| RECORDI NG MEDI UM HAVI NG SPARE AREA FOR DEFECT MANAGEMENT AND | NFORNVATI ON
ON DEFECT MANAGEMENT, AND METHOD OF ALLOCATI NG SPARE AREA AND METHOD OF
MANAG NG DEFECTS 5 BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to the field of optical recording nedia, and
nore particularly, to a disc having information on the sizes of allocated
spare areas and the renai ni ng anounts thereof, in which an appropriate 10
anmount of spare area is allocated upon inftialization, and a suppl enentary
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 neth t t suppl enentary spare
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spare area is allocated according to the state of the disc upon
initialization, and a suppl enentary sPdFE@F8a is all ocated when 20 the
Spare area aIIocated upon initialization is insufficient while the disc is
bei ng used. According to a digital versatile disc random access nenory
(DVD- RAM standard (DVD Specifications for Rewitable Disc, Part 1

PHYSI CAL SPECI FI CATI ONS) verS| on 1.0, each zone has one spare area, soO
that 22 25 spare areas are SRAUKGROUNDQF THEINMENHONN since a disc has
24 zones. Ingqthe pl;élarofﬁ_{é vBRti ,Igown in FIG 1, a flag representing the
state of the spare area aq ocated to each zone within a defect nanagenent

area (DMVA) is coﬂ'htelpirat@fd injertivhnyretgs kb the/fidlg bf bpiA$888 Rl kR or not
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8 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 corresponding




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 full spare area flag is stored in
relative byte positions (RBP) 8 to 15 of a secondary defect list (SDL) of
the DVA. When a 5 bit representing a corresponding group is "1 ", this
represents that no spare area renmains within the correspondi ng group, and
when the bit is "0", this represents th& a spare area remains within the
correspondi ng group. Information on a spare area, which is constituted of
only one bi t Sgare alescranieelusedyies., whethes éns sceupisd MAREBRIIngIea BRPSSrar ea i s
occupied. On__10 thg oége[g hafnd i n discs in which a supplenentary spare
area can be 219%Ha9 Bas 2ARils ofintarmetion rerresenting whather er aiot 24 ispate t he
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by a defect 20 mapagenent nethod that is applied to a correspondi ng disc.
Here, in order to%ﬁ%@”&:ﬁ asPareaAreR, yhvct isiconstitterhpf enlyanei bitds e  di sc,
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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 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 3
standard version 1.0 that the position of a defective block replaced by

| i near replacenment nust be recorded in an SDL in a DVA on a disc. However,
when an appropriate anbunt of spare area is allocated according to the
state of a disc upon initialization, and a supplenentary spare 5 area is
all ocated as the state of the disc becone® bad during use of the disc, a
nore effective spare area allocating nmethod is required. It is prescribed
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the sum of the sizes of the PDL and SDL is about 60 Kbytes. Thus, in the
DVD-RAM standard version 1.0, PDL ranges from sectors 1 to 15, and the
15 remaining sectors are set to be used to process SDL entries, so that the
number of PDL entries and SDL entries that can be processed is restricted in

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

SUMMARY OF THE INVENTION

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

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

Another objective of the present invention is to provide a method of

25 simply calculating and allocating a spare area for slipping replacement and a
spare area for linearly replacing some defects, while a disc is being
initialized, and a spare area for linear replacement which is required during

use of the disc. R



initialized, and a spare area for linear replacenment which is required

during wuse of the disc. 4 Still another objective of the present invention
is to provide a nethod of managi ng defects in a supplenentary spare area
which is allocated for |inear replacenent while the disc is being used. To

achieve the first objective, the present invention provides a 5 recording
medi um characterized in that a primary spare area all ocated upon
initialization and a supplenmentary spare 4rea allocated after
initialization are provided, and the sizes of the spare areas are
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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: aliocating 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 DRAW NGS 5 The
above objectives and advantages of the present invention will becone nore
apparent by describing in detail preferred enbodi nents thereof wth
reference to the attached drawings in which: FIG 1 is a viewillustrating
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 supplementary spare area, according
to the present mV@elab@Vﬂ Olﬂlemlesmndiadvaﬁagesof/thevmeséhvlﬁt/éﬁﬂidm@;lnﬁt hods
of managi ng q?def ect ner a supplenmentary spare area in the

