1 RECORDI NG MEDI UM HAVI NG SPARE AREA FOR DEFECT MANAGEMENT AND | NFORMATI ON
ON DEFECT MANAGEMENT, AND NMETHOD 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 remai ni ng anounts thereof, in which an appropriate 10
anount of spare area is allocated upon |n1t|aI|zat|on and a suppl enentary
spare area is allocated if the spare area is |nsuff|C|ent whi | e bei ng used
after conpletion of initialization, a nethod of allocating the spare
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suppl enment ary re area is allocated during use of mever I n
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spare area is allocated according to Eﬁgiéa%e of the disc upon
initialization, and a suppl enmentary sp a is allocated when 20 the
spare area allocated upon initialization is insufficient while the disc is
bei ng used. According to a digital versatile disc random access nenory
(DVDRAM) standard (DVD Specifications for Rewitable Disc, Part 1 PHYSI CAL
SPECI FI_CATI ONS) version 1.0 one has_one spare area, so that 24 25
spare ateas are allocated uB&&S — THE INVENTIONI sc has 24 zones. In
the prior ary, as QWP tH IfveRtiod: @ flag representlng the state of the
Spare area allocated to each zone within a defect managenent area (DVA) is

constituted of onTheqresdrittinwdntion reties tethesield of bpticAl rebdrdingy HakLSPondi ng

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 aliocated 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 |ist (SDL) of
the DVA. When a 5 bit representing a corresponding group is "1 ", this
represents that no spare area remains within the correspondi ng group, and
when the bit is "0", this represents that2a spare area renains within the
correspondi ng group. Information on a spare area, which is constituted of
only one bit spsrelesss carebe alsedei.e| epetweritis cooliyiedhetdeerdin§iy, 8RAl §paeca 1S
occupied. On_10 @he ot% .Panﬂ., in discs in which a supplenentary spare
area can be & FdU98EESA4 RIS PLinforagtionreiesenting whethar«r zist @4tspatre t he
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by a defect 20 rraﬂﬁaerrent met hod that is applied to a correspondi ng disc.
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rescribed in,25.the_existing,DVD- RAM st andard version 1.0 that the '
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gener ated duy,ing use of L@?ﬁ di sc,. \\/‘\@c are 30 called "secondary defects".
't s preschB Ver, a b SLPWS B tibiag 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 sSpare 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




3 standard version 1.0 that the position of a defective block replaced by
|l i near replacenent nust be recorded in an SDL in a DVA on a disc. However,
when an appropriate amount 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 becones bad during use of the disc, a
nore effective spare area allocating netggd Is required. It is prescribed
in the existing standard that in a recordrng and/ or reproduci ng apparat us
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becones |l ess t e nunber of defects that can be recorded in the DVMA on
the disc. Here, tHdowevarcwhaamaggnnrapriatefanountialspareanedes aftbtatedd SDL, and

the sumof the sizes of the P nd SDL is. about 60 Kbytes. Thus, in the
DVD- RAM St andREE I8 &5 the 58 SppaiSCaRgEs AR e O SURRICTENERH GPBrR. 15
remai nifg seci@h$s allScR8l ashd8tais of tHePdiBE PeesmeSBadilringsse Sfdhk Qﬁ’éc,t he
nunber of PDL entries and SDL entries that can be procesSed is restricted -
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nvent i on i 5 1B SKGUBBGIRAT OB ARG A ALHI SoR R UPREARRRLFibR Ch&soci at ed
with the sizgjgndnshee ﬁ@bﬂfﬂﬁoﬁféﬁ%mﬂfg fofRGbefedt ﬁ%n@?{eﬁ%ﬁi ed upon

initialization, and wth the size and theé remal ni ng anou a spare area
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Here, the defect management information includes PDL and SDL, and
the sum of the sizes of the PDL and SDL is about 60 Kbytes. Thus, in the
DVD-RAM standard version 1.0, PDL ranges from sectors 1 to 15, and the
15 remaining sectors are set to be used to process SDL entries, so that the
number of PDL entries and SDL entries that can be processed is restricted in

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

SUMMARY OF THE INVENTION

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

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

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

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

use of the disc.




