* RECORDI NG Qﬁ ' |IMcHAV), NG SPARE AREA FOR DEFECT  MANAGEVENTZ ANDULNFBRVATI ON
O\I DEFECT NANAGEMENT, AND METHOD OF ALLOCATI NG SPAI% pEQ pNH) @Eg (6
MANAGI NG DEFECTS 5 BACKGROUND OF THE | NVENTION 1 ntY-on
Thé present—inventi-on-relates to the field of optical recor m \ and
nmore parti jmﬂw’,mm ”ﬁ”ﬂ di sc having information on the siz \Mﬁm m mm
spare area I ni ng anounts thefeof, I n which an pro rlate
_ am)unt of spareisasga is allocated upon inftialization, and a su ?Oement ary

spare area is allocated if the spare area is insufficient while being used
after conpletion of initialization, a nethod of aIIocatlng t he spare

areas, and a net hREGtBRmGQWIEDIIBMel-Iﬂ%iﬁGt{FPRhEWR PEgy spare

area. 2. Description of the Related Art 15 recor |ng nedira such as
general discs, MAWEM&#EAN[EIWOBM’S@N @MDERE(DPM?]NA&GEMENHWS!AWd no
suppl enent ar ed durin use of the disc wever, in
orggr to mcyﬁmﬁﬂﬁgﬁhl@@ﬁ&@ﬁ@fs%wa AND METHOBQE MANAGINGNt of
spare area is allocated according to rd]ﬁ'—'éé e of the disc upon
initialization, and a supplenentary spare areéa is all ocated 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
(DVD- RAM standard (DVD Specifications for Rewitable Disc, Part 1

PHYSI CAL SPECI FI CATI ONS) vgr, e spare area, SO
t hat g‘? 25 spare areas are B %K@Rb De(?ﬁkr n since a disc has

24 zones. |n1the pigldrof #ig Inveatishown in FIG 1, a flag representing the
state of the . _ )

The present invention relates to the field of optical recording media,
and more particularly, to a disc having information on the sizes of allocated
spare areas and the remaining amounts thereof, in which an appropriate

10 amount of spare area is allocated upon initialization, and a supplementéry
spare area is allocated if the spare area is insufficient while being used after
completion of initialization, a method of allocating the spare areas, and a
method of managing the defects of the supplementary spare area.

2. Description of the Related Art

15 ' In recording media such as general discs, a spare area is allocated
once upon initialization and no supplementary spare area is allocated during
use of the disc. However, in order to increase the efficiency of using a disc,
an appropriate amount of spare area is allocated according to the state of the
disc upon initialization, and a supplementary spare area is allocated when

20 the spare area allocated upon initialization is insufficient while the disc is
being used.

According to a digital versatile disc random access memory (DVD-
RAM) standard (DVD Specifications for Rewritable Disc, Part 1 PHYSICAL
SPECIFICATIONS) version 1.0, each zone has one spare area, so that 24

25 spare areas are allocated upon initialization since a disc has 24 zones.

' In the prior art, as shown in FIG. 1, a flag representing the state of the
spare area allocated to each zone within a defect management area (DMA) is

constituted of only one bit which represents whether or not a corresponding'



"spare area allocated to each zone within a defect management area (DVW) is
constituted of only one bit which represents whether or not a correspondi ng
2" spare area can be used, i.e., whether it is occupied. Accordingly, a
futl 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 DMA. Wen a 5 bit representing a é%rresponding group is "1 ", this
represents that no spare area remains wWithin the corresponding group, and
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prescribed iis allocated on a disc when the spare area has some room in a state of being
almost occupied rather than when the spare area is completely occupied.
However, a problem occurs in that the state in which the spare area is almost
15 occupied cannot be represented by the only one bit.
Also, in the allocation of spare areas according to the existing DVD-
RAM standard version 1.0, a predetermined amount of spare area is
allocated to each zone upon initialization, the size of which is predetermined
to be sufficient to process all defects that can be managed by a defect
20 management method that is applied to a corresponding disc.
Here, in order to manage defects on a general recordable/rewritable
disc, slipping replacement method of skipping defects without providing
logical sector numbers to the defects, is 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



