2 7 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 opti a#E 2
recording nedia, and nore particularly, to a disc having infor%atign @E
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 supplenmentary 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 sUREGORDING MEDIUM MAANG SPREE ARKA PORDEFRGTE! at ed Art
15 In recordiw i a such as general discs, a spare area is allocated
once upon ini %ﬂq‘%NTaMDH FORMAIION: QN\DEBECT MAMAGEMENT) ZeNBd

during wuse | i r I.ncrease the efficiency of

using a di sC%Egﬂe)e{%g?ﬁ%!’pg&éxﬁ%%rﬁbﬁgaﬁé“g%&ﬁ?wgﬂ QEMANAGING di ng
to the state of the disc upon initiahEprpph@n, and a supplenentary 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 CATIONS) version 1.0., each

zone hgs one spare area, S@AORGRIEURD BRISE MORR al I ocated upon
initialization since a disc_'lﬁs_zzl_m‘s.—l‘n—rm—p;ig&art, as shown in
FIG 1, a flhg rdpekkefthergventiorst ate of the spare area allocated to each

zone within a defgct rranagerreg‘i_ area (DI\/A% is constituted of only one bit
whi ch represents &P‘F’EPW@P” fvigsiion relgtesdedha dipldpof optical recording media,

and more particularly, to a disc having 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 supplementéry
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 oorresponding‘



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) 8 2bFEB0f a
secondary defect list (SDL) of the DVA. VWen a 5 bit representing a
corresponding group is "I", this represents that no spare area renains
within the corresponding group, and when_the bit is "0", this represents
that a spare area remains within the cor?espondlng group. Information on a

, ' ' stituted of gply.one bit as described above,
bpresent . oIy EiEs ﬁéﬁ%&tésesc%ape whelhef ¢ l%ew%s. Agi‘jj"m!“’ el han,
i n discs in siactagphssipy b _
: Ei tialization, i tga?s pr ef g‘rbgbrﬁebf?ﬁtg?{ mégﬁc}pi&emﬁpar ypﬁ(glafgs%ﬁrga is
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al I ocation of spare areas according to the existin d
versi on 1. 0,argagea@inswithindbe sotrespondingmroep, aarehwhen tad biogatedihi each

I kAl ion, the size of. which is predetermined to be
surticront 1EPREEied Bronglf aftd Famainsou i sererRIeoDepect 20
th il ' a, r . ,
fo manage def ect s sheucl AP &PePRARTIERPNREME & ik ohEtas ng
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position of a defective sector replaced by slippin _ _
- recorded i ni%afiecatadpndedisciwher tie gDk préa has Biheatom i $statd\bEeingi near

repl acenent r | aci ng error orrection code (ECC) blocks of an
er IrO oneous z 5{@%{ ?‘ECWb‘?%hth?ﬂ tgég gvﬁ?qp € 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 predeterniined 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 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




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 2 7
FEB 2006 3 standard version 1.0 that the position of a defective bl ock

repl aced by linear replacenent nust be recorded in an SDL in7aFEBRII6N a

di sc. However, when an appropriate anount of spare area is allocated
according to the state of a disc upon initialization, and a suppl enentary
spare 5 area is allocated as the state ¢ the disc becones bad during use
of the disc, a nore effective spare area allocating nethod is required. It

i s prescri bedtdnaiard hersen $10 thart HHeapoifion bhaldefdttite bR dbea™y IMfear
reproduci ng apparatus of a disc, the size of a buffer for tenporarily
storing def ef@PlaesrageiaHst be enrded inanShlsiniabMmoa adfise. i s 32 Kbyt es.

