27 FEB 2006 1 RECORDI NG MEDI UM HAVI NG SPARE AREA FOR DEFECT MANAGEMENT
AND | NFORMATI ON ON DEFECT MANAGEMENT, AND METHOD OF ALLOCATI NG SPARE" AREA
AND METHOD OF MANAG NG DEFECTS 5 BACKGROUND OF THE I NVENTION 1. Field of
the Invention The present invention relates to the field of optical
recording nedia, and nore particularly, to a disc having infior A3 1005 on
the sizes of allocated spare areas and the renmaining anounts thereof, in
whi ch an appropriate 10 anount of spare grea is allocated upon
initialization, and a supplenentary spare area is allocated if the spare
area is insufficient while bei ng used after conpletion of initialization,
a nethod of allocatin e spare areas, and a nethod of managi ng the
defects of the suﬁﬁfég&mu@wﬁmw HAHNGSPRREAREA PORPDEFRCTRel ated Art

15 In recordi | discs spare area is allocated
once upon i ni W@ﬁ#@ﬁ%@sdﬁﬁwﬂﬂ@m%ﬁ% ¢ € MANAGEMENT)ANRd
during use METHODIOFCALLOUNA h |§

using a disc, an approp‘r'the a%§?ﬁ€%&ﬁ‘§%wgh @Ejﬂébﬁﬁwm ng
to the state of the disc upon initi abEgECTg", and a suppl ementary spare
area is allocated when 20 the spare area allocated upon initialization is
i nsufficient while the disc is being used. According to a digital

versatile disc random access nenory (DVD- RAM standard (DVD Specifications
for Rewritable Disc, Part 1 PHYSI CAL SPECI FI CATI ONS) version 1.0, each

zone Mas one spare area, SBACRGRUIURD OPAE MYERTRHA 2l | ocat ed upon
initialization since a disc has 24 zones. ITn the pritor art, as shown in

FIG 1, a fl1ag réﬁ?@s‘@‘ﬁhﬁrﬂ@v&ﬂi@nstate of the spare area allocated to each
zone within a detgel ,MRBAORVERL AT SEtd e Hidld of optical recording media,

and more particularly, to a disc havmg information on the sizes of allocated

spare areas and the remaining amounts thereof, in which an appropriate
10 amount of spare area is allocated upon initialization, and a supplementary
spare area is allocated if the spare area is insufficient while being used after
completion of initialization, a method of allocating the spare areas, and a
method of managing the defects of the supplementary spare area.
2. Description of the Related Art
15 In recording media such as general discs, a spare area is allocated
once upon initialization and no supplementary spare area is allocated during
use of the disc. However, in order to increase the efficiency of using a disc,
an appropriate amount of spare area is allocated according to the state of the
disc upon initialization, and a supplementary spare area is allocated when
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'



constituted of only one bit which represents whether or not a corresponding
2 7 FEB 2006 2 spare area can be used, i.e., whether it is occupied.
Accordingly, a full spare area flag has 24 bits of information
representing whether or not 24 spare areas are occupied. Also, this ful
spare area flag is stored in relative byte positions (RBP)EiﬁEEmHbe a
secondary defect |list (SDL) of the DMA. Wien a 5 bit representing a
corresponding group is "1 ", this repres%?ts that no spare area remains

wi thin the correspondi ng group, and when“the bit is "0", this represents

re | LLhin t rrespondi.n roup, Information on a
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al nrost 15 occupi ed cannot be represented by the onl'y one bltu _ in the
al | ocati on offé&y@maias witbinbeqaiaspondingrgroar) and wheb¥ie bRASI'G #ridar d

[ ' f . rea is allocated to each
sone. upon i HEPrEpeHE eACH S5t UBY RorBing PR 60 FPubShetting epu o be
sufficient to prokdssndtion stehephfe AR whidh E%di’?%gﬁ@@@%%m? cﬁé{@?és 20

. managenent thod that is applied to a corresponding disc: 2re, Tn or der
to ngnage dg‘f%?ﬁr@egrﬁ@@em gsents eplydwbether éhe sparel areads sccumibd pOMY

el o TP ind T O L B G o
1 il | 2o aocated ortlzay sy ordbedh P BN Rl el
osi t1 on of 18 2lBFe 7@ disstvioen fhapspArerbR hesisomenpaei acow bairg be
recorded i n Anfist BBEYIEFTAREr than when the spare area is completely occupied.
However, a problem occurs in that the state in which the spare area is almost
15 .occupied cannot be represented by the only one bit.
Also, in the allocation of spare areas according to the existing DVD-
RAM standard version 1.0, a predetermined amount of spare area is
allocated to each zone upon initialization, the size of which is predetermined
to be suifficient 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 a 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



list (PDL) in a DMA on a disc. Also, linear replacenent for replacing error
correction code (ECC) bl ocks 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 existi?% Pﬁ?—RAM 2 7
FEB 2006 3 standard version 1.0 that the position of a defect é LHE Kk

repl aced by |inear replacenent nust be recorded in an SDL in a DMA on a

di sc. However, when an appropriate anount3of spare area is allocated
according to the state of a disc upon initialization, and a suppl enentary

spare 5 areatarsdartveesioed Githdt ige poafionf d dFedtivehlBaE RIFIScRABy Atéang use
of the disc, a nore effective spare area allocating nethod is required. It

i s prescri bedeplacemgat ewistbe fgcedgddacn $Bhin APMAScdiscng and/ or

r epr oduci ng appar f I.SC,. the . .siz f buffer far tenpaorarily
storing defect rra%iadg@err\%rr\‘t@h?'ﬁfag'ral%%rgéﬂgtgﬁ%g?‘im%f833%9 %riegdsiailo%le%yt es.
Accor di ngl y, agcorfitg tecthesiaiesofld dgengici iﬁdidliﬁati&i@fanh@s@ﬁdl@:%ntw'@.?éré)f
def ects that can_be managed becones |ess than the nunber of defects that

