AND | NFORVATI ON ON DEFECT MANAGEMENT, AND METHOD OF ALL
AND METHOD OF MANAG NG DEFECTS 5 BACKGROUND OF THE | NVENTI ON F,

: . : ; Y
I nvention The present invention relates to the field of opti callg’%5 cordi ng

medi a, and nore particularly, to a disc having informati ommﬂ s of
all ocated spare areas and the renmaining qm)unts t her eof mem"mmma
appropriate 10 anount of spare area is al'located upon initi al j Lon, and a
suppl ementary spare area is allocated if the spare area is insufticient
whil e being used after conpletion of initialization, a nethod of allocating

the spare areas, RECORBINGWEDIURMIING SPAREAES FOR DEFEGPP! enent ary

spare area. 2. Description of the Related Art 15 In recording nedia such as
general di scsMMA@E'@ENH'%NNMEQ%M&T@NOGN@EEEBT MANAGEMENT ANR] no

or der To i ncMERHCBIERALL RGN SHARHARER A0 e riB i waNk &G, o1

spare area is allocated according to pppggi®ese of the disc upon
initialization, and a supplenentary spare area is allocated when 20 the
Spare area aIIocated upon initialization is insufficient while the disc is
bei ng used. According to a digital versatile disc random access nenory (DVD
RAM standard (DVD Specifications for Rewitable Disc, Part 1 PHYSI CAL
SPECI FECATI ONS) version 1. OBABER@%@_@S § ea, so that 24 25
spare areas are allocated upon rnitialrlzatl rnce isc has 24 zones. In
the prior art, asFisidehtheninveR@ioi, a flag representing the state of the
spare area all oca dtoechzne e managenent area (DVA) is
constituted of onlﬁ-secﬂﬁ%s?ﬂ t'nm@ﬁ”\gl?é E@ﬁ@‘%ﬁ@?ﬁeyce@?em@m ®8fid&spondi ng
2 spare area F%Zﬁ , i r a full
spare ar eaf Qg“?@g %'l'la“y' ﬁ%gb%g{quhfdrr@ggggﬁttﬁﬁ SIZ\%% hégrro Eg{réﬂnot 24
spare areas sparecareapiand. thélremairting am‘auints theredf, ar whichlargaproptiateed i n
relative byte positjions (RBP), 8 to 13 a .secondar gef ect list (SDL) of
the DR WheAMQUBL Bf §P¢'§;ﬁf8§é$1?||?&?t§ LIBPR daiHakzAtRR. éF goeurplementary h s
represents t I and
when the bi tgl ser%eﬁqgaﬂc’éértgarl{e@en o ‘ﬁ}éé‘fgﬂgé%g‘éﬁﬁ@ﬁﬁ?@%ﬁd}%&f?ﬁl n the
cor r espondi ngomptaiion ofmhmahmtlomn acmehodmiraﬂoaatmg thehspaine iaseas)rasidi 4 ut ed of
only one bit as described above, _repr nts whet her the spare area is
occupi ed. O]""P%"?éﬁ@?maﬁég'ngaﬁ def ?F?tgog R(iﬁmgﬂ tagy $pBie @®ént ary spare
area can be 3all Oc%ggrlﬁtiér%ffh@ﬂélé{édz |on is preferable that the
supplenentary spare area Is allocated on a dISC when the spare area has
sonme néomin a st it woofdihgimedialsoob asgenepalatiscsa arspare lasea ishalfocalted spar e
area is conpletely occupied. However robl em occurs in tha he.state in
Whi ch the spahes 4Pe 'n'ﬁg%‘i«?@tarifn%é@ﬂ@ﬁ@@n@xmr%@%@%@eﬁ W he
onl'y one bitycdlfthe 4! \drer @fineRASS 1A BATisHGBIdlsidy beidde

exi sting DVD%,SAM s?jaenglagdm\e)ﬁ\{egﬁﬁl. 0, a |Bre eterm ﬁgcé ﬂ?)‘? s;l)ar'e ar ea
is allocat edancapempnaaerwnmmnmf spalta aaazatailomtedmcerdmg to thﬁhstate okthe

predet er m neg ff C{ ent to cless ?I defects that c managed
by a def ect isc upon m lallza ion, and a upp ementary spare area is alloca ed whe

re3e;; XtveThvU RECORDI NG MEDI UM HAVI NG SPARE AREA FOR DEF B(W:EA
t he

20 the spare area allocated upon initialization is insufficient while the disc is
being used.
According to a digital versatile disc random access memory (DVD-
RAM) standard (DVD Specifications for Rewritable Disc, Part 1 PHYSICAL
SPECIFICATIONS) version 1.0, each zone has one spare area, so that 24
25 spare areas are allocated upon initialization since a disc has 24 zones.
In the prior art, as shown in FIG. 1, a flag representing the state of the
spare area allocated to each zone within a defect management area (DMA) is
constituted of only one bit which represents whether or not a corresponding



20 managenent nethod that is applied to a corresponding disc. Here, in
order to manage defects on a general recordable/rewitable disc, slipping
repl acenent mnet hod of skipping defects w thout providing |ogical sector
nunbers to the defects, is not used for defects generated upon
initialization of the disc, which are called "primary defects". It is
prescribed in 25 the existing DVD RAM st%ndard version 1.0 that the
position of a defective sector replaced By slipping replacenent nust be

et acenent SPATO AR kaflRe e |5 ottt} etbfeckoadedibie 2R spare

erroneous zcmea\ﬂargrhamwits o iridnatiorereppsdentingamhethar osast 2pspatef ect s
generated during use of the disc, which are 30 called" secondar def ect s"

It is prescranead are ocapiedi Alsa dhisvll spate areadlaghigsteroddndelative byte hat t he

Fecor ded i n FRFTELE (RED BIRTE of SLGEERda cerbarRt (BF) B ARTAMA el roun

of spage ar st igpreseéntirgf ® dorespurting gtaug ise'14 tthlsrepfesents that wepare
initialization, and. a sug pl ement ary gare 5 area is allocated as the state
of the di sc ¥eadRERIMMit k'j‘rthﬁ§°[f§§96'f' inggrayR Andwhen éhebités tQ'vthispare area

That i o r QeBraonle W ARAFR area e STiRn Bl etnaml Bt <5 20°51 .

buf fer for tenporiaformatidh@n agpaes ek, whithdeonbtitutddonaxly @hedii 461 ng on a
disc is 32 Kbytes. Accordingly, a restriction is 10 generated in that the

act ual nunbé?es&ﬂ bggahovs, E%?S%ﬁ OBB' Wﬁﬂ@@éﬂ“%@&‘fﬁﬁeﬁﬁgc@%ﬂdt @9 nunber

of defects t/hat B@%E% t he def ect
rranag{e@e |th oqtﬁgr??%ﬁd |"ﬁc g H @esﬁ(ﬁyéé n%_‘g%ﬁtbﬁe si zes of
the PDL and dildcated ab@ruhltmz#ﬂtnﬁ disis pTéMablemhathheB\ADpBﬁhéméMrd areasi on
1.0, PDL ranges from sectors to 15, and the 15 renmaining sectors are set

to be used ti§ aﬂp%'@gso@@@'%‘ﬂh@@ﬁ‘e SRATeIAIPA MRS SOMAEIOHIN astate sl being and

SDL entries t h the size
(32 Kbyt es) élp%tgt Egﬂf[ﬂégdp o nga\?gr/ ﬂg%%ééergpér?g |§<&§ﬁﬁg§rﬁ&g&%§g& ye of the
present i nvelbwever, & ptoblem peas die tivat ties stade rywhitohi thespave aged itfalmost | on

associated with the size and the rerTBi %8 anount of a spare area all ocated
upon 19 t i al $sapieshcanipd b rerresentad by thaanly e Ritmi ni ng anount of a spare

area allocated af Agh in”thb'a"ﬂ'obéﬁécﬁ 8?55@8%85 ae&@ﬁfg %qhefeﬁdiﬁgg??éent

invention is to provlide a net S|rrpyca at1ng and ocating a

spare area fRAMs$tapgarversidnatonapredeterminedameournted sbare areagiar | y repl aci ng
sone defects, whil e a disc is being.,initialized, and ahzgare area for

l i near repl Allaeaird tgeach zane deen HBQﬁ'H@F'P'ﬂ'gthﬁﬁz%PfWh'@ predstermined
to be sulfficient to process all defects that can be managed by a defect

20 management method that is applied to a corresponding disc.

