2 6 OCT 2006 1 RECORDI NG MEDI UM HAVI NG SPARE AREA FOR DEFECT MANAGEMENT
AND | NFORVATI 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 I nvention The present invention relates to the field of optical
_recording nmedia, and nore particularly, to a disc having mi@rg‘ptmqn on
the sizes of allocated spare areas and the remaining anounts thereof, in
whi ch an appropriate 10 amount of spare agea is allocated upon
“initialization, and a supplenentary spare area is allocated if the spare
area is insufficient while being used after conpletion of initialization,
a nethod of allocating the spare areas, and a nethod of managing the
defects of the supREGRRIING MERMUMIHAVING SPARE AREAOROR DEFECTe! at ed Art

éﬁc'e”uéﬁﬁ(’fﬂlt ANAGEMEATE AN INE e ooy TugHEGT AlatiAGEMENT. AN |
usi ng s di s, METOLOFALLOCHTNG SPARI AREA ANIEME P GERANAGITRY

to the state of the disc upon initialpRECQ® and a suppl enentary 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 ha# one spare area, SO BA@KG%@ﬁDS@FV'ﬁ-IErINVENQﬂGNal | ocated upon
initialization since a disc has 24 zones. e prior art, as shown in

FIG 1, aflagr erﬁ'@@é?ftthﬁdwﬁﬂﬁl%lt ate of t he spare area all ocat ed to each
zone within a def gl GRANAAPIRALGS Flalcd¥Dthe Sield of optical recording media,
and more particularly, to a disc havmg information on the sizes of allocated -
spare areas and the rerraaining 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 msufﬁcrent while being used after
completlon 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 6 OCT 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 occupi ed. AI;R, b@is full

. Spare area flag is stored in relative byte positions (RBP)Z6 JJ 5 of a
secondary defect |list (SDL) of the DMA. Wien a 5 bit representing a
corresponding group is "1 ", this represepts that no spare area renains
“within the correspondi ng group, and when the bit is "0", this represents

that a spare spara areasandenised, h.et, WheRBF R PSERipNE, IASSEdir] bafe ON a
spare area, whi CR Is constituted of only one bi tpﬁgds desc'rigg%?ﬁggtgggfb

represents orfii§d s 24 fhits 9f infermation represeniipigedhetoar ot 0ot e spareer hand,

in di [ | b | | oc. af
it o zat orees e BEBEL IR SO M A REANE BB e R ot tERe Bl il
al I ocat ed on posiicres (REP) 8 te 15uFrLseioPRIaNRgeRENRst (SPI) bftie BVAL ewdlenhei Ng

al nost gccupi eg rat her than when the spare area is conpletely occupi ed.
However? a prijbienresrntinga carespending dsewp is ‘{11, tiis represents fhat@ospege i s

| most 15 ' by the onl it A inth
2l locat i on_of *reRgy me s n BN APPSR brold il e de R ek, a” |
version 1.0, reppesetits ﬁfaﬁamhré@éafrejlﬁhbirl%pﬁitfﬂnﬂﬁ@éoﬂréspc%diﬁ%gff to each

zone upon initialization, the size of which is predeterm 0 be

sufficient to prodBfsmationgst aspere aea, wdichie constilyéed bfonlydbetedsit a0

managemnent ' ' t grrespondi ng di sc. Here, in order
to nanage d gﬁ%éc%'(t&gb%ﬁ %rgolg\;' %hge?)g%?@é &?‘é@ﬂﬁsheéaf% TR Pgﬁ"?ai% 9?0‘49'?%p Oy

repl actirent rthelotiderdiark iineists iflSH{6H & stpplRAEnt it Mea bfiedl sector
nunbers to t%l defects, is not used for defects generated upon
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recorded in almostecsupled éather 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 sufficient 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 hot 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 areaq, 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 expstithggVvD- RAM 2 6
OCT 2006 3 standard version 1.0 that the :g)osition of a defective block
-repl aced by linear replacenent nust be recorded in an SDL in a DMA on a

di sc. However gtaMiind 98 I | f are areg is allocated

according to the state o$ gqglmsagtlﬁ%gggwﬁbtoﬁglqseg%(fti"Sﬁ’,loch@péa@dﬁf WRatt ar y
spare 5 areafé¢plagéineotmest bs réd:mdeﬂ&h%nCSDLWa@iM&oh%ﬁigg_s bad during use
of the disc, a m)rﬁ effective spare area allocating nethod is required. It

is prescribed in VB WS a83pRIapHaterRIOUN of sparecardarig aliockted

reproduci ng a ' | ze.of._a. buffer for tenporarily
storing def ecta @?féaﬁg%b;@r?te aSt?fngf%rfarrgF??ﬁ% Qf('ﬁgﬁ'ﬁ%'o&naggéi %{PH'%mgBtaﬂbW@r .
Accor di Rgly, areaistaliccatashas thel Stageobtrad didc bacémas badaiuRnb ik JTUAB HiscOf
defects that can be %a ed becones | ess than the nunber “of defects that