Accordingly, L Qi in that the actual number of
et octs thiit can: BEERE Tl SpBEST Bk il o ek e BPAlLCrC Chan
can be recor degoriding toghBMiaterofta@isdiupen initlalifatiohhand &f Kippldmaad

A
information includes PDL and SDL, and the sum of the sizes of the PDL and
SDL i s Sabout aBt KRllosstedmsthe state althepiss Feoarsesihad daring use o the discpDL

uaed to procBatoRrestP shire B arha hABLR BRuBBE 3R TeSerdR o
entries that tiepsxibindseessethdt in éeééédd@ﬁ%qd/ar re@ﬁ@&ﬁéiﬁg?‘@@pé\ﬁa‘hﬁb bhg size
(32 Kbytes) of a buffer. SUMMARY OF THE I NVENTI ON To solve the above

probl ens, andise) tex sive oba hufler ferdemporanly staringrdefect managempenlvi de a

recordi ng nmedj | L N ciated with the size. and the
remai ni ng anﬁtﬁ&%@ﬁa&g&{{i8é%g§ﬁ g%g%@{?sufﬁﬁ’?o 4‘\5‘9'?’6@ i@%ltf'%cm Sand with
the sipe andgbherat&dii thial thePaBtUBE n@hbar SPdSTEct8tRR il 196 plcRrdgafibRbtomes.
initialization. Another objective of the present invention I's to provide a

met hod of 2@ssithan ihe avmbeaef defestidthal car beireeprded athe BMAvon the discppi ng
(rjiegl:aicgnggit ngnd aHe?&,%S &4 rﬁé)ﬂadein%er%rirl\f%n%g |<|)na|(|:1icn%essq£ﬁL %%Eeéﬁl_s,’an ile a
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 Iinearly replacing some defects, while a disc is being
initialized, and a spare area for linear replacement which is required during

use of the disc.




initialized, and a spare area for |inear replacenent which is required
during use of the disc. 2 7 FEB 2006 4 Still another objective of the
present invention is to provide a method of managing defects in a _
suppl ementary spare area which is allocated for [Iinear repla%qnﬁﬂﬁmmplle
the disc is being used. To achieve the first objective, the present
invention provides a 5 recording nediumcharacterized in that a primry
spare area allocated upon initializationgand a supplenentary spare area
allocated after initialization are provided, and the sizes of the spare

areas are deter ni gl doth&eot)SeRRY oﬂhe ﬁ?%@ﬁ%&%pﬁé&ﬁg@gﬁen? elhed o

initialization. To achi eve the secon .
provides a Bfmanaging defests incasiupgementay eparearcacyiiBR ag8iIsedegts i n a

[ [ ducj ng..a ratus, the nethod including the
glt ngrg??rgg{ﬁg?ﬁfﬂeﬁﬁ%@ﬁg&ﬁ’i’%%ﬁg@ﬁgg inguspdr e area using tthﬁenﬁangﬂmﬂ
' def ect gonedHid ' LRt gl i_on; .er n ni. .
glrlzga(r)%/ aesggrz area th\gjtr%lujfg:sﬂg%bg?\fédgﬂé% éﬁéégﬁgg}vgﬁ@@ PBO‘@%S 8i ze of a
meror y Sdevi c&e¢@ingeMedium shananteyizedrin tiodt 4 mna@osﬁf b :a@e@aﬂé&?tgg;%@ggggﬁlt ng
; ' ' r slippi

and 1 i near r ditefEertle Suptlrmenian rare aree shoce °tﬁm¢"r§gg%m¢§a@are

) hpeed ' iy ' r .nventiQn proyides a
et oot | e draid BEGRY Gahe Spere dfedy 15 Wher ey by e Bubs SEpar ac us
20 havi ng a gefasts gengrated upemintidlixationd to repl ace prinary defects

enerated duringinitialization ysing slipping replacement, and a
guppl enent ary sngQ A @Flsﬁea?gﬂ’lb!%’“?’% 8 PEesait dmentipnderbeides agener at ed

e R e LT
ol rene e ety eGP, Wemekoddadiadhg B Slaier sbidiifitd
used for i n@rrﬂ lapgbgﬁ% 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