Here, in order to manage defects on a general recordable/rewritable
disc, slipping replacement method of skipping defects without providing
logical sector numbers to the defects, is not used for defects generated upon
initialization of the disc, which are called "primary defects". It is prescribed in

25 the existing DVD-RAM standard version 1.0 that the position of a defective
sector replaced by slipping replacement must be recorded in a primary defect
list (PDL) in 2 DMA on a disc. Also, linear replacement for replacing error
correction code (ECC) blocks of an erroneous zone with normal blocks in a
spare area, is used for defects generated during use of the disc, which are

30 called "secondary defects". It is prescribed in the existing DVD-RAM



"4 Still another objective of the present invention is to provide a nethod
of managi ng defects in a supplenentary spare area which is allocated for

| i near replacenment while the disc is being used. To achieve the first

obj ective, the present invention provides a 5 recordi ng nedi um
characterized in that a primary spare area allocated upon initialization
and a supplenentary spare area allocated@fter initialization are provided,
and the sizes of the spare areas are determ ned by the nunber of defects
generat ed up@mardardiveldidati®that Te pESitieN of bhféqRRBlodorgtadatEby liRGaPr esent
invention provides a 10 nethod of allocating a spare area to nenage defects
in a disc receplaceqmenhaust be speardadiimgniamnd AR dischod i ncl udi ng t he

steps of: determ nj e . ni i f e S| e nunber of
prinmary defects gé-w;v?ea\{e dw%ﬁ'laﬁggﬂpﬂ)@?aat%a{rzq@'@%gagee rr?ngr{?%goé dmaxi mum
size of a spaceoriiggitd thet staesdf PaiselUponahRrid]i2eisy, @ndt sGppibMehidrs sPhre
menory device for defect 15 managenent of the recordi ng and/or_ reproducing

appar attus; afieals alegated as the siale of thedlisc hpeames bad|dusingriépe efthactismnt and

| i near repla | 10l rHFfH. | zes of . . area.
To achi eve t%grgpﬁﬁl ?ﬁéﬂg&& eéc‘{b:?\e/e,g%ggg%é;@gen |°%g]rr§(li‘%ﬁe%pr'fct)\'/él Q%gigségfrgct
managenent neghdnedisting starilasd thiatdo adieogrdimgl and/or e@psroducihggagmaamtdﬂ% 20
having a primary spare area all ocated tqo repl ace Pri mary defects generated

duri ngl : niti &lisc e §Re@ia1@df£qrif9rpteﬁgoqr$ﬂiy3ﬁ§@er9 e&hma@fgammnt ?_r y spare
G5 ng 11 near o flafiGR eREAng AU GREYs 2 K5k, DRASHAINGR, B feBnckBhig 2, oG Che

suppl efent ar yepppeatedan tatdisé agtualnambar bhdéfebisthat canbe asigdd begdthys 25
repl aced, wherein defective blocks within the supplenmentary spare area

whi ch has al fesithapdba numbesof gefests that ¢anbe reserdeskin the DNAsthe disc.

repl acenent, and J it Lo s f : nt ]

reopect o0 i he derlie; 1 ditbEiEondas e BiceBEh iR BRL ot SBERE 11
DRAW NGS 5 tAé eumbeithe shjescsfitie PDLndna SN aposit 60 Kbytedr Eaes)tinitherent i on
wi || becone nore apparent by describing in detail preferred enbodi nents

t hereof with D\élbtﬁ&ﬁcﬁéam@rﬂw&ra@ﬂa&»é%ghfmawgomrsamrs,H:tom&aanﬁ the a view

ther eof it h QP . a vi
spL " ool ent o ORREG SELIEE oft ot (IR B}oontt SPEN e PR KD A2V 1O

a user area, rambergiPDIs palrdsarESPhdntrics bl cam bedrycsssridts aestarteztigor di ng
to the present invention; FIGS. 3A and 3B are views illustrating nethods of
managi ng a dé@ceetdangeyattthe ze 32 Kbyies)readrffary spare area in the
structure of the disc shown in FIG 2; FIGS. 4A and 4B are tables show ng
allocation of a primary spare area and a suppl enentary spare area accordi ng
to the present invention, wh or defect nanagenent

e
i di di d/ duci 15 L i 32 Kbyt. d 64
Kbytes, respecti valdSOlF? &6 SBoVe,APBRING, & DPIEGIVE Pt theraseiignYarian Buct ur es
of a fjmg of t6 BV %rre%l‘ﬂirgq m@vm mrgieaggﬁwsgaaafe% Wﬁ@ﬂ?@gi&@e to

whi ch @ spare area tor nana t s “has used, according to the
present i nvermnddhe rémainifg iamaunt bbarspara ardd alkicetad uporminitializationf and

of the. preseiii pees Bnd the Femainiig aphaitmrta ased abnted &eet nod of
allocating ajpjtiglization.
Another objective of the present invention is to provide a method of
25 simply calculating and allocating a spare area for slipping replacement and a
spare area for linearly replacing some defects, while a disc is being
initialized, and a spare area for linear replacement which is required during
use of the disc.



suppl enmentary spare area using the remainder state information of a primary
spare area, according to an enbodi nent of the present invention; and FIG 8
is a flowhart illustrating a method of allocating a 25 suppl enentary spare
area using the remainder state information of a supplenentary spare area,
according to an enbodi nent of the present invention. Spare areas on a disc
for defect managenent according to the priesent 30 invention include a
primary spare area and a supplenentary spare area. 6 The primary spare

6Tt ot useu SHE ARGt abiRtvE o L nERENT el ior it polideca mathed | 2%
remai ni ng af bemablbbPRl défetRhh Wmmsﬂar@éwebﬁ%aw?@ Pafalh?'dé?édi for

repl acenent. The sui)pl ementary spare ared, for linear replaci ng defects 5
gener at ed whlineanneplagiesient whileithe dissaid befrighused a spare area which is
additional ly allogated.while a di.sc is heing used after it .has been

Tt Al zed” That TRECTgYE e elAifetve PRSI OV Pl 2. a
primarg spargcdr@ingirédisih Sirabtefigad ¢ B8R &t prafiary scgwararééalla@éiaa UpohS
allocated on a disc during initialization of thé disc. The slipping

repl acenent {pétiglization endrapuppiementary spare areadllosatacbafter inhiadizatian awesi ng

the efficien tild.zatl f v i n_the slipping
repl acenent, Bﬁcloé’?i%#l#g tégesége%a&éh%gﬁgfﬁg{ﬁ%?a%g%téﬂoﬂmﬁe@by :f‘_%ﬁéﬂm r t%i ng
recorded i n YeRcReYbndratelipsiintifRation, so that the defective areas cannot
be used after initralization. The primary spare area nust have a m ni num

spare area necessapyachievedhesiecppd efjactipe.dbemrasentiaventicmpioyigdesa e anount

i so dRr o et bt ARG [ HhdlE e e b et I a eI AbE g -
repl acenent gRaMr réprodlcingasiparatusBife Metoeariclading the epLsr: ebtatififihgs

registered in a PDL anong defect nmanagenent information.” 20 Suppl enentary
spare areas tfe piniasimesizeof@ spare area usingitae aveber of primarvwdetectsii recti on

broa 1 o1 heupPRatats bt ifiaiBetigf: ddauh{pii e eX i biB.A 4 Shanh AREC o
the disc aft g{atiniidtiba élmta'tzégﬁacddadmb%Mﬁ@wetofiarmeﬁtgg@faevi@e%feefecpoi nting

rule is also applied as a def ect "managenent net or spare areas
propodéd by mamagemerhnf theiegarding andiosfeprogucingaappasatusi and@llecatingrast be

processed by gol.y, eBg: §RL36FEiing AtbISA AN it RbBHRBR AN LAY Re™ o

allocated fo
minimum and maximum sizes of the spare area.

