s the pickup of the i ting/reading unit 2. .[42].
The system c&ﬂfor‘%’ia & Stﬁﬁdilﬂ@}edﬁ%‘&ma( I{Pétflggf”tlt‘?ﬁﬁz&é%w%ﬁﬂ BFEe‘l‘tlm&{\'B‘aéon’
Menory unit ahd theéh g¥ndRitestadiefevh Higteudrfifeiothe pregerd @Gt o EIAGRIRAEN the
unit 11 reads, tenporary defect formation stored in the nmenory unit
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defect |ist apeRIadidefect AfédRALBAIRE Dbt MAREERMNt uhltall deRerat¥l@ohddButive
def ect managenent unit 11 finds information on consecutive defective

bl ocks anpng defaséliptentry gamprised; of adtaraenteys corrasponsingterinfarmatementhefirst

11 generates | |4t . C i .
ntry, cor  esmnea o BRHE bl he citbefiffve deeki  biplks D R enly, @phriing to
t he consecut iipformatiercon the last deflestivedvlakaof teapnsgentive defestive bpasks!i Thgrefore,

I nformation f ' t fective
bl acke.  Ther ongh B fora3hmBte, BBk defecR R BI6ok bl BnREGESEL:, b5 P B cRies
occur consecunsteas of eightleptricsarecgeneiated, bécasse ebalentfieedrg igenezated netsfoaeaeh of

gener at ed, begause th ngrie e rated not r, each of the .
O ont bl ocks 6 PR ks 3Rt buis Torthe ARG BERR bl e Tiss bt BF R stabe sinotmeve
ei ght consecefaceve Bktlex Thus apae kequirtd vs stofe the antéies embereduckd. Teletect
the entries can be reduceﬂ. The def ect mana&gmeni unit 11 .alaﬁgf )

i t e £etoR-

generates a DRnggementund; 1l seperates 4k ety udes cqnsecutiye

showi ng whet Fermaicie§RRiing SvhathePNa&resttis ¥ SorRbcufive bd Yingtilafi@ée&! andd sl
re- placenent state informtion, show ng whether there is

a
repl acenent IKewentstaig inforppationgshogang yriethedhenkds & replacemenfdiek or agt. The

DL i ncl udi ng RpchnAnkdentit it 11 dlerdtes 4 PRiAAUER Yt DLIGuPOSt 1/ F 20
receives a read conmand fromthe host 3. The :‘gg)tem controller 10

per f or 831 ni ti ale searadsre dase the kast VE20egsnivsg @araconynand fiomithgyost 3. The
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disc 4. The RFadingrunio2 phojeayes laser beam onto the disc 4, and outputs an optical signal
obtained by receiving a laser beam reflected from the disc 4. The RF AMP 40 changes
the optical signal outputted from the writing/reading unit 2 into an RF signal, sends
modulated data obtained from the RF signal to the DSP 30, and sends a servo control
signal obtained from the RF signal to the servo 50. The DSP 30 demodulates the

modulated data and performs ECC error correction on the demodulated data. The servo

50 servo controls the pickup after receiving both a servo signal from the RF AMP 40,
and an order that is necessary to control a servo received from the system controller
10. The host I/F 20 sends data received from the DSP 30 to the host 3. For controlling
the reproduction of data, the system controller 10 controls the servo 50 to read data
from the location where the data is recorded.

[44] A strueture of an optical disc on which defects are managed awording to an



the optical signal outputted fromthe witingtreading unit 2 into an
RF signal, sends nodulated data obtainged fromthe RF signal to the
DSP 30, and sends a servo control signal obtained fromthe RF signal
to the servo 50. The DSP 30 denodul ates the nodul ated data and
perfornms ECC error correction on the denodul ated data. The servo 50

servo cont r ol gmbdimBatUf i FEdeRf inveffinik AP fdIRWR. & servo signal from
the RF AMP 40, _and an order  that is necessary to control a servo

recei veld3} r om t Rscspanaggmenfipfasmpgen @.@MDTP@YMQH the pptirl dighaeordiag an
received fr Or@n%l?tﬁiuggﬁ offo i yg&ﬁnﬁﬁ%nn%n e%%'lﬂcodehh srdéture (DDY),

reproduction o the system control contro
to read dat a refording menagenent idata (RVEDR andhe dd&ctahst ﬁ)L)aAahsj:adana{gem}enwarea

To an 7 enbdinianyt SRen s dahla o Aok bp Bt BRC ARG A Y

nmanagenent i nfT&MA) toarcofdidn)parey MME o hemtheldiscdp técorled dinde fareatiaedldisg

an enbodinent_of to tlon | des a disc definition
structure ( geﬁnggtoa}rgﬁﬁ‘gﬁﬁéﬂé‘)grg &?‘ and a defect I|ist
(DtL) A [d6BC rranagemMAabeéborcﬁl@rﬂﬁb t%%ydhl\@&ﬂclﬂd{?s ?msmm)iam tﬂ\?\ﬁc%rda
a tenporar a . to_recor enpor ar en

t he (rjr})sc ig 3@@%@5&% d?tfﬁ r?é?‘ﬁ‘; %nagerren'[rpar eay(FDI\/A) to
record 4iypal i zeghPWDS {néfildes m&%ohﬁaﬁcﬁqe%&u%g ah@\/bﬂmei A whielh re-

i ncl udes a DDS/RI\/D area to record a DDS an and a DL area to

recording a miacemen blagke repfagng adefpstize bloeka whema defest qaurs i dasayblogk ng
an SA/ DL ar egedgpdeifinGilath 4184, aRl %m”ﬁ%ﬁng&é%?ﬁ}aeﬁgg%@grh%ﬁegﬁfdﬁ@d Ysbs/

bl ock when a defect occurs in a data bl oc d I'n a data area,
and a DL is rRMb ared lopbeminfermation mgarding whergdhe BLrig resomdpd/ locafivD in-

area, |ocati | [ Bt e

| ocation in- q?g{rliﬁa% on C?JEB? {lge%%géelﬁus\gg tlgtﬁrée%ls“?cié aE’P&)q{r?%?% th%R}‘DE
area or to urndamtemdyeﬂay_tp checkcwhsthartthadigc Wasgomnmllyegeckedwhiaiclbring tsed, and
di sc was nor G ile bel used, and write protect

I nformation tr{gntﬁ o&%@tlkﬁ’ﬁgﬁn\,@mto q‘ﬁﬁté , which is information

r egar di[48] managiThe RMDawhnh: mrldﬁnlrnamoﬁ regadir manapirgudhesrebbrded on Ghttdiéqas
showi ng the s each Rz n,a s ntial recordin and
2 b1t map. shouhliesdt 258 hei Ewieon st Bgahain el Boidintng
unit bl ock Ghode, ka4 bitinap sheving a9k BR Galie whkhel dhtadeganditl® BohGe@idihd énit

node. [49] T / RMD ar ea, ich {o record the S and t he )
i s arranged nﬁng%aé‘éﬁfqrﬁa’érr%‘Qr or agtto arandogyrecgrdingdnedst e recor di ng

layer diugr whi | ¢hé DDIRMIIMEa b Rhich fo RLSBMIEBDShnd thERND, As Arfifbed in a
m ddl e area, or |ead-out area in a double recording |ayer
lead-in area or lead-out area in a single recording layer disc, while the DDS/RMD area

is arranged in a lead-in area, middle area, or lead-out area in a double recording layer

disc. The DDS/RMD area may be allocated in a part of a data area in order to increase
the number of possible updates acording to the intention of a drive producer or a user

when the disc is initialized for the use of a disc.

[50] When no more data can be recorded on the disc, or the user wants to maintain the
current state of the disc without recording additional data and use the disc only for re-
prodwing, the finalization of a disc is performed, and the finalized disc management
information is recorded in the FDMA.

[51] A PCA area is arranged for a test to detect the optimum recording power from
among various recording powers acording to write strategies and the variables
acording to the write strategies.

[52] FIG. 2 is a structural diagram of a single recording layer disc awording to an

embodiment of the present invention.



disc. The DDS/RVD area nay be allocated in a part of a data area in
order to increase the nunber of possibie updates according to the
intention of a drive producer or a user when the disc is initialized
for the use of a disc. [50] Wen no nore data can be recorded on the
disc, or the user wants to maintain the current state of the disc

wi t houtysspcor di Rarcaal fo FGaD, mwo&%yﬁ%ﬁﬁ& tBwafds A %utt t¥irchiiference of

prodUC|ng the finalization of disc 1s perforned, |zed

di sc managendhe dlsﬁrﬁflmaif@ﬁrﬂslfmﬁédewm therpeﬂt@éof—'msc[@lﬂ]a dutP@ea iir ea
i s arranged fﬂﬁn@dﬁeﬁ%&e&ﬂe‘i’&ﬁ%ﬁﬁafeQ%g&’PéaHrﬂfq}eraecor di ng power from
r

anong various recording powers acco towite strategies and the
vari abl[64] accoilté legdiin atehénclndes@ REA #O,dﬂszA #1, FOMA#2, agd DDSARMD area

struct ural recordi yer di ng,{ q.a
erbod ment  or' hEL e afbathdlfdes o EAe WA/ BRNELa f, 360 ST, Gt 318 Jeac
| ead- out ar eaut arch dchmedts taREA @5, FIDN A0K3 ﬂ)MAr#zluaiﬁcEDmm afeh#1di sc,

a | ead- area s, farmed towar.ds the r of .the di and .a data

ar ea |s[l5 or med tméﬁngf QE%Qf aa‘f"é’h ed'ﬁaarqhggga_yeﬁﬁlgpgg)rdftgi? Fhe

| ead-i n area mduﬂ@ﬁoatﬂg@egéﬁtmlaaﬂ%n#l FDVA #2, and DDS/ RVD ar ea

#0. Thi ta arﬁg i ncl UdI% ser . area,, SA/DL area #0, and SA/DL ar ea
#1. Thdd Fesgingst01 FIGh Sfbleadsinpisa deta aren0, and midyp atea #0 argarranged in