and the SDL entries within a defect nanagenent area with respect to the
defective bl ocks are not changed. BRI EF DESCRI PTI ON OF THE DRAWNGS 2 7 FEB
2006 5 The above objectives and advantages of the present invention will
beconme nore apparent by describing in detail preferred enbodi nents thereof

with reference to the attached drawings in which: FIG | is ajvViesyE
il lustrating the structure of a conventional full spare 5 area flag having
SDL contents; FIG 2 is a viewillustrating the structure of a disc having

a user area, a primary spare area and a suppl enenggrgrsp\ellirgmgrieﬁ ustrating
according to the prRS&HHE X . i _
net hods gf managi ng a de%eegﬁga%sﬁhgegg@ ag&% @E’ﬁ&ﬁ?ﬁ?fgﬁ?mm@dﬁﬂe area in
the struct ur desbmeiteors sppareotby descibify iR de!é'il?efeﬁ‘éoeé}ﬁbéﬁn%rn?s LGS

howi ng allocation of a primry spare area and a supplenentary spare area
zcg\cl)mrdigng to% e?rgg‘éﬁttgﬂ?ﬁ/@“%?hﬁﬂdmfﬂgﬁlﬁ‘é’Vh@lﬂize of a buffer for defect

nagenment in dis e I3 : : ' 5 apparatus_is 32 Kbytes
ey 3, SEICCH S AR L e RN e e
struct ¥res ofarea flagfaving Sehwontets;st at e i nf ormati on which represents the

degree to which aspage area. for managing defects has been used, according
t ogt he present i n\'/:-z té(ﬁ? Vﬁwl{%trﬁﬂnﬁmq elfretere: of a Hissthawingha usenatdaoa of

. AR . . di ment
all ocating a | accordi 0, an enbo

of the. prsehr it SpRRPareetbaRblemdted Rl el Ebidiy [ PeERN o
al l ocating airmgppbenentary spare area using the renainder state information

of a primar spa rea, according to an enbodi ment of the present
i nven!to i on; zmd IF;I E?Gg :S'g aé‘%fﬁ%ﬁ@]wewsullmaiéatmgtmmods of nfeaodgotg aldefectt i ng a

25 suppl EMENGERYrARRRDA PEFHISRERGN BFaretBL I fle Stakle MR Iéé gt?overfl 2
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 méthod 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.



suppl enmentary spare area, according to an enbodi nent of the present

i nvention. DESCRI PTION OF THE PREFERRED EMBODI MENT Spare areas on a disc
for defect managenent according to the present 30 invention include a
primary spare area and a supplenentary spare area. 2 7 FEB 2006%ﬁF§9%HP
primary spare area is first allocated for defect replacenent wh _ sc
is initialized, and is first used for slipping replacement. The primary
spare area remaining after slipping replacement can also be used for Iinear
repl acenent. The supplenmentary spare area, for linearly replacing defects 5

d while t ' I S bei denotes_a spare area which is
g A L el 2R et A e T S R oS
initialized. disthstinitislized) ahlas ArRLRRY fbﬂgﬁ&gﬁ%ﬁcw fg{é C#érﬁaéwtz 2

primary spare area for slipping replacene Inear te et
al | ocat ed onSRatf 8a rgmainigyiafler shppingtreplacemenheardalso.beThsediar pipeag

I ' It f sectors, thus increasing
the off1 ol entepBrotEnt T Ui PURBReNary et et Iraipiacing datecis) | ppi ng
repl acsnent , gdabradd while teadisalis belfRy bdd, WhottdSspaRchlalsh 4 LS being

recorded in the next nornmal data sector, so that I've areas
cannot be us@ddiipnally plieeated whileisodisc Th beingi usedyafiep itrteasavesn imitillizeave a

I ni 15 f. i ppi repl acenent and an .
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for slipping replacenment requires at |east . ne~nunber
of entries r@yiikg érdalization oftie disond heeslipping rephangerant perfofasmat i on. 20

B e RGBT s T ey o e
generated | ur e aan |G e s Sispihd rBNEFAREE BERRATE Brb &R ©
_ merely 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 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 initializatioh.