<25 the existing DVD- RAM standard version 1.0 that the position of a
defective sector replaced by slipping replacement nust be recorded in a
primary defect |ist (PDL) in a DMA on a disc. Also, |linear replacenent for
replacing error correction code (ECC) bl ocks of an erroneous zone with
normal blocks in a spare area, is used for defects generated during use of
the disc, which are 30 called "secondary gdefects”. It is prescribed in the
exi sting DVD-RAM 3 standard version 1.0 that the position of a defective
bl ock repl ac L O&Wn 11 g@rggg sk | ] DVA
on a disc. I-gt\%g\géfd {Iwhenn gt'r?etg%groprl é%'%wgfr%&‘%{é(%?gspar eﬂeg)rléé%dﬁ?g%%@at ed
accor di ng t ordpiacerhantemast e tecordeg oman 1BDL ml a DMA on,a disd. a suppl enent ary

spare 5 area is allocated as the state of tl{?’igf“ sc becones bad during use

of the disc, a no@WSVPENNS/La8 FRPEPRIIAS 3419 srRyerRreAde allecatedui red. It
IS prescribegad ,.[(ﬁ% RN ; ibiag Ao ~a gﬁ&n

r epr oduci ng g%%d;rplat us t@ s?iétbg? 52@@?&@689i|§|§§%§étf§)nba?§%?§® rI tgﬁﬁ)rfgf)laﬁey
stori nf def eateanisradlpeatad as thef statenof the disd becomgesbad ddiring use &ah&ldises.

Accordingly, a restyiction is 10 nerated n . ,that the t ual nunber of
dof oct s 1 hat @ EapTeriTenlivg sPare aieanalocating nethar is FRIGShF Isdareagiided I ( hat

can be recor%iiﬁiﬁd‘ﬁaﬁ%@fhatt 'i}?aqéé&dhnd'gﬁ@or Félﬁﬂg@téiﬁgtggﬁ%fﬁgﬁﬁ%t

i nformati on udes” PDL and SDL, and the sum of 't e PDL and
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recording medium pl%\rlcia,ntﬂeidzaffgcgt%aér%aognen'laesnst?r? .o?r%gﬁomr;[crlluéehsePBLZa%d 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 requiréd during

use of the disc.



~and the remai ni ng anmount of a spare area allocated upon initialization, and
with the size and the renmaining anount of a spare area allocated after
ini.tialization. Another objective of the present invention is to provide a
met hod of 25 sinply calculating and allocating a spare area for slipping
repl acenent and a spare area for linearly replacing sonme defects, while a
disc is being initialized, and a spare area for |linear replacenent which
is required during use of the disc. 4 i1l another objective of the
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def ect and/or reproducing apparatus, the method including the steps of: determining
the minimum size of a spare area using the number of primary defects
generated during initialization; determining the maximum size of a spare area
that must be allocated according to the size of a memory device for defect
15 management of the recording and/or reproducing apparatus; and allocating a
primary spare area for slipping replacement and linear replacement using the
minimum and maximum sizes of the spare area.
To achieve the third objective, the present invention provides a defect
management method for a disc recording and/or reproducing apparatus
20 having a primary spare area allocated to replace primary defects generated
during initialization using slipping replacement, and a supplementary spare
area allocated to replace secondary defects generated after initialization
using linear replacement, the method comprising the step of: allocating the
supplementary spare area using an area that has already been linearly
25 replaced, wherein defective blocks within the supplementary spare area
which has already been linearly replaced are not used for linear replacement,
and the SDL entries within a defect management area with respect to the

defective blocks are not changed.

BRIEF DESCRIPTION OF THE DRAWINGS




- managenent method for a disc recording and/or reproduci ng apparatus 20
having a primary spare area allocated to replace prinmary defects generated
during initialization using slipping replacenent, and a supplenentary spare
area allocated to replace secondary defects generated after initialization
using linear replacenent, the nethod conprising the step of: allocating the
suppl ementary spare area using an area thgt has al ready been linearly 25
repl aced, wherein defective blocks within“the supplenentary spare area

whi ch has al ready i rly replaced are not,used for |linear |
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SDL corfi ent s;area@aghavng SUiLeyoritbhtgst rati ng the structure of a disc having
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showi ng al | odavertionpf a prinary spare area and a supplenentary spare area
according to the present invention, when the size of a buffer for defect
managenent in di s&!Bs SAdand3Brafe views flustiating metodppbmanagingsa défekbyt es

and 64! d<byt e%enre?actgﬁ%tr{. ¥ %Lﬁ)lementary 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, whén 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. 7isa 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.



* FIGS. 5A and 5B are views illustrating the structures of a flag of
remai nder state information which represents the degree to which a spare
area for managi ng defects has been used, according to the present

invention; . FIG 6 is a flowhart illustrating a nethod of allocating a
spare area 20 upon initialization, according to an enbodi nent of the
present invention, FIG 7 is a flowchart illustrating a nmethod of

al'locating a suppl enent ary spare area us@]g the remai nder state information
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repl acenent, defective areas
. merely not used, and data starts being recorded in the next normal data
sector, so that the defective areas cannot be used after initialization.
The primary spare area must have a minimum spare area necessary