DDS/ RVD ar ea dife ré@Rling” 1a§5erl§0 IwhiR SSthiddtd atbad1, QIa?aQHr@e[T#Pfanéléiglgi’llt Grea are suc-
recording | ayer disc according to an enbodi'nent of the present

i nventi on. [%fSIF@Yé‘ifmg‘fgllﬁﬁlemt@l‘fgmchngéf&@lhln area, data area #0

and m qeye ar eapifle Yyer Eb%@%%ﬁnﬂa'af udSGPBEA 30, FBVEA 43 DD dtea #0,

m ddl e ‘area #1, data area #1 -out area are Sw Cessi ve y
arranged in tand FRMAM#L é‘b@d@tarageaan@adﬂ_slan S/ dren #hand wsgearen @). Theemiddle

4T The dat a el BERAR DR g DBYRMDEHL PLPPRIR Y, S G e

m ddl e ar ea offterihand, ol ¢ layerEDWe#ﬁl,ddE[aﬁﬂDna]udes #QFDM/#G HADSARMD area

PCAC Onth an e md 1

i ncl udes an %Bnﬁf’g@&#&fé'?ﬁ%&ﬁh? %aar bﬁk‘% udeﬁﬁﬁglé‘@ﬁ *#lhaélddﬁ‘?’éarea
area #1 incl ydeThalka®duDireainetudéd a POA #5FDMAGD, DﬁS/RMEaieaaKl; ad FDMA
area incl Udeéﬁla PCA #2, FDVA #2, DDS/ RVMD area #1, and FDVA #1. [58]

As shown in GS. 2 and 3, when a defect actors in the user area, a

repl acgsgnt bl AgkhéwRinPRIGE92 andi8fvaikdn! &/defddt d&tirsiid tHeQfse¥ 4164 al repladtthent
wi.ith in- formation on t he defect. The information on

SA/ DL area aI
t he def ect rb@cha@%lﬂwaqqummr%k issfieposdled in the SA/DL area along with in-

formation on the defect. The information on the defect includes location information

regarding the defective block, location information regarding the replacement block,

and information regarding a consecutive defect.

[59] FIG. 4 is a structural diagram of data of an SA/DL area acording an embodiment
of to the present invention.

[60] Referring to FIG. 4, the SA/DL area #i includes a DL #0, replacement block #1, ...
replacement block #k, DL #1, replacement block #k+1, ... and DL #m.

[61] The DL #0, which is a defect list including information on a defect, includes ini-
tialization information.

[62] Replacement blocks, from the replacement block #1 to #k replacing defective

blocks from the defective block #1 to #k, are located next to the DL #0. The DL #1,
which is a defect list including information regarding defective blocks from the
defective block #1 to #k, and regarding replacement blocks from the replacement
block #1 to #k, is recorded next to replacement block #K. Replacement blocks from
the replacement block #k+1 to #m, replacing defect blocks from the defect block #k+1



regarding the defective block, |ocation information regarding the
repl acement black, and information reggarding a consecutive defect.
[59] FIG 4 is a stnctural diagramof data of an SA/DL area accordi ng
an enbodi ment of to the present invention. [60] Referring to FIG 4,
the SA/DL area #i includes a DL #0, replacenent black #1,

repl acement b gk otk défbets DRAESHRRSushl 26K afibhted noxt ¢ ffile L #m

[ 61] The DL #0, _which is a defect glst i ncluding information on a

def ect ,[68hcl udeln this mannes,| 3 defedt dipt, Mhich ingledes Anfofraatjonpeparding redefect
bl acks, f .
bl ocks. fr om (Rara ) BEERRmEY S fhepheseh et AGhAMAT i SXY, agp.in
#0. The DL #Myhichunieptacement bdmkeenlaingsa defentive dlay is al§olorated. That is, the
di def f ' . d

Fegar di ng. r etk i s Bplal ek Bl W GaIANT oft 86 jiteali B EStpefl aea.
recor dd@4hext tBIG.&pk adetmiled stoicturid didgrarRaey ldamexfit #ilillastksed indfG. 4.he

I t bl ogk, #k+I| # f bl f ef
bl bck ARIR o ¢ BoiE g Bg3Parrryohioh 200 Beiets Prrgfiier pd0, REBaRE aSihter
%e Ihog:at eddm@} th?(ﬁuidbér_ (EILDEEntr{eSSISO IDL biittyé#lrﬁmn%hdl% éleifyeiex 230. st ,

ichi udes ti regardin e accor 0 )
enbodi r@ﬁ of 1 REe ﬁig@e?ﬂ% AyQFaters 0 an éd%P Frpdpg o éecsﬁ#tofﬂaéagan
in  which a rgaitidee TIvhtitY A8Meétanrt a%&maaoe&&fs@subféeumtaﬁ&a@l&bﬁem
| ocated. That is, the detect list and the reg acenent bl ock are

| ocated in orhbeckaenlomted togethesrin an SAIRL Area g fosthis qmtedlraems)fahe
detail ed struygtddr@hvéitRgr am of data of DL #i illustrated in FIG 4.
[65] Referring to FIG 5, a DL # 200 includes a DL identifier 210,

DL updd6@ count Bhe Dhapdaterceunteniéhis evalve showingdke maoberof updates/ofadefert
and DL entry igg 250. [66] The DL identifier 210 refers to an

i dentifier Icating a defect list. That is, an identifier

i ndi cat[b8ly a deThe huthbertof D). enucke?2B (s thuteotal aumibéraxftentries inchundkdan the defect
repl acenent hr%t ock are hated together in an SA/DL area according to
this enbodi mrent” of the present invention. [67] The DL update counter
220 i s [69)val ue Th@]Mm;mtyHﬂ MOnthL@ﬁtrsu#l&S&Ss&ﬁeﬂrydhﬁx&@g 1nfd)rirm:lon[oﬁ&]

The nunber of 30 is th t al er of entries d
T e et oordelicr Exatof of Shuérty ingfude itpetiB Shprebariiibstitod MK 6! ¢
an ent 1fyopavi ngrixi6as Bdkiailed Sctural @dgesh of Emf@hfm,éﬁ riIl@sﬁa&adeIG 5.

2 a3TH I'e SRPFTIREG 1 St Dlienisoh 300 studes wategfommaten 30, defeeive

in FIG S block location information 320, and replacement black location information 330.

[72] The state information 310 is state information on a defect represented by a cor-
responding DL entry. The defective block location information 320 represents location
information regarding a defective black recorded on the user area, for example, the
sector number of a defective block. The replacement block location information 330
represents location information regarding a replacement block recorded on the SA/DL
area, for example, the physical sector number of a replacement block.

[73] The state information 310 includes replacement state information 311, having a
length of 1 bit, and consecutive defect information 312, having a length of 2 bits.

[74] The replacement state information 311 represents whether a defective block, which
has axcurred in the user area, is replaced or not. That is, the information represents
whether a defective block in the user area is replaced, and a replacement block exists
in the SA/DL area, or the defective block is not replaced, and a replacement block does
not exist in the SA/DL area.

[75] The consecutive defect information 312 represents whether the DL entry is a



[71] Referring to FIG 6, the DL entry #i 300 includes state

I nformati on 310, defective block |ocati,gn information 320, and

repl acenment bl ack | ocation information 330. [72] The state
information 310 is state information on a defect represented by a
cor- responding DL entry. The defective black |ocation information
320 repr esentgndepgie O enﬂrﬂfvﬂ{%rebf%@?{f&{'ﬁﬁ%ﬂuﬂ% Beff&veBiicks ag]gﬁgﬂaher the

recorded on the user area,” for exanple, sector_ nunber )
def ective bl delkentyis the pegiewing ar thelead pf thecansesttivePlo entey ifdhe BBntry is a
represents | g %;}, IHf Qhfgpti on regardi ng a repl acement bl ack
recorded on Sﬁe ISL grtgg', for exanple, the physical sector nunber
of a rdpbhcenenThebrmskutiyvg d¢fedtive tdocks and onseautive defe@ 1Bt emtry ard described
repl acenent stated ' hay] a length of 1 bit, and
consecutive g?etélg ‘ﬁ?&ﬁ{gﬁ%ﬁaeltr%o}ﬁ%%%gs' 2%1\1/‘:1"'%9 a length of 2 bits. [74]
The redlldkenent Refeatisg toFIGr TED itlmougi @ refopteswintin witidt Dresrife-aftef-agite ve
bl ock, which has occurred iin.the user area, is replaced or t. Tha
s “the i nf oG 1 BAg cE0et e iR abesdus iepios o atauh o e secneb
area is repl agdehenagthns el ABEPANDS Bk aedtionXd &i 6rder 10 dhbék WRéther tAE Bata is
or the defective | aced, g}gd E repl acepment bl ock does

|l ack . is not re >
not exist in PE?%“@AF@Ed u &eﬁeg;ﬁawr@g qCfige gt éc‘%et‘?"?ﬁd@ﬂ}‘?ﬂaﬁdﬁ
312 representqsiphabdas a HoBchYe REL Thud, % RfebP#1,GANSER Whd deddve QR ¥
whi ch represents consecutive defective blacks, and whether the DL
entry is the dssignaiad.nihegeoording aprargns aguin regprde therdatareprdedhinythe defeetrid in
DL entry is gne GRNSEGHA Tﬁ‘eﬁrtrl?mrﬁiéhthﬂ:ﬁgﬂarl&?desc?ﬁ%ﬁg&éﬁ%l%fe b Sgain

bl acks and consecutive defect list entry are hereinafter

wi th ref er endecalled pirggacementyiél . Thep, 1§ recerding dpparatus redogls user daty up to the
through (r) ref.e | | "1]ﬁhﬁ§| RV . @Mi '