To achieve the third objective, the present invention provides a defect

management method for a disc recording and/or reproducing apparatus

20 having a primary spare area allocated to replace primary defects generated
during initialization using slipping replacement, and a supplementary spare
area allocated to replace secondary defects generated after initialization
using linear replacement, the method comprising the step of: allocating the
supplementary spare area using an area that has already been linearly

25 replaced, wherein defective blocks within the supplementary spare area
which has already been linearly replaced are not used for linear replacement,
and the SDL entries within a defect management area with respect to the

defective blocks are not changed.

BRIEF DESCRIPTION OF THE DRAWINGS



repl acenent after initialization could have been already used as a user
data 30 area. That is, a defective block, which is used as a user data
area, is allocated as a supplenentary spare area, it could be linearly
repl aced by a 7 primary spare area or supplenentary spare area which has
al ready been allocated, as shown in FIG 3A. \Wen a spare area which has
al ready been linearly replaced is intendgd to be used as a suppl enentary
spare area, dual replacenent of a defect™in another user area by a

defective bl ock I ea inearly replaced within the supplenentary spare
area viol ates the G?Pgé{’gﬁbl%ﬁ}’%gﬁﬁgyaﬂfa%? o}f H"q B%ﬁf-eaﬁv&gﬁﬁg'&&jﬂ?t he _

process of riggdcreeARite dppaféititly dedciBinglin Ay BrdfERes eRibddiPBhts lﬁﬁr wn in
FIG 3B, a defective block within the supplenentary spare area that has

al ready beenwith fefgrence togha@di@ched grawingsiimwhichspare area or a
-all d ¥ S| i . b
oed Tor i near rElSF ot e v BRSEa et el odrRpidfa T Spaf¥ | ca®t o

a corrgspondares fiirf eavihy SOl eotentspred in a defect nanagenent area nust not
be changed. The reason why the SDL entries nmust not be changed is that a

portion of the sphl@ AiseaViewhilesiratingthesiestuaef eedise haviegn vwpen areahe spar e

the soi ent rruetc R rat SRR subaRELB sHE biba Rl bEHES L o e
erased. Thusipvanfier;mal bl ock used for linear replacenent can be

m sdeterm ned as a defect, and thus, when formatting is perforned later, a
non- def ecti ve porfti@% FrANISE a Wews diusirating matbeds obmanaging a defecsDL

i thy 80The. oo o8 A EREFhelBnsnardigba i AT ST BB U B ng
defective blpak@nest not be used to linearly replace a defect within a user
area. In disc recording and/or reproducing agﬁarat uses, information on a 25

disc is initiallyFl@dthpnd 4Baistebles shayiagallasationsefchpermagy seaisc@duct or

ot or wat i on. @14 2 epltr@ten ats Fha BobHICHE phabER Faiiin. FHOAHRR "
32Kbyt e- si zesiBgioF erbuffer ¥oiedefedmihdg@Benoin’ RS Astdrding iandrdrrapraduding 16
sectors, and PDL and SDL for defect nanagenent information are stored in 30

the bibfer iapRAMAIUS isr3%Kbytgs and A KbyiereraspactiNglY:nunber of PDL entri es

stored in the buf i Spf S I; ] f PDL 8
entries stored i n&ﬁ% %Pﬁérﬂ%ﬁ@éﬁgﬁl&@{)&%{\hgﬁ?rgﬁpmgyﬂgéo entries

(i.e., 7679 mmhdinger states mfereatioprwiith sepriesents thealegrestdwhichicpsga®d i n the
PDL. The entries of the SDL occupy an area renmaining after PDL entries are

stored in tharegfRpManaging defectsips bern veed esatding & the piesent Bwealerh have
e . ? €1 : A
Fencey the maxi miriGng B Anpuehe flushaing SThahoubrdBeitnt BisBard aratf™ 075,

suppl goent ar ypéep nittalation, accaidingrtoiamesmbyditient of e priesenbinléstiognd t he
nunber of PDL entries generated upon initialization of a disc. Here, since
a defect can probBldy7 isca fewehart dlpstating arimethedgiallecatinghd an extra

supplementary spare area using the remainder state information of a primary

spare area, according to an embodiment of the present invention; and
FIG. 8 is a flowchart illustrating a method of allocating a
25 supplementary spare area using the remainder state information of a
supplementary spare area, according to an embodiment of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Spare areas on a disc for defect management according to the present
30 invention include a primary spare area and a supplementary spare area.



10" spare area for the possible defect nmust be considered. In the present

i nvention, a 60Kbyte buffer that can store defect information associ ated
with defects having a size of 30 sectors can be used to conpletely process
t he maxi mum nunber of entries (7679 entries: for 15 sectors) that can be
recorded in the PDL and the maxi num nunber of entries 15 (3837 entries: for
15 sectors) that can be recorded in the SDL. Also, if a buffer is set to
have a 64 Kbyte size, the 64Kbyte buffer®can process as many defects as can
be recorded in thg defect nmanagenent jnqunation gg?a according to the

standard. In an ehDBA ALY Sparq Aedjsdiseallocatrdior dafect Feplasamept when &l e

sizes of the i : 199 3 Likallzati on of
a disc and dar%ieﬁégﬁu@ééw%?' téﬁgtl%fi%?u§§%%¢%’g§i@r€ﬁ%%%@be_ﬁg F%H(')'ﬂé%ase in
whi ch a buf f sparecaredebmaining eftge skipping seplbc@&Peibydrealsarbb asechfoe lineamhi ch a

buf fer for defect nanagement i.s of 64 Kbytes. Lf the size of a spare area
Chat can be. ERGENEN. |0 SRISHBBIETE SPRE Seon rrd neapy saereing JRBcmount - of

| ncrensnt . ageAbeMA AL R BIsRIS bBlhd Med? AehBlith BhaRtardalvifith €0 amount of
spare area can be greatly sinplified as described Tater. I n consideration
of this neriaddifionpliy allenated mhile sl dippisbeingpisadaftentt Has beemimitialigedr i mary