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

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

obj ective, the present invention provides a 5 recordi ng nedi um
characterized in that a primary spare area allocated upon initialization
and a supplenentary spare area allocated after initialization are provided,
and the sizes of the spare areas are detef#m ned by the nunber of defects
generated upon initialization. To achieve the second objective, the present
i nvention provi desStil anpthet eljactive af thequesent iavenimnds 2o provide BRRGEEJdef ect s

in a disc recgrdi - [or.reproducin aratus, the nethod including the
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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: 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




5 The above objectives and advantages of the present invention will becone
nore apparent by describing in detail preferred enbodi nents thereof with
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 aviewillustrating the structure of a disc having a user area, a
primary spare area and a supplenentary spare area, according to the present
invention; FIGS. 3A and 3B are views illu8trating nmethods of managing a
defect 10 generated on a supplenmentary spare area in the structure of the
di sc shown in FI G The app(ssobigptivasdanbadvantages ebthelmesant ialéstzai wpn of a

Mnvanton wiS TR Bl aPRHRE BB nB R R R robodientp deeror

recordi ng andiiti referprreduoithg altbclidParaabibgs irswiRighKbyt es and 64 Kbytes,
respectively; FIGS. 5A and 5B are views 1llustrating the structures of a

flag of remai nder FdBatldsianviowidist@tingrthe struelpre statconytrtiatey fdbsgarewnhi ch a
p
spare aea ftgéeg@ggg{'d;\,q}qjgbfc&%té}ﬁ?. been used, according to the present

i nvention; F owchart lTustrating a nethod of allocating a

spare area 20 uporFlGnRtis al Viewtillratingane dirdstuFe ofs dRiEIslinEat
present inventjion; FIG 7 is a fl owcﬁart illustrating a rlrrgﬁoug%&a]’éhe,a
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of a primary; il ea, accor ding to an enbodi nent of the present
I nvention; and '8 is a flowhart illustrating a nethod of allocating a

25 suppl ementary $9@Se AR B8 iahd vidis meﬁpétﬁ@%ﬁeﬁ{o@%%fi{ﬁ‘érﬁa’ed@ ia%fé’ét a
suppl enentary spare area, according to an enbodi nent of t €sen
i nventi®n. generated on a supplementary spare area in the structure of the disc shown

in FIG. 2;

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

15 apparatus is 32 Kbytes and 64 Kbytes, respectively:

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

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

FIG. 7 is a flowchart illustrating a method of allocating a |
supplementary spare area using the remainder state information of a primary
spare area, according to an embodiment of the present invention; and

FIG. 8 is a flowchart illustrating a method of allocating a

25 supplementary spare area using the remainder state information of a
supplementary spare area, according to an embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Spare areas on a disc for defect management according to the present

30 invention include a primary spare area and a supplementary spare area.




DESCRI PTI ON OF THE PREFERRED EMBCDI 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. 6 The prinmary spare area is first

al l ocated for defect replacenment when a disc is initialized, and is first
used for slipping replacenent. The primary spare area remaining after
slipping replacenent can al so be used for linear replacenent. The

suppl ementary spare area, for linearly replacing defects 5 generated while
the disc is being used, denotes a spare area which is additionally

al | ocat ed whil e a Ttesprimarybepiang avseis fabt lloddtedifs deen rbplabbmbehz@flen That
I's, in the present invention as shown in FIG 2, a prinmary spare area for
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next m?_r mal gspgrated : discds beiig ¥ denptesa sBarecRAYhigR iused af ter
initializati QPditiBhﬁ!lP Bl I5Et¥d g{?ﬁgéea d5e%s ggmg PR Earfr Hes bR iz 80

necessary 15 for slipping replacenent a n - appr opri spare
area for |inearlyThapisain tng prebenttinverttiain asashden GRS a2, efp@nagy shse While
the disc is being used. Here, the spare area for slipping replacenent
requires at P&%&Jréipﬁwweel@&ﬁme@t gadineaniapirgeragntds aliocaied egiasdisced in a