can be I ecor @R inalarateshas de stade f the diseibesomen badasiusing useneidbestisc,

information i e m,of the sjzes of the PDL and
ShL 1 & mbout 2A5olEEedie e S aflaCadimatiRE bl TERPertibed Mooy
ranges from sieskgisting standbbd tiedtdn ehecodding @RBIoR rélstog86ihg appaffus ef at 0 be
used to process SDL entries, so that the nunber of PDL entries and SDL

entries that dése thresige of edusdterifer tesmpaoraglyestoiing defecbméaagement h t he si ze
(32 Kbyt es) . _ . OF | NVENJI ON..To, sal ve, t he above
probl ems, an%gﬁg%ﬁ'{,%%?%%gﬁ%&% i’\%—%cqrgmg% atr&SWrC MR a
recor diong nedienardied imthat e boRial ANMBS Of Hefeets that barl BE rsarfyedAhsh _
remai ni ng anount of a spare area allocated upon initialization, an W th
the size andlesfethaa e Audpesebdatecss thet spabe recerded in doaDMA anttbe disc.
initialization. Here, the defect management information includes PDL and SDL, and

the sum of the sizes of the PDL and SDL is about 60 Kbytes. Thus, in the

DVD-RAM standard version 1.0, PDL ranges from sectors 1 to 15, and the

15 remaining sectors are set to be used to process SDL entries, so that the
number of PDL entries and SDL entries that can be processed is restricted in

accordance with the size (32 Kbytes) of a buffer.

SUMMARY OF THE INVENTION

To solve the above problems, an objective of the present invention is

20 to provide a recording medium having information associated with the size
and the remaining amount of a spare area allocated upon initialization, and
with the size and the remaining amount of a spare area allocated after
initialization.

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.



Anot her objective of the present invention is to provide a nethod of 25
sinply calculating and allocating a spare area for slipping replacenent and
a spare area for linearly replacing some defects, while a disc is being
initialized, and a spare area for linear replacenment which is,required
during use of the disc. 2 7 FEB 2006 4 Still another objectigg B Nife
present invention is to provide a nethod of managing defects in a

suppl ementary spare area which is allocatgd for |I|inear replacenent while
the disc is being used. To achieve the first objective, the present

I nvention provide BSOS | racterized in that a primry
spare area all ocatss é@ azgfct)n ﬂ%@a: ||zlgg$5§9%ﬁdn‘ée@ﬁﬁd? LRy firdhadar ea
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areas are det.erm ned by the nunber of defects generated upon

i ni tializati JASHISPRGARRE Wikle thediselisdpiagtised, the present invention
provides a 10 ne | | S e area.to nage . defects in a
di sc recording ag?%m%%%rhggﬁg%tgg%@&agﬁéﬁés @Vﬁﬁ{{a’&ﬁ%v $4i ng the
steps 6f. deregardimgnyediven ohariapienizedae tigdit @pﬁrﬂéfﬁs@dr@%ré’éhﬂ&étgﬁ upgRDer of

primary def ect@ag%gnerat ed during initialization; determning the maxi num
size of a splipializalign anda supriemeatary|spere etaalinvatichafterdnitiabizsticreaef  a

menory devi c 3 t he recgordi ng, and/ or reproducing
appar at us; aﬁ&gﬁ?dg?ﬁ hg%}é%ﬁg;%g&%%eeasaqrgéfq?gm'g?‘gBiéiﬂh%”P@Eleéé’érrent
and linear rdpfentegemdrated agor IrtialiFafibAum and maxi mum si zes of the spare

area. To achieve {rhe@djhi rd objective, the present invention provides a
defect managenent ORASIRYE thesesond oblactiver iterngesent/ioventieprrdvides@ appar at us

gencr a0eq el ot SRRefing bt PRI B BgP AR ds e i fecomRg o
sup glr eirrﬁin: :a;{ a?glg?ir?nrodueiagzddpacatje,dthb(}né@i@mﬁaua%(mé b’ §5fFmitfing " at ed
he minimum size of a spare area using the number of primary defects

generated during initialization; determining the maximum size of a spare area
that must be allocated according to the size of a memory device for defect

15 management of the recording and/or reproducing apparatus; and allocating a
primary spare area for slipping replacement and linear replacement using the
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




using linear replacenent, the method conprising the step of: allocating the
suppl ementary spare area using an area that has already been |inearly 25
repl aced, wherein defective blocks within the supplenentary spare area

whi ch has already been linearly replaced are not used for lI?Z?E%ZMﬁ

repl acenent, and the SDL entries within a defect managenent th
respect to the defective blocks are not changed. BRI EF DESCRI PTI ON OF THE
DRAWNGS 2 7 FEB 2006 5 The above objectiyes and advantages of the present

invention will becone nore apparent by descrgi bi ng ig det ﬁils Jp:]ef eir‘(r:ﬁ'd .
embodi ment s t her edfhe dbdve HEEEHRICEN] 94t gﬁlp . :
lis aviewillustrating thg stlruct ure o gaéonve%%ro%%?m'?%qm?p‘%'ﬁe 5 area

flag havi ng S9COBWNTerR 8pp#EIeat b dlescn:ibimgmwdbtdil@égeitédﬁénb}ﬂéinﬁrﬂti%&égfafg a
[ havi . , L pary ,spare area and a suppl ene _

glr Zg, gggg?dmgﬁfegert%hggé?g@%ﬁ{ta&?‘%{gﬁ%}“{"&gﬁ Insyligh: 3A and 3B are vi Fws t
illustrati met hgis. of Hl def r enment ary
Spare area tn the scructare o hetR R ok B8 PRTn e sl iaE ng a5

are tabl es s Hao havinga8Pbeooterds;pri mary spare area and a suppl ementary -

ccor di he present invention, when the size of a buffer
fsg?r Se?trag'? ﬁanage t&ﬁﬁgd’il%‘@"ﬁ@@@i'ﬂgﬁ@ ghhastare ok disglwaving asiseppeaaatus i s