structure of THES E}?r§ﬁ8 rent y,gdeécngmgpp ta'meﬁfﬁfhmé'm%mséhe@bbw ng

al | ocati on ofwigh REferBHCE t5RAG BHAEKSY dARfAN mentary spare area
according to the present invention, mhena%ﬁpwmsﬁze of a buffer for defect-

managerent in di sdledosd@ Wgwamaﬂtm’ungdpe(sﬂuciung oL & cappeniidng filbsparekbyt es

and 64 byte Lve 5A and 5B are views illustrating the

struct uér<es of ’Sés'%%“‘%’f”g %é;lracic’rﬁ%?t Sstate information which represents the

degree to which a Hpapgs a&hé@ulﬂ@tdﬁﬂ Eé as cording
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to the present I nvention; FIG

allocating a thﬁ@ﬁlr&‘ mar@)an@emuppl&mmmmnam area,casodrdipgtto tie pesgepdi ment
of the presené vention; FIG 7 is a flowhart illustrating a nethod of
allocating a Ylédﬂ 1%, e nt ary spare area using the remai nder state information

of a primary spa IRJYs f S
i nvention; and FI gGgr ?gs\ %@sgm g%[v&é)mp ?mgol rl?g a ndgtrﬂ%'gg%&g qeeg%%t“ ng a
25 supk enentgengratpdion asepplasientary spareamaidahe stratiré of tHe@ist @RoRh 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 buifer 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.




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
prinmary spare area and a supplenentary spare area. 6 The primary spare area
is first allocated for defect replacenent when a disc is initialized, and
Is first used for slipping replacenent. The primary spare area renaining
after slipping replacenment can also be usgd for |inear replacenment. The
suppl ementary spare area, for linearly replacing defects 5 generated while

the disc is being Tiseptimegrspiazs ares mfist allaeted fartddfsct ragRickhrtvhgn a-
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sector, so that the defective areas cannot be used after initialization.
The primary spare area must have a minimum spare area necessary

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

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

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

25 defect management method for spare areas proposed 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. Thatis, a defective block, which is used as a user data area, is

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




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 acenent after initialization could have been already used as a user
data 30 area. That ‘is, a defective block, which is used as a user data
area, is allocated as a supplenmentary spafe area, it could be linearly
replaced by a 7 primary spare area or supplenmentary spare area which has

al ready been pranarycspeaesaresossupplementanGspaks ardharhioh $B8 Hrcabfdedhi ch has
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a correspondcagptiestedt i ve bl ock stored in a defect managenent area nust

not be changed. Tg.e rias%év\h the SDL entries nust not be changed is that
a portion of the sfaPlveinese Proapienls. ag sbryvpRdGndB1s defectiveddockhwitieint he
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management area must not be changed. The reason why the SDL entries
must not be changed is that a portion of the spare area, which is skipped and

15 not used while the spare area is being sequentially used, is determined to be
a defective area if the SDL entries used to process defects with a
supplementary spare area are erased. Thus, a normal block used for linear
replacement can be misdetermined as a defect, and thus, when formatting is
performed later, a non-defective portion can be registered as a defect.

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

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

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

30 the buffer in units of sectors. Thus, the minimum number of PDL entries

stored in the buffer is for one sector, and the maximum number of PDL



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 to imediately
use defect managenent information. It is prescribed in the DVD RAM
standard version 1.0 that a 32Kbyte-sizegbuffer is used. 32 Kbytes
correspond to information for 16 sectors, and PDL and SDL for defect

management i eheidwstorsd i heBudfeP doirdspénd flﬁth@%éﬁhdn?nHﬁb%?oPént?@ tors.
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t he maxi mum nunber of entries 15 (3837 entries: for 15 sectors) that can be
recorded in the Shthespresent inventian, BbO0Kbyts buffenthatean atbd débgdte si ze, the
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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 can be allocated

20 during initialization of a disc and during use of the disc are proposed with
respect to a case in which a buffer for defect management is of 32 Kbytes
and a case in which a buffer for defect management is of 64 Kbytes.