can be recor d8d"P% € PeRe afRra allecatingHpethodtis eequireec tlt iseprageniteed in

information i I > f the,si.zes of the PDL and

SDL i s about go%?kﬁgmi iﬁl%gdﬁgﬁl?%gg Cg%igﬁg’@f EERISAYCING APPaFAtYs f app_

ranges from sdiscotte size of auffendort feenpokarily/ SRy eteOfbRaGedRt SCt 10 be
entries, so that the nunber of PDL entries and SDL

used to process SDL. hat

entries Ito hat @W"ﬂ%"%%’@%@%@niasd'ﬁﬁﬁ #2 Khytes. rAccardinglyaacestriction ihe si ze
32 Kb Y I To sol ve t he above

br obl e, an”dEfieraed i thaPhid Bethialhdbr bLHETREs het Caste iasiasirdscemes

recor di ng nedlesmithan timgnumber ohtibfentsse ek bedebiiBd il the DA oAife giﬁk% .
remai ni ng anount o& a spare area allocated upon initialization, an W t h
the size and the, EF&i the defegtsuanaggmentdpiormatioreincludesd@bDe ainaf$BL., and
initializatiofhe 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 replacement and
a spare area for linearly replacing sone defects, while qgﬂ&kﬂlk bei ng
initialized, and a spare area for linear replacenment which is required
during wuse of the disc. 26 OCT 2006 4 Still another objective of the

" present invention is to provide a nethod of nmanaging defects in a

suppl ementary spare area which is allocatgd for [|inear replacenment while
- the disc is being used. To achieve the first objective, the present
 nventi on_pr ovl desStll andthepbBieeayaetnTheRBRARLECS thibrdlIBs oindihol! Y
spare area allocated upon initialization and a supplenmentary spare area
al | ocated af t@frmanagingdefeats imasupplgmentadesharamdea hich isesloostetiifer spar e

areas are det ' er of . defects generated upon

initializati Aﬁ{eg??)g@gg%fn@%gflﬁg%%gﬁ& '8&95191‘?%?@? the present invention

provides a 10 netTwdciibvalkhe® i i ; 3 cts in a
s e R L

disc recording and/or reproducing appar me ng the
steps oF: detl@eaiding mediemeharacterized i it a psimeary sparsanes allpcatesl uporber  of

. defecto - g Lnitializat on Hetermimoeth .
G 2o of a spanNelpER SR THoiiienGry siiecioaaliraeranes PR B8 &
menory devi cerbgidedehng thel 5iz6B R UST8PAreMreb 8 ard Sg%ﬁﬂgrfé?jpgpﬁ{eoﬁuﬁnﬁé}f gduci ng

apparatus; and allocating a primary spare area I ng replacenent
and |inear rdsfeetsaeneratednpontisitiatizatiorum and maxi num si zes of the spare

area. To .achieve t ' objective,. the present invention provides a

def ect rranagenent%%lﬂggglﬂﬁgﬁc%ﬁiebpg&ﬁv E'i‘?]BreéﬁH‘} WGPEB'P PN @appar at us
20 having a pnétedof SMBEating 83paré afad ﬁﬂmbﬁa?§8é%%?ﬁ i’ BRCYe dﬁﬁas
generated during initialization using slipplng replacenment, an

suppl enent ar yanshairiepredusing.appatates) the methbd ineluding thimstepsaffedéterminirey at ed

atter initialyzaihMm 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 nethod conprising the step of: allocating the
suppl enentary spare area using an area that has already been linearly 25
repl aced, wherein defective blocks within the supplenentaﬁ%[ﬁﬂqmﬁ area

whi ch has al ready been linearly replaced are not used for “Ii near

repl acenent, and the SDL entries within a defect managenent area with
"respect to the defective blocks are not changed. BRI EF DESCRI PTI ON OF THE
DRAWNGS 2 6 OCT 2006 5 The above objectigves and advantages of the present
-invention will beconme nore apparent by describing in detail preferred
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lis aviewillustrating th

flag having SBcaneneresppBrdht b desaribinein ddthilpist@tédenidoriimbhidahei®fof a
' spare area and a suppl ementary spare

di sc having a user,_area, prj mar

ar ea, accordi"r‘@“f%fef%eptroagﬁrﬂﬁagﬁﬁééﬁﬁwm&s ipMdEh: 3A and 3B are views
illustrating nmethod f: g i r | ement ary
spare area in the sﬁ'ﬁlc!tslrﬁi gl@g)fl“?ﬁ%@ﬁ@%ﬂgﬁu@%%&%@aﬁ&@@ Qﬁg\reand 4B
are tabes strearflpgihdviogSDincardteatsyri mary spare area and a suppl enentary

Spare area accordlnlglgito. t he glr_ﬁsent .invention, when the size of a buffer
for defect managenelt 4 1§ diView fluslratinghesteuciirel grdisribavigg Eouseraieat as i s