PDL anong de RhasLiBRlof! th : r are areas of
pr edet er m negg@itlgler@nare |a lo(;(tzlg% g@@?%'@mﬁ%ﬁ%ﬁ@%m t he rearnost
porti d@ of ardplgterabnt inlunitarofacofoes) thue invréasing tisPeffigiencs df usilizdlm dfi ci ent

to process sg}%ondary defects gen_erat ed during use of the disc after
initializatiBI¥ SRa{eEEap ri IR Ve B1IRRING Zeplpcement defaating areasaies al so

lied d by th
PUD. Rant ot anerelyvick el iR SRR AT LBRE, (o AR na ERCABM IR BREE ot by
only one repsectenmsat thafthecddfectbichdreas wpphetipanssy aftppinitiAlizago! | ocat ed for

i near repl acemenﬁ_ after initialization could have been already used as a
user data 30 ar eal NGIREM3rY sparejaieadTHSiayest Rinimvne RPare areadegessaryser dat a

area, 1S 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. That is, a defective block, which is used as a user data ares, is

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




al l ocated as a supplenentary spare area, it could be linearly replaced by a
7 primary spare area or supplenentary spare area which has already been

al l ocated, as shown in FIG 3A \Wen a spare area which has already been
linearly replaced is intended to be used as a suppl enentary spare area,

dual replacenent of a defect in another user area by a defective bl ock
already 5 linearly replaced within the supplenentary spare area viol ates
the direct pointing rule. Also, in read- 6nly discs, the process of

repl acenent is conplicated. To sol ve these problens as shown in FIG 3B,
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erased. Thus, a nornal bl ock used for |inear rep ace can
m sdet er m nedospligatast ect, and thus, when formatting i s perfornmed | ater,

antry i nformati on Vi AVE ﬁﬂe&%ﬁerBE%i 3. Bsremry M5 3B deledtive eck witbik
Wi thin the sypg lsaﬁpi@h%rrwarg%b?e BfePthaf hQQtafr%Q&ZSFQn nﬁQQrd;P @é?c?e()%){ %pond' ng

def ective bl ock nust not be used to |1 near ace a in a
user dlba. | fPrimary spstatianes mpda‘—eﬂocr&t@d edpplen@n&mpapatela@ a$ Bh&WA®Y | on on
a 25 disc i ad orary storage area such as a

sem conduct o?'énéhoﬁvsyf'ﬂ epg g)r WgEFep' ¢erapite Ale® SasrBdam defectuist

def ect managegBN} enirdkIorAloRBspbidih i M st andar d
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m ni mum nunbgiue%]no CQﬁW?%? ttrl'é 3rpé’5"‘?'h°t{]tlt?8 Ip@re greq, whieh ispwéppadand, and
the mag mum AgIlsEd @hil€he 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



8 entries stored in the buffer correspond to the maxi num nunber of entries
(i.e., 7679 entries which are for 15 sectors) that can be recorded in the
PDL. The entries of the SDL occupy an area renmaining after PDL entries are
stored in the 32Kbyte buffer, and thus can nanage defect entries which have
a size 5 ranging froma mninmum of one sector to a maxi num of 15 sectors.
Hence, the maxi num al | owabl e size of a spare area (a primary spare area + a
suppl ementary spare area) is determned Igy the size of a buffer and the
nunber of PDL entries generated upon initialization of a disc. Here, since

a defect caneptrigsahibieddi taemefer edrreysdhd o thEenSBAUM AGRBer dNerfibéa 10
spare area for theziosm bl e defect nust be considered. In the present