If the size of a spare area that can be allocated is restricted so as to
have a predetermined amount of increment, a calculation expression for

25 calculating a required amount of spare area can be greatly simplified as
described later. In consideration of this merit, a spare area for slipping
replacement for managing primary defects is calculated by dividing PDL
entries in units of sectors. 512 PDL entries correspond to one sector, and the
amount of a spare area for processing 512 PDL entries corresponds to 32

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



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

al l ocated 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 nanagenent is
of 32 Kbytes and a case in which a buffer for defect nmanagenent is of 64
Kbytes. |If the size of a spare area that an be allocated is restricted so
as to have a predeterm ned anmount of increnent, a cal cul ati on expression
for 25 cal cul ati hdG&. Abcand 48 asentables showiray the R0 arE ArédLAhEYN the

sinmplified as.desgctibed. | at In consideration of this nerit, a spare area
f;)m)s; i Ippi ng S'Zree?)flct.élggﬁ”r‘&ﬁf 'ngé W{j?ég‘?’?fgeﬂ)ﬁwsy repgestivelyi § h@afirém@lugnh by
di vi di ng PDLjn @BER 0EFIGH. 4R iahg zg;'f gegg%&ﬁ@'thébémggkoﬁﬁb[!eﬁﬁri%% gspand to

one sector, and the anount of re area I processi Centries

corresponds #58c@xd 8oluFTChereinlehowsrthe BRXiluockuhber dfESOReAtrRas tdtoand FI GS.
are areas when the size of the

4A and 4B are tables showing the size of s I

buf f er 5i43 32%R6§F98§SS§Hdeh rﬁﬁ%’%g? trP%EHE@?PQEVV.C"fF%PPFQW R @miries.n each
ol U t her &1l one o B RErd Do aorp gl §23s t3Pale freslDc "™
processed, wwhich arspegressed indE@OrﬂimksofeQUimd:iﬁarsaarmaéﬁmr Gefecgntri es.
The nunerals _in the thi r%@csajpggn denote the m nimum si zes of spare areas,

whi ch are exPlRREIEN, e RRAT TERATEMENt of oBe spaloe ispliacated. Tbakct
management ey theiriRiun 528 spaRL ARRITAL oa pEUMCSEEHGL 1@ Fhi Gl ed. That

i's, the mininumsize of spare area that can be alTocate um of all
10 spdPe ar eaparesz|ens cequiehioquresess the PDL entrties with & Sparé asd@reyuiiceRto

required to Froceiﬁ g)ﬁ:_esrgL eggri es for one sector. The next columm shows
t he mi ni num Bi%ES %E CIUPEl oA FeLA-t o process all defects under a

hows. e masi mum o TeRorolbR ol Anbiriimu e ot b et et ona
subcol uim shpresess alldeféctsinnderze cofrespopding diefect condition. The first
subcolumn in the fourth column shows the maximum size of required spare
15 areas in blocks, the second subcolumn shows the minimum size of required
spare areas in mega bytes (MB), and the third subcolumn shows the
minimum size of required spare areas as a percentage (%) of the entire
capacity. The next column shows the total number of defect entries that can
be processed. The last column shows the maximum amount of a spare area
20 recommended by the present invention, that is, the amount of spare area
simplified in consideration of an appropriate amount of 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 num anount of a spare area 20
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 calculation of the amggnt of the spare area and repl ace
defects generated in the spare area. In the last colum, the first and