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 s, 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



In the present invention, a direct pointing rule is also applied as a 25
def ect managenent nethod for spare areas proposed by the DVD-RAM standard
version 1.0. That is, all defects nust be processed by only one _

repl acenent. An extensible supplenmentary spare area allocated for |inear
repl acement after initialization could have been already usedadER 2i$er
data 30 area. That is, a defective block, which is used as a user data
area, is allocated as a supplenentary spaje area, it could be linearly
replaced by a 2 7 FEB 2006 7 primary spare area or supplenmentary spare area

[ in FlG. 3A en a spare area
Whi oh has al PERYRERR. oftd O Ao Biicly S%he' Tepaidiines et babas o
suppl enent ar gllopated, as showdualFIGr 8l AWRER Btspfe grége\;v{j%_ Hdd Q%ﬁe&?er

area by a defective block already 5 linearly replaced wthin _
suppl e)r/re nt ar YNERAY éeéﬁﬁ%d {5 iptended tohe wradeas a sppplemeanganyudpare Arem,duah

d-only di nt i C | j.cat ed 0 sol ve these
br obl e, as' ShageenPpfEBREEn 5ah3E B ey A RReha bk el agsl ement ary
spare &rea t lincathasephcehdjthivethe éupp%@rﬁénﬂtaf;%ﬁa?é%?’e@ﬁo@ate&%é’éﬂlré@ry spare
area or a pre-all oca([ﬂ('ed suppl enmentary spare area as shown in G 3B, nust

not be used PSINUNGTEIG Alsi Wdeaaranly fisss, thequoeess of réplasemant i&  ( SDL)

entries for -{3%@3 ondi ng defective block stored in a defect managenent
area nust notéo@ghc aﬁged. The reason why the SDL entries nust not be

changed is that aTpwolveothest mmemaagsﬁb%,inmpﬁsjéd_%lﬂogvg%l@ék%@fﬁpnot
used while the spare area is being sequentially used, I's determ ne 0 be

a defective HS3RRIeMgBtasHsPara @Fﬁ§§ha§_%aiabeﬁ)g?emrlirubﬁmlsaggﬁ%)?al .
Fepladonent. BumeRy SpaletEed dr oA albeatalt funTemah(Ey ABYE SimE RS 1Wn 11 ng | s
per f or med | aFt6. 3, mast watfiectidadopnsanmplaerivht! AR BLEMIAS hrdage! - 20
Therefore, S%Df)netargt}'/iels ?groart gg;régg]onvgirggh dera%i?isg E)Icfcﬁ s?oreldr;r? aardtg;ect P
defective
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 discis 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




bl ock wthin the supplenentary spare area i s not changed, and the
correspondi ng defective bl ock nust not be used to linearly replace a defect
within a user area. In disc recording and/or reproduci ng appar at uses,
information on a 25 disc is initially read by a tenporary storage area
such as a sem conductor nenory, that is, a buffer, in order 2DbFihiiBei atel y
use defect managenent information. It is prescribed in the DVD RAM
standard version 1.0 that a 32Kbyte-siz%3buffer Is used. 32 Kbytes
correspond to information for 16 sectors, and PDL and SDL for defect

i nfar @t on. in_30 buffer i its of sectors.
Thus, 1 he. mi o Rorbel Gp SUBEF EatBrdend KBt finurhatBher efen@St o one
sector, and (e, mx@eumeswmeha@éfa%ge&o@%ﬁ%ﬁ@e( : eF&é?ﬁié@b@gﬁ??_: n! he