i nvention, aliedKEgfLenlifesavhichgre &fnl SSsentersiidiiat canibef recoeddcin the £l at ed

wth defects A ' [ n._. used coppl et el rocess
t he maxi mum Iﬁ%béerr{weo ont'Hté ﬁ‘gé O?g%%gé%{% g%palgﬁ}g %fgerfelglrgp esta?{ﬁt&Q'pgﬁ be
recorded in trhihePSAKtane buffer, rmd thusicad msiagef deftt drtfed WGBSVl klAces: for
15 sectors) that can be recorded in the SDL. Also, if a buffer is set to

have a“64 KblRNGIRG Frem @ Frnisawp pf enBuectar te arimaxigeesef 43 saeters.def ect s as can

b ded in th ' i di h
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si zes of theargata Apphembhiaty sparcsrea) ismémdné’@tbgllhé Rezdl oF 4 bafkerZaid on of

a disc and during use of the disc are proposed with respect to a case in
whi ch a buf f §1e RynberelRPL patrigfaenerated wrorginitiatizelien aha disccddere, n which a

buffer for dg i I the size of a spare area
that can be g'%ﬁ%éaa egéﬁgépfééotb Flﬁyftoé%gégégiéqeév%\pethﬁ_sﬁﬁé%@fe@rﬁ_ Mnmount  of
i ncrement, aspalecarbafooiheqddsins idefedt pust be @dhsidepdd N9 a required anmount of
spare area can be greatly sinplified as described later. In consideration

of this nerit, a kphedrasent inwentian grididyieputierdhehcan storendataptng pri mary
ent i es cor LR ScRdd i belits FalingEsie? of Possecfus Eobied
processi ng Sfcdibletsly praseseahé emp@ndm rumbet QRS (HeToketriEgoEPS bl ock
has 16 data sectors.
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 biocks. One ECC block has 16 data sectors.




9 FIGS. 4A and 4B are tables showi ng the size of spare areas when the size
of the buffer is 32 Kbytes and 64 Kbytes, respectively. The first colum in
each of FIGS. 4A and 4B represents the nunber of PDL entries, and the
second colum therein shows the maxi num nunber of SDL entries, that can 5
be processed, with respect to the nunber of the corresponding PDL entries.
The nunerals in the third colum denote tHe m ni num si zes of spare areas,
whi ch are expressed in ECC bl ocks, required if a spare area for defect
managenent entri ed!ES: 44 ardcfBrasptaldesshowaly iesizeof sparb arehd whahage That

is, the mnim ' rea th n,be allocated_is the sum of all

10 spare ar ez;g'sggr é%@?rbgkfe?@éaé?@ggess ?'ﬁ‘iéﬁﬁﬁ’y&?ﬁ' reERecively. d hgfistcalpem
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h t ' | . ' 15 I n bl ock h d
subcol (i snoePREsEHR, K RIBLGE 50 B ees o7 L arrchnendia P o gt s
(MB), and t hghehhurdersidroihertiirg denenr Bénélbrthé"ﬁ'ﬂhﬁrﬁ@{ﬁ ses % Efeegre%%ar €

areas as a percentage (% of the entire capacity. e next colum Sshows the
total number Whictyareexprepsed ssECRDIocks requiradit esspede afdmfdr @efeatol urm shows

th i - 20 ded by th t_jinvention,
that s, t he ROt o e TRER RGN o e sRbicads alecanenr Thal
appropri at e fsreheminimu BRIcASTRPaRS MréPMiat cak B8 dIRchRRE 5 ithébEmS@ vl ation of

t he ampunt of the spare area and repl ace defects generated In the spare
area. 1 t heSpars aregsuRAVIretho piocess thelPBemntdes with@ spare sst@veduiredxi mum

si ze of recogp(ﬁ% e_af. | n.blocks 25 and the percentage of the

spare area t ;’é‘éﬁg%%%%@tg;gﬁ%o eaﬁ%cgf’f'y of a disc, respectively, when

the increment bet Wh@merxeauu&ﬁﬂswme%mﬁumssiéébfé@areearéés P&gﬁ gl Ne
reconmende

third and fourth subcol ums show the maxi num size o spare
areas in bl opkeressd@llidaiegis Lngar ageorrespondingmisfect moaditiont hedipect to the

bet ween r equineeanaih e B &idEp TEBIR s BbLrLsee phroauired 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,