second subcol unmAssstmwr IneF KBDEATWREH é@ZKbyFeQﬁﬂf@F‘?@G@Qd,sé?Fﬂ&‘e@{sqgﬁt I n
bl ocks 25 and the percentage of the spare area to the total recording

capacity of &agiksrecordadiaall Jefegt managemaet anees @apnot be completelyqui r ed

spare areas | o] . L I fourth subcol ums show
t he maxi mum E? %(Zggf o @8%@%@}5?@%#@?@@Hg@ﬁ%ﬁée AACTEREEHEPRent age
of the spar e aatuzdnuwitieh of esesredary @lefdists tt @bn ROIOEE b FARFERLYs g di SC,
respectively, when the 30 increnent between required %Bare areas 1s set to

be 48 Bl ocks!heBeentaasf the teletspare argaisadeTreges Bhisiroeans thatde al |

defects that : ' nt .greas cannot be
conpl etel y  SPAg Bt BHSCREEES Whrdk o B FinkEr AR ENER < ToBBingReR o)

i ncreases, t imichadusks thathembef of sscunrdiary derRtacthst EMbeQﬁéhéﬁc‘?d?r ocessed
decreases, and 5 the percentage of the total spare area al so decreases.

Thi s means that t K8 Sod¢exthis problem; kfemsingdaddGudBstheapresant invemtéon of pri mary

def ect [ [ G ._of d defects that
e managed.  Tamendt LSt rERREYS By TRTys Bgsdy ity migheceny |
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nunber of 10 secondary defects that can be recorded in a defect nmanagenent
area can be CRPRIAtRYArgcenssddegardiesseltheswmbsr of pamanyidefeats. Alsortiiey

ey sbour. 896t AR oA R 2R s ok hB S SO
spare area for defThefpresent invention describes a disc in which a spare area for defect
management is partially allocated upon initialization according to the usage
15 purpose of the disc or the state of the disc, and a supplementary spare area
is allocated after initialization when the size of the spare area is insufficient.
Accordingly, when the supplementary spare area must be allocated, the
amount of a supplementary spare area that can be allocated must be
calculated in advance. That is, the supplementary spare area can be easily
20 allocated by recording the size of a supplementary spare area that can be
allocated in a disc definition structure (DDS) of the defect management area
(DMA), upon initialization.
The size of a spare area for defect management can be simply
calculated as described below. When the 64Kbyte buffer is used, the
25 maximum size of a spare area that can be allocated can be calculated by the

following Equation 1:

E

Ximum size of spare area = [ 5’1’ ’;L]x32+ 4096 blo....(1)

When the 32Kbyte buffer is used, the maximum size of a spare area

that can be allocated can be calculated by the following Equation 2:



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 anpbunt of a supplenentary spare area that can be

all ocated nust be calculated in advance. That is, the supplenentary spare
area can be easily 20 allocated by recording the size of a supplenentary
spare area that can be allocated in a disc definition structure (DDS) of

t he defect managenent area (DMA), up initialization. The size of a spare

area for def egim gpaagespire &8 Leosy S 6:L§ te )as descri bed bel ow.
When t he 64Kbyte buffer is used, the 832n]151 I mu of a spare area that

can be allocated can be cal culated by the fol I ovm ng Equation 1: iximums i
z e of spare area = [ 512 ] X32+ 4096 bloc... (1) Wen the 32Kbyte buffer is
used, the maxi mum si ze of a spare ag that can be all ocated can be

]

cal cuI ated by theidp i = 4096-
S X(286-3) 1oy e Nty BTyl SRR afch | o

i nteger which 32(—| NC) indicates an increment. 4096 (=SMAX) is a multiple
of 2 in which the size of a spare area required to process the nmaxi num
nunber of defects is 5 approxi mat ed for sinple cal cul ati on, when the nunber
of primary defects nuher of PDL entries) is |ess than 512. Here, the
size of a spdPes APt xqebed rEiacdeneteskee npawer oEBDL) entaastand t he si ze
of a spare area required tgi%rocess SDL entries for one sector. a nmaxi num
spare area recomended by FIGS. 4A and 4B is about 4% 10 | arger than that
an actual ly-required spare area. The sizes of the recomended spare area