I's perfor rred.sgéﬁtél @ggg@cﬁﬂl %Stlugnps\ggr at'us lryagd(’:%été%g%égé da (%rﬂ%rptgt% géﬁ%ﬁ&her
section (1 dhelddthepropdrly meordad orreddfeat 33 copare]. Hfa defestise paiit ndetected, the

order to check _whet her the data, roperly recorded o def ect.. has
occurred. |f p&“d%ﬁ%sgnla\tleél aﬁﬁr‘%h?cg#%éflgk&e[ %{Te %We aﬁﬁﬁ’l?cefnfn{ %gg%rbeﬁ%?“élﬁlgag
a defective ahedefecili2ds genetitéd: @ thélsectidi @) aidefdch#3 ad & dplacemeniteid, aré S
desi gnated. The reqgogdin aratus again records the data. recorded

"n the def ectEenaated- Sinpea dolPpfvepattis ngk letated inithe seRiiem & ydeicatiye area does
recorded i n thbeedafif ¢his ¥dctiof, r ecorded again is called a replacenent

#1. Th the recordi ng apparatus records user, data up to the_
sect | oﬁg%lr ) and "M ACTERAHOROf @geqpting pperption#( is (precms@cf) ez eeoriing gnd
order to Che%ﬁm {gﬁfo tht Rectidal@ (wherPd ﬁ’sﬁgbﬁéﬁeﬁ 81 Sfeslafht8h o@ré_dﬁxfdﬁfgtoﬂlﬁer

occurred. If a i ve part is detected, the part is designated as
a defect #2. dpte assignedimtheeapordingrapsration pxmmplstedptheaemuding apparyus regards

defect #2 is ,96N@f aheMldingInfolRatGiebARinddefect AE U8 Cind#3 MR hdirred in the
repl acenment #3 are
sections @ to @ , in the SA/DL area.
[79] During the recording operation #1, the recording device records user data up to the

section ® and then returns to the first part of the section ® in order to check whether

the data is properly recorded or a defect has occurred. If a defective part is detected,

the part is designated as a defect area. In this way, since a defect #4 and a defect #5,
which are defect areas, have consecutively accurred, consecutive blocks are designated
as defective blocks. The recording device again records data recorded in the defect #4
and the defect #5 in the SA/DL area. Then, the recording apparatus records user data
up to the section ® , and then returns to the first part of the section ® in order to check
whether the data is properly recorded or a defect has occurred. If defect #6 and defect
#7, which are defective areas, have consecutively aocurred, consecutive blocks are

designated as defective blecks. The recording apparatus again records data recorded in



generated. Since a defective part is not detected in the section (r)

, a defective area does not exist in this section. [78] Wen
termnation of a recording operation #0 Is predicted after recording
and verifying up to the section (r) (when a user pushes an eject
button or recording of user data assigned in the recording operation
I's conpl et ed) R r K B510

I nformati on rﬂeleg?%?t{]g dgﬁg(gfg%@ﬁ?ﬁ lggﬁ@%nd #%lgféhlg?l%gﬁ% gd’qﬁdéq‘%}dﬁgepm
sections OO tisdeteyted , soa defectiye/anta dges aot ¢xig] Wen thegerrhisatiancefithe ragording

ti #1,
cbotion (1 SpePFchHHE Bicldicl? eiadrfo aBariif tes R A DIE i indifipg, in;
order to chedbmﬁtﬂnhegardmgelefEEtsd#4thrqngh#érmyheSAﬂDI:Iaﬂ:aor a def ect has

occurr If a part L.s detected I s _desi gnat e

a def e?gogr ea. ﬁﬁ}c \%f% avaereth elgﬂg éhdlésle’éﬁrtea#%% ﬁ/\ﬁf"
are defect ardefests dnawﬂngmﬁemmbtd«@ opeﬁatwnr#&dareaﬁmaﬁiwblde&cﬁb@blosksame
desi gnat ed fecti The. recordin al

data recor degfrﬁtn‘F g’f‘ﬁgff oo%ﬁ‘?ﬂlt’cvﬁé g’ F‘é‘b&“ﬂ@ ﬁ‘et‘ﬁge eglés
Then, the reclfstiingbREP&thE defeétayor ds user data up to the sectlon
(r) , then returns to the first part of the section g@t I n order

to chedﬁl] whet h8eplassaens plcksdepladngsthe yonseeutivg dgfegtiveblgas dbat oppsgoutively
orurred. If dqghfel ﬁ&eaaénﬁkﬁwﬁauoﬁz ofﬂ’f@h?xé} a@éaearé%éosmeama%&ﬁﬁve have

consecutively oaurred, consecutive blacks are designated as

defective bl dertionspfshe SABMRivs. Apshaven indha§ATDL peect wplatementbiwk#ded
in 11 the d%&@%ﬁnﬁ ?d&@& ﬂtﬁmiefs%ffanggd h{'thtegﬁxééﬁ%n mén'fbn‘i Q? block,

section (r) ) ective part etecte SO ad trve area
does not exi geplaigmdefhe #5dlavknistarangest. In the nuezetdouadomgt replpmnmm bluck:#6,

Format 1 on  edsPiiA G MR BAEhNR. THER R eheXagifipn. £ Bpkerigy ™
Def ecti ve bl didck #iareplacing aldefecoih%blcn:lt iwmdngedtt’ll‘herfksn‘bp]wemens bloclatimeng
Consecut i ve dBY EETPTRSHIAERSICPIHAE oRPaY AFisE e doisF ik eplEe et block
consecuti ve def sad thedasbrepldsement Hldek relsiichp! thést,comsedutivealefertive blocks is a re-
defective black is the fect #7. [81] Repl acenent bl ocks repl acing

t he consecut iIRECHEREE VY- bl ocks that consecutively oxurred in

pr edet ggpj ned | W&hlo@ﬁb%aﬁfvefd@ﬁ:ctﬁ@l&loél{s%v@&ﬁl&&ﬁﬁrﬁﬂ‘écdtﬁeqaﬁﬁ&fsuéﬁdée
| ocati ons of the SA/ DL area. shown in the SA/DL area,

repl acenent Bhglo@atien of ﬂ%ﬁb@ﬂkgoféhﬁmuﬂd‘tﬁ%ﬁ blgck apd ﬂ%@f‘l@‘@&on phthe
the next |ocagd beck ﬁrerl&f(’)kv%c BRAGLHAR JPHRCEst ofrtﬁ'aonhlaads @&1@&%%@4 cofisecutive

bl ock, is arranged. In the next location, a replacenent blac

repl aci ng a dlefestive hkvlbm@lso besknewmdfrere the lﬂlﬁéﬂns ofrthe fiest prdithelast blobkﬂn
a repl acem%'ntq e Alen %tg%%ﬂltﬂﬁ'daﬂacﬁvéjﬁf(ﬁ&tmﬁadéalﬂ%‘%onéeﬁutﬁfertﬁﬁq:ﬁge block

The first acenent
are located in consecutive lomtlons Therefore, a space required to record information

regarding defects can be reduced by including only information on the first defective
block of a consecutive defective block and the last defective block in information
regarding defects. The same is applied to a replacement block replacing a consecutive
defective block.

[83] Therefore, a consecutive defect list entry showing information regarding a
oonsecutive defective black may include a start entry and an end entry as shown in
FIG. 8.

[84] Referring to FIG. 8, the consecutive defect list entry includes a start entry and an
end entry. Both the start entry and the end entry have the same structure as the DL
entry shown in FIG. 6. The start entry contains information regarding the first defect

among consecutive defects and the end entry contains information regarding the last



t he repl xenent bl ocks repl aci ng consecutive defective blocks is a
repl acenent black #4, and the last rephbacenent block replacing these
consecutive defective blacks is a re- pFacenent bl ack #7. [82] Wen
consecutive defective bl ocks have oocurred in Consecutive |ocations,
once the location of the first black of the consecutive defective

bl ack and theydr@gation of the |ast block are known, the |ocations of
the rest of the blocks included in the consecutive defective block

can al d85be knothe stegntriéndledes statsriafosmation firstrdefective blopleldzsion information
blacks, —0Ue ol difinE BB AL bor ARlWHLEL BEANCIRLAGE BIP Gl thel "
a consecutive derectrve acC are |l ocate I N consecutive [ocatrons.
Theref ore, a copsecetivestpiitctize btocks ie cavomiled yendrfivsit replacemeng hlock luoptidaf met s

b d - ' lLy..inf i on the first. defecti
S ock of o canhiddehidahe Atk ol SRR B ke theieie PlaS et Flock
i n i nformati aopladegthe dirstglefbetiecbleck ik recsdedeThe embyitiyaticlu@esstate in-

repl acenent ack. repl aci.ng. a,consecuti.v defective black. .[83

Thor et or e, a 1BBTEINT YRR B CoR RGeS, ayme e eHEp PG iR of the user
regarding a aewhedithelastdiRfeRtivé vRcloAB6lkg 1 Yonsesltive defeciVablocl@né I Y
and an end entry_as shown in 84] .Referring to FIG 8, .the