32 Kbytes anériﬁ%br%@pé@areraeérﬂféTsh}b?le)ﬁerﬁér‘?%ga?@aﬁée‘ég aeoftifig xc# e nressnt whi ch

illustrating the structures of a flag o mai n _
represents t Hefighee to which a spare area for nanagi ng defects has been

T ust rating a nelN: 3R a0 G689 Higws Uratingreethose of managing & aefec | on,
accordong t ogeferiid®BhBNippkémbAtary sBERIGrel ™ 8 bflsture of the disc shown
in FIG. 2; | -

FIGS. 4A and 4B are tables showing allocation of a primary spare area
and a supplementary spare area according to the present invention, when the
size of a buffer for defect management in disc recording and/or reproducing

15 apparatus is 32 Kbytes and 64 Kbytes, respectively;

FIGS. 5A and 5B are views illustrating the structures of a ﬂég of
remainder state information which represents the degree to which a spare
area for managing defects has been used, according to the present invention;

_FIG. 6 is a flowchart illustrating a method of allocating a spare area
20 upon initialization, according to an embodiment of the present invention_;

FIG. 7 isa ﬂowchart'illustrating a method of allocating a
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.



FIG 7 is a flowhart illustrating a nethod of allocating a supplementary
spare area using the renainder state information of a primary spare area,
according to an enbodi ment of the present invention; and FIG 8 is a
flowchart illustrating a method of allogatlng a 35 squIenen9qrM§f@§{e area
sing the remai nder state information of a supplenentary spare )
gcco?ding to an embodi ment of the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENT Spare areas on a di for defect managenent according
to the present 30 invention include a prinmary spare area and a

T ' are area is first
a1 Tocated for. dor she iy Sphrd FRe s al RO oM Bitedt Bedinelwionar 1 r st
used for slidisciyinitalizeceandis fifihesed forsippirpripRacthteht! m:ﬁnrﬁ%{gfter

slipping replacenent can.also_be used for linear replacene . _
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i ppi I dli r replacenment is allocated on a |
Tt L a2t BRIy lcated Whtle Bl i keing sisad alient hoeresninitialived,

[ ' iof; : increasing. t fficiency of
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def ecti ve araras far slipping ebplacemenisant linegh @plteRicM iSalRRiaish 655ided in the

next normal data . sector, so that the defective areas cannot be used after
initializati .'ngl"lﬁ‘ét'az??ﬂ%l? of hedisc.adbg shppingreplacement perforspar e ar ea

nroa o1 i meRiRonrit L 6B AR Mls Bbfedind RRERGR A ear Bhatianss uni | ¢
the disc is theispgre aszd. Howeeer, ihthesslibpin@réifaddinertt! HoRkhdk BRI agament
r'equi res at rhgrae?)tl ngts used, and data starts being recorded in the next normal data |
sector, so that the defective areas cannot be used after initialization.
The primary spare area must have a minimum spare area necessary

15 for slipping replacement and an appropriate amount of spare area for linearly
replacing defects that can be generated on a disc while the disc is being
used. Here, the spare area for slipping replacement requires at least as
many sectors as the number of entries registered in a PDL among defect
management information.

20 Supplementary spare areas of predetermined sizes are allocated in a
forwards direction from the rearmost portion of a logical file area when the
primary spare area is insufficient to process secondary defects generated
during use of the disc after initialization.

In the present invention, a direct pointing rule is also applied as a

25 defect management method for spare areas proposed t5y the DVD-RAM
standard version 1.0. That is, all defects must be processed by only one
replacement.

An extensible supplementary spare area allocated for linear
replacement after initialization could have been already used as a user data

30 -area. Thatis, a defective block, which is used as a user data area, is

allocated as a supplementary spare area, it could be linearly replaced by a



' ectors as the nunber of entries registered in a PDL anobng defect
g:zganent information. 20 Supplenentary spare areas of predeterm ned sizes
are allocated in a forwards direction fromthe rearnmost portion of a
logical file area when the primary spare area is |nsuff|c!§gﬁwgiﬂ rocess
secondary defects generated during use of the disc after ini'ti=la®ation.
In the present invention, a direct pointing rule is also applied as a 25
def ect managenent nethod for spare areas ﬁroposed by the DVD-RAM st andard
version 1.0. That is, all defects nust be processed by only one

| l | t f | i near
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2{13& g?lrent ar yggblgpgugereér b 8] 88slonly disgs, betprogesof replacsneentA$ so, in
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read-only di i rocess of replacenment is conplicated. To solve t
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area or a pr t ed, suppl enentary spare area as shown I n must

not be used ﬁi??ls":'é)‘ﬁ%@ﬁmaéﬁ ISEEEQ@'?%E‘. thaf Bas alseadybieen lideary teplaced by 8DL)
ort o, or g SeRe oAy etk el 851 S8Rl el S anda 19
FIG. 3B, must not be used for linear replacement. Also, secondary defect list
(SDL) entries for a corresponding defective block stored in a defect
management area must not be changed. The reason why the SDL entries
must not be changed is that a portion of the spare area, which is skipped and