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

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



~merely not used, and data starts being recorded in the next normal data
sector, so that the defective areas cannot be used after initialization.
The primary spare area nust have a mini num spare area necessary 15 for
slipping replacenent and an appropriate amount of spare area for linearly
repl aci ng defects that can be generated on a disc while the disc is being
used. Here, the spare area for slipping r?placenent requires at | east as
many sectors as the nunber of entries reglistered in a PDL anpbng defect
spare areas of predeterm ned sizes
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area, is all a supplenmentary spare area, it could be linearly
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process of r&GagBEIlst hét be used for linear replacement. Also, secondary defect list
(SDL) entries for a corresponding defective block stored in a defect
management area must not be changed. The reason why the SDL entries
must not be changed is that a portion of the spare area, which is skipped and

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

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

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

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

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

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



- conplicated. To solve these problens, as shown in FIG 3B, a defective

bl ock within the supplenentary spare area that has already been linearly
réeplaced by a 10 primary spare area or a pre-allocated suppl enentary spare
area as shown in FIG 3B, nust not be used for |inear replacenent. Al so,
secondary defect list (SDL) entries for a correspondi ng defective bl ock
stored in a defect nmanagenent area nust not be changed. The reason why the
SDL entries must not be changed is t hat 8a portion of the spare area, which
I s skipped anq 15 not e the spare area i.s being sequentially used,
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I's used. 32 Kbytes correspond to I nformation tor sectors, and PDL and
SDL for def esimcerarisfectean probeblydie genematedsevarenh the spare beed)uff @xtra n units
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buf f er correspondnitRe PREseRIMBHTORUBBRIKI e BIKF&r tRSt can store defect
information associated with defects having a size of 30 sectors can be used
to completely process the maximum number of entries (7679 entries: for 15
sectors) that can be recorded in the PDL and the maximum number of entries
15 (3837 entries: for 15 sectors) that can be recorded in the SDL.

Also, if a buffer is set to have a 64 Kbyte size, the 64Kbyte buffer can
process as many defects as can be recorded in the 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.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 m ni numof one sector to a maxi mumof 15
sectors. Hence, the maxi num al |l owabl e si z8 of a spare area (a primary spare
area + a supplenentary spare area) is determ ned by the size of a buffer

1 nb f | ini.tialization of a disc.
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extra 10 spasizeasfdheibuffet e3P 'éslﬁdieﬂ‘P@ytégﬁésﬁ&ti%Qaﬁﬁ{ ﬁ%t cbﬂﬁrﬂﬁ
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cal cul ati ng pracegsitihe@Dinentribs ¢6r erigectar ea can be greatly sinplified as
described later. In consideration of this nerit, a spare area for slipping
repl acement for nhRagEXbCYEMResipwicthedninimumesize of sparé angadirequired)taPDL

teﬂteri es in upidcasOhitfefeds Snaara cBWesSBﬂ&ithde QUSRI Hhhg sector, and

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,



+amount of a spare area for processing 512 PDL entries corresponds to 32 30
ECC bl ocks. One ECC bl ock has 16 data sectors. 9 FIGS. 4A and 4B are

t abl es 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 number of PDL entries, and the second colum therein
shews the maxinum nunber of SDL entries, that can 5 be processed, wth
respect to the nunber of the correspondiﬂ& PDL entries. The nunerals in

the third colum dengte the_nm njnum sizes of spare areas, which are
expressed in ECC 50%]@,',’” Fbﬁ@r@d wherpa Sgkpytedpifiertis usadf alt defactmtigt nent
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size of recomended spare area
amount of spare area can be kept relatively constant from about 2.7% to 3%.

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

following Equation 1:

E
imum size of spare area = | 5’1’ ’;L]XS2+ 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:



- 25 and the percentage of the spare area to the total recording capacity of
a disc, respectively, when the increnent between required spare areas is
set to be 32 blocks, The third and fourth subcol ums show t he maxi num si ze
of* recomrended 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 increnment between required spare greas is set to be 48 bl ocks, 10

As shown in FIG 4A, when a 32Kbyte buff dis used, all defects that can be
recorded in all defect managenent areas cannot be conpletely processed. As
the nunber of primary defects (PDL entgjes) increases, the actual nunber
of secondary W&t é@?@&ﬁ%@feﬁﬁab#%%d?sfh(a%%se&) and 5 the percentage
of the total spare area al so decrease 12rhi's means that the state of a

di sc beconmes worse as the nunber of primary defects increases, which
reduces the nunber of secondary defects that can be managed. To solve this
problem referring to FIG 4B, the @figsent invention recomends using a 64
Kbyte buffer. In ImEguatiars 1 ange; rfcgf;q?hr%?ot% aTgaxieiohimegerddiicbt s t hat
can be recorded in a defect managene area can be conpletely processed
regardl ess of the nunber of primary defects. Al so, the anmount of spare
area can be kept relatively constant from about 2. 7% to 3% The present