UTTeS cort scpondhitoh e ALPAA im ERLAS Sl roPIG % ShoBahCiaer -
processi ng 5&.%%sﬁaﬁihg?aFP%gém%ﬁpaﬁgﬁﬂgar &%&&?@hﬂa&iecj‘aﬁ% gfst bl ock

has 16 data sectors. 4A an are tables ow ng the size of
spare areas dhring iritaliziationaff thendisou Ther slippirkpredigterserdmpbridtmisbyt es,

ninbetbor - pbisrRga el h s et Tl e s sBrs CHIHEN s
number of SDneddrbareal Fweiar, iR thE SRMAGTEAAcoiieht) defeiRelarbas e nunber

of the corresporiding PDL entries. als Inthe unm denot e
t he m ni num miezely noit uspdy anchdatasstartt benganeeordent inthe texhnaiMialldata ks,

ired if f def ect t tri £ |.i
" epl acement 37CBheoBel Bie defeGiNe RS FaniRLpe sSd AfeT IMLAIAHPE: ze of spare
area that can be qthggyfmé\,?v? shard BRaSMIshavd & i sBaft 8% r‘ié‘(%.gé@jat 0

process the PDL entries th a spare area required to process

entri 45 for forslippingmeplatiement eandan appropristesambentifrsparerassa for diheapyr e
areas required ta process,all defects upder a corr ndi ng .def ect

condi ti on. TFRDI??'PEF%&FE%,HTQL?HW gnera ?%aéﬁ?%Wﬁﬁgﬂlﬁ/\g'sgﬁ%gﬁ% num si ze
of required e I indi ; t he

i i mim o1 zeo g e e e S P st i v
subcol um shmanytdestars @isithennsimier of entripsi negistanedrio adPBhsanengdefect ent age
(%9 of the entire Caengift%ﬁ The next colum shows the total nunber of

def ect ent ri B@NPHMNECLITY ?ﬂo&cessed. The last colum shows the maxi mum
anounbpof a spar egapgRnEhtasCHEES aFess SbprofBtapmptesize S urabilédated v | S,

the amount of spare area sinplified in consideration of an appropriate
amount of sufspwardndisectionszers the eearmost portion cftalogitat filexgnesrwien thee anount

of the spare_area and replace defect enerated in th re area.. In the
Cast col umm, PG PP diRg 1S Msieaitde BYhis SrandenieBRis dhittas o
reconmended ggARg uds Vhthd AisklMek mifAlizafient he percentage of the spare area
to the total recording capacity of a disc, respectively, when the increnent

bet ween requi red Bpthegrasenisnventian, atdirast peintigdulesis afs@appliediasad f ourt h

the. p@Pcent 288751 TERBCERAALRISSE fir shere apen bopovRL by S PV Rate g™ ™
capacity of g fiqard veIRFREED VAL is, HIedbfebts nilstinerprRRBEsedBY WRR oAequi I ed

spare areas Is set to be 48 bl ocks, 10 As shown in FIG 4A, "when a
32Kbyt e buf f eapléacemertd, al | defects that can be recorded in all defect

Gofects (PDL entr PO onsine SLEBlREnRits R UPCabaTat iR, el ects
that can be pige&AER AFRfiRiAERSatioATsbud hiade b@éﬁ@n@aag_-.@édtdsea uséredatapar e

area al so decreases. This neans that the state of a di sc becones worse as

t he n@3Bber o@res i Taalyisdetlefactive hlgokawhich isised ascausesdatacarganier of

a4, t nooeaet A a kP BRTREE e 8L kG b IR S ed T Bl 1 D ¢

case, a maxi mum nunber of




10 secondary defects that can be recorded in a defect nmanagenent area can
be conpletely processed regardl ess of the nunber of primary defects. Al so,
t he amount of spare area can be kept relatively constant from about 2. 7% to
3% The present invention describes a disc in which a spare area for defect
managenent is partially allocated upon initialization according to the
usage 15 purpose of the disc or the state7of the disc, and a suppl enentary
Spare area i s aIIocated after initialization when the size of the spare

area is insufficient, ord n th e Y. S area nust

be al | ocat ed p”f‘?‘?&'éﬁﬁﬁ%? oF; S%WQH%W p§re ?J%Bé”etypﬁb r?é@pa@é{fp

al | ocat ed ”U%‘Iloééte@a%%hém%'FlGaQ)Ka'\NﬁenHlﬂ:Iaré%reé %|&Pﬁ§é 8IvBadPbgefPar e

area can be easily 20 | ocat ed dyt recording the size of a supplenentary
<)

spare area tﬂiaeadﬁnemiacad isiEdanss b@w%aaafsuwnlermﬂtgw sparerareaDIR| of

ar ca Tor  def FEDCRATANL LA Cele handRP Bt aiel Af oA dlodl Aefer ow

Wien t e 64Kibgrip véplaced withitthe supplethentary Spuresdrag mla@s&aar@re%t ea that
can be allocated can be cal culated by the follow ng Equation 1: ~xinmum size

of spare are®ointingaes Alse, Frreadsoly disase the procesy of raplacament ishe 32Kbyt e
buffer is usg% t“?§£x' mum si ze of a spare area that can be allocated can
be cal cul ate mP E ol l owi ng Equation 2: 11 rum size of spare area =

4096-[ 512 ]x (256g380Ive thdsd probldrisiais shtwrilindI®. 3B, [a defécliveBroek WHitrin

maxi mum i nt eger whi ch does not exceed " 512 "' EPCS'denotes the number of
PDL entri es e gupplementary spere ares that has @lready beendinearly seplaped bya

i il nomb Y et BES & & Prch ARl sBaPllRo e A e BaRTERT lanen
the nunber ofFigr BBRMUsEABEBS ©isbd fer IMeER esplatembht. eRFsb' eéaond%déeéfedth@ﬂ 512.
Here, the size of a spare area is shown in ECC bl ocks. gDL) denotes

the size of #£SPhieatrigsior agniraspandingpiaiective oek stored inafdefecine sector. a

Than that - an e ARR IO & bp sranadd 38 redsl vy tin sh ddednacs
spare area amgusi®ictbd difhged i€ B igdsoreibh Of Y ssrbefibs, WRIRAMN§6RIPped ahdspar e
area, and are expressed in nultiples of 2, so that cal cul ation of the size

of a sikare amgiusedsvhile thpispare ares ns&emmuemuesﬁtaay nsedbis daletmineditadpet he
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suppl enent ar suppiintertaPAspdretarea are erased. Thus, a normal block used for linear
replacement can be misdetermined as a defect, and thus, when formatting is
performed later, a non-defective portion can be registered as a defect.

20 Therefore, SDL entry information with respect to a linearly-replaced defective
block within the supplementary spare area is not changed, and the
corresponding defective block must not be used to linearly replace a defect
within a user area.

In disc recording and/or reproducing apparatuses, information on a

25 disc is initially read by a temporary storage area such as a semiconductor
memory, that is, a buffer, in order to immediately use defect management
information. It is prescribed in the DVD-RAM standard version 1.0 that a
32Kbyte-size buffer is used. 32 Kbytes correspond to information for 16
sectors, and PDL and SDL for defect management information are stored in

30 the buffer in units of sectors. Thus, the minimum number of PDL entries
stored in the buffer is for one sector, and the maximum number of PDL



cah be allocated, whereby the supplenentary spare area can be easily

all ocated during use of a disc. A supplenentary spare area is allocated or
the size of the 20 supplenmentary spare area nmust be increased, in case that
a primary spare area allocated upon initialization is conpletely used and
no ot her spare areas exi st or the case when a supplenentary spare area is
conpletely used. Wien a disc is actually Jused, defects are highly likely to
be continuously generated. Therefore, it 1s nore preferable that a

I 2 . lJ h ' f |
Spare area i Sy SR inebutel sBireSERIh fahafut Brlbef of ghRES T o ¥
exanmpl e, whepj & 7e7Y anhfrigs\Whieh =26 f&f P8 K6ctorsyBhat &dn 89 Ye&rdb@m 9|Lar ea is
used, than that a supplenentary spare area is allocated after the allocated

spare area i 9hesnires ef {ha,8BL oogupy antarea cedajning eeuPPieantiesar slangd

b e er ML ARRRE Sl 6 RO RSPt A B SRR (2,
repr esént i ng rangivg v atrainiraumi of oMe settdmte & prixmanh et 15asechsren conpl etel y

used or the spare area still remains, as in an existing spare area full
flag. A flag indi &tancegthmeexisurg allgwpbleniize 8f @ spare peaa(aprimanagpareen

al | ocated wh ' k ri.0Rr r,ea has
been used, i;%?% 's"g‘{ %?&%Wﬁggﬁ# éltecagése,agfg?wﬂ‘fae&t Waﬂ@gﬁamﬁgﬁgﬁ ed to
as remai nder tisé aumbenb PDL! értries gensdreted WPoH iniflalizativhesfa diedr gt i ng the
state of the primary spare area has such states as shown in the foll ow ng