FIG. 8. [84].
consecut i ve degoidad, padlastagplacement plggkelocation infpormatian rprgpepting a laption of

entry. Both theSAVBL arddWheYe MRdast kplLBHeRYI&K rbitksng hE 1R PIFe Ve HIE €
as the DL entry shown in FIG 6. The start entry contalns

i nformation re@idedhng the first defect anpbng consecutive defects and

I t ng ti . mong _
e engggntry cpffdjidsn b%g@g%g %Haaggﬁllﬁ%?%gt a&emﬁ@% éngne gsgehﬁf&e defect

[85] The start entry inclu mat 1 on, tirve
bl ock | ocat i dnformatemshowanin Fie.esenting a | ocati on of the user area

where t first | b . nsecuti.ve.defective
bl acks [?Z] recorgg%],}‘%%{?@?i g’tabqééﬁg%gﬁég?mg%@g%%feﬁ%?@o@% Fﬁguon are ‘0 and
formati on rept.ed ¢ iephcemdno statel informbtio21 1SA/ Dla defeaivetbiock cdrirespbndiag to

repl acenent 0 replhacing.the.first ective.black.is recaqrded...
The end entr 3L? ﬁ%‘?ﬁﬂ'@gb lggéélq%lpf‘frg’raﬁﬁ? 32&138 I}Oég‘?plaﬁg‘iélé‘fl eply %‘ﬁ‘%‘c’:“t{ Tacation
I ﬁcalt i on ljn; as st&ivamgflmeﬁmﬂ&embhmtaiﬂfa@ﬁnb“ ﬁri’olmﬁij‘ohedu&eﬂiveblﬁb@cﬁmﬂﬂer e
the | ast defective. blo n onsecutive, defectiv cks is
recorded, and®{PRY gé?)ﬁ’&é@%ﬂ?e E@@@t@eﬁpeﬂat}% Hrg{quaﬁeé gya re-
represent i ng plackMeR Bk Birespolidin®fy e ré’;%}&_%rﬂéﬁ%l@cl& la@tibA fifofr@floac30ENt
bl ock regl acing_the | ast defective block is_  recorded. [86] FIG 9 is

an exartptle of tRES FPpISERENERE MsaREve delseiiafaraatiomarecéhs@biandy 0. If the
defect i nf orgRefiVedeR infEniatiGh 392 is '00,' the DL entry refers not to a consecutive

defect list entry but to a single defect list entry. In this case, the DL entry may refer to

1V

a defective block with a replacement or a defective block without a replacement
depending on the value set as the replacement state information. In the case of a
defective block with a replacement, the DL entry has defective block location in-
formation and replacement block location information. In the case of a defective black
without a replacement, the DL entry only has defective block location information.

[89] If the consecutive defect information 312 is '01,' the DL entry represents a start
entry of a consecutive defect list entry. Therefore, as shown in FIG. 8, the DL entry
has first defective block location information regarding consecutive defective blocks,
and first replacement block location information regarding consecutive replacement
blocks.

[90] If the consecutive defect information 312 is '10,' the DL entry represents an end
entry of a consecutive defect list entry. Therefore, as shown in FIG. 8, the DL entry

has last defective block location information regarding consecutive defective blocks,



[87] Referring to FIG -9, bits representing the replacenent state
information are '0" and 'I .' If the nglacenent state information
311 is '1," a defective block corresponding to the defective black
| ocation information 320 is not replaced, and only a defect |ocation

is shown. If the replacenent state information 311 is '0,' a

def ot v o Sl RN A GBS e

t he repl acemdleckbl ack | ocation information 330. [88] Bits

| h i ye. def .inf ' 00, A
GEATUERUY R TR R "
entry refers Inbit, and tike conpeatvd defect infofmeationl 3191 haviitg the Detigth 6f 2bitd, gl e

defect list eptry. In this case, the DL entry may refer to a
def ective bl C%Hefiﬁe‘f"?aéﬁf'acerrent or a defective black without a

repl acgoent  deprhelB it Bmbidation & '060,'Y8é DRSentiyGepreRind L8Rl defcdt Bst entry
Information. In the case of a _ defective block wwth a repl acenent,

the DL entry abqut 3ipgledefrstivg Bleck, ppd thejstate that the spgla defertiyg plock h_QsE a re-

repl acenent bjiekehOIalk. Therefth&tHEDL Ytry Has BERCHRIaR 108t S IB6HniaiBn and
black wthout a replacenent, the DL eniry only has defective black

| ocati on i nf deplegement blogolocation igfermaipnecut i ve def ect information 312
is "01,r he DL el ' t '
% 1 ek gL s O . R PSR Ry

def ect t entry. Therefor
first defect iabouty single|defeativeblotky hnd thetstasthatiha sthighegdefentive black dees not

defective bl fl I I 1.on 0k Qrmati on
regar di ng coﬁlgig?:atr ?p\?%glrng %llr%écg ngﬁ%r%ﬁ%gg@%(]sf‘ e?’éjg]ha‘?fck%%uevecbé??fé(gganﬁ N ér
def ect i nf or fetmaion3ti@ dogs hdtthave répiacBinemtrifleck locatioreimémtrmtion. end entry
of ac cutiv efect list .entry. ,Therefore, as shown in Fl 8,

Che ot 19Fry ' 1EEsE 3 crmblitiph i 01 RS Pt srdtEschb et BHEY Bbase i ng
consecutive dshscitivealefdoplibtentrydf caecukias HefeeiVetslaike indthackdef@tiat bRk
i nformati on regardi ng consecutive r ac&g%gt PI aCkEIé'E[gl]

Eval uati on of®HCSPORFNgE 1o, G staxt GTiey, ppthedistdefectiye Rlosk among the
having the | eBfidebutBle defeddivé bloditd hhsErepREGA&H bloR. TiRk&i6ie, tHRfTON ea%» R4}
312, having the | e_ngth of 2 bits, is_~described herei naft er. [9 | f

the 3 bit corlprHen agion geggrding he finst defactiye plogk ameng theponserefive
defect |ist efdoive BROK afd RiAGh SnfdRhAGCK rﬁ%‘%@gjlfeaigﬁpfhﬂ?&n@t%&k?ﬁghg

the single defective black has a re- place ] rheref ore,
DL entry has coedegutiveveplatement blockstreplacngnthe consequdine defgctivedplcksement

bl ack | tion tion. I ' ' ' ' i s ' 300,
the DL %ﬁfr y reyrﬁégg@s&%&sqaﬁgl?les défeof’ tetﬁcéfe])ﬁi ésﬁk'rs' é‘%é}rg%&l%oe&tﬁ e%‘&&"%% e
def ecti ve bl aohsecative defest bistantymhait colsecgivegletectied blotksy andothackdefeative
not

block corresponding to the end entry, which is the last defective block from among the
consecutive defective blocks, has a replacement block. Therefore, the DL entry has
location information regarding the last defective block among the consecutive
defective blocks, and location information regarding the last replacement block among
oonsecutive replacement blocks replacing the consecutive defective blocks.

[96] If the 3 bit combination is '110,’ the DL entry represents an end entry of a
oonsecutive defect list entry about consecutive defective blocks, and that a defective
black corresponding to the end entry, which is the last defective block from among the
oonsecutive defective blocks, does not have a replacement block. Therefore, the DL
entry has location information regarding the last defective black from among the
consecutive defective blocks, but does not have location information regarding the last
replacement block from among consecutive replacement blacks replacing the

consecutive defective blocks.



have a repl acenent bl ock. Therefore, the DL entry has defective bl ack
location in- formation, but does not haye replacement black |ocation
information. [94] If the 3 bit conbination is '001," the DL entry
represents a start entry of a consecutive defect list entry of
consecuti ve defective blacks, and that a defective bl ack

corresq%vﬂ' ng tPIGd"QOAta%Ht1OB%é \eﬁeeccﬁa Ehﬁls{r'aﬁlfé mﬂséceﬁel edtl fAck

anong t consecuti ve def ectlve [ ack S, S a rep acenent ac
Ther ef ore, trfenmtlwydlhaenemb@@menwftnﬂmpmsqnbmvmtym di ng the first

def ecti ac 0 I

't or mlPEhn 1 ogEcn oA tofds fRPERF s i whE Bl dalkhy RS i RF s
repl acenent bbmemn@mﬁprImblmmwkfeOthet dve oevhigled] 95]