As shown in FIG 4A when a 32Kbyte buffer is used, all defects that can be
recorded in all defect managenent areas cannot be conpletely processed. As
t he nunber of primary defects (PDL entries) increases, the actual nunber of
secondary defects that can be processed decreases, and 5 the percentage of
the total spare area al so decreases. This neans that the state of a disc
becones worse as the nunber of primary defects increases, which reduces the
nunber of secondary defects that can be pgnaged. To solve this problem
referring to FIG 4B, the present invention recomends using a 64 Kbyte

buffer. In this can%eshcmmwrrmmmwmaQQK%Qteﬂﬁﬁfé?%P¥e&!eélP8éféc§*}ﬁét can be
y

recorded in a defect nmanagenent area can be conplete processed regardl ess
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kept relativ t r ot 1% % e present invention
descri bes a g{rés‘%%l%%av\hqgc hfea%tg%}e&fg @ary(g{e?%c& é%ghr%ﬁéﬁéﬁ%?f?aﬁ%srﬁa?t ially
al | ocat ed up@etualinuiTier DAtEENEE ) Aetbalg tHad chR®USBESsSER] MeLBASEs Qfndt Ne di sc
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cal cul ated i whictyrstiiees T@huinber bheeSoRRINE BBIRICE thab B Bedh&fadgad) be easily
20 allocated by recording the size of a supplenentary spare area that can

be al | ocated in al@ssiveidis piabilern, efemingued1GDER) thef presentiekentiomanagenment

area (DWA), LakLlali ' T | Z f. a spare area for defect
nmanagenent cg%) erhgb%ﬁ%fnég% éé%Irkgtyg%sﬂ@erdggg?'ﬂ?gag’o%I"m'mVWeer“H%f YaKbyt e
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The present invention describes a disc in which a spare area for defect
management is partially allocated upon initialization according to the usage
15 purpose of the disc or the state of the disc, and a supplementary spare area
is allocated after initialization when the size of the spare area is insufficient.
Accordingly, when the supplementary spare area must be allocated, the
amount of a supplementary spare area that can be allocated must be
calculated in advance. That is, the supplementary spare area can be easily
20 allocated by recording the size of a supplementary spare area that can be
allocated in a disc definition structure (DDS) of the defect management area
(DMA), upon initialization.
The size of a spare area for defect management can be simply
calculated as described below. When the 64Kbyte buffer is used, the
25 maximum size of a spare area that can be allocated can be calculated by the

following Equation 1:

. . ‘ E
ximum size of spare area = | 5: ZL]X32+ 4096 blot..(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:



11 tum size of spare area = 4096-[ 512 ] X (256-32) ..,(2) In Equations 1
and 2, [ 512 ] denotes a nmaxi num i nteger which does not exceed " 512 ~~'
EPDL denotes the number of PDL entries, and 32(=1NC) indicates an
increment. 4096 (=SM,,~) is a multiple of 2 in which the size of a spare
area required to process the maxi mum nunber of defects is 5 approxi mated
for sinple calculation, when the nunber of primary defects (the nunber of
PDL entries) is less than 512. Here, thel$ize of a spare area is shown in
ECC bl ocks. 256 (=SSDL) denotes the size of a spare area required to
process SDL entries for one sector. agraxi num spare area recommended by