Tabl e 1, and SH®e adsfactcenpeokatlyheigeneratedsenis therapare arep, an extrag

val ue t e00 |.Cq r i ITRr . r,ea remai nsO1 ba

pr edets@?rri ne%ﬁgﬁﬁg%{é{a fgf%ﬁ@?ﬂﬁltepﬁfﬁ@rrbﬂgtp%eré&i%]@%r%ﬁas been used, and no

SUPD' ementary spang tiy presedt ivention etl60Kbytertndfelr eidt capdstoreddefecor nore of

primary spare area has been used, and a suppl enent ard spare area has been
B

al | ocat ed11 Hnfpematiomassocigtedavith defestsshayiag asizsre3@ Bgctossaambelused( whi ch

aroa) repr osiheoNIRlY FPReds e MRRNnh BLATHEREY BlreR (7R BRGER A o272
shown i n t he sketdreythagcdmbegecordeddn fiss PBLs4rd tHeihaxisiupnuiiber bentrids 25
(Tabl e 2) flgg val uest at eO0ba sufficient amount of suppl ementary spare area

remai i 837 patripsetrstler RGte®) i @an ke ragerdecin 9gpPlenent ary spare
ea has beon corplErdl s oHRERERES nBHe 3 Bbue Vil IS BAGRRT bR e
Bece_ssi ty tharoédss &9 ﬁn@ngfdefétm as Dapieergentdud/inthedefédtaramagsmérst | ncr eased
y sinply representing the state in which a predeterm ned anpbunt or nore of
suppl enent ar ynfopaation aega according to the standard.” In an embodiment of the present
invention, the most preferable sizes of the spare areas that can be allocated
20 during initialization of a disc and during use of the disc are proposed with
respect to a case in which a buffer for defect management is of 32 Kbytes
and a case in which a buffer for defect management is of 64 Kbytes.
If the size of a spare area that can be allocated is restricted so as to
have a predetermined amount of increment, a calculation expression for
25 calculating a required amount of spare area can be greatly simplified as
described later. In consideration of this merit, a spare area for slipping
replacement for managing primary defects is calculated by dividing PDL
entries in units of sectors. 512 PDL entries correspond to one sector, and the
amount of a spare area for processing 512 PDL entries corresponds to 32

30 ECC blocks. One ECC block has 16 data sectors.



has been used. Wen the supplenmentary spare area is enlarged by allocating
a predeterm ned anount or nore of supplenentary spare area, the value "01
b" of the flag can sinply be changed to "00b". Therefore, in 10 contrast
with the remai nder state flag for a prinmary spare area, the renmainder state

flag for a supplenentary spare area has ly three states. FIG 6 is a
flomchart illustrating a nethod of allocating a spare area upon
initialization, a [ ' : ' '
Referring to FIG ,@‘;@34%8?'@&8#?\%@2%@? %gﬁ Q@{@c&”&zﬁ %édéf%‘ggpgeér%gp@aeﬁqgﬁ for

%5_ checki ng }s!imgkﬂh:sttmf@_ i@Bﬁ&W A an«bg4d€ﬁy®a$_ ,$e|specgivd!wﬁrhﬁlil‘iist_cbll1?nr@“ sc is
eing initialized, i i pped wi t hout bejing su ied with a |ogical sector
nunber, and tM&aFBGf i:éégs E&Qﬂd ‘i‘éjﬁ%%ﬁesﬁmséﬁe\%%% P ELsentgies ape there
defective se } ! : ; kLI t he
defective Se%{e%?n{i?og{rgﬁggﬁ?ﬁ%%%ﬁﬁégﬁ@gﬁ Q%T% P%S%'x%“ﬁ? fgfetﬂrQ é%’?red
amount Sf spdeepracessed; with mspetitd the runeyer 8f ife céwesporating ©DLvbsirieshe
nunber of P entries is g}eetemeeggﬁjon and 3?‘23,_ the m ni num size of a spare
area is the SUfRYMErals & He PR GanPistheMiNMERSizesef $Rareaieases and
a spare area, L q @ID tl r t hus
becones 480 évé@&mag% éb%ls?égﬁgge yt gﬁ%uréhgﬁeégauggﬁ?%éégérad?%gt i ncrenment
bet ween necessamagerpenteerdries forilineal raplacdmentfwheEsactdn is@Eincataidai Tieat by

cal cul ation USitEng uation 2 fan be al |l ocate maxj mum si ?e of spare

as, th
area. Wen tH2 HBdMEA S%re?ﬁﬁﬁéh%frc@é‘ esa@aqagﬁﬁéﬁ . Sum of Alkar v spare
area ifal | 0%‘%}aﬁ%kgéébal%r@ﬂeg@%mdéssttﬁ gcf:)%ﬁnt?ifest\ﬁlm 9%?5? ¥re%°t%rq%ir@HQ?h'es

512 14 ECC Xi mum of 224 ocks are u to process
PDL entries, pracesshiner@Dhiemtnigs for onkseatar. used t o process the SDL entries.
After the primary spare area is, allocated, a remainder state flag for the

primary spare area t I , : e
a;negicolynn shpys dhe minimuire sizgpf spare gfeas repyired1n

maxi mum si ze SERGSH q i atk e subt racti ng

the size of t;ﬁéc%s?%lg%@sc pare %r%%&%@c@@gé%ﬁpgéﬁdghﬁog-hg%ﬁrr%% t he

maxi mum si ze subcbhumrs rethe faurth cohinauhdwsl thenmsixiepuib iz of reqeiired spab®. For

exanpl e, the nmaxi pum sjze of the, supplenentar pare, area, 2240 ECC bl ocks,
Ao Deal oulHBeY ThploBks tha sernid SHBEHARN SHBWA B IWBUR $128 81 CRAUTSn v
spare area fr, rﬁ%a f i thhNfOrmati on
OIEI) t he size o%%é%%@l e ntggfré%liyp@f Shgﬁgﬁ?ﬁ%@ g%ﬁ%&@%h%cks) and

i nf or mat i on aninirhenr sineiohteuiretspare iradscas apereantaga () op theeentirea, ar e
recorded at predeterpgjned positions in, a or DVA_area, and

initializati &?Pﬁgl%o%PJW&@PO'PH‘%%}W%‘NG‘BPG?S‘UW@ of dptec eﬂi}lﬁﬁc‘ﬁ‘éf gan
1iustrating g giidaede@! TAL!AG Holuttn SnoWBRME iRRIAIMN MGG SHePdbdtd hba

information on the renmainder state of a primary spare area, according to an
enbodiZz@®ent ofrecbmmereserty thevrasentrinvehtite, gratiis)dhe amaunt ofdpatesatea whet her

e e Mokt o i B e g A 2
and a suppl erH”fBé%YaS%gt%feecéibﬁfétiBﬁ%f BReamBLhCSAth8Gpard afdLBnS P lact f the

answer to the step I's no, another determnation is made as to whet her
a suppl enent adefectp geneaated ih tha spare arbaodmathallast polsimay g2 ficst and second

et e e SR o B AT 3p SR URRIE N SRR RS S,
S203. Jdat isnd iR pBrseREdeTfdi%e Spard SreBRb & titar decording capacity of a disc,
respectively, when the increment between required spare areas is set to be
32 blocks, The third and fourth subcolumns show the maximum size of
recommended spare areas in blocks and the percentage of the spare area
with respect to the total recording capacity of a disc, respectively, when the
30 increment between required spare areas is set to be 48 blocks,



spare area that can be allocated, and the maxi num size of a supplenentary
spare area that nust be allocated, are checked. The size of the

suppl ementary spare area that nust be allocated, can be set by a user, or
can be a predeterm ned increnment. 30 The exi stence of a sufficient anount
of continuous enpty space at the rear of a logical file area is checked, in
step S204. It is determ ned whet her 15 enough enpty space exists, in step
S205. |If enough enpty space exists at t hdO0rear of the logical file area, a
suppl ementary spare area for linear replacement, of a predeterm ned size)

is all ocated star ASHEyOWLIM FIGe 4P avhansa 33Kbytedwmiffer is ngqi Al defectsithat ar ea,
8206
1 51505205 R e B TEA S0 2 °°

i ni t: alized pamﬂestsed GG theanshtiéreofiprinaryaiefests Q%?Lf?ﬁm@enﬂbasbe the