32 Kbytes an , ' . ) re Vi
illustrati ngq%rﬁéa tr uagtét?rr éﬁ%@? Céaéqé‘é{émgﬁ kéﬁ?esﬁéén%gg gg%cf}g%q tr?ﬁﬁ%r?é??%
whi ch represdnventidre degree to which a spare area for managi ng defects has

been used, accordiﬁg‘{éo t he §resent_ invention; FIG. 6 is a flowchart
illustrating a metf&P-o¥A and sBaarengews dibstiating saethads efpanaging adefest i on,

accordigg to GuhRaRRAAE %prent\é}ﬁaW Eﬁﬁ%tarég\{ﬁ e QRicture 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 flag 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 is a 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 supplenentary
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
flowchart illustrating a method of allocating a 25 suppl ene ;qf¥4@@are area
using the remai nder state information of a supplenentary sz &

“according to an enbodi nent of the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENT Spare areas on a disg for defect managenent accordi ng
-to the present 30 invention include a primary spare area and a

suppl enmentary spar area . g first
al | ocated for def e&épﬁﬁ]aig w%eg ﬂgga | g%% fgrﬂﬁeigﬁpi% i?eé‘ ®irst
used for sliplisaés lmimlaeelnam is ﬂHsEuQed fmrwxlppﬁ@&fépla’téﬁ%n( e’l"ﬁé@iﬂﬂ%rﬁf ter
slipping replacenent can also ﬁe used for [1near replacenent.

suppl ement ar f&%ﬁ@ée%f%@a'wreﬁa PhEliRRING FeRjpeRIMARt casr lse besusgdrfer hmw whi | e

ol | ocat 6d ahi' B ran (ROAIEICeRR Sl Betntd bl RifiebBeels e

is, inf%he prgereratadwhile tendias isbeing used-benoRs Aspirb ey whidi i@ area for

sllpplng repl nt. a | i near replacenent is allocated on a disc during
initializati cﬁffcﬁge’? @F%@tedrwbll% Bi4igs ifgbeing used mtet ltﬂT@thﬁemnmahzed

e of [T hHRetdt, R Brserk BRI & G o bR b

utilization of the spare

def ective ar @eadoesllpmngkeplaoémeﬁlemd #ncardebfacehitnt i Sficated Gﬁ%rcﬂgéi in the
next nor nal ?fﬁ} sector, so that the defective areas cannot be used after

i nitializati GHINEHBItRIZALeR of fherdisar dhermlippingaeplasement parfospar e ar ea
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the disc is Hbe m@arel aezh. Hewevet, e trepsliphing eeplhesmenht, BBfctflvé aRbaCarENt
' eqU| res at In?grsetly not 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 afea 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 by 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. That is, 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



many sectors as the nunber of entries registered in a PDL anong def ect
managenent i nformation. 20 Suppl enentary spare areas of predeterm ned sizes
are allocated in a forwards direction fromthe rearnost portion of a
logical file area when the primary spare area is insufficient to process
secondary defects generated during use of the disc after q@qmqgmmzation
“In the present invention, a direct pointing rule is also applied as a 25
def ect managenent method for spare areas groposed by the DVD- RAM st andard
- version 1.0. That is, all defects nmust be processed by only one

repl acenent. IH'?H:% | ocat ed, f | i near
repl acenent a?ﬂ &ﬁ?ﬁ%@z?ﬁ%@'ﬁs cou '@Eﬁ’é gg‘rgeaéﬁé %Cg‘a %é%%da e user
data 30 ar eaauddaaemas showie freEIG.\3A bWitén avdpapd afe Wﬁ@ﬁ has alredRly bRl &
area, is aIIoFat eFI asla sugpl enentary spare area, it could be lihearly

repl aced by a'"® 3566’ Intepredle Pedinadana supplementasy spara araa, sipat e
area which h a spare
area whi ch h:iep;zlll gagﬁefe?{ %aﬁt r;lé&?ra%gg\%?ysa ﬁrl]#:gtﬁ\ffegﬁ%vﬂ' af¥ed as a
suppl enént ar ylmmlvere@imd witfzih the snbpl@m@ﬂhr)@paae dedPeibldtds mlhé&t user
area by a defectj.ve bl ock already l'inearly replaced within the

suppl enent ar yP %‘BL{?Q rdlee dea{?é@mhed@pseme prpeessofirgplagemeniisso, in

read-only di sggmplidifie@r 0Cess of replacenent is conplicated. To solve these
probl ens, as shob)vn In FIG 3B, a defective block within the suppl enentary

spare area that haSoabhestiesdpeoblemseas showdihFedabya ﬂefe%@v@'ﬂlé@( Muél%ﬁare
area or a pre;alloc ted suppl enent artﬁ spare area as shown in
f

not be used fi& §Y eplapy seanestiea thatbas ebeadybesn tirsariyt relplaned i9ys8L )
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FIG. 3B, must not be used for linear replacement. Also, secondary defect list
(SDL) entries for a corresponding defective block stored in a defect v
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. A