15 not used while the spare area is being sequentially used, is determined to be
a defective area if the SDL entries used to process defects with a
supplementary spare area 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



must not be changed is that a portion of the spare area, which is skipped
and 15 not used while the spare area is being sequentially used, is
determned to be a defective area if the SDL entries used to process
defects with a supplenentary spare area are erased. Thus, a normal bl ock
used for linear replacement can be m sdeterm ned as a defeg%, ﬁnd t hus,
when formatting is perfornmed |ater, a non-defective portio £5 1§

regi stered as a defect. 20 Therefore, SDl, entry information with respect to
a linearly-replaced defective block witfin the supplenentary spare area is

not changed, d.the .corre ndi ng defective bl gck nmust not be used to
linearly repﬁargtl Sa?t‘%fsﬁéeﬁ_‘e &ﬁﬁﬁri ?Pfge%%&dc rtéﬁ.mﬁmemE%rgﬁfcﬁm@e%nd/ or
repr oduci ng @ROFGHLGRPies WHiEH BRS 10P1 5%¥bclors?thet 68 teebBlddthltfe RS PY @
tenporary storage area such as a sem conductor nenory, that is, uffer,
in order to TheredirigsedfitheSbldeteqy amaremeramdiningrdfar RDIL entricktare Stored

i bed |- D t d version 1.0 that a 32Kbyte-size buffer
< used. s RuhPa2RENle BB AT o R despclmsteshsravareReL and
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of sectors. Thus, the m ni num nunber of PDL entries stored I'n the buffer

is for one sect ortieagr! thaamarinumaliowatie sizef of RDbpate Aré&a PAffarg spaty | es
stored in th uf rrespond to the .maxinum n er of entries (i.e.,
7670 ent 11 coTGh A UGS a8 €5 SRR By e Sizecd @ bifareoy
The entries 9k dunsoeplds FITIC AN | af .entries are
stored in the 32Kbyte%?gyte§’arbn%{e?ﬁtgg aﬁ@%ﬁ%ﬁﬁ?ﬁ%w&%ﬁ##@s whi ch
have a si ze Sneanadglefecticaprprabablyibeigendratetcevatindhetspare ard, amnaxdfa 15

o LA o SR SR S QI
fore, since a depent PLaorlTREriBRBREPOMTY Thol S ERILEBRL 2 Srear an
extra information associated with defects having a size of 30 sectors can be used
to completely process the maximum number of entries (7679 entries: for 15
sectors) that can be recorded in the PDL and the maximum number 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 the deféct management
information area 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.




10 spare area for the possible defect nmust be considered. In the present
I nvention, a 60Kbyte buffer that can store defect information associated
with defects having a size of 30 sectors can be used to conpletely process

t he maxi num nunber of entries (7679 entries: for 15 sect orsé t@ﬁt cEan be
recorded in the PDL and the maxi mum nunber of entries 15 (38 ’} tlbes: for
15 sectors) that can be recorded in the L. Also, if a buffer is set to
have a 64 Kbyte size, the 64Kbyte buffer can process as nany defects as

can be recorded i FIGSe 404RE4BEREIGSIEE R ovs t%%é\b ﬁf‘sﬁ{g%‘%{% gfg? to the
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that can be allocated is.res"tnrsi%gtwesdtﬁgo%%gh?@n ré\t/)épgf %Péc?é‘?ré'?rsr’riﬂ?%&%munt
of i ncrlenent PePrespssedanitbresrestdo she nunbrer of fhecedreadpbinding PDL @fided

I'n

anount of sp an .he .great sinplifjed as described |ater.

consi der at i oihgf nﬁél'?@?sr?@rtﬁ?,tﬁ'éggﬁg%@" Qgg%teftﬁ? MYNiMyEN sizesraf sparseansas, f or
managi ng pri waich aref Ssda] I LAY i enfries in units of
sectors. 512 PDL ent?fﬁersscor@%gnﬂbta%’g%%lmse\eac?ér,%ag%r%%@rdﬁ nt of a

spare area f BlaNggetest enyiesior Mbkarepldcemart bf 688 eedfhri®afscatdsy EFaP! ocks.
One ECC bl oc]g 2 7. FEB 2006 9 FIGS. 4A and 4B are

. t .
t abl es showi ngnﬁg&@f@gﬁ gl'z%e égr@?%ﬁ'@?st%%n breallogated isthe Beminifefler is 32
Kbyt ed0and 6dpdfe)iress réQARRFId MidkYss HbePere?ﬁrie?é)bvﬁﬁ% sé_agg %ﬁ%‘ E‘%‘{ﬁ%ﬁ’%h eféi n

and 4B represents the nunber of PDL entrres, and
shows t he neRioFaRs hebBL eitriedforemmne sextor.t hat can 5 be processed, with

_respect to the n r. of the corresponding PDL entries. The nunmerals in
the third col unnugﬁ‘%&%‘f ‘E‘Hﬂmﬁisgl%?n‘?@i@'@ﬁwm sizmpbspareareas required to

process all defects under a corresponding defect condition. The first
subcolumn in the fourth column shows the maximum size of required spare
15 areas in blocks, the second subcolumn shows the minimum size of required
Spare areas in mega bytes (MB), and the third subcolumn shows the
minimum size of required spare areas as a percentage (%) of the entire
capacity. The next column shows the total number of defect entries that can
be processed. The last column shows the maximum amount of a spare area
20 recommended by the present invention, that is, the amount of spare area
simplified in consideration of an appropriate amount of SUppIementary spare
area to facilitate calculation of the amount of the spare area and replace
defects generated in the spare area. In the last column, the first and second
subcolumns show the maximum size of recommended spare areas in blocks
25 and the percentage of the spare area to the total recording 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,




which are expressed in ECC blocks, required if a spare area for defect
management entries for linear replacenent of one sector is allocated. That
is, the mininumsize of spare area that can be allocaiﬁd is the sgg;of al
10 spare areas required to process the PDL entries w a spa
rgunred to procgss the SDL entries for one sector. The nextggdﬁﬂﬂﬂmshoms
the m ninum size of spare areas required to process all defects under a
correspondi ng defect condition. The f|rsq9 subcolum in the fourth colum
shows the maxi num si ze of required spare I5 areas in blocks, the second

bcol h t A bigd . spare areas jn mega bytes
?lI\J/B;:O ;m tshgwtshi ?%iﬁlﬂ:o unﬁg's d&ghé[’rﬁ%'ébiﬁxﬁe &L Used, ledefeeledhabar e