S enentary s a|s in step en, the process is
conel uded. - WAEHBAOEIRES of RAOTRATY Jelecitifia Ean B HosRPYd dpfaases, and

al | OCa%'ed asdl en%%ﬁ%g?%ﬁrté‘tﬁfEgér?u%{eﬁaalé&ﬂecﬂe%@é Ry r"iﬁ%ﬁﬁ?mat tReSt ep 10

S206, def ectl enentary spare area IS not used for

| i near r epl astatenf a discibebem&diwoese as ¢se numbebef pkmarywdéfects increzsgs, as
descri bed above referri n'geto FIG 3. if a sufficient anount of conti nuous

enpty area d¥&EChiaduses die aUMbeE of §§‘F°’}51ﬁ"¥ﬂ@f?c@ﬁ thabean g wanaged.e area in
2
detormnation i3 feaondlfs bR Aty TFIE, 3B, B BraseBf heion ous empty

area exists, recoramendSieihg 4 B4tKimte buffer Isthfs casent maximitim alimbenbf nuous
enpty area, the step S206 for allocati ngﬁge; suppl ementary spare area is

agai n 1Pert or ﬁggonq!arytqeéecgﬁm@{tca@f be: EagordRR isa dR{AC) Management &ea £aR bent

even after t

suppl enent ar gsg{ggéér@ggggégﬁn%{gatagsgpgcat ecfﬁ |rsp? ye él&lgn'cf;} %pthgzw.
Then, the pranmtlossparrecémdemnEéﬁept&elaiuvalyfctomwrarftom laboat 2.4% fy3%. et hod
of aI | ocating a suppl enent ar a using.informati on on the remmi nder
state of a suppl eﬁ%ﬁt%’??eﬁtdﬁy%mg?‘b‘ie @ §eodliag in whigh %ﬁB@@@F@ﬁtfobfjeﬁ%
bresent 25 | iéHdeifont/s BEHEN'HABELRR dobr AlRI2id P Ul LR 1odns eBRae!

state flag for a spare a or replacrng s con ary ef ects

gener tsed dunpungosesaf thé disclosthei staie‘ofethe msoe ahf H'supplevhientary Bpare area

suppl enmentary spare area has been al rmsh used,, .in ste%aSSOl | f_nmost of the
suppl ement ar;&sg&ﬁaée@ﬁ@ﬁr iutialization when tha siaeefr thesperearaa isdnswilicieatie as to
whet her anot p n step
S302. 11 1¢ eeqiinghyPRhae SlpeRRREar shar Brestmist fo Bi6EEH, b

suppl ement ar yansquit of ars&@plemeraary spare aredthatroanshe eliadatedenustippl ement ary
spare area is checked, i.n step_S303., That s, the nmaxi mumsize of a
g’# !ﬂ (:he easily

suppl enent ar $alyiated iy ggvangs. E'aﬂ 'Eethélq%?e Wtaa’anrﬁ@rg?fén

suppl nt ar i ze of

t he s?% erre)rét”g%trégp re gtd&@é{cf??&etbgtaa%]gb ﬂﬁg{g can Egﬁaste bi

user, or can allecatedripa@edisc dfieition stnuetura{ DD of the deientmamagemem far- ent
amount of cogb' Lious en‘%%I ace a the rear of alogical file area is
checked, in M}\SB@QP‘ H IPP. i s determi ned whether the enpty space
exists, in step S3Pp sitd ofaggahasmaﬁbraaﬁé‘c?nﬁaﬂa@bﬁq@ﬂchhwﬁﬁf yf the

| ogical file area, a supplenentary spare area f I near pI acenent, of
a predet er m mattutated ,asi deseribed detmv.s Vihan tig 64Kbyte bafferisrusext, the

25 maximum size of a spare area that can be allocated can be calculated by the

following Equation 1:

E,
iximum size of spare area = [ 5: ‘;L]XSZ+ 4096 blox...(1)

When the 32Kbyte buffer is used, the maximum size of a spare area
that can be allocated can be calculated by the following Equation 2:



portion of the logical file area, in step S306. When an area that has
already been linearly replaced is allocated as the supplenentary spare area
for linear replacenent in step S306, a defective block within the

suppl ementary spare area is not used for |inear replacenent, and the SDL
entries nust be kept 15 w thout change, as descri bed above referring to
FIG 3. After the step S306, managenent kaformation for the supplenentary
spare area, that is, a renainder state flag for the supplenentary spare
area, is initialized back to "00") and the size of the allocated

suppl enment ary_spare ea I s upda Eapist S3Q0(. Then, the process is
concl uded. 20Y s’ées%rw%rﬁe‘?fﬁg [@TT—ZO%% @r)rpty area does not

exist at the rear portion of the logical file area in step S305, enpty
areas are rearranged in step S308. Then, a determination is made as to
whet her a sufficient anount of contl nuous enpty area exists, in step S309.

If there is a suf unt a,:tln QuS_ enpty.area the tep S306 for
al locating a 25 SM)E Pr@?ﬁ'g? gp'g d 3 r a JeDoIes,2 Maximbigy Thirger whithe anpunt
of continuous enpty area |s |nsuff| Cl ent even after the rearrangenent of

the enpty areas, a nessage "a supplenentary spare area cannot be all ocated"

is displayed, in step S310. Then, the process is concluded. As described
above, in the present |nvenE| on, information on the sizes 30 of a primry

spare area addeslnstjpmesdaht S EyE denetescthe nuenbsrlof PIDLL edtries, angi npl e
numeri cal expression, and iB13rmation on the remainder states of 17 spare
areas is stored and managed, so that the spare areas can be nore flexibly
and effectively allocated and managed. Al so, in the present invention,

defective bl is d nt s re: . f

| 'i near repl agg NW Hﬁdlgaﬁgﬁa@%g{nﬁﬁs 4§er§ _gam)@ ﬁéémﬁbrgo&%'éﬁﬁﬁ@hftﬁ%cti on
i s prevent edsize of& ﬁb’mb area téquiratito procéss mmammunﬁdaﬁ@f defettPld mary
spare area all ocat upon initialization; and 5 a supplenentary spare area

al | ocaPabl e aReriMatedfansinpie calculation, mhpndheﬂatmhﬁﬁofaﬁmeay ants (theef ect
list (PDL) havipd gPPD‘?.”éﬁth% is30¢k ﬁ’\aﬁ ﬂ’?é g@é({f %oérg%%%gsav' ng SDL

entries, whereind Ctive sectors sup "emen and 10

cor r espondi nlhowplnaE@tEbtockecaesq Wgﬂ&heh@t@@ tiaé sizadf hsrarerateh FoQuiRsH i n t he
SDL, shall not be used as spare sectors, and wherein if a 64-Kbyte buffer