i nvention describes a disc %n whi ch a spare area for defect nanagenent is

partially al Heeghetexden i nLFALak| zat aRoRGAREHUMbrOf P YSRRS and Purpose

of the disc or the state of512e 'dist, and a suppl enmentary spare afea is
allocated after initialization when the size of the spare area is
insufficient. Accordingly, when the supplenentary spare area nust be

must b cal SeAREd oA BRUBBRAER. 14096 FEued ipPaRHP Sl 2 aWBicREa. can-
Pﬁa?aiynybgosiééw%aér%?e R¥ed PEQUIFA'® prdBess fife Mbxin i PRKINE: U AeletPfY € area
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. Thérefore, it is more preferable that a supplementary spare area



- allocated in a disc definition structure (DDS) of the defect nmanagenent
area (DMA), upon initialization. The size of a spare area for defect
managenent can be sinply calculated as described bel ow. Wien the 64Kbyte
buffer is used, the 25 maxi num size of a spare area that can be all ocated
can be calculated by the follow ng Equation 1: ixinmumsize of spare area =
[EP-DL 512 )"32 + 4096 blo& .. (1) Wen tBe 32Kbyte buffer is used, the
maxi num si ze of a spare area that can bée<allocated can be cal cul ated by

thefollovvingsﬁ tté) ﬁ}ﬁ um si eof spare area = [EP-DL 512
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area is sinplifi'ed. The renumi nder obtal ned b
spare area inan existing spare area full flag. A flag |nd|cat|ng 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.




15 all ocated upon initialization fromthe maxi num size of a recommended
spare area, is recorded in a DDS as the 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 supplenmentary spare area is allocated or
the size of the 20 supplenmentary spare area nust be increased, in case that
a primary spare area allocated upon inim;'?]al I zation is conpletely used and
no ot her spare areas exi st or the case en a suppl enentary spare area is
conpl etel y used are-highly likely t
be contlnuous(Mb generatea pTe\@etefmmdamommdfﬁﬁ@rerf@‘ pi’é?h@tb Spdre area
suppl enent arly spare area é és al | ocated or the size of a supplenmentary
spare area ils_increased @S Beeq MsPH- anobunt of spare area remmins, for

exanpl e, whgn@, certain n remain or 90% of the sparée are
is Ts)ed, t hdn—that a2 nD %Bpgfrseo'w@ﬂéﬁatgrpa is allocated after the

al | ocated srjarm area i s ol Kipplsmenet sParlrbliiasfing cdmpBiE g Stare

fl ag representing—the—degree—of—use—of
i ndicate that a predeterm ned anount or nDre of the spare area has been

used, rather thanHé@rtﬁéﬁa?'d?g'a‘B!B2c%\“ﬁnélkéfeetﬁfaldé&e‘é’gl'tﬂhatttﬁbes&%acgghgr ca

has been conpl etely used of the spare area sti remains

exi stidg spasuppiementany Ispateagreaimiibtloe invdeased mgsimpey hepresentimpttement ary 10
spare area h S been .al | ocat etigwhen an‘&u get erm ned anmount or nore of the
primary spardost CWRISE aRigdetrrained amoughor awre PEauUPRIRMentary spgee aeed | ag

(which can bgy L88dt i primary
Spare area) rgeg%%ieﬁtg? ngvt e st at%ﬂg@eﬁﬁﬂ‘,}QP%Frgagr&%?%aeﬁgarégéﬁihas such
states as skltogating a predetariminechgmbabt er horewfisiipsiemesitdry Ghareafd\Wie i N
FIG 5A 15 \faTubl& g')offt,'\g%a\éaca%emmp?y 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



© 00b a sufficient amount of primary spare area remains 01 b a predeterm ned
anount or nore of primary spare area has been used, and no supplenentary
spare area is allocated 10b a predeterm ned anount or nore of primary
spare area has been used, and a supplenentary spare area has been allocated
20 11b the primary spare area has been conpletely used A flag (which can be
referred to as renai nder state infornatiQf for a supplenentary spare area)

representing the state of the suppl ementady spare area has states as shown
in FIG 5B. 25 (Table

in the foll ow le 2 d h ure shown
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spare area is enlarged by allocati ng a predetermned anmount or
suppl enent ar PP@pRaAECArallgcatadn siep §4 03pfromrthefmaximui sige cdithe spateyarea