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 replacenment can be m sdeterm ned as a defgﬁt qmggthus,
“when formatting is perfornmed |ater, a non-defective porti @gn '

regi stered as a defect. 20 Therefore, SDL,entry information with respect to
-a linearly-replaced defective block w h?n t he supplenentary spare area i s
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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 o_f a spare area for processing 512 PDL entries corresponds to 32

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



- 15 sectors) that can be recorded in the Slg.. Also, if a buf

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 mum nunber of entries (7679 entries: for 15 sectors) that can be

recorded in the PDL and the nmaxi num nunber of entries 15 (3?§mg$qm%|es for
is set to

have a 64 Kbyte size, the 64Kbyte buffer can process as nany defects as
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Phat - can_be. of FondEAaGERBFeih ShBuv s i fitm durbdiordCeflss, BR Enonn:

of incrénent, bapoedassed: with respeat 4s trentimber aﬁheadwltdspbndmg&TmE@Htrre%d
at er

amount of s eareac n reatl i fied as descri be

consi der at i 8 e ”Pm%fa%éﬂqhe%ar ﬁ‘é’%@"h@'&’tﬁﬁﬂe BNNIF/INh §iZep O BR_ENBaSS or
managi n ri I n units of
sectgrs%J ElZni@BL%hgﬁtEr se%%f@s%%ggﬂ(? Sgﬁ%&g'}eegﬁ t)?% andaﬁ%%Fggﬁe&ht of a-

spare area fomapagemesi agtr&kZothemw‘eplmnm bEenRe BAStoF i Slboded-Chhéll ocks.
One ECC bl ock has 16 .data sectors. OCT 2006 9 FIGS. 4A and 4B are
t abl es showi ni§: ér?"ﬂé‘"?)fs'z? rseaﬁﬁ@%%a that ran ke allecatedds thewsumafllr s 32

nd 45" Copr osIhre 4 hes RERRES of&lséﬁs U PELSnfct V8 = B M Brarehner e

shows t he naxprogess thd8DLoéntEBE femdne esctot.hat can 5 be processed, with
respect to the numEer e corresponding PDL entries. The nunerals in

of t
the third col um déRenext &Umwhﬁyvﬁ KesuiinHMsyize of spargsreas 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 areés 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 supplementary 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,




whi ch are expressed in ECC bl ocks, required if a spare area for defect
managenment entries for linear replacement of one sector is allocated. That
is, the mninmmsize of spare area that can be allocated is the sum of al
10 spare areas required to process the PDL entries with a spare area
required to process the SDL entries for one sector. The nét00dolllbm shows
“the mnimum size of spare areas required to process all defects under a
correspondi ng defect condition. The first,_ subcolum in the fourth col um
- shows the maxi mum size of required spare 1@ areas in bl ocks, the second

subcol um shows th 1.ni num of re spare areasmrreabtes
(ll\J/B) ;nd the thir SghB{‘}’& rﬁié ﬁéﬁh?ﬂ%uéﬁww&ﬁgr islised, a&qlefergﬁﬂmare
areas as a pafdrepé defe Wm shows

t he total nErrber o%@%t'ﬁfeagtrlecg%%a{\gec@%m gé%%@itﬁ dﬁgn};ﬁlg §¥%st col um
shows t he naﬁrﬁﬁ%%ﬁﬁ)uﬁﬁ the nantpaoépan‘eay aefmmleede@spmcté&e@r grent

i nventi on, é ‘ﬁ%ﬁ a{ro a&a rea mplified in consl der ati on
of an approprl a? 2 ﬁ'foosfecé)ﬂﬂﬁfye RES @‘%Bﬁrﬂ be P&?%%§Sf3§ degteasesagid

cal cul ai on chetgeecam@gBtofthe td18] ﬁfé?é"ar@%%?soaﬁ%réggé C'ﬁ’usglﬁéa‘?‘n%tt er at ed

in the spare area. In the [ast colum rst an seco
show t he naxistaie &fi le&@fbemﬂamanBssmmmbm prnndﬂt/(uéﬁéctgﬁ"lowébéshe

Fespoct ; vol v, YRGSRRESS Rlerimbie et ﬁawe&f‘éééh“gbéé‘?@aéh%@‘éfegasﬁi “to be
?écmﬁzedi‘saﬁ2'2‘?’22@%%@ oI e o EC 46 s TP B s e
with respect regonmends using edi# Kbylg uffencilh thistase th ARxirGARRABErRIY, When
e " o B Gbols B L be R R SrRing o mebsoaon s aambe *
corpl etely  pr pancRny PRIGisIRd ol PR 98 PRy BB SIS
i ncreases, t Hmount 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
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:

imum size of spare area = [EP DL1x32 + 4096 bl
-2 o (1)

When the 32Kbyte buffer is used, the maximum size of a spare area
that canbe 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 managed. To solve
this problem referring to FIG 46, the present invention &&gﬁﬁﬂmds usi ng
“a 64 Kbyte buffer. In this case, a maxi num nunber of 10 secondary defects
that can be recorded in a defect managene area can be conpletely