buf fer corre%%ond to the maxi mum nunber of entries [ i _
whi ch are for Ne¥ues 8t hie $lhocedpy Be area semsihingafi¢reP PDentrichareesidmeides of

the SDL occu 1 L nJ ter. PDL entrie re stored in the
32§byte buffgﬁr/ t@% hﬁgﬁ'@h@%@% %Qf@%?a%‘i’?fjﬁ‘ééeﬂﬂ%w Rave ajsize 5
rangi ng fronrangingimouna ehindmem $F ohersdcfordoBmbRiHNNPbf 15 s8detors. Hence, the
maxi mum al | owabl e _si ze of a spare area (a primary spare area + a

suppl enent ary spafiengecip m%X'MﬁH@WGHeWZGT blea spare ar]?az(a?nihiary spate the

nmb f P ' iLnitialization a disc re,, since
nerect can b PHIENEAREF odR vahis d&binen Bhehe sk ok bulieaiono
spare area ftie hinabpossPDL entiedegénsrassd Qﬁorﬁﬁﬂ%l&@fi?‘rﬂgfé'&iécb%@feesent

invention, a 60Kbyte buffer that can store defect ormat 1 on associ at ed
wi th def ect sSig@ighdelgckeareprobably be geoeratednverinthedspare aceandreddta pr ocess

h i f | €S 7 triies: for, 15 sectors) that can be
ﬁegorgg:jr?nm ?ﬁge%%fggﬁﬁﬁtew&%%@%%ﬁ?ﬁ%:i %cﬁonémef‘?%s 15 (3837 entries: for
15 sectors) that Ketheliresestandastion) aldBKEYR: butbs®at Edn §to§’é'fdte?éc(§' S set to

have a 64 Kbyte size, the 64Kbyte buffer ‘can process as nany defects as
can be recor éermationrssgeiaded withrdejests maving 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 defect management

information area according to the standard. In an embodiment of the present

invention, the most preferable sizes of the spare areas that canbe 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.



I nformati on area according to the standard. In an enbodi nent of the present
invention, the nost preferable sizes of the spare areas that-can--be

all ocated-- 20 during initialization of a disc and during use of E eZ[]([]jg sc
are proposed with respect to a case in which a buffer for def dot
managenent is of 32 Kbytes and a case in which a buffer for defect
managenment is of 64 Kbytes. I|f the size of a spare area that can be
allocated is restricted so as to have a predeterm ned anount of increnent,
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rocess the PDL entries with a spare area required to ~ proces
gntri es for GRecassdheSDigatrigsieor ene seatoshows the mi ni num si ze of spare

condi t1 on. e 11 MLE RETERUM G MEmiiin S8 ot saterainss praraskianum si ze
of required ppocessldl @sfeas ritePlaQtfospoRBirERIas IR TSRS the
m nimum st Zesgg)célﬁgnl# i%etﬂe 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 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,



spare areas in nega bytes (MB), and the third subcolum shows the m ninum
size of required spare areas as a percentage (% of the entire capacity.
The next columm shows the total nunmber of defect entries that can be
processed. The |ast colum shows the maxi mum anmount of a spargy arpa R0
reconmended by the present invention, that is, the anmobunt of spare area
sinplified in consideration of an appropriate anount of supplenentary spare
area to facilitate cal culation of the ammnt of the spare area and repl ace
defects generated in the spare area. In e last colum, the first and
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of primary defects increases, which reduces the nunber of secondary
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which a spare ar Phd Bresdfit ffkntion 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,
5:[; 1%32+ 4096 blo. (1)