If the it coghinati 1 S.~010.." the t ry- r.eprese nd .
entry ol? g congte)u.ltrl'%/gﬂgke}?é% ’ﬁlgglegﬁ{e%"%@gﬂ%h tboeﬁgge@ﬁﬁ@éﬁﬁegﬁm%m
3/|n aCEs, anﬂ tthatiser gfbaflaﬂﬁdm/'é Gohmknk : wadef&tipe Ibl:&:hmj 1, 1 henddnchegip thy second

ich is the st. tive roma €. secutive

defective bl E&” F‘i H‘Pnsﬁ?"é'(YE “%F@Fe% % ga &ﬂﬁseﬁll_t“?rﬂelf"fnve
has |ocati Orbldyclkf; or, mati, aﬁumegaﬁ th&%ﬁ@aefe@twetﬂ&ﬂ;e&buﬂea iRlQConsoTae:

t he consecutlve defectlve bl ocks, and | ocation information regar di ng

the Iast replle@igRsni7#P48k anmong consecutive repl acenent bl ocks

repl acifagof he CRefe@ﬁﬂg tovmd@tﬁﬁ%pwexﬂ@nasms Reh réﬂlacuaefe%t lf;ibéks owurring

conbi natlon i s the DL entry represents an end entry of
consecutive d@ﬁ@:llseﬁﬂ@ﬂ’ @dtaréﬂf@bbﬁttﬂ%mlntthw%dﬂﬁé@4 ve bl ocks and

t hat ae[ge ctiv su'P%(lQ?é}laE%E&%ﬂ&ﬁfﬁ" OI’]S%&% slﬁ{;ge %!?%Jt%e DItk AP id %r%n@gdin

| ast d c ive om anong t he’ cut ective bl’ac
does not havdhaloationdy® ntthe SA@&meﬂE@nmumrepIthbknks@/ B8 ' and 0",

| ocation infaoy .dj e |ast. def. A I frmarm

the consec ut? @%%ﬁ%i@%g%ﬂ%cégse tﬁ‘isé dggeé%&%é{ ad\je[P’ch(;’canfi ofe amqlged mn
i nf or mati on rthghmhongof theSAdBLareaeﬁnmeiﬁ‘rmﬁ'WbAaiekect listDIa #kvghich is updated
consecutive r t bl ac § secu Lhve, def ecti.ve

bl ncks. 14 (15} eoR el SR Pab el i edoaRG Bl Tne Srecutive

| :CI ust rﬁt' ng defoesiee blothsl dBf[ECHndiDl‘doflﬁit hBdd 1ep laeesmemf Bloa& aifofnA VAl tHRAS

of to the presen i on to a user area in
whi ch user d3pgit é‘%‘i éﬁ%&ﬁ%ﬁllsgﬁg E;&‘q lé[&‘ ‘fLﬁ to an SA/DL area in
whi ch riegpacenepiG.nhack s séadudl debQst of datd oﬁh@DLe#l@'llﬂﬁgated RH1G, 10B.
Referrln to FIG |10QA a_si f;le def ective. bl ack ,. being the first

def ect, ur r eBeferring 1o Gs bFA dhe DL #¢ 400 ineludss a %@m& i418, a DL update
def ective bl %Biﬁﬁel%zo the nufhber 8B1 Cntrid @30 %@Dﬁ%ﬁ%@ thQﬁE E‘ﬁL ¥

bl ock, occurred In the consecutive |ocations Consec t|ve
def ective bl448kBLEntry#2 450, DLenty ¢3 ,468613hgntl'ﬁé*414ﬁ0,r@dd%lf- eutry #2480.

bl ack, @FUT " edThdpt ekl 988l éﬁGideﬂtﬁféﬁﬂtﬁ:Qﬁngl&ﬁ. 1P DL update counter
420, 'K' is recorded as the number of DL updates. In the number of DL entries 430, '5'
is recorded as the total number of entries included in the DL #K.
[105] The DL entry #1 440 is an entry regarding the single defective black I shown in
FIG. 10A. In the DL entry #1 440, '0' is recorded as replacement state information, '00'

)

as consecutive defect information, '5' as defective black location information, and '55'

as replacement block location information.

[106] The DL entry #2 450 and the DL entry #3 460 comprise consecutive defect list
entries.
[107] The DL entry #2 450 is the start entry of the consecutive defect list entries, and the

DL entry #3 460 is the end entry of the consecutive defect list entries. That is, the DL
entry #2 450 is an entry regarding the first defective block [ from among the
oonsecutive defective blocks shown in FIG. 10A. In the DL entry #2 450, '0' is



[ 100] Referring to FIG 10B, replacenment blocks, which replace defect
bl ocks occurring in the user area, and.a defect |list are shown in
the SA/DL area. [101] A single replacenent block 0 ', replacing the
single defective black O, is arranged in the location '55 of the
SA/ DL area. Consecutive replacenent blacks 0 ', O 0', and 0 ',

consecuti vel i | oGt | | . .

a0 Ly el Blledeifonf QAR S ort e INRICRACE BIPc ] ifheplated.
'59.' A def ec@!'fi§ sporthed askqonsdcitive defeat prfarmeationgiecanse thedD. entry #2 450 is the
consecutive ' h ' 1« The n uti.ve
defective bl %g{{g&gry 6%11& &%Qééagﬂ%ﬂéfe%}gﬁ F\%rﬁﬁgéav%&rrg%(g%%deﬁg %?ﬁ%f gng yfation
| nf or mat i on tdfabe defectivedllackt@d and 'S6has 1dafier infoinsitioblof e replasinenn block 0
FIG 1 102 I 11A i .Structural diagr f.data.o e DL #k
T Cust doat D2 wheBr gl 44Q ity Tl th i Qretie bl o Rhughs
:DEC| udes a Eg?)é memgwedeme_mswmcc&umm Dﬁ%giryt#z?mu'ﬁer of

entries , entries, at.i s, a ntry ¢ .

entry #2 450, 3%%69&&%%3%@ W?%P%he%w,ﬁ%ﬁ%%ﬁve&lng igzeplaged -
[ 104] The DL ‘i@ edtetdried as’cbAsdcstivudfale tifbimAionibaiuS@the TOL enth-#3 460 {shiBe

DL update counter 420, 'K is recorded as the number of DL ‘updates.
In the nunberengfenty of therprsecuting defest listieatriesc'd? deteoarded prlopgion infarmgsion
of entries i nglgdgdediel 1 P ' %
fegarding the oredy oty B ailf 0" Bl infbrmfiioh 6 bbtal cncdPpfeel
entry #[1&%]0, ' 0The DLy entryrifedV Oand tepDh.eatrg o 480 somprise @nsagutivendefeq dist
as consecutivg.defect information, '5 as defective black |ocation
information, and '55' as replacenent black |ocation information.

[ 106] ThEOIDL enThy DEentyGHadVd istlmsﬂrtemtyr%f tﬁ@mmuﬁwﬂeszdiost entries, and the
consecutive ect | .entries. 7] The LY. 450 4 s .t

tart ontry diEi 15 R isie b Gimedtid rebealiys ABEClisl iRt Thibofe P
#3 460 is thenayd4elTOryawénttyhegadingahelfitst defdedwechlodk (sfromrimiongshe That
is, the DL entry #2 430 . s entry.r r.din h i rst Gl,lve

bi ock 0 fromeaSHY ez S bRk Devhan B0 B e ehebi 0 s

10A. In the Becoedddas réFlactaient stte information] B&iisdahe dcfettBR| RERITHR hoSrieplated
i nformati on because the defective plack 0 is replaced. '

s
recorded as cdHsBdaPrded aseprserutivisrdsfechinformation fiesause the ). ety '#3 479 is the

450 is the si#Af éntBNdfiiée &nsdBvEPTER U éntBed af7ER redotdell o8 Mtk ESinforhation
is recorded as |location information of the defective block O and

'56' as | ocatdf g defecsivediockH - §10' wsimecordsdias cepleament loaron infoymasign, taseuse
DL entry #3 46QpfSrith BRLE Yopk B8R4 dilodiiE plceEh Bl ke bl ack 0 from

anong the consecutive | s shown in ] In the DL
entry #31460, ' (FheiRL enty &P 480 iscan enérpy|regreding thestastidefdctive bleek [l fnom among the

because the qgfaGliwuehlcBeEbReksShbSRIAFRY 10A. In the DL entry #5 480, 1" is

recorded as replacement state information, because the defective black 0 is not replaced

.'10" is recorded as consecutive defect information, because the DL entry #5 480 is the
end entry of the consecutive defect list entries. 20' is recorded as location information
of the defective block [ . '00' is recorded as replacement location information, because

a replacement block replacing the defective block 0 does not exist.

[112] FIG. 11B is a structural diagram of a DL #k illustrated in FIG. 10B, further
including information regarding the number of consecutive defect list entries.
[113] The DL #k shown in FIG. 11B is similar to the DL #k shown in FIG. 11A, except

that the number of consecutive defect list entries 490 is further included. Referring to
FIG. 10, 2' is recorded as the number of consecutive defect list entries 490 because
there are two consecutive defect list entries.

[114] By including a field for the number of consecutive defect list entries, it is possible



10" is recorded as consecutive defect information because the DL
entry #3 460 is the end entry of the c&nsecutive defect i st
entries. '"12' is recorded as location information of the defective
black 0 , and '59' as location information of the replacenent block O
[ 109] The DL entry #4 470 and the DL entry #5 480 conprise
consecutive f | I : T : '

Seart entry op By the RimbéHrioniEaytd Helect i ehtrief Bid the HinbOof Gpdif Betect
#5 480 is t hdistautrieninadefectilistwisthmyg searching all diecloL. eniriss. Bret minaher off single
is, the DL e H4 ' § . di t first def ive.
bl ack 0O fromdayrfrél?\(n %]1?&%@%01#1@6%??0@{6&%1&%%&@ é&%lwo%%gd% %‘\lf%gﬁr ?ﬁltfn?nes
10A. I n the [Bindehd nymbel of éehsecutiveidefecrlist entsiesl as repl acenent state

i nfor Lon, because the defective block 0 i.s not replaced. . 01 is
recorggghgfs] cons 88 JFVE eq:@i? ?fﬁ‘ﬁdﬂsLﬂ{%V%ShTh’t‘? §5°fhgeﬂg"e§ﬁtzr’§/&‘ﬂ4
470 i s the stuniber 8Ntdny¥edhfivé defectanRb@nbéd. ve defect |ist entries. ' 17
I's recaorded as [ocatign informatjon of the defectjv |l ock O . '00'
5 T ecdiisl as h@aua%&?mseﬂﬁwsdegeﬁt listepirica areRmPHsr At BAlY e SRw FRRY
bl ock repl acizigd anhad eafreahé MsoveleRpresslotl@fbeT8im&i st . [111] The DL
entry #5 480 is_an entry.regardllr%the | ast defective black O from

among tA&7] consEetexampleidn te Pl #Kishgwrdn §Kavid B, themumbes gfisingls defest Iixt
t #5 480, apkriacl ] [ AL Ic0f,y_1
entry Cfn#;nes'cﬁn bé %&%ﬁg@%&s Me%k&?ﬁﬂf{%gelg Hé‘ife& 1%%%%@?—'5%2_1

because the defective bla I S not sﬁt ) I's recorded as
consecUil 1§l def EE:. lilk¥is astruitenal dibgremefalataref aDL diktiHystragdas 716G sl 1B, durther