- processed regardl ess of the nunber of prihary defects. Al so, the anount of
spare area can be kept relatively constant fromabout 2.7%to 3% The
present invention.describes a disc in Bgich a spare area for defect .
managenent i s "YAYTRC PP GéeR éd‘qgﬁo ]’f(%ﬁrgai i.qB) according to the
usage 15 purpose of the disc or the s? e of the disc, and a suppl enentary
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 { of a suppl Egentary spare area that can be

al | ocated nust be 'ngﬁ‘@?l%eha'ﬂ%zad bt denatesi amaximeurs iptegenwhichr y spar e
area can be easily 20 allocated by r dlng the size of a supplenentary
spare area that can be allocated in a disc definition structure (DDS) of

t he def ect managenent area (Emmo, upon initialization. The size of a spare

area for defect nmanagenent be sinply calculated as descri bed bel ow.
Vihen the 64Khydes fvtickeeels LY, v tthe ea that
can be allocated can be cal Gﬁﬂmt éd 'l a%?](gf@é H%Jﬁaé@mbﬁgﬁgggﬁw I mum

size of spare area =[ 512 ] X32+ 4096 b/a... (1) Wen the 32Kbyte buffer is
used, the maxi num size of a spare area that can be all ocated can be

000, 1SRG RS R it “ 4086 (=S 6 muitiple of 2 in which the -
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. Hefe, the size of a spafe areais
shown in ECC blocks. 256 (=Sgp, ) 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



512 In Equations 1 and 2, [ X12 ] denotes a maxi mum i nteger whi ch does. not
exceed " 512 ", EPDL denotes the nunber of PDL entries, and 32(=INQC
i ndicates an increnent. 4096 (=S,,,,m is a nultiple of 2 in which the
size of a spare area required to process the maxi num nunber of defects is 5
approxi mated for sinple calculation, when the nunber of pri mirﬁyﬂﬁaeaﬂ@cts
“(the nunber of PDL entries) is less than 512. Here, the size of a spare
area is shown in ECC bl ocks. 256 (=Ss DLi denotes the size of a spare area
<-required to process SDL entries for one 2ctor. a maxi mum Spare area
reconmended b}é aﬁl %etfp‘rg‘?ed 4B 'hs about 4% 10 |arger than that an
actual | y-required Epat 8" BIReHZe Pha sirplameptaphepare eferifcingeanssgaers@ea ar e
det er mi ned i nsg@NInSUirRtdf e ' and are
expressed in nultiples of gaﬁgﬁ%}ﬁﬁg%ﬁgﬂ%ﬁ‘@%: %eﬁtigﬁajgﬁgﬁ%frggare
area is sinpl Plocks remain eredRiorafdhe spaes ared: isyssdpthaadhatg stfisiesicatary’ a
spare area 15 0, on i,ni.tialization fromthe maxi mum size of a
_.recomrended s%élérﬂee g’%%ggaﬂggélﬁgéé@az‘ae pﬁogt%gpage fMea Is compigtely used.

suppl enént ary spar i #i$£8asdd) & renfaRdeEstatd ﬂ§€g§98§¥@ﬂgﬁ§§_&eﬁ?ees Bpﬁéﬁéﬁ ptary

spare area can be easily allocated during supp ?ary
spare area i sSRRERI&adS requitaskiosindicatd thaba Redsteppirekenheunt Gaoe Gitga nust

be increased,_in c that a pripary spare area allocated upon )
initializati o#’%}? %%ﬁﬁlagﬂ%?‘%ﬂ Eﬂ%‘*‘éﬁéﬁlﬁ’f ﬁbafbf%?sejﬁ@gemﬁy by staigs, 4 whiich he
.case when a sinedfRiFBIHras has il ' }%)ﬁ: I.SC. 1S
actually used, defects are hi gﬁl ?ﬁ?ﬁgﬂegg@ég{@o%ﬂ#éﬁﬁg P%ﬁﬁ@?a‘%%d.

Therefore, itiNian axisting spare atslaefulltilay. A flag idicatinigawbiethefa SuppRMehtaryCCT
2006 ié S a#%%aatg%g or_ .t he Sﬂ ze é)‘i)‘é(% suppl enentary spare area is
i nereased whetr 2 Neshasigllosat en & lrgdetargiingd ameuntoranpreof theen a
certain nunbesrifbry spare area has been used, is also required. In this case, 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
O01b 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.