IXimum size of spare area = [

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:



managenent is partially allocated upon initialization 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 supplenmentary spare area nust
be allocated, the anount of a supplenentary spare area that) capg

all ocated nust be calculated in advance. That is, the supplenentary spare
area can be easily 20 allocated by recorging the size of a supplementary
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 defe a can b M ted as descri bed bel ow.
When t he 64Kb’%77 gggf(?fegﬁ%}t? ﬂgadfqgﬁer[@a rl'a%gzl i-ZA2)of a spare area that
can be allocated can be cal cul ated by t foll owi ng Equation 1: ixinmm

size of spare area 512 ] X32 + 4096 bloc... (1) Wen the 32Kbyte buffer is
used, the maxi mum si ze of a spare area that can- be allocated can be

cal cul at ed by the Fra: EB 2006 11 ium size of spare
area = 4096- 512"{ Eh@%&%ﬂ% g rl f‘?soﬁﬁ‘ai("ﬁH@ integer whiehy  denot es
a maxi mum i nt eger whi ch does not exceed " 512 ", Epa denotes the nunber of
PDL entries, and EPDL 32(=INC) indicates an increnment. 4096 (=Snm is a

multiple of 2 in which the size of a spare area required to process the
maxi mum nunber of defects i§ approxi mated for sinple calculation, when

the nunber oflops nobexceef'ect®x(t e, dondies thé nBRlber Bf PD?;%nthés'a‘?ﬁﬁ t han
512. Here, the size of a spat?2 area is shown in ECC bl ocks. 256 (=Ss DL)

denotes the size of a spare area required to process SDL entries for one
sector. a maxi mum spare area recomended by FIGS. 4A and 4B is about 4% 10

l'arger than ﬁfgll 89 iRAEMRE LK .@&%&Hefn?%ﬁgég%ﬁ@{xga%m@@ Of t& the

recomrended rea are determ ned
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 (=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



generated in a spare area, and are expressed in multiples of 2, so that
cal culation of the size of a spare area is sinplified. The renai nder

obtai ned by subtracting the size of a spare area 15 all ocated upon
initialization fromthe nmaxi mum si ze of a reconmended spare area, is
recorded in a DDS as the size of a supplenmentary spare area fQhdiEB 2608n be
al |l ocat ed, whereby the supplenentary spare area can be easily allocated
during use of a disc. A supplenentary spgée area is allocated or the size
of the 20 supplenentary spare area mnust i ncreased, in case that a
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an exi-sting spare area full flag. A flag indicating et her a supplenentary
10 spare ar el #2§Xi5ting spRreaaiyliiegn Aflag intlicating wieethana supplemantary of t he

pri many, spar S} ' |so r ired. In this case, flag
(whi cﬂbcan bgp %@P?g‘}sﬁgﬂk&f@%&ﬁ%g”&%(Fggf‘%ﬁ?‘m%%mew%mafep?ﬁt ry
spare ar ea) prieghespare areath isdai esaf, id QI%OF?édélHiPéd/. FPRICcALR f such
states as shown in the followi ng Table 1, and has a structure own in
FIG 5A. 15 {(whishganpe 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 cofnpletely 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.




20 flag val uestate 00ba sufficient anpunt of primary spare area remains 01
ba predeterm ned anobunt or nore of primary spare area has been used, and no
suppl ementary spare area is allocated 10ba predeterm ned anount or nore of
prinmary spare area has been used, and a supplenentary spare area has been
al l ocated 1lbthe primary spare area has been conpletely used 2 fERI§whi ch
can be referred to as remai nder state information for a supplenentary
spare area) representing the state of the1 uppl enentary spare area has
states as shown in the following Table 2, ‘and has a structure shown in
FIG 5B. 25 ([Tapre~2) fiag value 00b state—a suf-f+etent—ampunt—et— -
suppl ement aryl &are area rlenBrassterminegEBIROO6r ird>re bf bapplemaatay spatsarea

anount or norle of suppl eng r are area has been used. 10bno
correspondi nd—state 11 ht %%%‘?ﬁs’gﬁ%‘?'arv spare area has been conpl etely