FIGS. 4A and Wit skeadfospar%ré@ < 40 —CBgR (18mizoqn Q?t ual l'y-required spare
area. The sizes of the recommended sparé@ area are"ée ermned 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
sinplified. The remai nder obtai ned subtracting the size of a spare area

15 al | ocat ed uponlri Bytiatidriszaahdi2, f 1024 helomBids i Maxirkemahtedef GRRITENded
spare area, is recorded in a DDS as XRe size of a supplenentary spare area

that can be allocated, 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 suppl erreahr?lt ary spare area nust be increased, in case that
a primary spgre area allqcatgg ypon initialization is conpletely used and
no ot her spaage%lpgg?(q?)?fjst Bloth roa98NQiRE thenumber ehRRLaNjries#ing area i s
conpletely used. Wien a disC Ts actually used, defects are highly likely to
be continuously generated. Therefore, it is nore preferable that a

suppl enentary spare area
32(=INC) indicates an increment. 4096 (=S,,,y) is @ multiple of 2 in which the

size of a spare area required to process the maximum number of defects is
5 approximated for simple calculation, when the number of primary defects (the
number of PDL entries) is less than 512. Here, the size of a spare area is
shown in ECC blocks. 256 (=S, ) denotes the size of a spare area required
to process SDL entries for one sector.
a maximum spare area recommended by FIGS. 4A and 4B is about 4%
10 larger than that an actually-required spare area. The sizes of the
recommended spare area are determined in consideration of defects
generated in a spare area, and are expressed in multiples of 2, so that
calculation of the size of a spare area is simplified.
The remainder obtained by subtracting the size of a spare area
15 allocated upon initialization from the maximum size of a recommended spare
area, is recorded in a DDS as the size of a supplementary spare area that
can be allocated, whereby the supplementary spare area can be easily
allocated during use of a disc.
A supplementary spare area is allocated or the size of the
20 supplementary spare area must be increased, in case that a primary spare
area allocated upon initialization is completely used and no other spare areas
exist or the case when a supplementary spare area is completely used.
When a disc is actually used, defects are highly likely to be continuously

generated. Therefore, it is more preferable that a supplementary spare area



12 is allocated or the size of a supplenmentary spare area is increased when
a small anmount of spare area renmains, for exanple, when a certain nunber
of blocks remain or 90% of the spare area is used, than that a
supplenmentary spare area is allocated after the allocated spare area is
completely used. 5 In this case, a remainder state flag representing the
degree of use of a spare area is required to indicate that a predeterm ned
anount or nore of the spare area has be¢p used, rather than representing
only two states, in which the spare area has been conpletely used or the
spare area sis bllocatemionthe sige of & SUpplMSitaRgssdI8 e diELicieldedWifsh oA 1 ag

I ndi cati ng whet her a suppl enentary 10 spare area has been allocated when a
pr edet er m ne@MANAMPUYOf spAES Bfea ipenaips, faaeyanspler wheneacertain meebenséd, i s

al so require ' ; I.C referred to as remai nder
state inforngFF%%r%ﬂkﬁéspr§%ﬁ$§5§%§?g;g@?Hgfggngﬁgéﬁ?ﬁ%8“?W§"§¥§W¥ of the

pri mary spar spareeardasis alucitestaitcr thaalioceusphre 4rea ié ebhprétey ds e 1, and
has a structure shown in FIG 5A. 15 (Table 1) 20 _flag val uest at e 00ba
suffi cPent anount RINHEASEA S remaindensiate flagapiesentingdhe degsee phusedf anount

MR i G e LR L A
has spare area has been used, rather than representing only two states, in which
the spare area has been completely used or the spare area still remains, as
in an existing spare area full flag. A flag indicating whether a supplementary
10 - spare area has been allocated when a predetermined amount or more of the
primary spare area has been used, is also required. In this case, a flag
(which can be referred to as remainder state information for a primary spare
area) representing the state of the primary spare area has such states as