bl ocks remain or 90% of the spare area is used, than that a suppl enentary
spare area is allocated after the allocated spare area is conpletely used.
51n this case, a remainder state flag representing the degree of use of a
spare area is required to indicate that a predeterm ned anount or nore of
the spare area has been used, rather than representing onl}g G0M086t ates, in
" which the spare area has been conpletely used or the spare area still
remains, as in an existing spare area fu131 flag. A flag indicating whether
< a suppl enentary 10 spare area has been al ocat ed when a predeternined
anount or nor[e_of the prifary spare-area has—beer—uset—-s—al-se—+reqgui-ted.
In this case,| W lag (whi @ Ppeedetaeminetl@maunt oo mase of suppléetentdrgispare area
i nformation flor a primary SR%E area representing the state of the
primary sparg-area-has suc ?%gugg shown in the following Table 1, and

has a structyr@pshown in H & c8 1) flag value state 00b a
sufficient ar ; ﬁesﬂ&]dﬂ-&g a?e ns 01 b a predeterm ned anmpunt

or nore of prjittlry spare rwemlem@ﬂawweé;*@é'h@@b‘é‘éfmio%ﬁ?&%f}wsé&)are
area i s all ocared —10b—a predeternned—anouht—er—ore—od Spare-area
has been used, and a supplenentary spare area has been aIIocated 20 11b
the primry spare Hei@atﬂi@ﬁaéft#Wa@lﬁ@bﬁh%d’c&%ﬁﬁeﬁeﬁéé&}%ﬂ“@t 20 oPthe
referred to as remsu nder state information for a suppl’enentary spare€ area)
represedting S(LH%’ %fﬂ@ft“@rbﬁpﬁfﬂea@ﬁdpueimmre;.assﬂebymmmlyeaeﬂmsemmuhe as shown
in the fol | ow a,strucifure sho in FIG 5B. 25 (Table
2) flag val ue g aﬁ%%%ap%gg %&‘"é?ﬂ anoHLer BePre obsHrRlementayy Sparecargaea
remains. 2 6 Hasbe¥ilsed.3When 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 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



01 b a predeterm ned anmount or nore of supplenentary spare area has been
used. 10b no corresponding state 11b the supplenentary spare area has been
conpletely 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 ot ?f

* suppl enentary spare area has been used. Wen the supplenentgﬁy é%@re ar ea
is enlarged by allocating a predeterm negy anount or nore of supplenentary
- spare area, the value "01 b" of the flag can sinply be changed to "00b".

Therefore, iEGE KoM, %ﬁha)ﬁﬁd?n bFQZ&@@d) ’B‘i’nf‘rfkssatréhgeél ltc?‘gr 1dehs thd’ Ewr y spare

area, the remainder state ag ror a supplenentary spar only
three states.ernties, #hd theaeMmaimngdiocks dreigealttb processahs SDIoEnRids0gddrng a

Spare area on initialization, chcgi ng tQ an enbodi nent of the present
“nvention.  HIPErITAY SPareftea § allocalad & emardaristrtediaader te primanyg
certificatio aa ki ; it S B@MC n ts on a disc
Whi e the i oD ala RARRIL B bt Stthe 100 C T Qb RAn el STzt £,
with a % ogi caupplamentanuspane, areads calveldted by aubtractimy thelstae of i srimsgs t o

be assigned to the defective sector, i provi ded to the next sector, and
the position S52¢ ﬁée%eaﬁ'gf?ﬁe\%mé%ﬁ§|’1O§sfr§frﬂh8d"a>$"ﬁuﬁ‘ e of the sparg a281. 20

Next, the reqidasecdThLK p I i i For

exanpl e, when the nugﬁer %?ﬁgaﬂeﬁ?éisggsf ?c@%x\%ﬁigﬂééﬁg%@ﬁ@%&%{%

m ni mum si ze svpplesentary spare areal D246 EO®bloeks, aase calcarsed Byui red to

process the P(Iis)‘bten i [%a g(g i’és are area required to process SDL entries

for one sect?Praghoo PAdEGE ofdbe ptiecated aximary sparearaadfyom 372f er i s

used, gp and gEdE HIHHEHR : r 3 LS 32.bl ocks, 2752

ECC bl ocks obtai n(g(a{ by g%l cu Iﬁ@ﬁggﬁ%&%ﬁgﬁ%@gﬁﬁ%@@é@ﬁe %%erﬁ%lt%%at ed as

the maxi numssippieroéntanasparerarea (¥iger224CECEDIotks) andinfirmtion R thear ea i s

cal cul ated, a _primary stpare{\

remainder-state of the supplementary spare area, are recorded at

predetermined positions in a DDS or DMA area, and initialization is
concluded, in step $106.

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 $201. If the answer to the step $201 is no, another
determination is made as to whether a supplementary spare area is to be
allocated, in step S§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 $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



area is allocated, in step S103. If the size of the primary spare area is
512- 2 6 OCT 2006 14 ECC bl ocks, a maxi mum of 224 ECC bl ocks are used to
process the PDL entries, and the renaining bl ocks are used to process the
SDL entries. After the primary spare area is allocated, a renainder state
flag for the primary spare area is set to an initial state "00", in step
© S104. The maxi mum size of a 5 supplenentary spare area is el 41 266ed by
subtracting the size of the primary sparggarea, allocated in step S103,
- fromthe maxi num size of the spare area calculated in step S102, in step