Cocaton’ i nt dPEgRBRTRE Qe BRIEE he hahpd t o detelt BEERE o AT,
repl acenent |replateimemt stafeanfoanation '0) endinf@mation esgantingrthetnuiibec &f consecutive

replacing the, defective block 0.does t exist..[112] FIG 11Bis a
structural didggefc;ﬁ’?t(ﬁpﬁées V%?ﬁr?ﬁ’lfnﬁgie?gs[ 4 lﬁgﬂnﬁté“ %'OB, further
i ncl udi[d@ol nf or Tae DIk stip&mdin MG 1€ syithitdr to theddh $#Rchidwi én BT d¢B, ¢xcspt

entries. [113] The DL.#k shaown in FlI 1B is simlar.to the DL #k
Shown 1 1 Gt Sorgi B the A Spnsgetg e teet it Gairibs bavipE [
entries 490 iglackmehteite informedia.'0'5300 andiiffdriatioddrdthe hHdmbeér of ®nsecutive
recor ded asmyé&gggnber_of consecutive defect list entries 490 because

there are t geptricsdayisgserlxement sife infegnation 518 arp futhenimelnded
field for t et Fic.0aMS fetohyRutll Rt ikt §HabingSepliderlcfit state in-

possible 16 to know the nunber of consecutive défect “li'st entries
and t he nunbdpraatios;Qds a cense@igive defiegtlise patry esnprised ofPLeentry #2450 and DL

wi t hout sear Celﬁh?gtga%b FQ&F&hE Bhib&of tﬂ@%m détbet fistHies ﬁ%ﬁr&gtﬁ:
list entries ma e calculated as shown below fromthe nunber o
entries and plitemantstase indornpationd® ds onee'1disfrewrdeld;as theesmimbes of cgnsedtivahe

{uﬁrerber of si Qﬁke%t ﬂ&fe%ﬁ{eslhiﬁﬁlg%ﬁlyeﬁl%nt: stes.tt;.I %ﬁBHHR% ) fSORLTt(i:"en&){lge%ﬁti\?e (?ef():(ct

list entry having replacement state information '1' is a consecutive defect list entry
comprised of DL entry #4 470 and DL entry #5 480. Because the number of the
consecutive defect list entries having replacement state information '1' is one, '1' is
recorded as the number of consecutive defect list entries having replacement state in-
formation '1' 510. |

[120] FIG. 12 is a flow chart illustrating a defect management method of a disc
according to and embodiment of the present invention.

[121] Referring to FIG. 12, the recording apparatus records user data in a data area by a
unit in which a verify-after-write operation is performed 1201. Next, data recorded in
operation 1201 is verified to find a part in which a defect has oxcurred 1202. A
controlling unit 1 designates the part in which a defect axcurred as a defective area,

reoords again the data recorded in the defective area in the SA/DL area in order to



nunber of consecutive defect list entries. [116] Because the
consecutive defect list entries are conprised of a pair of a start
entry and an end entry, the above expression can be fornmed. [117]
For exanple, in the DL #K shown in FIG 11B, the nunber of single
defect list entries can be calculated as 'the nunmber of single

defect |ist espnbia@Sa fe&ﬁniﬁé&ﬁ hrea, %ema?a]tes"_ihﬁﬂn&ﬁ& fe%%ﬂnfﬁst thy @bfeE@Ve block and

di agram of data of a illusirated in FIG 1 urt her

i ncl udi ng i nftBe Feplacementdiockganskreends the iafermasiondp ageemeny 1203 cFheaperations
(),

entries havi n@()l rt%{]@& ?Mre %%?3%1(?3 lgﬂ{l@é] éélc tuhliﬁ%h of %qﬂ&ﬂ&ﬁg\gp%faﬁgn is

regardi ng the nunber of conse I'st entries
repl acement dgwedieted.nf ormation '1: [119] The DL #k shown in FIG 11C

agar 6t he nogiserearanp il o debfiing ki usf SPRL o Tk b RiBHAGIs

pl acenent st apmplatédandehe tammiGitioh 00theaemrding operatiomis pestididibinrupetation of

consecutive ect list..entriges.having.replacenent. state infornatjaon
"1' 510, are %&t‘ﬁ% one Tt foﬁ@f’ 5P GyXE Feads niRriptfon rogarding defects
consecuti ve dedredin the shentoty iy opeaationgl 208pl acenent state in-

formatiQpn.0' is.a consecutive defect list_entry conprised of DL entry
42 450 APA DL IERPYRAOnfBeArding CRRERIR eSS AMQEdhE BCBRRB the
defect |ist eaBid defsctblavongciitere defede BEMRAMtry SopAsihg h fafeint§Rorr&spohding to
one,'1" is recorded as the nunmher of consecutive defect |ist entrres

havi ng repl a tiqn regardingr the fipgt defect of the;gmsecyiye defpets andiapend enty: toor-

list entry hgyigeadin@Rb #iF8 $ .t 1Y Ve
defect I|ist entﬂri');‘; gonpriﬂggd(}iogf E%ﬁg%ﬁe?ﬁ%?%ﬁéég1%%%&[5&{&%%?%@#%&%]38

Because the ragapeteddy ingluding eonseaitive defeglinfarmatipn shasying whethiny defget is a
repl acenent %ageaﬁaaf&g&?sf QElPlgléldefe%t, NE replaembit sta{tgﬁm%l%f‘a%oﬁﬁhé\pltﬁé
et ect Sta

nunber of consecutlve St entries having replacenen
i n- formati orwhethes ageplpceR@nt block exists inseagh PlLeantnyhimoperationi$206at i ng a

def ect ﬁrggl?gerre . ' . I\ t 0. and enbodjrent of

t he prése [ nv@ﬁ? g%#?ﬁﬁ%@@{@%? fn?&gl%;gégpp “4'2 OPPR ongg di ng
appar at[li25] ecor The dise defdet managementahethad desclipedrabovaimayiabsoe reslized as a
verify-after-wite operation is perfornmed 1201. . Next,.. data.recqrded
in operati of"TPHE" fegﬁelg? P?dﬂée%or?‘go??ﬂ?fn%&ﬁ'ﬁ'fe?&ff e TRprdipe ez fhe, o
occurred 1202omputet fradilslé kécodinginédikmdadludesaillaands 6 re@iding ety dlwhich
defect occurred as a gﬁ‘]gative areaq, re(ior s, agai n the a recorded

in the defectPPRULF &g ﬁéa@ﬁgﬁgﬁ’@énﬂ ¢s o the.comppyterye: dEeréing

repl acement ah&@BumGRMEdAd ROM, N RANBLICILROMAS SleR thite a SRPEE lisk GnlhA CK
and the replacenent blagk, and records the information in a nmenory
1203. The opd@Pkfal dafs recpbing deyicsy Ghe coppmterreadableaneonding medjum may also'be a

term nation Qfrreh@al@Eor Sidieh1ORRNShIsSBn bVer the Internet) In the computer readable
recording media, which are distributed to computer systems connected by network,

ocode that a computer can read by a distribution method can be stored and executed. A
function program, code, and code segments for realizing the disc defect management
method can be easily inferred by programmers of the technological field to which the
present invention belongs.

[126] 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 these embodiments without departing from the prindiples and spirit of the invention,
the scope of which is defined in the claims and their equivalents.

Industrial Applicability
[127] The present invention is applicable to an optical recording medium, recording/re-

producing apparatus and recording/reproducing method for defect management.



predi cted. [1221 When recordi ng user data according to a user input,
or the recording operation is conpleted and the term nation of the
recordi ng operation is predicted in operation 1204, the controlling
unit 1 of the recording device reads i nf@rnati on regardi ng defects
stored in the menory in operation 1205. [123] If information
regardi ng consecutive defects exists anong the information on the
read defects, a consecutive defect list entry conprising a start
entry corresponding to information regAWMB ng the first defect of the
consecutive defects, and an end entry cor- responding to information
regar di ng theVWEﬁﬁcﬁﬂﬁééﬁ is generated, and a DL is also generated
by including qonseQbemgﬂggﬁgﬁﬁlmg&gﬁqghmggnéhOMAng whet her a def ect
is a consecutive defect or a single defect, and replacement state

i nf or mati on sASKRTRF Aie8t #t a repl acenent bl ack exists in each DL

g 2} B{ i n oper atprétekAied f{réa?lﬁ]thézlﬂa %m&gb@@bn%&fm %dé%@%rdi#&tlbf\ blbaeloc%ted
are |n operati on e dis ef ect nmnagenent. ne

descri befiq %rpqe‘?éilargﬁs@ %F'Bgtfqnz%@a g@gé‘ %(?ﬁﬁ‘dfeéf"o'?‘%%ﬂfgﬁ'i‘%d?f‘éﬁ@e block,

stored oamaec@ﬂpmter-readable recordi ng nmedium The conputer

readabl e recor di,um i.ncl ude recordi ng. media, on

Whicn comput epe PR AR MAPS PR adthe oiledSanthriet & S Bt B ency

r eadabl e incedogdnfognatioe degamiing defedis IecalkOVh candeébtive dodalibrid@thcaustk eate@rea.