areas as a p&rodetregerded inddll délecemianagemenpaeht banhbBELO Y Ly shows
t he total nE er of d%{{t%t entries that can be processeg. Itn?ﬂée% I&ast col um

shows the na ?ﬁﬁ?\sﬁﬂoa SINUNRer R Prinary @(ﬁeqf%giiﬂﬂhﬁmﬁ&:)blﬁregﬁsgingisgt o

' tion, t

of an appr opr Stb ambener ST iosty ERRIZHTH S b8 Mhvece ederies e o
cal cul &1 on Hie pérseatagenef the toled spamr sreariso a86tchssd athis HefsCs geher ate

in the spare_grea. _Ipn the last colum, the first and second subcolums
Is Eow te hep max P%S‘?noé? f@s%?eq%%%ﬁ@ﬁiﬁeas Hrrumberefprimalyl defests 6craades, he

Lng capacity of a disc,
Pespoct | vel y "MicroRES 1R Admber bf Socdhlhy R dbAled B iatadie, "set *to be
32 blocks, The thTodobmedhisprabieruiteatingns FROONS! i PRsERIRShdh of

recomrended spare ar(iaas i n blocks and the percentag e spare area

with respect TGN so‘t'%!f‘grae@‘_bﬁ@b’iﬁgb%féﬁfadﬁrlﬁ'yz @fzasﬁrﬁxémggm?ngg, \évhsn
}:EE ggggn%eg&igﬁg%&?%@ﬁ @‘wEé\ﬁ%\(Aahs%g&gje?iﬁaﬁeéem%?g?@eﬂ%%@? Ganbeief ect s
that can becomnapletely processet rdgémss:jtgpgg ?gﬁfygﬁﬁf Eﬁtﬁ‘ﬁfﬂg?@ﬁf@&?g@ ee: ﬁley
processed. Aasmwr?t &u s%%?é a(r)éa 85[1;1 rlr)%rkyept relatively E:onstant from about 2.7% to 3%.
The present invention describes a disc in which a spare area for defect
management is partially allocated upon initialization according to the usage
15 purpose of the disc or the state of the disc, and a supplementary spare area
is allocated after initialization when the size of the spare area is insufficient.
Accordingly, when the supplementary spare area must be allocated, the
amount of a supplementary spare area that can be allocated must be
calculated in advance. That is, the supplementary spare area can be easily
20 allocated by recording the size of a supplementary spare area that can be
allocated in a disc definition structure (DDS) of the defect management area
(DMA), upon initialization.
The size of a spare area for defect management can be simply
calculated as described below. When the 64Kbyte buffer is used, the
25 maximum size of a spare area that can be allocated can be calculated by the

following Equation 1:

E,
wimum size of spare area = | 5’1’ ‘;L]X32+ 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: .




actual nunber of secondary defects that can be processed decreases, and 5
the percentage of the total spare area al so decreases. This neans that the
state of a disc beconmes worse as the nunber of primary defects increases,
whi ch reduces the nunber of secondary defects that can be mag@ged. To sol ve
this problem referring to FIG 4B, the present invention r RieliEls usi ng
a 64 Kbyte buffer. In this case, a maxi mum nunber of 10 secondary defects
that can be recorded in a defect managenmgpt area can be conpletely
processed regardl ess of the nunber of primary defects. Al so, the anount of
spare area can be kept relatively constant from about 2. 7% to 3% The

present invengj.0Q.de i bes di [ | Bppich re area for defect
managemnent isﬁiggrgltzga(?)féfb%%%ggt"emg%m H‘?%T%%St--i-(&h according to the
usage 15 purpose of the disc or the state of the disc, and a supplenentary

spare area is allocated after initialization when the size of the spare
area is insufficient. Accordingly, when the supplenentary spare area nust

be all ocated, the At O p Eepent ary . spare area that can be

al | ocat ed must be™" %gﬁécjﬁtﬁnast L&ﬁpﬁfag\@gﬁe.d’:‘%ﬁsp@Qaﬂrﬂ’éms‘UW@IGéM@*ﬁfhry spar e
area can be easily 20 allocated by recording the size of a supplenentary
spare area that can be allocated in a disc definition structure (DDS) of

t he defect managenent area (DMA), upon initialization. The size of a spare
area for defect managenent gan be sinply calculated as described bel ow

Wien the 64Ktdgesnouéxosed's -J28d", EhedeRotesthaHimber 8f PhL%e ea that
can be allocated can be caleld at eciJBEy the follow ng Equatr?(g?]é’%lﬁ{xi nmum

size of spare area = [512 PDL] x32+ 4096 bloc... (1) Wen the 32Kbyte buffer
is used, the maxi num size of a spare area that can be allocated can be

cal cul atod ot HhossRanTRIEHAR Foss (Coi T A b ATRATHY oP2'e
size of a spare area required to process the maximum number of defects is
5 approximated for simple calculation, when the number of primary defects (the
number of PDL entries) is less than 512. Here, the size of a spare area is
shown in ECC blocks. 256 (=S, ) denotes the size of a spare area required
to process SDL entries for one sector.
a maximum spare area recommended by FIGS. 4A and 4B is about 4%
10 larger than that an actually-required 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