are det er m n8g(sINC) indicates aini inoreplerde4OOEY=SHSN & ahRMIHIE R 2SR Ra. and
are expressed in nultiples of 2, so that
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




calculation of the size of a spare area is sinplified. The remai nder
obt ai 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 supplenentary spare area that can be

al | ocated, whereby the supplenentary spare area can be easily allocated
during use of a disc. A supplenentary spare area is allocated or the size
of the 20 supplenentary spare area nust Bhpg increased, in case that a
primary spare area allocated upon initialization is conpletely used and no
ot her spare & alfccated bsthesize lof acapplethemany ?ﬁ?@'é?@ﬁ'i‘é RicYoSRRNPhé §2 1S
conpletely used. Wien a disc is actually used, defects are highly Tikely to
be conti nuouSM@!l jaoitaf sparerpeaaciemiains,ifor pxamplee Wheafacertdio nunaier of

suppl enent ar I i I or. .th i ze, of a suppl enent ar
spglroe ar ea iglﬁgrrggggrg&m%%égtﬁéﬁgﬁfé %%&Jﬁtusgg' @f&ﬁgaﬁ? §HPP'E nRry fo)r/
exanpl e, whesparecanetds milovatedrafes thdbisdeted epaidiares i9¥pletbliaustr e area

i's useg, t han thai g},sgggql)emant ary spare area is allocated after the
al | ocated spare alfb®l§ fpiesainjer sate flag representingtbe degreephiiselof ast at e

flag represepti I f. rea is required to
ndicat ot hatPa roreaas SERIREL R ndReI et o FRAGRA TR afal M rbd S edhcen
used, rat her spar@rancatasssatr nsed) nhthet WRarbitepreSonting oMY Blb stdiés SRR ea
has been conpletely used or the spare area still remains, as in an

exi sting spal®® AR araahas|begn camplaigly werdar thegspaneahea still emaihsnant ary 10

o mary spar o Ay exofid SBAR Aeelifhed. B 66 IR PEY R hiclPelRRiE @ | ag
(whi chOcan bsparefares ¢stiseersallczapddWhen stpreaeieRhMddPdh8int & mérdd6f tHB" Y
spare area) representing the state of the prinmary spare area has such

states as SPHHRATY PPAREresINasiasy usssl is also sequireds W this caseyadlaghown i n
FIG 5A 15 W&J\ Saljr)oezr%ferred to as remainder state information for a primary spare

area) representing the state of the primary spare area has such states as

shown in the following Table 1, and has a structure shown in FIG. 5A.

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

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

25 (Table 2)

flag value state

00b a sufficient amount of supplementary spare area remains.




flag val uestate 00ba sufficient amount of primary spare area remains 01 ba
predeterm ned anmount or nore of primary spare area has been used, and no
suppl ementary spare area is allocated 10ba predeterm ned anount or nore of
primary spare area has been used, and a supplenentary spare area has been
al l ocated 11bthe primary spare area has been conpletely used A flag (which
can be referred to as remai nder state information for a supplenentary
spare area) representing the state of thgasupplenentary spare area has
states as shown in the followi ng Table 2, and has a structure shown in
FIG 5B. 25 63 le 2) flag valﬁe 00b state a sufficient anount of

suppl enent ary “3Bare area i ERYEHEETTINGH aMoURt QBPES A SPGBty Sparmaresnt

suppl enentary spare area hagsheem wsd. 10bno corresponding state 11lbthe
suppl enent ar y—spare—atreatas—been—conpletelyr—used-Here, . the flag of Table
can indi cate| e necessity nolatrrdspendingestafe the 5 suppl ementary spare are
nmust be i ncrgased by St npiy TepresemntTng the—state—+n—whi )
amount or nofé1Bf suppl eme%ﬁ%ﬁypglﬁme@tﬂ’y@@arma@aimbmdommmaytdwd

suppl ementary spare area is enlarged by allTocating a predetermned anount—
or nore of supplenentary spare area, the value "01 b" of the flag can

si npl y be changedHese, ihedtag ahkakde & ean indicate tennecessitythat thésizeastahader
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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