For o pri mar o LplpbadpEIh $102 mleR S5 Siortamely the eGP ERDIaR y
spare area haupplriedtaheSpareadres, 2540ECT blocks [ddbdBAfcuidtby By ating a
met hod of allocating a spare area
subtracting 512 ECC blocks of the allocated primary spare area from 2752
10 ECC blocks of the maximum spare area. Information on the size of the
supplementary spare area (e.g., 2240 ECC blocks) and information on the
remainder state of the supplementary spare area, are récorded at
predetermined positions in a DDS or DMA area, and initialization is
concluded, in step S106.
15 FIG. 7 is a flowchart illustrating a method of allocating a
supplementary spare area using information on the remainder state of a
primary spare area, according to an embodiment of the present invention. A
determination is made as to whether a remainder state flag for the primary
spare area set during initialization is in a state "01" in which the primary
20 spare area has been almost used and a supplementary spare area has been
allocated, in step S201. If the answer to the step S201 is no, another
determination is made as to whether a supplementary spare area is to be
allocated, in step S202. Ifit 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



~upon initialization, according to an enbodi nent of the present invention.
Referring to FIG 6, a defective sector detected during certification for
15 checking the 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 nexjgsector, and the position of the
defective sector is stored in a PDL, in Step S101. 20 Next, the required
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If a sufficient amount of continuous empty area does not exist at the
rear portion of the logical file area in step S205, empty areas are rearranged
15 in step S208. Then, a determination is made as to whether a sufficient
amount of continuous empty area exists, in step $S209. If there is a sufficient
amount of continuous empty area, the step S206 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,



- 10 ECC bl ocks of the maxi num spare area. Information on the size of the
suppl enentary spare area (e.g., 2240 ECC bl ocks) and information on the
remai nder state of the supplenmentary 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 nmethod of
allocating a supplenentary spare area u§éng i nformation on the remainder
state of a primary spare area, according to an enbodi nent of the present
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can be set by a user; can be a pred

exi stence ofwhethef theempty spaceexiefs, rostep8305 B eRbgl RARRY 8paddBxisfear of
a logical file area is checked, in step S204. It is S(%Ieterrr%/ngd whet Ler 15

enough enpt yatstﬁﬁc'@afa% ':E‘Pé?gﬁcﬁ| ﬁ‘@éjeQZ@F}UPP'ﬁ"@imrsmtayeaﬁHdieeexi sts at

o ey R P RIEFned SHERLETRABE YR ok BB afmeal "

rearmost  popdrtion ofthd lugidaigile ated, ih stepy 8306.1 Wisdrean 8P&5thaVkAS AfdRal

' nformation tfxgern Itir?garly replaced is allocated as the supplementary spare area for linear
replacement in step S306, a defective block within the supplementary spare
area is not used for linear replacement, and the SDL entries must be kept

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

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

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

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

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

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

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



© 5 supplenentary spare area, that is, a renmainder state flag for the

suppl enmentary spare area, is initialized back to "00", and the information
on the size of the supplenentary spare area is updated, in step S207.

Then, the process is concluded. When an area that has al ready been
linearly replaced is allocated as the supplenentary spare area for |inear
replacenent in step 10 S206, a defective, bl ock within the supplenentary
spare area is not used for linear replacenment, and the SDL entries nust be

Sur 1101 ent anain ToPSdg i R b kR R ol RRrd dreet ba beimord oo

portion of tfiexiblygarhefféctivelaakecdtod sham&?dded. enpty areas are rearranged
15 in step S208. Then, a determ nation is made as to whether a sufficient
anmount of conti nubtRO: éhEis Prasent wvestian, defectiveblegigowithin theere is a
sufficient S ' VA : 06 for | ocating a
suppl enent ary Spgbg%g?rggb}dgégg?ﬁﬁé;@é%ﬁ.g@r "b?&%ﬁ%ﬁ?{? %r?d §iirh| nuous
enpty ar ea i enirieswdreinot ehanged rsafhiat malfuectioars pregeneat of the enpty areas,
a 20 nessage "a suppl enentary spare area cannot be allocated"” is displayed,
in step S210. Then, the process is concluded. FIG 8 is a flowhart
illustrating a nethod of allocating a supplenentary spare area using
information on the remainder state of a supplenentary spare area,
according to an enbodi ment of the present 25 invention. A determnation is
made as to whether a remainder state flag for a supplenentary spare area
for replacing secondary defects generated during use of a disc is in a
state "01" in which the supplenentary spare area has been al nobst used, in
step S301. If nost of the supplenentary spare area has been used, another
determ nation is made as to whet her another 30 supplenentary spare area is
to be allocated, in step S302. If it is determned in step S302 that