In Equations 1 and 2, [ 512 ] denotes a maximum i nteger which does not
exceed " 512 ", EPDL denotes the nunber of PDL entries, and 32(=I NC)

i ndicates an increnent. 4096 (=SM'x) is a nultiple of 2 in which the size
of a spare area required to process the maxi mnum nunber of dﬁZ«j g b@ 5
approxi mated for sinple calculation, when the nunber of pri &[E dilct s
(the nunber of PDL entries) is less than 512. Here, the size of a spare
area is shown in ECC bl ocks. 256 (:SSDL)l denotes the size of a spare area
required to process SDL entries for one %ect or. a maxi num spare area

reconmended S 4% 10 larger than that an

act ual | y-reqﬁ?@d Sp%éﬁ‘trgé:%gé%f_ eSL@?’EéJée%‘FFX %are@égﬁmﬁ%?f WheN area are
det er mi ned i snetinsholettalfisparebratefcipiifs, ﬁ?@?érﬁbfé&jvdh@naﬂ]é&%iﬁ rﬁfn?@er gind are
expressed in nmultiples of 2 so that calculation of the size of a spare

area is si mplPiaGkEAEMALOL QA% oidbe spBranrRsdistised hendbat agupplensintaryof a

1 v it e . ; f
¢ bcommended Sha R iERIBEARA M e iRt 8 shh B Rrends SPTelehiusen ©
suppl eent ary spafrethis easd, atemaintiebstadd 118§ PdfeseiiRy tﬁ@ydédg\ée of B?é gfEntary

spare area can be easily allocated during use of adisc. suppl enent ary
spare area i SPaI9 Yeailefedirathio indicatethat isepredetenpisiesh@noantorspareeofthea nust

be i dgpi | | 1 ocat ed .
i3l 1 vat 1 SR A ER e erfu i Tals WA Gl g stetiRtamtian o ne
case when a_HupSHEGRAEAhisHRRILGRNSIEdPuSSHB! Bedpart e sm?é}néingié 'S

actually used, defects are hi ghIY | i kely to be conti nuous genet at ed.
Therefore, itNaRexsHag spareares feliflagt Anflag pndicatingtwingtheparsuppleseerita® FEB

when 30 smal PPAEIEH e U BRI W Brl R oS RrmBE ARaUR oore Gbhal n
rsmﬂ Bisfare ngl;] t anﬂmIQSy siparel dre@haR156eti uddtt iSBRbGeqlifdd.| fh HRCasd Rafhd hat a
{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.




spare area is allocated after the allocated spare area is conpletely used.
51In this case, a remainder state flag representing the degree of use of a
spare area is required to indicate that a predeterm ned amount or nore of
the spare area has been used, rather than representing onlygt7 Bsiﬂﬁﬁt es, in
which the spare area has been conpletely used or the spare area"s I
remains, as in an existing spare area full flag. A flag indicating whether
a suppl enentary 10 spare area has been aggocat ed when a predeterm ned
anount or nore of the primary spare area“has been used, is also required.
In this casef a ftag—{whjech—can—-be—+eterredto—as—renninder state

i nformation f@tba pri nary| apeedeteanzed amﬁmm&ﬁﬂﬁoﬂégoﬂshﬂafetn?érﬁaﬁif spd8 area
primary sparge area has suf sbates as shown in the follow ng Table 1, and
has a structjure _shown in @8 PSAN UPEd( Tapl e 1) 20 flag val uestate 00ba

sufficient ampgypt of prim . remal ns 01 ba predeterm ned amou
or nore of p X :ﬁ%gaﬁ‘gés?)&@ﬁaﬁééa and_no_suppl gament ary spare
area is all

mied 10ba pr eGR!USBIARENRIP YD red et BlenfidRibil BELE, 2 o2

has been used—and—a—suppterentary—Sspar _ he
primary spare area has been conpletely used A flag (which can be referred
to as renni nder sHake® theF ' ; : e area
representing the stat'ethof@?%tﬁsa%p‘bp?%%gﬁvgéé%%;@&gé'é’aﬁ%gg‘%‘?'é‘?é’itré?s shown
i n t hedf ol | ostipRieMabtary 2pasmaremarnust Isé inoreasa HPSMply rdpré$datigRhe25 (Table

I tate 00b | uf ficient amount of suppl enentary spare area
rZZarr;: ﬁg vg gsetg IFIZ\MBI@R a pre%e?ermlned amount or more of supplementary spare area

has been used. When the supplementary spare area is enlarged by

allocating a predetermined amount or more of supplementary spare area, the
value "01b" of the flag can simply be changéd 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 sup'plied 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, énd 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 S103. If the size of the primary spare area is 512



13 01 ba predeterm ned anount or nore of supplenentary spare area has been
used. 10bno corresponding state 1lbthe supplementary spare area has been
conpl etely used Here, the flag of Table 2 can indicate the necessity that
the size of the 5 supplenentary spare area nust be increased by sinply
representing the state in which a predeterm ned anount or ”DrF7PEBZ@%
suppl enentary spare area has been used. Wen the suppl enentary spa ar ea
is enlarged by allocating a predeternn q anount or nore of supplegent?ry
spare area, the value "01 b" of the flag can sinply be changed to "00b".

arca, the o sk Banatinldh 524 BT B Bl Lion kdrassts Bl RBLon ;"' ©
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wi th ad ogi calipplectentaryspzee area s cdlb@latarDbyg slbPR&ING thB WiRess hBiiaves to
be assigned to the defective sector is proiyn ded thr)@t he next segt; réﬁ?and

the positi onSBRG #®agatiacateddn stap 330$,§F@ﬂdlﬁ@?1axliml:mdsﬁ>&_of l]'[hB $1§elaq8 zzaﬁéaJllzbr 20
, th ' re. a i s. calcu In ste .

xcaml e, - uhoiEted Y $lsMRsferf b is; Tof Brsite. SimmaxtaiBsis, Sithe

i ni mum si e sbpienkpRary spcke aide, RMOTOTHIoald, cBRBRCAABRA AL T od o

process the PDL entries and alﬂst?gare area required to process "SDL entries
for one secfdbtragiing e EQSeblosks of e aitTaedplimary spare3eiiydne 20621 er i s

e BPocks. SotaPIoeRS B Rl SR ARe iR roie 58 & Yecat ed as
the maxi munsgpglenehtapapar@brs (e.g., 2240 ECC blocks) and information on the

remainder state of the supplementary spare area, are récorded at
predetermined positions in a DDS or DMA area, and initialization is
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 $202. 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 S203. 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 éllocated, 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