FIG 6 is a flowhart illustrating a nmethod 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 checki ng the existence or absence of defects on a disc while the disc is
being initialized, is skipped without being supplied with a |ogical sector
nunber, and the | ogical sector nunber which was to be assigned to the
defective sector is provided to the nextigector, and the position of the
defective sector is stored in a PDL, in step S101. 20 Next, the required

amount of spaE@Caleeks, & makiownabed2H EGT efocksQRe UEEH tE1SASBYSS thiipey) t he
nunmber of PDL entries is between 3072 and 3583, the mninum size of a
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entries and r | . r4.es. fqr one sector,
and t hus becgnégﬁ E@%@é%r%?%igﬂlo?ﬁ%%C'Eﬁfﬂ"i&%us?&%rﬂ%g?oﬁg?e%f)r"ﬁ‘gryand t he
i ncrenent betspeme anes éssetity anpinitiel afaea%00"s irdstep|IOKS , THY Ridx e SHO6KS

obtai ned by cal cul ati on using Equation 2 can be allocated as the maxinmum

si ze of2 spar SUPPELMENRE, SPHE 98¢ is Falgulated Ry subtraghinethersize pEtheprinant ed, a

primary spar j ' t ' h i of the primry
spare area |§Sp§%%ﬁé%%b%%§§b§%%szg% %%%8%&*@&56?8@&&9 %‘Fireﬁgﬂ to

process the RBlculatedrinetep 8M02 tihesteeSHOBI Forltixasipte, AK€ nits@AUCsips 8EGRS t he
SDL entries. After the primary spare area is allocated, a renainder state

flag for the SYPPHRIPGNaBpapeATEa, 224GELG blogks.icantheataleulatad bpo", in step
S104. Th ' ' f ' | db
O e P )

subtracting the size of 't Spar e

from tte maxiE@@ode offtht heaxirpamespare areg alrfoin@dtRm ot §PeStfie i n step
S105. For exanpl e, the maxi num size of the supplenentary spare area, 2240

ECC bl ocks, CHRPINeAAR $RATE @8 (& 0bt2240: kGG ackskandinfeonstion onttbe
er leg_ca}[ ﬁ?ofggﬂaﬁnﬁ%{i gﬁﬁi%gtgﬁﬂ%ﬁwéﬁ?aryjsgal;ecgre%{ O Fohrad gt maxi Mum spare

predetermined positions in a DDS or DMA area, and initialization is
concluded, in step S106. .

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

20 spare area has been almost used and a supplementary spare area has been
allocated, in step S201. If the answer to the step S201 is no, another
determination is made as to whether a supplementary spare area is to be
allocated, in step 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 éllocated, are checked. The size of the
supplementary spare area that must be allocated, can be set by a user, or
can be a predetermined increment.

30 The existence of a sufficient amount of continuous empty space at the

rear of a logical file area is checked, in step S204. It is determined whether




suppl enmentary 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 S106. 15 FIG 7 is a flowhart illustrating a method of
allocating a supplenentary spare area using information on the remai nder
state of a primary spare area, according to an enbodi nent of the present
invention. A deternmination is made as t®9whether a renmi nder state flag
for the primary spare area set during initializationis in a state "01" in
whi ch the pr@HﬁHthﬂugbépéc%ﬁé§ﬁhd3Sﬁﬁbﬁ2@5nﬁ§m0ugb@nunﬂsaa&mpp%&namtary

spare area hgss Q)ft t g até’é %L% Etal{%séélfgtﬁgs\?e .to the step

S201 is no, anot m na n 5B emrent ary

spare area i seplecémemalofaqabdétermihe&iﬁ@e 38 @ocatbdistartifg #@nefHE ﬁé%\?'mbgt step
S202 tha of a Ierrentary are area is require the size