al I ocati on of another supplenentary spare area is required,



16 - the size of the supplenentary spare area is checked, in step S303. That
is, the maxi mum size of a supplenentary spare area that can be all ocated,
and the size of a supplenentary spare area that nust be allocated, are
checked. The size of the supplenentary spare area that nust be all ocated,
can be set 5 by a user, or can be a predeterm ned increnment. The exi stence
of -a sufficient anobunt of continuous enptygspace a the rear of a |ogical
file area is checked, in step 5304. Then, it is determ ned whether the
enpty space exi 9What ié Blafhed i9305. | f enough enpty space exists at the rear
of the logical file area, a supplenentary spare area for linear 10

repl acenent, of a predetermned size, is allocated starting fromthe
rearnost portion of the logical file area, in step S306. When an area that

has already begn.linearly. replaced.is. al t ed t he suppl enentary spare
area for |inear EP%'%?G‘;?%ET@'H{S"?'}??998\5093%‘64, ?i?]HE’f%@f% ve block within the
suppl enentary spare area is not used for linear replacenent, and the SDL
entries nust be kept 15 w thout change, as descri bed above referring to
FIG 3. After the step S306, nmanagenent information for the supplenentary
spare area, % hal. i s, Adefestanadagersent methatyoff adiscirecending endforary spare
area, 1is initialized back to "00", and the size of the allocated

suppl enent ary sppreducing apparatpsl fdredrecondiag epedidnincllidRiy a pfithaiyocess i s
concluded. 20 If a sufficient amount of continuous enpty area does not

exist at the r@@ére%ééiéﬂﬂc%dt\%l%g iAfiafiZatidr %rgq[ gisﬁl_?gié?néﬁtﬁﬂf sﬁg‘%‘% enpty

areas are rearranged in step S Then, a ationi’s e as to

whet her a suffigy i tyv..area.exists, Jn step S309.
Tt here i a soier dlogBEMenlior apahad HRab R HinBlioiud R frethdy o "Baoe
for allocating a 25 .s.ugpl enentary spare area is again perfornmed. If the
amount of conti AUYBBES™Enpty area is insufficient even after the

rearrangenment of the enpty areas, a R
10 allocating the primary spare area upon initialization; and

allocating and/or expanding the supplementary spare area after
initialization,
wherein defective sectors in the supplementary spare area and
corresponding replacement sectors which have already been
15 registered in a secondary defect list (SDL), shall not be used as spare

sectors.

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

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

supplementary spare area which have already been linearly replaced

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



- message "a supplenentary spare area cannot be allocated” is displayed, in
step S31 0. Then, the process is concluded. As described above, in the
present invention, information on the sizes 30 of a prinary spare area and
a 'suppl enentary spare area can be calculated by a sinple nunmerica
expression, and information on the remainder states of 17 spare areas is
stored and nmanaged, so that the spare aregg can be nore flexibly and
effectively allocated and managed. Al so, in the present invention,

def ective bl OCk%nYHéshMt‘h t&hect WPHSARIBERNY bREBRS f fHedk nﬂdeaoaiﬁa'r@s?ﬁ
| i near replacenent, and SDL 5 entries are not changed, so unction

is prevented. 1 ained is: Claimset for divisional application
1 11 July 2002 rimﬁ&éérfgeec' managenent net hod of a disc recordi ng and/ or
reproduci ng apparatus for a recording nediumincluding a primary spare
area allocated upon initialization and a supplenentary spare area

al | ocat abl e and/ or expanded after the initialization, the nethod
conprising: 10 &t | ocdthergethed ofiGlawm |, wherein dhe supplementary spare arean: and
al l ocati ng and/ or expandi ng the supplenentary spare area after
initializati®n, isvhkocated thed poddetermiaeti size startirgefrenpp Feargrtirtiory ofpar e ar ea
and correspondi ng replacenent sectors which have al ready been 15

registered in aldé:ﬁ@é]fm@élseaj@fftﬁétdléd gind(iivaily reprated 'b?tth@@mrﬁé‘? sparepar e

sectors. 2. The defect nanagenment nethod of Caim1, such when an
area or a pre-allocated supplementary spare area.

4. A defect management method of a disc recording and/or
10  reproducing apparatus for a recording medium including a primary
spare area allocated upon initialization and a supplementary spare
area allocatable and/or expanded after initialization, the method
comprising: |
allocating, during initialization, the primary spare area to replace
15  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, the supplementary spare
area to replace the secondary defects generated during the use of the
20 disc in excess of those which are storable in the primary spare area,

prior to the primary spare area being fully used.