S105. For exagnb@gh Bhfptyephed Bksts ﬁegi%%sg%gb%%ﬂ%% ﬁéé’% 8>l(i§t;§eaei’ 2240

ECC bl ocks, can be cal cul ated by subtr
al | ocat ed pri fgripas ghike logieal filoareay Bsupplerhtiiab) spdre arbafdidin@axi num spar e

20e bl ocke) | aiP B! B GiSlerben e HaalosHar st hng foms g oamnr y
and 1 Lial i oo e Rl e S B S 20, Me BB ight bl ST
i |l ustrating SURRIEMeRtay spiare erea, tgatds, 3 opphiedien sty flag forether ea usi ng

an enbodi nent SPIGHENRYSPRre Bih it uidlizal tackay o0amngine opasianong

whet her a r enthensies ot §u6blé@g§1§§q%ﬁ§ﬁé¢}é§’iﬁhpd§@am@gag:agﬁ’f. fﬁé@gﬂﬁas

initialization is in a state C e pri pare

been al nost uR@gean is eostlpgdedn¥vien gn spea thatihes dieadpeeen IncbAg aéSidced N
S201 is no, another determnation is

mmde as 1 0 %‘8%@?%{;‘33%% Hﬁ%ﬁ‘é&@ﬁﬁ nlgk spags gra for ligearereplagemant énistepn st ep
Soare M0ey! L8208 ECBIRNR oSk SRS Ll 85708 iy B od BB
checked, in slingarsep@cement, and then@Dhnentriestnsisziee REpEwRhGW PRRGEagY Spare
area that Candé)secr%eldoact%veedl‘eféarrr]i%gttg%I&Pé.i mum size of ‘a supplenmentary
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 S$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 displayedv, in
l step S210. Then, the process is concluded.
FIG. 8 is a flowchart illustrating a method 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 supplementaw spare area has
been used, another determination is made as to whether another
30 supplementary spare area is to be allocated, in step S302. If it is determined ‘

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



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 predeterm ned increnment. 30 The exi stence of a sufficient anount
of continuous enpty space at the rear of a logical file area i s checked,
in step S204. It is determ ned whether 2 6 OCT 2006 15 en&ﬁgﬂﬂeﬂ]ﬁﬁy space
exists, in step S205. If enough enpty space exists at the rear of the

| ogical file area, a supplenentary spare 3 ea for linear replacenent, of a
predeterm ned size, is allocated starting fromthe rearnost portion of the

| ogi cal fil e thesige oithetsppiroentanhspgenanet is sheckeal irnstep@303neTHat s,

suppl enent ary spare area togat Is, a remainder state flag for the

suppl ement ar yNE pEFXIMYM.Size 0f & syipplenenialy saale arga-toat-candbrialiogatedandhat i on
on the size tpb diZteofa BAPSIERIENS i I4N 7.
Then, the process ?s codrjl‘gll uded.[¥, en %rﬁé%?gaé n?hégpgﬁ%ilgg%ﬁepegﬁ%/ageee%&
linearly replHiesizeidf the boppleswniarytdpare aped that niust e slocetedr ean berset i near

repl ac nt instep 10 S20 a defective hlock within the supplenmentary
spare afea isbyn%l“gﬁ%é)(ﬁcﬁaﬁje?Pﬁ%‘i@te%ﬁ%@@ﬁ@ﬁ'ﬁmand the SDL entries nust be

kept W thout changpe éﬁstéﬂﬁé‘b‘fiab&ﬁﬁé%m’ 5%168@?61{ éd?ﬁpbBué: ﬁp{ti\?s;g%]cfée g the

sufficient anount of continuous enpty area does not exis

portion of tear obadegicélifile aseais chreckedpinSRep S3OMptThe, itds datermined r anged
termnation is nade as to whether a sufficient

15 in step S208. Th@\n, a f)i,e i

amount of contMHIGLDSSHPY Shacs exists: & step S08p lepmmigh emplysnaceexists
sufficient | Y. A ocating a
suppl enment ar %ﬁgkﬂa‘?@gg?d’s@g&g‘gﬁ %%%’f%?ﬁ@@?"ﬁteﬁ Fﬁﬁ%ﬁg%ﬁ%’%@ fé\? h%%#t I nuous
enpty Hlea i geplesehiant efra predeteraiined sizeg is slivoatnistartitig fbmtthe reamiostar eas,

a 20 nmessage "a.suppl.enentary spare_area cannot be allocated" is displayed,
in step S21 Rgﬁlqﬂgﬂhq”ﬁgl%lﬁ €3, i $leRP e dWhen@n greadthat has alraady

I Tustrating edfrfifeflytepficed$85I88ad as the supplementary spare area for linear
replacement in step $306, 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 $309. 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 $310. 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



suppl enmentary spare area using information on the remai nder state of a
suppl enentary spare area, according to an enbodi nent of the present 25
invention. A determination is made as to whether a renminder state flag for
a supplenmentary spare area for replacing secondary defects generated
during use of a disc is in a state "01" in which the suppl en%ahﬂ%ﬁ'?/ﬂﬂ&pare

" area has been alnost used, in step 5301. If nost of the supplenentary
spare area has been used, another deternygation is nmade as to whet her