When the required anount of spare area is calculated, a primary spare area
Is allocated, in step S103. If the size of the primary spare area is 512 2
7 FEB 2006 14 ECC bl ocks, a maxi mum of 224 ECC bl ocks are used to process
the PDL entries, and the renai ning bl ocks are used to procesa &Eg @EL
entries. After the primary spare area is allocated, a remain é {8 e flag
for the primary spare area is set to an initial state "00", in step 5104.
The maxi mum si ze of a 5 supplenentary spgge area is cal cul ated by
subtracting the size of the primary spare area, allocated in step S103,

from the maxienuoylsermtpbpadieesiet, th Q{fe?asz‘)'@' ﬁlé'nefjgﬁ’ ngmbéti)?%/ﬁ Cesg,g.ggrgén step

S105. For exanple, the maximum size of the supp spar a, 2240

ECC bl ocks, H¥nrese of e lagigad filevgreau btsupplémentan2s=Ee dpbo fdrdireér t he

|l ocated pr| 2752 10 ECC bl ocks of th i mum spar

rea it or nidaderBRt Br Ae8ud G R e, 18 Alltaipd iR pa fremiPedepEmESt 2540

ECC bl ocks) padionndfahatsgiodl e atd in S&PSDIET nﬁr%g%rrféht W&B@,%?‘l f%gm%t ary
or

spare 8rea, are recorded at predetermned positions In a ar ea,
and inPti al i $4RRIBMENtary space awed thatris,sa egmaibaer stbfe Fag¥orthés a fl owchart

nf or mat | on SaPHRReRterisnlls SR K ufbiz3dRReRar Y08, 4d He ucmationren ng 1o
an enmbodi mentheadizé bethey m@méﬁﬁ%?% arka iQ%}&;@é@d“ﬁ{ s8p Sz%ﬂﬂﬁﬁeﬁﬁ%o

whet her a remainder state flag for the primar spare arfea set
initializatiRPCPSS imcenclydad n amavda that hhe afreadpbyeR InsRAy FoAE€ad has
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S202. If it is determ ned in step S202 at a 1 on cérmentary
spare area ilf19gdgeplasamentangiithe SIPL ehtriesuppstdrekeptwitroptthadde, &dsea i S

checked, in &és%ﬂbga%%ovy}ger}ir?g tg EFG.n?.Xi mum size of a supplenentary
If a sufficient amount of continuous empty area does not exist at the
rear portion of the logical file area in step S205, empty areas are rearranged
15 in step S208. Then, a determination is made as to whether a sufficient
amount of continuous empty area exists, in step S209. If there is a sufficient
amount of continuous empty area, the step $206 for allocating a |
supplementary spare area is again performed. If the amount of continuous
empty area is insufficient even after the rearrangement of the empty areas, a
20 message “a supplementary spare area cannot be allocated" is displayed, in
step S210. Then, the process is concluded.
FIG. 8 is a flowchart illustrating a hethod of allocating a
supplementary spare area using information on the remainder state of a
supplementary spare area, according to an embodiment of the present
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 S301. 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 $302. If it is determined

in step S302 that allocation of another supplementary spare area is required,



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

suppl enentary spare area that nust be allocated, can be set by a user, or
can be a predetermned increment. 30 The existence of a sufficient anount

of continuous enpty space at the rear of a logical file ar éd 8 Becked,
in step 5204. It is determ ned whether 2 7 FEB 2006 15 enough enpty space
exists, in step S205. If enough enpty spage exists at the rear of the
logical file area, a supplenentary spare area for linear replacenent, of a

pr edet er m nethessize of te %bﬂéﬁkﬂ?&r%sﬁ%é e l%%’ﬁ}ewgd lﬁ%&é&%{m% pgﬁt jon of the

| ogical file area, in ste agenent orndti o

suppl enent ar fhespaxien size ermsup;slemntmlparbaareﬁ tﬁtaﬁcéﬂl Be d‘ll@éatbaeand
suppl ement ary s a?‘%gfgr ea. . is initialized back t and the information

on the size of SHRPIRAERK SR g ALea fhat m‘éStLRﬁﬂiCé‘@ted @re chectszh 7.

Then, the prRées® dfIheQN t
i near| y replaced is all ug(k:)at e g&ﬁ%@%ﬁ%ﬁ%ﬁ%ﬁ@ry SB)%PEe%a%Q% §et| i near

repl acément bwnadisep qFOD&Sm@,a rredefesmiriedsinbienedntwi t hi n the suppl enentary
Spare area i s not sed ne s gl acenent, and the SDL entries must be
kept wi thout chanb@® eé's? eQﬁ?s /3 Bdfficienbamoupt ek sanitpupys ety spage aghe

sufficient aevof aQégl@QﬂﬁlbW@é‘ffs @W@éléédafrﬁggg%‘?ﬁmnot ) rjfs% a%ggrh{]r?ee%r ear

portion of the logical file area in stép enp rranged
15 in step Sﬂb@helrm;%mt)depmmmaﬂs; orstep SE@8e [RendugBeibhEspatesaidtsCi ent

f t ste 8209 If there is a
Ui ci ent - SbReAZe B beRaEle Hne:  supdamentasy soais emsdor brear | ocat i ng a
supp! ggrent arpgp mrﬂ@ﬁakﬁeﬂ@ﬂnﬂ B8's Z‘téhfgaglloca{e g%ﬁ@{ﬁ)#%tn th cont |53uous

errpty area i s |nsuff|C|en even a ter e rearran ar eas,
a 20 messageportion @ﬁm@mmadrnie area; @ stepaS 3081 hebearfhicCRbERAS éﬁeé’dysm ayed,

in step S2 ]lg)eenT neer}:irly repl roclg Sa?loé;asteg%gctlhg%ﬁgplementary 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