is used as al®BrASEPS RLL Eﬁtr'ﬁérford‘éfﬂ%ii?dﬁ’énagerrent of a recording and/ or
L oeel 0 oo Bin R BB o8B o8 g BOR BRI B e
area 40l ocat mrger thaorthahan esiualiprequired spare area. The sizes of the
recommended spare area are determined in consideration of defects
generated in a spare area, and are expressed in multiples of 2, so that
calculation of the size of a spare area is simplified.
The remainder obtained by subtracting the size of a spare area
15 allocated upon initialization from the maximum size of a recommended spare
area, is recorded in a DDS as the size of a supplementary spare area that
can be allocated, whereby the supplementary spare area can be easily
allocated during use of a disc.
A supplementary spare area is allocated or the size of the
20 supplementary spare area must be increased, in case that a primary spare
area allocated upon initialization is completely used and no other spare areas
exist or the case when a supplementary spare area is completely used.
When a disc is actually used, defects are highly likely to be continuously
generated. Therefore, it is more preferable that a supplementary spare area



a supplenentary spare area all ocatable and/ or expanded after 20 the
initialization; and either a defect nanagenent area or a disc definition
structure area in which the size of the supplenentary spare area is stored,
19 wherein defective sectors in the supplenentary spare area and
correspondi ng repl acenent sectors which have already been registered in an
SDL (Secondary Defect List) shall not be gﬁed as spare sectors. 5 3. A disc
conprising: a primary spare area aIIocate upon initialization a

suppl ement ar y reg, al l ocat ed an d/ or, expanded afte

I El ol zat | o el ing sl o SodRmBhIeEY RRRIAraRP TooESReR AP and
suppl enent ar %n@@ﬁéﬁo&hﬁ@ﬁsﬁﬁérﬁéé'ﬁémaﬂmsdﬁﬂr&afvhﬁl’é Wiéh Bcettath RlinBBF ¥ 2nd
suppl ement ary spare areas, resgectlvel wherein defective sectors in the

suppl enent ar \Plegdr remain or 9% ebthecspasa @ired is esach dham that scsuppiemantary have

al r eady been I fect Lis shal || not be
used as spare gééggé% él?o%?hé;d %ﬁgﬁﬂéfé@%gfé%i%#?%?%@rc%ﬂﬁq%H’?Sdelther a
def ect §ranagenent |arthis cilsedadtbmairtiistutsiflag r&bfés@htlh?tﬁ’é 8agtde dusdlof ¢ 20
remai nder state information for the primary enentary spare areas

are stored. SP2(e greajgreguyedde Irmlaatmtbatapredeéerr@naﬁuamumormqrefcﬁdhe

Chat “has i r Soay® BlesAnp BebR isBH. Bl 8% o lfbSehlife MR MR SRl bpista co
as the suppl aABRparey afdh&s bedr @ampqhéwéeu%rhhe%baréﬂeﬁéa éthé?nalns as

suppl ementary spare area which has alréady been |inearly replaced 'are not
used for Ii néaﬁnrwtﬁtga%ﬁ arga dult flag.shiflagnindicatingiwhetinen a supitsentary

The a1 Gb of " GPBriveie RAEBEER IReAME RS PredeiBuPRp e G iR Shige
primary spar Drivh&s Siﬁré‘é?édhby besdiusaticls a@tdiired. SHfthisdeR8! a flag
(which can be referred to as remainder state information for a primary spare
area) representing the state of the primary spare area has such states as
shown in the following Table 1, and has a structure shown in FIG. 5A.

15 (Table 1)
flag value state
00b a sufficient amount of primary spare area remains
01b a predetermined amount or more of primary spare area has
been used, and no supplementary spare area is allocated
10b a predetermined amount or more of primary spare area has
been used, and a supplementary spare area has been allocated
20 11b the primary spare area has been completely used

A flag (which can be referred to as remainder state information for a
supplementary spare area) representing the state of the supplementary spare
area has states as shown in the following Table 2, and has a structure shown
in FIG. 5B.

25 (Table 2)

flag value state

00b a sufficient amount of supplementary spare area remains.




anount of the primary spare area renmains to manage defects, whether at
| east a predeterm ned anount of the prinmary spare area has been used and no
suppl ementary spare area has been allocated, whether at 15 | east the

predet ermi ned anmount of the prinmary spare area has been used and the

suppl enmentary spare area has been allocated, and whether the primary spare
area has been conpletely used. 7. The di ﬁrg’ of Claimé6, wherein the

remai nder state information for 20 the prnmary spare area is indicated by a
2-bit flag. 23+—8—Fhe—eirse—ef—C-atm3+— ' '
i nformation {onbt he suppl ¢mepredetermiraccambeant semerd b slipplementay epardaidier
a sufficient]|anount of thé¢ supplenentary spare area renmains to nmanage
defects, whetiher at |east |29 ned amount of the suppl enentary spare

5 area has b«:ﬁpbuged and y\ﬁ@t%&;@?ﬁgnga rentary spare area has been

conpl etely uj The erein the remninder state

prormeti on Janotne, suppl §umsiapplofeptaty Spafo bred s 696 dofictoly s 11 20

L ooty

10 10. A di S UUIIPI 1 Slf ng: A |JI Irral y Q'J(AI A3 Aur i Ul LIRASAYA %L TLEA AN UlrJ\.III
initialization of the disc; a supplementary spare area for allocation after
the initializati oHergnthe'fhad bf PAbIBSIEAHRAcats M nbeditTahatife it GAfGNd
when a predetermnm ned amount™ [ ess than a total anmount of primary spare area
has bedn usesupplemérdary sparegred eushbaripcropaed byrsiraplysepreésentingtthe prior to
the primry sl@re are%, bei na fully used. 20 11. The disc of Claim10,
further compRtaPrRWIIEh 3Ae AT TLISE ARRINLA Qs SRRl e AN PR ATPE
after the | NindsddeiAide) WerAhbUpblindHtbRrdidraardd id Siafgpbyment ary

spare area,

allocating a predetermined amount or more of supplementary spare area, the
value "01b" of the flag can simply be changed to "00b". Therefore, in

10 contrast with the remainder state flag for a primary spare area, the remainder
state flag for a supplementary spare area has only three states.

FIG. 6 is a flowchart illustrating a method of allocating a spare area
upon initialization, according to an embodiment of the present invention.
Referring to FIG. 6, a defective sector detected during certification for

15 checking the existence or absence of defects on a disc while the disc is being
initialized, is skipped without being supplied with a logical sector number, and
the logical sector number which was to be assigned to the defective sector is
provided to the next sector, and the position of the defective sector is stored
in a PDL, in step S101.

20 Next, the required amount of spare area is calculated in step S102.
For example, when the number of PDL entries is between 3072 and 3583, the
minimum size of a spare area is the sum of all spare areas required to
process the PDL entries and a spare area required to process SDL entries for
one sector, and thus becomes 480 ECC blocks. If a 32 Kbyte buffer is used,

25 and the increment between necessary spare areas is 32 blocks, 2752 ECC
blocks obtained by calculation using Equation 2 can be allocated as the
maximum size of spare area.

When the required amount of spare area is calculated, a primary spare
area is allocated, in step $103. If the size of the primary spare area is 512



second remai nder state information indicating when a second predeterm ned
anount | ess than a second total ampunt of the supplementary spare area has
been used, so that the another 5 supplenentary spare area is allocatable
prior to the supplenentary spare area being fully used. 12. The disc of
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concluded, in step S106.