t allocatio
of the suppl Qﬁglﬂna?f;}h@é%g'ﬁa'ﬁﬂeﬁr 2% 'P§t%fh§88@d Managemamt BB‘OBnatTOTatorltlse t he

maxi mum si ze mgh%lr, e b | ocated, and the
maxi rrug Si zesg supp ?r%ﬂ% %E%a t@%ﬁ%ea g&%rﬁgmhgﬁ%taﬁ%ﬂ?g ‘g%rathﬁl ocat ed are
checked. Thesepplenmtarblespaselpma&ﬁeh‘nﬁﬁlweaﬂﬁmﬁ tarea, tahatthmr%nﬁﬁuﬁ% bRcat ed,
can be set by a user can be a predeterm ned increment. 30 T

exi st ence of the ggeof ﬁ?eewp%l%@ma%fsp@&@r aRUs wpdatast yn siepc2Git. Then thear of

I I e etermn eth 15
cnough et yPsasE R bonciBEE e a558n iep fs SisrOuRBe ugﬁaﬁy peed
the rear of iswlidoatectas tte b@;ﬂéﬂ@ntaﬁy%pé@ %%ﬁrﬂeérﬁ@b%c@ rPéteh' near
repl acenent, of a predeterm ned size, 1s allocated starting fromt

rearmd®  poSEPBnA Qﬁqutiée ibdgkcwithinithe supRlementary tsparesati isviot ageddot
tlag for ¢neliarsapietefient AHEFREESH, SR Althe koMl SopaE a0-. and
the i nf or mat descrived dbtvesictaring to IGSEPp! ementary spare area i s updated, in
step S207. Then, ltf gesufﬂment 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 $209. If there is a sufficient
amount of continuous empty area, the step $206 for allocating a
supplementary spare area is again performed. If the amount of continuous
empty area is insufficient even after the rearrangement of the empty areas, a
20 message "a supplementary spare area cannot be allocated" is displayed, in
step S210. Then, the process is concluded.
FIG. 8 is a flowchart illustrating a 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,




process is concluded. Wien an area that has already been linearly repl aced
is allocated as the supplenentary spare area for |inear replacenent in step
10 S206, a defective block within the supplenentary spare area i s not used
for linear replacenent, and the SDL entries nust be kept w thout change,
as described above referring to FIG 3. If a sufficient anount of
continuous enpty area does not exist at the rear portion of the |ogical
file area in step S205, enpty areas are fBarranged 15 in step S208. Then,
a determnation |s made as to whether a sufficient anount of continuous
enpty area eih@gEe ofihesuprispntanyspaieaeea is cheoked; i step S383o dat o,

conti nuous e 1 : | ocat i a u enegnfary, spare
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i nsuf ficient tley sizeadfteesugplemeatary apgenai thht kst BEBIYcRES 3Sre chetRedESSagE

"a suppl ementary ,s‘gar area cannot be allocated” is displayed, in step S21
0. Then, theLrS\eo‘dé of fhe uppiemastary spase areadhat musikealiecated,wssivbe selg a
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remai nder state sup ntary spare are according to an enbodi nent

of the present 25 Thewsigtence ofadeffidiant @midurn of sonfiloLdSerhpty kB & the
remai nder state flag for _a supplenmentary spare area for réplacing

secondary def&i¥ g fileargar s shecked idstap 93@4 Thennt is detageined1” i n

whi ch the su I r I ed, .in step .S301. If
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allocated, in step S302. If it is determned in step S302 that allocation

of andbher siRRIPerRBRANLC) afpadeteaningd Uze, dgalloeaied Biarting frony theoeatrest
%6 of a subsTiSRLS b TBuLE MUEFES Tosie S, sk af Afentis hes Amadki ve of
a_suppl ement peyn $insary pesiacddii allBestedss td Qipiafen@ng sARCARY for lkeySi 2e
of the supplenentary spare area that nust be allocated, can be set
replacement in step S306, a defective block within the supplementary spare
area is not used for linear replacement, and the SDL entries must be kept