d Here, tH ag of Tall 'ﬂﬂ'& the necessity that the size o
?f}g 5 suppl ﬁw'g}i a?y Spar @%%ﬁé%‘)sq ”e§?%§?gased by sinply representing
the state injwHibch a preddtthe supplénesmuit spire BRELhAE bééﬁ%bﬁﬁé}é&r%e@pare
area has been used. Wienm the supptenentary—spare—area—s—enrlarged—by
allocating a predeterm ned amount or nore of suppl erren't' ary spare area, the
val ue "01 b" of tHderd #w fiag oPTaDIY? Ban HHACEEIhd Acedy thaBE & G thb" 10
contrast with the renmminder state flag for a primary spare area, the
r emai nder supplementary spare area must be increased by simply representing the

state in which a predetermined 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 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 $102.
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



state flag for a supplenentary spare area has only three states. FIG 6 is
a flowhart illustrating a nethod of allocating a spare area upon
initialization, according to an enbodi nent of the present invention.
Referring to FIG 6, a defective sector detected during certification for
15 checking the exi stence or absence of defects on a disc whiflTeFEBh#Eigli sc is
being initialized, is skipped wthout being supplied with a | ogical sector
nunber, and the |ogical sector nunber V\T ch was to be assigned to the
defective sector is provided to the next sector, and the position of the
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all ocated, a renainder state flag for the prinary spare area is set to an
initial stat %ubtmytlng.ﬁﬂ%Egg logls offthe atleghtedmrirnary spiare afes frppi 27t ar y

spareqgrea i th | ze,.of t pt spare
alroea 1gl | oca ?C |I§Hk %?ﬁ'%%ﬁg%}ﬁ ﬁﬁxﬁ'ﬂf?m‘? 'QQOBRE?HLZGQ%&%% area
cal cul at ed lWWJ@peﬁ@?spemé . 02240FBEC R0 ERS JPand ffleze of the
suppl ementary spare area, 2240 C bl ocks, can b€ cal cu ate by subtractl ng

512 ECC bl oclesnaindemsiata piibgtsappiamentasy spate @rea,arefrecondedsa
predetermined positions in a DDS or DMA area, and initialization is
concluded, in step S$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 S201. If the answer to the step S201 is no, another
determination is made as to whether a supplementary spare area is to be
allocated, in step S202. If it is determined in step S202 that allocation of a
supplementary spare area is required, the size of the supplementary spare

25 area is checked, in step 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 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



10 ECC bl ocks of the maxi mum spare area. Information on the size of the
suppl enentary spare area (e.g., 2240 ECC bl ocks) and information on the
remai nder state of the supplenentary spare area, are recorded at
predeterm ned positions in a DDS or DVA area, and initialization is
concluded, in step 5106. 15 FIG 7 is a flowhart iIIustrati?ﬂ Eazﬁghod of
allocating a supplenentary spare area using information on g I nder
state of a primary spare area, accordingsto an enbodi ment of the present
invention. A determnation is nade as to whether a remai nder state flag
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to "00", andY9PRYNSKYUS fedeT

If a sufficient amount of continuous empty area does not exist at the
rear portion of the logical file area in step $205, 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 S206 for allocatinga |
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 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 supplementary spare area has
been used, another determination is made as to whether another
30 supplementary spare area is to be allocated, in step S302. If it is determined ‘

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



the size of the supplenentary spare area is updated, in step 5207. Then,
the process is concluded. Wien an area that has al ready been linearly
replaced is allocated as the supplenmentary spare area for |inear

repl acenent in step 10 S206, a defective block within the supplenentary
spare area is not used for linear replacenent, and the SDL entries nust be
kept w thout change, as described above referring to FI G2 BFEl £00&
sufficient anount of continuous enpty ar does not exist at the rear
portion of the logical file area in step 5205, enpty areas are rearranged

15 in step Sg{dBs; r.m ' | s Q et uf ficient
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al I ocati on of "anot her’ suppl ement

the size of pdrtionadthe et fije am@r,mgt@pessoe.Wféﬁ% aldh t@b@ﬁ?féﬂéad hat is,
e a

t he maxi num si ze of a supplenentary spare area that can ocat ed, and
the size of Redulppaheiariacedisallecatedasithatsupplemardan! sparatasea farlimeahecked.