~area that has already been linearly replaced after the initialization is
20 al l ocated as the supplenentary spare area, defective blocks wthin the
suppl ement ary spare area which have already been linearly replaced are not
used for linear replacenent, and secondary defect list (SDL) 19 entries
with respect to the defective blocks in the expanded spare area are not
changed. 3. The nethod of Claim 1, wherei80the supplenmentary spare area 5
is allocated in a predeterm ned size starting froma rear portion of a

logical file ar&a of Theedefestomanagemeneaidtod ePCRERMY, Hyrthérecdmpriging: spar e
area or a pre-allocated supplenentary spare area. 4. A defect nmanagenent

met hod of a disc receigeathfRebeEqueft t6 9% afldcAting &mﬁérsaf;pl@gféma recordi ng

mediumincluding a prinmary ™~ spare area all ocated upon in I zat'ion and a

suppl ementary s e I r a r_initialization,
t he met hod COIT%?%geI %rge:a, %pfﬁOAgitﬁﬁsg&p&rﬁlgﬁ%?Y ﬁﬁ%&a&%%gf)?%ﬁ%c%@é primary
spare area to replac 1 rinmar ef ects gener at dyring initialization
using slipping S 89’@%%%&%@&“%@?%GP&E@%%&%@E&W atsf:é te§°%%?1‘é‘lr at ed
during the wuse of the disc using |inear replacenment after the
initializati®on, thefe whqcb@eisﬁ@aa?ﬂ inthesiepleseerdany spargiasea, prigs to the

suppl enentary spare area to replace the secondary defects generated during
t he use of the sBfpknsntary sparesseabeingdally whedh are storable in the
primary spare area, prior to the primary spare area being fully used. 20

5. The defect managenent nethod of Claim4, further conprising: allocating,
subsequent to the allocating of the supplenentary

6. A defect management method of a disc, the disc having a
primary spare area allocated during initialization of the disc, a
10 supplementary spare area allocated during the use of the disc,
remainder state information for the primary spare area, and remainder
state information for the supplementary spare area, the method
comprising:
allocating the supplementary spare area if the remainder state
15 information for the primary spare area indicates that a predetermined
amount of the primary spare area is used, prior to the primary spare
area being full; and
determining an amount of an unused portion of the
supplementary spare area remaining after allocation and use of the
20 supplementary spare area;
setting the remainder state information for the supplementary

spare area to selectively indicate whether a sufficient amount of the



' spare area, an another supplenmentary spare area to replace the secondary
defects generated during the use of the disc in excess of 5 those which are
storable in the supplenentary spare area, prior to the supplenentary spare
area, being fully used. 6. A defect managenent nethod of a disc, the disc
having a prinmary spare area allocated during initialization of the disc, a
10- suppl enentary spare area all ocated dur2ng the use of the disc,

remai nder state information for the prinmary spare area, and remai nder

state i nformati gipplementarySHupé af@n tahing RMLBea! & preddt8rrRBnoGRNPr i si ng:
al l ocating the supplenentary spare area if the remainder state 15

I nformation for gt bty Bk %?Mleﬁ%t&r.yaép?a%g?é’é ﬁﬁ&%%gh*l{%%d?aﬁ& goiet er m ned
amount of the primary spare area s used, priror to the prinmary spare area
being full; and_determ ning an anoupt gf an_un seg/ poriion of the

suppl enent ary s pAPRICTISDLANY SRS AfRP ﬁ?? peq cogpletelU use of the 20
suppl enentary spare area; setting the renmainder state information for the
suppl ementary spare area to selectively indicate whether a sufficient
anount of the 21 supplenentary spare area renai ns unused, a predeterm ned
amount  or rfpre’of sE’Bpld@ﬁmttmalyagﬁmem raethwdnef<Claie 6, whedeinand t he

suppl enentary spare area has been conpletely used. 5 7. The defect

managenent net hpredeterGhiaedhamowh &f supplemeantagespireianes issasatedd |
suppl ementary spare area is allocated. 8. The defect nanagenent nethod of

Claim6, wherein the supplenentary spare area is allocated in a forward
direction starting

8. The defect management method of Claim 6, wherein the
supplementary spare area is allocated in a forward direction starting

10 from the rear portion of a logical file area.

9. The defect management method of Claim 6, wherein an
additional supplementary spare area is allocated if the remainder state
information for the supplementary spare area does not indicate that a

15  sufficient amount of the supplementary spare area remains unused.

10.  The defect management method of Claim 6, wherein the
remainder state information for the primary spare area selectively
indicates whether a sufficient amount of the primary spare area