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

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

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

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

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

30 of a primary spare area and a supplementary spare area can be calculated

by a simple numerical expression, and information on the remainder states of



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. If enough enpty space exists at the rear of
the logical file area, a supplenentary spare area for |inear 10
replacenent, of a predetermned size, is allocated starting fromthe
rearnost portion of the logical file ar&d, in step S306. Wen an area that
has already been linearly replaced is allocated as the suppl enentary spare
area for |inépare awasds starad and reargyeRB66,that thefspatd weedy etkbavnidren t he
suppl enentary, _spare .area.i s not uysed for |inear replacenent, and the SDL
entries nust ﬁ%'%&e%'?d Eﬁe&i‘ﬁi\bﬁﬁ"%axﬁ%esi MRNQEEder i bed above referring to
FIG 3 After {hestein BROBrosERIAGEATSN, deHAMEHILAR [ BiniHe SuPP! ementary
spare area, that is, a renainder state flag tor the supplenentary spare
area, is inPupplemestanyspare areaars neaindedfor Bne replachment | arehspd

suppl egent ar r rea_i s update in step. S307. Then, the process is
concl uded. Zénﬁ%%aaergdﬁFﬁﬁgﬂ?&aﬁ%ﬁghﬁﬂ%ﬁ*ﬂﬁjﬁﬁﬁﬁe@ ty 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 nade as to
whet her a sufficient - amount 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 perfornmed. If the
anount of continuous enpty area is insufficient even after the
rearrangenent of the enpty areas, a nessage "a supplenentary spare area
cannot be allocated” is displayed, in step S310. 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 17 spare areas is stored and nanaged, 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 supplenentary spare area are not
used for linear replacenent, and SDL 5 entries are not changed, so that

mal function is prevented. 18 What is clainmed is: 1. A defect nmanagenent

met hod of a disc recording and/or reproducing apparatus for a disc having
a primary spare area allocated 5 to repl primary defects generated
during initialization using slipping replracenent, and a suppl enentary
Spare area aIIoQ@%ﬁd to.replace secondary defects generated after
initialization &S Flaimsy iy epl acement, “the nmethod conprising: al l ocati ng
the suppl enentary spare area using an area of the 10 disc that has already
been linearly replaced; wherein defective blocks within the supplenentary
spare area whi dh haddgefectondyageroent mathuod of a discaeeardingeandior used f or

| i near replacenen

t , and seco dafc}g/ d&{seﬁt |ist gqugL‘& entriesa\witwa a
defect nanagenEt OdVERY FPPAFRIUG Y @ dist having pyi PRECRIFAA'PER®BI ocks
are 15 not 53haﬂﬂ@i!>lac?e_ pvﬁné%ﬁ@é@bﬁggéﬁéﬂéﬁﬂ‘diﬂﬁ%rihﬁib%tio% L@iﬁ@@ﬁﬁbiﬁ@are area

al l ocated upon initialization; and a suppl enentary spare area all ocatabl e
and/ or expandedreflacgment) and@ supipleragntasy spare avearaliopaigditecepleesect ors in

AR o g e B T e s SN
be used as spareplacsthénts the method comprising:
allocating the supplementary spare area using an area of the
10 disc that has already been linearly replaced;
wherein defective blocks within the supplementary spare area
which have already been linearly replaced are not used for linear
replacement, and secondary defect list (SDL) entries within a defect
management area of the disc with respect to the defective blocks are
15  not changed.

2. A recording medium comprising:
a primary spare area allocated upon initialization; and
a supplementary spare area allocatable and/or expanded after
20 the initialization;
wherein defective sectors in the supplementary spare area and
corresponding replacement sectors which have already been
registered in an SDL (Secondary Defect List), shall not be used as

spare sectors.