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

15 (Table 1)
flag value state
00b a sufficient amount of primary spare area remains
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.




been used, and a supplenentary spare area has been allocated 11 bthe
primary spare area has been conpletely used A flag (which can be referred
to as renminder state information for a supplenentary spare area)
representing the state of the supplenentary spare area has states as shown
in the follow ng Table 2, and has a structure shown in FIG 5B. 25 (Table
2) flag value state 00b ~ a sufficient anount of supplenentary spare area
remains. 13 01 ba predeterm ned anount dB8 nore of supplementary spare area
has been used._10bno corresponding state

01b a predetermined amount or more of supplementary spare area

has been used.

10b no corresponding state

11b the supplementary spare area has been completely used

Here, the flag of Table 2 can indicate the necessity that the size of the
5 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 S102.
For example, when the number of PDL entries is between 3072 and 3583, the
minimum size of a spare area is the sum of all spare areas required to
process the PDL entries and a spare area required to process SDL entries for
one sector, and thus becomes 480 ECC blocks. If a 32 Kbyte buffer is used,

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

When the required amount of spare area is calculated, a primary spare

area is allocated, in step S103. If the size of the primary spare area is 512



11 bt he supplenentary spare area has been conpletely used Here, the flag of
Table 2 can indicate the necessity that the size of the 5 suppl enentary
spare area must be increased by sinply representing the state in which a
predet ermi ned amount or nore of supplenentary spare area has been used.
When the suppl enentary spare area is enlarged by allocating a predeterm ned
anount or nore of supplenentary spare area, the value "01 b" of the flag
can sinply be changed to "OOb". Thereforeg4q4 in 10 contrast with the

remai nder state flag for a primary spare area, the renainder state flag for
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512 14 remainder state of the supplementary spare area, are recorded at
predetermined positions in a DDS or DMA area, and initialization is
concluded, in step S106.

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

20 spare area has been almost used and a supplementary spare area has been
allocated, in step S201. If the answer to the step $201 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



ECC bl ocks, a maxi num of 224 ECC bl ocks are used to process the PDL
entries, and the renmaining blocks are used to process the SDL entries.
After the primary spare area is allocated, a renainder state flag for the
primary spare area is set to an initial state "00", in step S104. The

maxi mum si ze of a 5 supplenentary spare area is cal cul ated by subtracting
the size of the primary spare area, allocated in step S103, fromthe

nmaxi num si ze of the spare area cal cul atedSin step S102, in step S105. For
exanpl e, the maxi Rum si ze of the s,uppl enentary spare area, 2240 ECC bl ocks,
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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 $302. If it is determined _

in step $302 that allocation of another supplementary spare area is required,




If a sufficient anount of continuous enpty area does not exist at the rear
portion of the logical file area in step S205, enpty areas are rearranged
15 in step S208. Then, a determnation is nade as to whether a sufficient
anount of continuous enpty area exists, in step S209. If there is a
sufficient anount of continuous enpty area, the step S206 for allocating a
suppl enmentary spare area is again perforned. |If the anpbunt of conti nuous
enpty area is insufficient even after thé6rearrangenent of the enpty areas,

a 20 nessage 'a sugplenentary spare area cannot be allocated" is displayed,
in step S210.NeRsES Ofithe syppleBwntary spske RIRR: S, chacked gnistep SBD3wdhat 1s,
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a predet er ni FRRI2cEeNt in step P8LG 2 detfachive binpkiwithin thesuppiemsstarpspaion of
the | ogical Lid.e; | that. h | dy b
[ near by r epris e tspg fordlrihr ToblBeoail oP0 AR S SRS RUR R T rear

repl adénment withetieghaBgRoas aledefilsmt avevedtederfingitbFIG. Bhe suppl ementary spare

area i s not used f?r | i near replacenent, and the SDL entries nust be kept
15 wi t hout change/takthgsder S5OR, BRprEementinfermation fer the supplementary