15 FIG. 7 is a flowchart illustrating a method of allocating a
supplementary spare area using information on the remainder state of a
primary spare area, according to an embodiment of the present invention. A
determination is made as to whether a remainder state flag for the primary
spare area set during initialization is in a state "01" in which the primary

20 spare area has been almost used and a supplementary spare area has been
allocated, in step S201. If the answer to the step S201 is no, another
determination is made as to whether a supplementary spare area is to be
allocated, in step S202. If it is determined in step S202 that allocation of a
supplementary spare area is required, the size of the supplementary spare

25 area is checked, in step $203. That is, the maximum size of a supplementary
spare area that can be allocated, and the maximum size of a supplementary
spare area that must be allocated, are checked. The size of the
supplementary spare area that must be allocated, can be set by a user, or
can be a predetermined increment.

30 The existence of a sufficient amount of continuous empty space at the
rear of a logical file area is checked, in step S204. it is determined whether



24 19. The disc of Claim 14, wherein the remainder state information for
the primary spare area further indicates whether a supplenentary spare area
has been allocated on the disc. 5 20. The disc of Caim 14, further
conprising information of a size and remai nder state of a supplenentary
spare area, the information of the size and renai nder state of the

suppl ementary spare area being stored upqg initialization of the disc. 10
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25 invention. A determination is made as to whether a remainder state flag for a
supplementary spare area for replacing secondary defects generated during
use of a disc is in a state "01" in which the supplementary spare area has
been almost used, in step $301. If most of the supplementary spare area has
been used, another determination is made as to whether another

30 supplementary spare area is to be allocated, in step S302. [f it is determined
in step S302 that allocation of another supplementary spare area is required,
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the maximum size of a supplementary spare area that can be allocated, and
the size of a supplementary spare area that must be allocated, are checked.
The size of the supplementary spare area that must be allocated, can be set

5 by a user, or can be a predetermined increment.

The existence of a sufficient amount of continuous empty space a the
rear of a logical file area is checked, in step S304. Then, it is determined
whether the empty space exists, in step S305. If enough empty space exists
at the rear of the logical file area, a supplementary spare area for linear

10 replacement, of a predetermined size, is allocated starting from the rearmost
portion of the logical file area, in step S306. When an area that has already
been linearly replaced is allocated as the supplementary spare area for linear
replacement in step S306, a defective block within the supplementary spare
area is not used for linear replacement, and the SDL entries must be kept

15 without change, as described above referring to FIG. 3.

After the step S306, management information for the supplementary
spare area, that is, a remainder state flag for the supplementary spare area,
is initialized back to "00", and the size of the allocated supplementary spare
area is updated, in step S307. Then, the process is concluded.

20 If a sufficient amount of continuous empty area does not exist at the
rear portion of the logical file area in step S305, empty areas are rearranged
in step S308. Then, a determination is made as to whether a sufficient
amount of continuous empty area exists, in step S309. If there is a sufficient
amount of continuous empty area, the step S306 for allocating a

25 supplementary spare area is again performed. If the amount of continuous
empty area is insufficient even after the rearrangement of the empty areas, a
message "a supplementary spare area cannot be allocated" is displayed, in
step S310. Then, the process is concluded.

As described above, in the present invention, information on the sizes

30 of a primary spare area and a supplementary spare area can be calculated
by a simple numerical expression, and information on the remainder states of
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1. A disc comprising:
a primary spare area allocated upon initialization; and
5 a supplementary spare area allocatable and/or expanded after
the initialization; and
a primary defect list (PDL) having PDL entries; and
a secondary defect list (SDL) having SDL entries,
wherein defective sectors in the supplementary spare area and
10  corresponding replacement sectors which have already been
registered in the SDL, shall not be used as spare sectors, and
wherein if a 64-Kbyte buffer is used as a memory device for
defect management of a recording and/or reproducing apparatus, a
maximum number of defect entries recordable in the SDL are

15 completely processable.

2, A disc comprising:
a primary spare area allocatable upon initialization;
a supplementary spare area allocatable and/or expanded after
20 the initialization; and
either a defect management area or a disc definition structure

area in which the size of the supplementary spare area is stored,
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spare sectors.

5
3. A disc comprising:
a primary spare area allocated upon initialization;
a supplementary spare area allocated and/or expanded after the
initialization; and
10 remainder state information for the primary and supplementary

spare areas representing degrees of use of the primary and
supplementary spare areas, respectively
wherein defective sectors in the supplementary spare area and
corresponding replacement sectors which have already been
15 registered in an SDL (Secondary Defect List) shall not be used as

spare sectors.

4, The disc of Claim 3, further comprising either a defect
management area or a disc definition structure area in which the
20 remainder state information for the primary and supplementary spare

areas are stored.
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used and no supplementary spare area has been allocated, whether at

16 least the predetermined amount of the primary spare area has been
used and the supplementary spare area has been allocated, and

whether the primary spare area has been completely used.

7. The disc of Claim 6, wherein the remainder state information for

20 the primary spare area is indicated by a 2-bit flag.
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amount of the supplementary spare area remains to manage defects,
whether at least a predetermined amount of the supplementary spare
5 area has been used and whether the supplementary spare area has

been completely used.

9. The disc of Claim 8, wherein the remainder state information for

the supplementary spare area is indicated by a 2-bit flag.

10
10. A disc comprising:
a primary spare area for allocation upon initialization of the disc;
a supplementary spare area for allocation after the initialization,
and
15 first remainder state information indicating when a

predetermined amount less than a total amount of primary spare area
has been used, so that the supplementary spare area is allocatable

prior to the primary spare area being fully used.

20 11. The disc of Claim 10, further comprising:
an another supplementary spare area for allocation after the

initialization and after the allocation of the supplementary spare area;
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and
second remainder state information indicating when a second
predetermined amount less than a second total amount of the
supplementary spare area has been used, so that the another

5 supplementary spare area is allocatable prior to the supplementary

spare area being fully used.

12. The disc of Claim 11, wherein the second remainder state
information selectively indicates whether a sufficient amount of the
10 supplementary spare area remains to manage defects, whether at
least a predetermined amount of the supplementary spare area has
been used, and whether the supplementary spare area has been

completely used.

15 13. Thedisc of Claim 10, wherein the first remainder state
information selectively indicates whether a sufficient amount of the
primary spare area remains to manage defects, whether at least a
predetermined amount of the primary spare area has been used and
no supplementary spare area has been allocated, whether at least the

20 predetermined amount of the primary spare area has been used and
the supplementary spare area has been allocated, and whether the

supplementary spare area has been completely used.
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14.  Adisc, comprising:
a primary spare area used in defect replacement; and
remainder state information for the primary spare area indicating
5 whether the primary spare area is not used; at least used a

predetermined amount, and full.

15.  The disc of Claim 14, further comprising a supplementary spare
area which is allocatable after initialization of said recording medium
10 and before the remainder state information for the primary spare area

indicates full.

16.  The disc of Claim 14, wherein the size of the primary spare area
is based on the number of defects generated upon initialization of said

15 disc.

17.  The disc of Claim 15, wherein the supplementary spare area is

allocated a plurality of times, after initialization of said disc.

20 18. Thedisc of Claim 15, wherein the supplementary spare area is
allocated in a forward direction from a rearmost portion of the

supplementary spare area.
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spare area has been allocated on the disc.

5
20. The disc of Claim 14, further comprising information of a size
and remainder state of a supplementary spare area, the information of
the size and remainder state of the supplementary spare area being
stored upon initialization of the disc.
10

21. Thedisc of Claim 14, further comprising remainder state

information for a supplementary spare area selectively indicating

whether a sufficient amount of the supplementary spare area remains

unused, at least a predetermined amount of the supplementary spare
15 area has been used, and the supplementary spare area has been

completely used.