* anot her 30 supplenentary spare area is to be allocated, in step S302. If it
i s determ nedspaie aicer iS3F 85&d| rggjalﬁ y spare
area i s requi rgd_ 2 6 OCT Zgg%a“l'gé{‘he s'iézzgthggtht%h s%%ﬁ%pn%nf%wog%are ar ea
i s checked, iﬂe§|bb‘pﬁf$3©ﬁ.ecﬂ‘fﬁi¥all@QatedIMdnaahang.si ze of a supplenentary
spare area that canp,he.al,l ocated..and,. th ize of a supplenmentary spare
area that nust be gﬁ?}oé@kré%l,g%ie@t Iyepkan. gef‘s?ﬁtév%'P'Qﬁl(%W't Rdh8uppl enent ary
spare area ! "slipplftertaryaippe aiéd ard Adt B lindaltéptddiflt Md 831 be. 2
predeterm ned i ncrement. The existence of a su¥1 I Ci gn anount of conti nuous
enpty sPace achiies arediotshapgedgatiat nalkination is prevbeieked, in step S304.
Then, it is determined whether the enpty space exists, in step S305. 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. Wien 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 supplenentary spare area i s not
used for linear replacenent, and the SDL entries nust be kept 15 wi thout
change, as described above referring to FIG 3. After the step S306,
managenent information for the supplenmentary spare area, that is, a

remai nder state flag for the supplenentary spare area, 1is initialized back
to "00", and the size of the allocated supplenentary spare



area is updated, in step S307. Then, the process is concluded. 20 If a

. sufficient anbunt of continuous enpty 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 determnation is nmade as to whether a sufficient
anount of continuous enpty area exists, in step. S309. If tlbelld 1085 a
sufficient anmount of continuous enpty area, the step S306 for allocating a
25 suppl enentary spare area is again perfot8red. |If the anount of continuous
enpty area is insufficient even after the rearrangenent of the enpty areas,
a nessage "a supyHatiedbangdspare 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 supplenentary spare area can be calculated by a sinple nunerical
expression, and knfor | r | 2006 17
spare areas is s? bredﬂg&réég#arﬁgaéggmseg%%ﬁ%@ g%gjg&];{rd é’\é;ga%r be nore
flexibly and effectigel.é al | ocatte and managed. . Al so, i,n the .present

i nvention, def ectGRIBIYHRY BOPRIHS OE%éecoé‘éﬂﬁglr%‘?@H‘ﬂHP?‘ugw%pﬁ % are not
used for linear replacenment, and SDL 5 entries are not changed, so that
mal function i® pPeaerared. allpcatedapapindializationhand asupplgmertansspaie A def ect
managenent net hod of a disc recording and/ or reproducing apparatus for a
recor di ng nedi umarezcéllatiatabla gud/oreexpanded pfteether iaiiatizatiog tiee mgbuod
initialization and a supplenentary spare area all ocatabl e and/ or expanded

after the initiabomplising allddating aQipplénemahpspitedrba fdhifd@vaadsuppl ement ary
spare area in a forward direction starting froma rear portion of a data

area. direction starting from a rear portion of a data area.

10 2. A defect management method of a disc recording and/or
reproducing apparatus for a recording medium including a primary
spare area allocated upon initialization and a supplementary spare
area allocatable and/or expanded after the initialization, the method
comprising:

15 | determining whether a sufficient continuous empty area exists
for the supplementary spare area at an end of a data area prior to
allocating the supplementary spare area;

rearranging empty areas of the disc to make a new continuous .
empty area at the end of the data area if the determination is made

20 that the sufficient continuous empty area does not exist; and



10 2. A defect managenent nethod of a disc recording and/or reproducing

. apparatus for a recording nediumincluding a primary spare area allocated
upon initialization and a supplenentary spare area allocatable and/or
expanded after the initialization, the method conprising: 3§ (@%tltm ning
whet her a sufficient continuous enpty area exists for the
suppl enent aryspare area at an end of a data area prior to allocating the
suppl enentary spare area; rearrangi ng enptl® areas of the disc to nmake a new
continuous . enpty area at the end of the data area if the determ nation
is made 20 that the Salfobhﬁlh%ﬂie sopplementsryepate/ aradn tio aswnsdntianoss ; and 2
6 OCT 2006 19 allocating the supplenentary spare area in the new

conti nuous_enptamafedehlic thas e KoRARIILEH B 4TBA hag EstidEnearhilf of on!

anount of spare t he suppl enentary spare area. 3. The method of daim

2, further conprisSing. ¢l r.m t he suppl enentary spare area
cannot be all ocdz)aftséé%g‘ﬂdrﬁhg Sﬁé&%&%ﬁ?%%@&%’?'y area does not have
sufficient anount of space for the supplenmentary spare area.
5 3. The method of Claim 2, further comprising:
informing the user that the supplementary spare area cannot be

allocated if the new continuous empty area does not have sufficient

amount of space for the supplementary spare area.