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

20 If a sufficient amount of continuous empty area does not exist at the
rear portion of the logical file area in step S305, empty areas are rearranged
in step S308. Then, a determination is made as to whether a sufficient
amount of continuous empty area exists, in step $309. If there is a sufficient
amount of continuous empty area, the step S306 for allocating a

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




After the step S306, managenent information for the supplenentary spare
area, that is, a renmainder state flag for the supplenentary spare area, is
initialized back to "00", and the size of the allocated suppl enentary spare
area is updated, in step S307. Then, the process is concluded. 20 If a
sufficient anount of continuous enpty area does not exist at the rear
portion of the logical file area in step S305, enpty areas are rearranged
in step S308. Then, a determination is ntfle as to whether a sufficient
anount of continuous enpty area exists, in step S309. If there is a

suf fici ent afpanetaress ivsiored end managedasedhatithe sparpardBaandse alor@cati ng a

25 suppl enengar.y, spare..ar.ea, i s, agai rforned. If the anount of conti nuous
enpty area i@%lﬁ@ﬁ%({%ﬁ%%ve%l}pc%?chgﬁgﬂgqagg rangenent of the enpty areas,
a nmessage "a SUPPAREIH Me) i at.ed” is displayed, in
step S310. Then, the’proce%%gggﬁgg%@?ourggg&&’gm{z&c@sﬁ@gﬁﬁab%ve, in the
present i nvestPRIAMENtdTy Spare arecoaret i usedder [B®anfreplapeinent, \aneBDE ar ea and
a suppkenent . SP rea can be cal cul ated by a sinple nunerical

expr es3i on, %ﬁtﬁlesr??%?\gg{:ﬁ%rﬁg%cﬂ ﬁ@af@ﬁﬁvﬂﬁw ISPEPYRNSE. 17 spare areas is
stored and managed, so that the spare areas can be nore flexibly and
effectively allocated and nanaged. Also, in the present invention,
defective bl ocks within the supplenentary spare area are not used for

| i near replacenent, and SDL 5 entries are not changed, so that mal function
is prevented. 18 What is clained is: 1. A defect managenment nethod of a

di sc recordi ng and/ or reproduci ng apparatus for a disc, the nethod
conpri si ng:




5 allocating, during initialization, the primary spare area to repl ace
primary defects generated during initialization using slipping replacenent
and to replace secondary defects generated during the use of the disc using
| i near replacenent after the initialization, and allocating during the use
of the disc, a supplenentary spare 10 area to replace the secondary defects
generated during the use of the disc in ess of those which are storable
in the primary spare area, prior to the primary spare area being fully
used. 2. A recovﬂkﬂ medi um conprising: 15 a primary spare area for

al | ocati on upon ?Sf GRiMed #%n of the disc: a suppl enentary spare area for
allocation after the initialization; and first remai nder state information
i ndi cati ng when a predeterm ned anount | ess than a total anount of the
primary spare 20. ar eA defectinanaganeent methdedoef a discseppdingesandieyy spare area

's allocatable Perpirgéuéir?g ta%BaPartlian%rrya gieg,rt%earﬁgﬁ\ogecio%rfsli'rllé:y used.

5 allocating, during initialization, the primary spare area to replace
primary defects generated during initialization using slipping
replacement and to replace secondary defects generated during the
use of the disc using linear replacement after the initialization, and

allocating during the use of the disc, a supplementary spare
10 area to replace the secondary defects generated during the use of the
disc in excess of those which are storable in the primary spare area,

prior to the primary spare area being fully used.

2. A recording medium comprising:
15 a primary spare area for allocation upon initialization of the disc;
a supplementary spare area for allocation after the initialization;
and
first remainder state information indicating when a
predetermined amount less than a total amount of the primary spare
20 area has been used, so that the supplementary spare area is
allocatable prior to the primary spare area being fully used.