20 remains unused to manage defects, at least a predetermined amount
of the primary spare area has been used and no supplementary spare

area has been allocated, at least the predetermined amount of the



10 fromthe rear portion of a logical file area. 9. The defect nmanagenent
nmet hod of Caim6, wherein an additional supplenentary spare area is
allocated if the remainder state information for the supplenentary spare
area does not indicate that a 15 sufficient anount of the supplenentary
spare area renmains unused. 10. The defect nanagenent nethod of C aim 6,
wherein the remainder state information 22r the primary spare area
sélectively indicates whether a sufficient anount of the primary spare
area 20 remai ns primigpdphre ARRAGES DEELOEEd adtl thédappRni¥MESt §idie gk anount
of the primary spare area has been used and no supplenentary spare area
has been all oca , 1 ey rimary
spare area has Eggr? e%?e%%gﬁff% %@dgﬁﬁg’ﬁgﬁiﬂsg?% spare Saﬁéeeaﬁ eﬁ’g‘?ﬁ}%@n

al l ocated, and h?gdpri mary spare area has been conpletely used. 5 11. The
def ect managenent nethod of Claim6, wherein the renainder state
information for the supplenentary spare area is indicated by a 2-bit flag.
12. The defect nmanagenent nethod of C aim 10, wherein the 10 renai nder
state information for the primary spare area is indicated by a 2-bit flag.
13. The defeet fdnagdherfiefagtmanagementinetted ofClaine S, sdgseindhag:

determ ning whether a sufficient continuous enpty area exists 15 for the
suppl ement ary spemaindeesataié irformmatibrofordhé egpplemdrithy spaga apesa & to

al l ocating the supplenentary spare area; rearrangi ng enpty areas of the

disc to make a prRiicateabyoust flyrpty area at the end of the logical file
area if the determnation is

12.  The defect management method of Claim 10, wherein the

10 remainder state information for the primary spare area is indicated by a

2-bit flag.

13.  The defect management method of Claim 6, further comprising:
determining whether a sufficient continuous empty area exists
15  for the supplementary spare area at an end of a logical file area prior to
allocating the supplementary spare area;
rearranging empty areas of the disc to make a new continuous
empty area at the end of the logical file area if the determination is
made that sufficient continuous empty area does not exist; and
20 allocating the supplementary spare area in the new continuous
empty area if the new continuous empty area has a sufficient amount

of space for the supplementary spare area.



made that sufficient continuous enpty area does not exist; and 20
allocating the supplenentary spare area in the new continuous enpty area
if.the new continuous enpty area has a sufficient anount of space for the
suppl ementary spare area. 23 14. The defect nanagenent nethod of C aim 13,
further conprising: informng the user that the supplenentary spare area
cannot be 5 allocated if the new continuggs enpty area does not have the
sufficient anount of space for the supplenmentary spare area. 15. The

def ect managenent nethod of Claim6, further conprising: storing a maxi num
suppl ementary spare area size in a defect 10 management area or a disc
defini Ui on st ruour e cae@bt IaRagbREntidi of ldin 4 Falhgn. 16 A defect
managenent et ho I'sc recordrng and/or “reproducing apparatus for a
di sc having a prlnarE# )are area allocated 15 to replace primary defects
gener at ed durln ‘i zati on usi ng slipping replacenent, and a

suppl ementary spare area allocated to replace secondary defects generated
after initializationiWermma thadiser th%ﬁh%ééﬁﬁﬁmeﬁtﬁ%’ RATA Gied 6APNIINag:

al l ocating the supplenmentary spare area using an area of the 20 disc that
has al ready beemllbcatedrf therrepy aortinuomsezrepty atet etoeiswmt hlave ltbe sufficiemtt he
suppl ementary spare area which have already been linearly replaced are not
used for |inear a’;}x?ourn@pIspae@wrtthe@ngpmmégrgpaj@faegé list (SDL) entries
within a defect nmanagenent area of the disc with respect to the defective
bl ocks are

15.  The defect management method of Claim 6, further comprising:
storing a maximum supplementary spare area size in a defect
10 management area or a disc definition structure area of the disc during

initialization.

16. A defect management method of a disc recording and/or
reproducing apparatus for a disc having a primary spare area allocated
15  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:
allocating the supplementary spare area using an area of the
20 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



not changed. 5 17. A defect managenent nethod of a disc recording and/or
r epr oduci ng apparatus for a disc, the nmethod conprising: allocating, during
initialization, a primary spare area to replace primary defects generated
during initialization using slipping replacenent and to replace secondary
defects generated during use of 10 the disc using linear replacenent after
the initialization; and allocating, durizyg the use of the disc, a
suppl ementary spare area to replace the supplenentary defects generated

during the use pipladdifiest, 8AdISBCONEATUAECAIRPESDI e Mes VAt ATdaik& 1 n the
primary spare area, prior to the primary spare area being fully used. 15
management area of the disc with respect to the defective blocks are

_not changed.

5 17.  Adefect management method of a disc recording and/or

reproducing apparatus for a disc, the method comprising:

allocating, during initialization, a primary spare area to replace
primary defects generated during initialization using slipping
replacement and to replace secondary defects generated during use of

10 the disc using linear replacement after the initialization; and

allocating, during the use of the disc, a supplementary spare
area to replace the supplementary 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.

15