FIG 8 is a flowhart illustrating a nethod of allocating a supplenentary
spare area using information on the remainder state of a supplenentary
spare area, according to an enbodi nent of the present 25 invention. A
determ nation is made as to whether a renminder state flag flof FEB 7p05

suppl enmentary spare area for replacing secondary defects generated during
use of a disc is in a state "01" in which the supplenentary spare area has
been al nost used, in step 5301. If nost ¢f the supplenentary spare area has
been used, another determ nation is nade as to whether another 30

suppl ement ar ¥paReaRa8ie8td ' dorsS

determ ned i Fr)1 step S302 C{rﬁgtbﬁgﬁﬁ%@éﬁ%%bgﬁatéhgtsﬁéf&g%%z%arde% z}arméspar e
area is requfledbly andeffggivefosllamtedandinzanagfedt he suppl enentary spare area
is checked, in st S303. That s he xijmum si ze of a suppl enentary
spare area that cgﬁs ﬁ' ﬁ]q W@ﬁ?@h‘,ﬂvﬁﬂ{.ﬁon'tdége‘éti"%ﬂ%?ksawgrt‘}ﬁﬁh@rrent ary spare
area that musipplenfntR9apare arifa@etifld for m?e%?"régla%n%e*ﬁ? SHPshgent ary
spare area that must bé allocated, can be set a user’,  or “can be a

pr edet €r mi ne€infrigsraramet changed aosthehmelfahctiorsisfdreeéntet. anount of conti nuous
enpty space a the rear of a logical file area is checked, in step 5304.
Then, it is determ ned whether the enpty space exists, in step 5305. If
enough enpty space exists at the rear of the logical file area, a

suppl ementary spare area for linear 10 replacenent, of a predeterm ned
size, is allocated starting fromthe rearnost portion of the logical file
area, in step S306. Wen an area that has already been linearly replaced
is allocated as the supplenentary spare area for |inear replacenent in
step S306, a defective block within the supplenentary spare area i s not
used for linear replacenent, and the SDL entries nust be kept 15 w thout
change, as described above referring to FIG 3. After the step 5306, -
managenent information for the supplenentary spare area, that is, a
remai-nder state flag for the supplenentary spare area,




‘is initialized back to "00", and the size of the allocated suppl enentary
spare area is updated, in step S307. Then, the process is concluded. 20 If
a sufficient anount of continuous enpty area does not exist at the rear
portion of the logical file area in step S305, enpty areas ar Fﬁfrranged
in step 5308. Then, a deternination is made as to whether a uf fitc{l8ht
anount of continuous enpty area exists, in step 5309. If there is a
sufficient anount of continuous enpty area, the step S306 for allocating a
25 suppl enentary spare area is again perfggnmed. |If the anount of continuous
enpty area is insufficient even after the rearrangenent of the enpty areas,
a nessage "a suypbereNbiiad gpare area cannot be allocated" is displayed,
in step 5310. Then, the process is concluded. As described above, in the
present invention, information on the sizes 30 of a primary spare area and
a supplenentary spare area can be calculated by a sinple nunmerica
expression, and infor &%0..Qn the remi nder states of 2 7 FEB 2006 17
spare areas is s'éW@ﬁgg siapaterrlisationd tihéulkBape areas can be nore
flexibly and effectively allocated and managed. Al so, in the present

i nvention, defective blocks within the supplenentary spare area are not
used for linear replacenent, and SDL 5 entries are not changed, so that

mal function Bs preverR ddfecmaragBdindtBodBRh disc @cBldi®glahdior @ ai m set for
divisional application 1 11 July 2002 5 1. A defect managenment method of a

di sc recordi ng aBgfRIuCIHERS G QWB?%rgﬁrﬁngB{unﬂqrcgfq%gg% I?Jgim didu;n

including a primary spare area gﬁ{oca onini

| t | t abl e.. and/. d ft th
Supplenmentary SRALR ﬁge{qﬁ%@acakg& abER IR RAGSN aSRAnde At ter Lhe,

area allocatable and/or expanded after the initialization, the method
comprising:
10 allocating the primary spare area upon initialization: and
allocating and/of exbanding the supplementary spare area after
initialization,
wherein defective sectors in the supplementary spare area and
corresponding replacement sectoré which have already been

15 registered in a secondary defect list (SDL), shall not be used as spare

sectors.

2. The defect management method of Claim 1, such that when an

area that has already been linearly replaced after the initialization is
20  allocated as the supplementary spare area, defective blocks within the

supplementary spare area which have already been linearly replaced

are not used for linear replacement, and secondary defect list (SDL)



conprising: 10 allocating the primary spare area upon initialization; and
all ocating and/ or expandi ng the supplenentary spare area after
initialization, wherein defective sectors in the supplenentary spare area
and correspondi ng repl acenent sectors which have al ready bqu &8 7006
registered in a secondary defect list (SDL), shall not be used as spare
sectors. 2. The defect nmanagenent nethod of Claim 1, such that when an

area that has already been linearly replaced after the initialization is 20
al l ocated as the supplenentary spare areal9defective blocks within the
suppl ementary spare area which have already been linearly replaced are not
used for |inear entigsanitnesspechtulthectefadtiveybldefeintthtiexpat @A $pate arédB 2006
19 entries with respect to the defective blocks in the expanded spare area
are not changedar&nofldttangidnod of Caim 1, wherein the supplenentary spare
area 5 is allocated in a predeterm ned si.ze starting froma rear portion
of alogical file area of the disc, and linearly replaced by the primary
spare area or a pre-allocated supplenentary spare area.

3. The method of Claim 1, wherein the supplementary spare area
5 s allocated in a predetermined size starting from a rear portion of a
logical file area of the disc, and linearly replaced by the primary spare

area or a pre-allocated supplementary spare area.