tape, a floppy disc and an optical date recording device. The

conput er readable recording nmediummmay also be a carrier wave (for
exanpl e, tran8m ssilTamediem dfleiairn it wheretn)thé nonseeuttempiectiist ertadain peises:

recor di ng ”Edb%t V@}trgf&o%%)g%ﬁﬁp i Pitrfadtidilr gﬁgﬁﬂgt g{rstséé? cﬁ??blfiapgﬁﬁggd

by networKk, er can rea
can be stor eda'aﬁﬂd é&@t@ﬁr@épowmqterm@ﬁﬂcﬁiloprwﬂ&m a lpstidsfective bioglge

segnents for Uvﬁ@ﬂelr?th@grsrt BRd Q\btsci‘eﬂg&lt/ﬁﬁkc Btde e@?}eﬂ?ﬁ:kﬁ% Ceh

easily inferre rogramrers o |ca

t he pre§@ﬁ@°WW@éN@?@ﬁ5ﬁ%h%Hﬁ%danﬁﬁi Although a few enbodi nents of

t he present invention have been shown and described, it would be

appreci at ed ﬁé those skilled in the art that changes na% be made in
n

these enbodi nénts Wit REAUMRI ST i2nyheretiine ﬁ*é”ﬁf‘frhtficb@%% aFpndppination
the i nVePégaﬁmg thbhﬁﬁstSéfé@ﬁ/e(lflodmaﬁd?bbéhoﬁﬁrﬁfbm%ﬂloh Redafd@ingh AdplBcemidft BIGEK T
equi val ent? Qﬁ ﬁ % tAgg)l | gabi lity [127] The present invention is
appl i cabl®3H94Re Bist ALEFIVEOI5Kdi ng medi um ~ recording/re- produi ng
apparatus and recordi ng/ reprodudng nethod for defect managenent. 18
CLAI M5 4. The medium of claim 2, wherein the end entry includes location information
regarding the last defective block, and location information regarding a replacement block

replacing the last defective block.

5. The medium of claim 1, wherein the information regarding the defect further

comprises information regarding a number of the consecutive defect list entries.

6. The medium of claim 5, wherein the information regarding the defect further

comprises information regarding a number of defect list entries.

7. The medium of claim 6, wherein a number of single defect list entries is
calculated by multiplying the number of consecutive defect list entries by a factor of two, and

subtracting a resulting product from the number of defect list entries.



What is clainmed is: 1. An optical recording nmediumconprising: a
user data area; and a predeterm ned area in which a replacenent bl ock
to replace a defective block |located in the user data area, and

i nformation regarding a defect correspongling to the defective bl ock,
are recorded; wherein the information regarding the defect conprises
a consecutive defect list entry including information regarding
defects locatgd in j ] acat.lLons, of e.user data area. .
The nedi um of %CI ai %ﬁg%\%ﬁ@r &éﬁlcﬁa'%ﬁé%%%@etggqué@]aag? e rﬁq@pegﬁﬁafvﬁher
conpri sesomarisgsart entry corresponding to information regarding a
first defecti ol -1 .end entry corresponding to information
regardi ng a I\égdtewcfg ec’e{]ﬁ/gorgﬁr%(':@? wherein the first and | ast

def ective bl ocks alosatigionigraetioadegarding thscdededtive bloek, consecuti ve
locations of the URREiHARBALRRA redardifl hdTeplbEm&it bfdcg,!amd21 wher ei n
the start entry includes |location information regarding the first
def ective bl ock, abl@tqiplosnation regdrdingthe datfedtegar di ng a repl acenent

bl ock replacing the first defective block. 4. The nedium of claim 2,
wherein the end entrg i ncludes | ocation informati on regarding the

| ast def ectiv& bl odRE MeRM f MG Whaely tha slaminfasyalion Geppsses replacement

r ]gpl i'iC_erT%t]:ite infop@ktior @preaenting WHehdr &% d&ledtios biokristbRisded, nd ddHBeFRIE dBlect
Oor Clalm,

wherein the info iaon regarding the defect further
conpri sed PHIYPRERATEIEN '%‘b‘é{{’ﬂf‘gfghﬁgﬁfﬁﬁtﬁ’g%% 'g fhEoRssRYE deferhiveRiedct
list entries. 6. The mediumof claimb5, wherein the information

regardi ng the conpr i

efe furt her ses i nfarmat.ion regardi
nunber of def ég‘t I ﬁ—é? medium Jolaim 8, gref'Peth? Uﬁ?rmahgrlm LRIR{9E9 t&ﬁ@%@&ﬁuﬁher
nunber ofcompngdsaenfdefiaion régesding Btnumbser ofconssdutive ddfed listyentrias thaphyi ng
the numb j f I, ri f or_of, two, and
oot racs fopdenfeAl SERINOH AR EibocrRb iRl e ElctVe ol taliath, |
entries. 19 8. The nediumof claiml1l, wherein the information

oo L0, " a8t PThe HUBAARE B8 4550, o PRIl bl gt v
| ocat i on cPmpPByasatfomrAtion gegadding a mhembeegficapeanutite drfert st ealiigs heving e
i nf or mat i deRRBAL SthidAntbRRatRr&GEsenting HAR tHERAF LN ObIo M @B Bplakher ei n
the state information conprises replacenent
12. An apparatus to record and/or reproduce data on/from an optical recording
medium, the apparatus comprising:
a writing/reading unit to write the data on the medium and/or read the data from the
medium; and
a controlling unit;
wherein the controlling unit assigns to the medium a predetermined area, in which a
replacement block, which replaces a defective block having a defect in a user data area, and
information regarding the defect are recorded; and
controls the writing/reading unit to record the information regarding the defect, which
comprises consecutive defect list entries corresponding to information regarding defects

located in consecutive locations of the user data area, in the predetermined area.



state information representing whether the defective block is

repl aced, and consecutive defect information representing whether
the defective block is a consecutive defective block. 10. The nedi um
of claim8, wherein the information regggdi ng the defect further
conprises information regarding a nunber of consecutive defect |ist
entries having replacenment state information representing t hat the

defective blo I sreplace of ¢ in the.
i nformation r ggar di h% BP%%“H%P@%? M {Et"\ﬁgrem @]8 r?ﬁ??esgg{éve ql??%crt ﬁ%tepﬁ'ﬁs comprise
r egar di ng starhenttysorre$padimgda irfformatide fegatding = firseddfedties bloak amgng defective

repl ace £ £

i s not p@&%ﬁ%@ﬁﬁgi@@ gtmﬁec%ﬂo BFI %ﬁ r@é{i: gr?rB} f%&%m&qgﬁg&h L% c{P { §8rdrng a
on/ from éast dﬁec@alblmmg rh@e defe@rvarbiocmle ta@gmsaculeremmnssr ng: a
witing/reading unit to wite the data on the nedium and/or read the
data fromthe nedium and a controlling unit; wherein the

control | i ng uift aske gpraratys phelaifeth, Mrhreeelrpirhe@emeqﬂmgnm ganeratesithe sipit entry
a repl agRIRIHg IQ&éﬁGKrnf&VﬂiaﬂBn Fé;gﬁrmeﬂrs@ﬁef@&rvb‘bfoch 98 Iﬁ)cgﬁdﬂ ﬁ@{rﬁatron

defect in a user data area, and information re ect are
r ecor ded Tegiding 8 ferlanegiankilog Teplano thafiptipfantve 'P@k r ecord the

information regardi ng the defect, which conprises consecutive defect
list entries corresFondr n%Pt o i nformation regardi ng defects | ocated

in consecut i vd® ocat$ 8Rrargks phelaifs g Wastelp the SantrqliNgyng ggperates diaengeantry
area. 20inchidinglibeatiap padriation Rigafdiy the ladt dasb&iveibibck ARd RAEHRGHbMYARion

defect |ist ntrre conprise a ent r rresponding to

i nf or mat ir%q?rf%g,r%ﬂ ?f&”l’f”g %"P@T reB%‘F'é‘E:‘h‘?/I@St eB’t?EVG'aWB def ective bl ocks

in the consecutive |ocations, and an end entry corresponding to

i nformation regardi a _|ast e defecti

bl ocks in t hqu'onsZE%?W/aéatF%g 1? W%'ﬁre'“rﬁg Cgﬁtﬁlngt%'g ggperay egr"ﬁ?rf‘?t'on

wher ei n régardioma noinbemaf thmcdnsgameede‘fest lishentsé¢saarid isfotmationiregdrdidg aghumber
| ocat i on i nf:0kmRtd ﬁ‘tg%g.lnfbgoﬁ e tl{é %ﬁ%ctdae’fdectr ve bl ock and | ocation

i nformation "regar ng are cemen ock replacing the first
def ecti ve bl otie numiber Wndﬁpafeatliﬁserulﬁe&:ls ghinviated bymattilying the number of

cont rol | pgcifive (%%E?ﬁs’%teﬁﬁreg BY ggﬁor%ﬁ\ﬁ(y aBP ht ng 6%§ﬁ%gﬁ%duct from the

i nformation regar t he ective

i nf or mat NeMber @ glafegt 'iﬁ}}eat“%pl acenment bl ock replacing the | ast
defective block. 16. The apparatus of claim12, wherein the
controlling unit generates information regardr ng a nunber of the
consecut i ve défect Anmehodefreasding(FRPredvcihe faia Bran erjispldeeriding merivey the
of def ec}némoﬁtcoﬁfphg.hgs into information on the def ect and t he nunber

of single defect list entries is cal cul ated b¥1 mul tiplying the nunber
of assigning to the medium a predetermined area, in which a rep acement block to

replace a defective block in a user data area, and information regarding a defect
corresponding to the defective block, are recorded; and

recording information regarding the defect, which comprises consecutive defect list
entries corresponding to information regarding defects located in consecutive locations of the

user data area, in the predetermined area.