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 $306, 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. [f 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



The size of the supplenentary spare area that nust be allocated, can be set
5 by a user, or can be a predeterm ned increnent. The existence of a
sufficient anount of continuous enpty space a the rear of a logical file
area is checked, in step S304. Then, it is determ ned whether the enpty
space exists, in step S305. I|f enough enpty space exists atlthEb il8&r of
the logical file area, a supplenentary spare area for linear 10

repl acement, of a predeternined size, isqpllocated starting fromthe
rearnost portion of the logical file area, in step S306. Wen an area that

has al ready she@mrbhé ASehd I suppl enentary spare
area for linear repl gsi‘ée%%({ gf-}{j‘ st epde?élgé,tﬁéz;ﬁhggggf% %%%BI%BB)WPH? n the
suppl erment ar flexiplyrand effesiively allitcatskdnd eiardgagar repl acement, and the SDL
entries nmust be k é% 15 w t hout, change, as gescribed above referring to

e

FIG 3. After th 19 Wegyesarijayentan, defecdsivediods withinthee suppl enent ary
, } i t | {
SFea. 1o nrulomEnichy BAR, ARRaR! Mt tsertr ik tRaEHBBLE BBy P

suppl efrent ar gnisipaaee nat ehanged) pdathatimaifanstiorpis pséventdéien, the process is
concluded. 20 If a sufficient amount 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 5308. Then, a determination is made as to
whet her a sufficient anount of continuous enpty area exists, in step S309.
If there is a sufficient anount of continuous enpty area, the step S306
for allocating a 25 supplenentary spare area is again perforned. If the
anount of continuous enpty area is insufficient even after the
rearrangenent of the enpty areas, a nessage "a supplenmentary spare area
cannot be allocated" is displayed, in step S31 0. Then, the process is
concl uded. As described above, in the present invention, information on the
sizes 30 of a primary spare area and a suppl enentary spare area can be
calculated by a sinple nunerical expression, and information on the

remai nder states of 2 7 FEB 2006 17




spare areas is stored and managed, so that the spare areas can be nore
flexibly and effectively allocated and managed. Al so, in the present
i nvention, defective blocks within the supplenmentary spare area are not
used for linear replacenment, and SDL 5 entries are not changed, so that-
mal function is prevented. 2 7 FEB 2006 18 Wat is clainmed is:771FEBANGE sc
conprising: a primary spare area allocated upon initialization; and 5 a
suppl ementary spare area all ocatabl e and/ or expanded after the
initialization; and a primary defect list4gPDL) having PDL entries;” and a
secondary defect list (SDL) having SDL entries, wherein defective sectors
in the supplenentary spare area and 10 correspondi ng repl acenent sectors
whi ch have alre ep.. registered in the SDL, shall not be used as spare
sectors, and mﬂ@%%?ﬁ‘g?ngxgﬁleyte buffer is used as a nenory device for
def ect managenent of a recording and/or reproduci ng apparatus, a maxinmum
nunber of defect entries recordable in the SDL are 15 conpletely
processabl e.

1. A disc comprising:

a primary spére area allocated upon initialization; and
5 a supplementary spare area allocatable and/or expanded after
the initialization; and |
a primary defect list (PDL) having PDL entrieé; and
a secondary defect list (SDL) having SDL entries,
wherein defective sectors in the supplementary spare area and
10 corresponding replacement sectors which have already been
registered in the SDL, shall not be used as spare sectors, and
wherein if a 64-Kbyte buffer is used as a memory device for
defect management of a recording and/or reproducing apparatus, a

maximum number of defect entries recordable in the SDL are

15  completely processable.