18. The method of claim 17, further comprising making the consecutive defect list
entries comprise a start entry corresponding to a first defective block among defective blocks
in the consecutive locations, and an end entry corresponding to a last defective block among

the defective blocks in the consecutive locations.



consecutive defect list entries by a factor of two, and subtracting a
resulting product fromthe nunber of defect list entries. 17. A

nmet hod of recording/reproducing data on an optical recordi ng nmedi um
the nmethod conprising: assigning to theinediuma predetermn ned area,
in which a replacenent block to replace a defective block in a user
data area, and infornation regarding a defect corresponding to the

defective bl ogk, a cordin |nfor e

Che def oot . wiPch- BRPIENDELT CAIE UG Giplcipd peiepatng s Fad enty Muding
cor r esporabatign lnfnnrnaﬁarrr negandmg thefiat défadive éfoek bsd loosatiandafommation negaeding 5 e
| ocati on 0. redeternlned area. 18. The
nmet hod o epq%‘ia?f"%%ﬁ‘?'fdéﬁeﬁﬁ%ﬁé‘g"@%ﬁ%‘r?éé?‘ﬁ'tég%'° I'ng the consecutive defect
list entries conprise a start entry corresponding to a first
defective blo a i : by .

and an end en?p ggﬁgggﬁ%ﬁB%CMﬁnngﬁﬁagfbﬁgbgﬁqgégiﬁﬁg %ﬁ%ﬁﬁﬁlhﬁﬂmw
def ect i v@qatl@a:iaé)rmﬁthrw@g@r@méb@taﬁvéefqe@&abioghsnd mationgnfommomgmng)a
cl ai m 18 o fist ik picQRDIaRING I IRBEIA 09 plblie Start entry incl uding
Iocatlonr?%fornatFon rggap i ng gﬁﬁﬁglkst efectlve bl ock and | ocati on
information regarding a replacenent block replacing the first

defective bl ogk. 2@ne MaehdarBREm 97, GltRdrEbmhBrisihg!r t her conpri sing
generating the end entry including |ocation information regardl ng

the |ast def ewiw?@gbmfeeuat@ﬁde%@ae PANMPRE SrtheeorsACytiug seteriist gntries and

r epl acemgtbrniation kegafithd g h@béMT defst lisH8AtAES invtBe FPGKtionlrbgarding theddied;
of claim17, further conprising: including information regarding a
number of" 9he consecutive defect list entries and information
regarding a nuaibﬁlétlmja d@ﬁl@eﬁrtof kingle defdct list &ntriBs by muitipfymignkd h@hber of
regardin% t he def

y

e oL "B etk it e Dot g AR Brardhg B SR PRt o e

by a facﬂwomberfoftdatectmdnmabt racting a resulting product fromthe
nunber of defect list entries. 22. A conputer-readabl e recording
medi um storing a programto control an apparatus to perform a defect
managenent nmeflod Afcompuoter-tiadgblereqmrdidy mediyrdstoringompragranototcdootad! adi sc

on whi ch g §$rsﬁ %o Ertérﬁzlrm@é?&q’ d;} emsﬁﬁﬁémaﬂimg@am m%/ raﬁﬁoa&qnedp éHﬁ'ng

aSS|gn|ng I'um a predet rnlned area acenen
bl ock to ow@bﬂla@ en whigbfdetactaare magereth ahe drfeet rrceéwae@memtrmeahcwsuetplu@jm a

area, and inf Qéé@%h&f& tﬁ@%ﬁ@hﬂ&l pFe*&@terrﬁﬁfe@‘éFeaCWv&kﬁépé%%laﬁgmteﬁ’t HidkK to
defective bl ock are recorded
replace a defective block having a defect in a user data area, and information regarding the

defect corresponding to the defective block are recorded; and
recording information regarding the defect, which comprises consecutive defect list
entries corresponding to information regarding defects located in consecutive locations of the

user data area, in the predetermined area.

23. An optical recording medium comprising:

a plurality of replacement blocks respectively replacing corresponding defective blocks
in the optical recording medium; and

a consecutive defect list entry comprising information regarding the defective blocks

located in consecutive locations of the medium.



recording information regardi ng the defect, which conprises
consecutive defect list entries corresponding to information

regardi ng defects |ocated in consecutive |ocations of the user data
area, in the predeterm ned area. 23. Anppptical recording nmedium
conprising: a plurality of replacenent bl ocks respectively replacing
correspondi ng defective blocks in the optical recording rredi um and

a consecutive defe list, entr ris tion re t he
def ecti ve bl ogg's ﬁﬁ%%@a‘ reﬁorgég LE'P\‘?ta?B’cg ?%ﬁg”écfmwﬁ 87 onzo
24. The oggardiag stad@ad @éndgntniesl raspemivelglcarresmadmg to firkieanddastidefesiivegblocks
i nformati, ect]vely

correspon néﬁ?eaé%ér?g? %istlln %@g(é@&éfoc‘g H" ?r(ty)ﬁnd the defective
bl ocks in the consecutive Iocatl ons of the rredl um 25. The opti cal

recordi ng medipgm Oﬁ'hé;k)?t?]cg] r%éordwggﬁ i bP&a.ﬁffH RNhSngr{ %Fgf(%gfénitrﬁggmprises

i nformation regarding ctive
i nf or mat |lrzf®rmeég@re&arﬂgpgathe rflee;.t)naf@ehm@rwoqbl mlomiphmfbrn”@tlorheeqarmma

def ect i wﬂé&ﬂw &@ck ERRCAR RSt Je%awue&( medi um of clai m 24,
wherein the end entry conprises information regarding the |ast

defective block, and location information regarding a replacenent

bl ock repl acipg thenpd éﬁtca%ﬁ%ﬁb%&ﬂlr@%“clam@ﬂ wFQPelrpﬂF\Te'eﬁ@bntrrﬁé‘d?ﬁﬁlsQQ
medi um of claim 23, further conpri si n% i nformati on regard

humber  ofneTAliGR fasRrding:ihg 5t ReleHyebiRsk Y aeaion oS teN TRSREITKA t he

nedi um  2éplackhrnopibtiCiablating Welafdieriediaipbed. cl ai m 23, wherein the -
consecutive defect list entry conprises |location information of only

first and | ast defective bl ocks anmong the defective blocks in the
consecuti ve | gzat i Theogtfcat leeordiginbtiung 8f cldimas, hﬁtﬂleﬂéomprlsmg information

O L A R R S e

defective blocks in the medium and recording a defective list entry

conpri sing i nkorna ] i I cat.ed .
consecutive | %gat [ Ehés)g \[C gﬁfﬁé@%@&@%‘ﬁﬂggf g%\%rr%f S%ﬁ\‘tﬁe Cor%ecu“ve dePeCt list
recor di nghinegamontises mgatiert infoomatiom afpbly disdt ane test défegivebidickeamerngethe defective

met hod c@grkd rﬁ'tﬁ@cor@@&ﬁ%'Id&gtn&%rb?%%léd'ﬁedef ective bl ocks on the

medi umy and generating a consecutive ct list entry conprising
start and end entries respectively corresponding to first and | ast

defective blogks amh&oom@@daa.hq/ﬁep@@&u%b a4, el é?FclﬁﬁlcaI?t‘écorJ Rg mEaluR the
of claim 30, wherein the consecutive deféct list entry conprises
method comprising:
recording replacement blocks corresponding to defective blocks in the medium; and
recording a defective list entry comprising information regarding the defective blocks

located in consecutive locations of the medium.

30. A method of recording/reproducing data on an optical recording medium, the
method comprising:

detecting consecutive defective blocks on the medium; and

generating a consecutive defect list entry comprising start and end entries respectively

corresponding to first and last defective blocks among consecutive defective blocks.

31. The method of claim 30, wherein the consecutive defect list entry comprises
location information only for the start and end entries of the respective first and last defective

blocks among the consecutive defective blocks.



| ocation information only for the start and end entries of the
respective first and | ast defective blocks anobng the consecutive
defective blocks. 23 32. A nethod of recording/reproduci ng data on
an optical recording nedium the nethoghconprising: generating a
defect list entry conprising information regarding a defect in a one
or nore defective blocks, information indicating whether the
defective blocks are located in consecutive |ocations of the medi um
and information indicating whether the defective bl ocks have been
repl aced by r 8@l acémsaihoddfgedasdinggepratusingelatioeh @t opfical rac@aing whediugi, the
the def ecfeilddSdonfpbing, comprises a 3-bit binary number. 34. The

met hod of claim 33, Wherein the 3-bit binary nunmber indicates whether
one of the ofeNeatingc defeetfisianty SOMPHYRG iNfriatieneieonrsisigzcdaiect ithe oreer

the one @ford BEre@NR ch@ﬁf@rméi%ﬁ%éa\ﬁﬁg %%Kﬁthb%eMIG&Q%ﬁ'&H%ﬁé@m
defective bl ocks, and whether the one of the one or nore defective

bl ocks i §oRsecHivetlocationsefithe mediim. gad mf%ewt'mﬁ@awmwﬂ%dqi@%@bm&s

bl ocks. have been replaced by replacement blocks.

33. The method of claim 32, wherein the defect list entry comprises a 3-bit binary

number.

34. The method of claim 33, wherein the 3-bit binary number indicates whether one
of the one or more defective blocks has been replaced, whether the one of the one or more
defective blocks is among consecutive defective biocks, and whether the one of the one or

more defective blocks is a first or last defective block among consecutive defective blocks.



