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OF THE INVENTION Il cooooa 1. Field of the Invention T resent
invention relates to a nmethod of handling fragnmented blo m k and
particul arly, though not exclusively, to such a nethod f WW a
spare area for disk defect nmanagenment. 2. Description of theufggla Art In
order to manage defects on a general recordable/rewitable disc, slipping
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sector, that |s, data is recorded or reproduced by slipping a sector where
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physi cal sector nunber is shifted by the sector nunmber designated by

ski pping the defective sector. Such a shifting-backwards phenonenon is
sol ved by Dsi;qniptiasoﬁﬁdeﬁchrts as there are def ects in a spare area
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is recorded or reproduced by slipping a sector where a defect is generated during recording or
reproduction. Here, an actual physical sector number is shifted by the sector number designated
by skipping the defective sector. Such a shifting-backwards phenomenon is solved by using as
many sectors as there are defects in a spare area located at the end portion of a corresponding
recording area (group or zone). According to the specifications, the position of a defective
sector replaced by slipping replacement is prescribed to be recorded in a primary defect list

(PDL) in a defect management area (DMA) on a disc.

Slipping replacement cannot be used for a defect which is generated while a disc is
being used. When a defective portion is disregarded or skipped, discontinuity is introduced into

the logical sector numbering, which means that slipping replacement violates file system rules.



Meanwhi I'e, a‘digital versatile disc random access nenory (DVD- RAM
according to the DVD-RAM standard version 1.0 is conprised of a plurality
of groups each having a user area and a spare area which are constant in
each zone. FIG 1 Ais a half plan view of a disc showng a user area and a
guard area and spare area, and FIG 1 B one-di nensionally shows several
zones on a disc. Each zone is conprised of a guard area, a user area, a
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FIG 1 Ais a half plan view of a disc having a user area, a guard area and
a spare area, and FIG 1 B shows the one-di nensional structure of several
zones of a DVD-RAM disc; FIGS. 2A and 2B are views for expl aining

al l ocation of spare areas upon initiaization according to the present
invention, and FIG 2Cis a view for explaining allocation of spare areas
during use after initialization; FIGS. 3A and 3B are views illustrating the
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replacement. However, when linear replacement is used, defects are managed not in units of

sectors but in, units of ECC blocks, that is, in units of 16 sectors. Thus, a spare area of 16
sectors is required to process one defective sector, which degrades the efficiency of defect

management.

Also, a standard size of a spare area for defect management is predetermined, so that
spare areas of the same size must be also allocated in applications to which defect management
using linear replacement cannot be applied, such as real time recording. Therefore, the

efficiency of area utilization of a disc is degraded.

SUMMARY OF THE INVENTION

The present invention therefore provides a method of handling fragmented blocks of a
disk, including allocating a spare area for disk defect management, the method comprising;
forming a group out of a plurality of zones on a disk, the group including a user data area
including a data block; allocating a primary spare area for the group; and skipping a fragmented
data units at the rearmost area of a zone when the data block is fragmented by a boundary

between the plurality of zones.

Preferably, data blocks are reallocated from the beginning of the next zone after skipping

the fragmented data units at the rearmost area of the zone.



linearly replacing defects generated while the disc is being used, denotes
a spare area additionally allocated while a disc is being used after being
initialized. That is, in the present invention as shown in FIG 2A a
plurality of zones on a disc fornms a group, and a spare area (prinmary spare
area) for slipping replacenent is first allocated at the end of each group
during initialization. The slipping replacenent perfornms replacenent in
.units of sectors, thus increasing the efficiency of utilization of the
spare area. However, in the slipping replacenent, defective areas are
merely not used, and data starts being recorded in the next normal sector,

so that the defectiv t inktialization. During
initialization, as BRiE %%W%Oﬂ%#% Wi | ocated as the primry
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r epl adeserihing ingletaili 8 preferredtesthadimenttthereof wik aeferened tecihautiachsdrirawings in
sufficiently perfornmed by using only the secondary spare area all ocated
mﬁthiﬂ"We primary spare area after slipping replacenent is conpleted upon
initialization of a disc, a secondary spare area for |inear replacenent is
further allocated to zones in units of zones, as shown in FIG 2B. The
secondar y Fipak/e isce kedf plas view ¢fogdisahavinga user argabe gyard arkaiand ersparcianes, end t he

wenaa LR BR0% b A eRoaBimatrs S Chiel SpERSeTRARIRARR no o
initializgiGOmA an@B il AWy foH SRRARIHg AlotARNES I Spafe AedORFon InaFAtidhe
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spar eaepoeding ¢o the present ieysntiomnansk FIG 2( line atievd fert exphainimgchllofationzofsparét i s
easily controlled,. A so,. since the spare area is controlled in units of a
zone, Agaguring use after ItAlizaton; °) osest to where a defect is generated can be
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suppl enmentary spare area is used in reverse order starting fromthe
rearnost of the logical file area, thus solving discontinuity of the

| ogical file ared [RITON I AHERREFERREBDEMBA) pits of ECC bl ocks,
so t hat as entire spak.e é{g@.of an ECC_pIoc#.istqﬁed even mhgn one iector
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physi ?ﬁhiajy pafd ab£qd s%&ﬂ{dﬁgas' it ar&ParidBdupbletnentey sfarsmegd i s | owered when a
defective zone is searche or. However, the linear replacenent can respond
to defects generated while a disc is being used, so that it is used with
respect tgq,secondary defect er at i.n e 0 he dj.sc. .Just as much
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suppl ementary spare area nust be smaller than the area of a final zone.
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used i.n a, file sys wher e .a user da fi.]e be recarded/rentoduced.
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refraction fromaround a 38nm radius due to injection of a disc. en a
spar e argaecanf dpo sengpian sepasélrelneated isparelaresc aflbe supplementend spdre areh, der by
formng a group out of a plurality of zones according to the present
invention, a spare area having a size |arge enough to be processed in a
group is allocated for, at nost, 7679 itens (for fifteen sectors), which
are the maxi num nunber of defects that are processed using a prinmary defect
list (PDL). In this case, a spare area (a spare area used for controlling
bl ock positions) nust be further allocated to prevent an ECC bl ock from not
starting at the start position of a zone due to the shifted-backwards
phenonmenon of the | ogical sector nunber at the boundary between zones
caused by slipping replacenent.
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For exanple, '‘when a disc applied to the present invention is a 1.46G3(G ga
Bytes) DVD-RAM a prinary spare area allows PDL entries for eight sectors
and 64 SDL entries to be processed, thus preventing the generation of a
warning i mredi ately after formatting due to a | ack of primary spare area.
Here, the warning |level is generated when a spare area is smaller than 32
ECC bl ocks. Accordingly, nore than 3% of each zone is allocated as a
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boundary beDugeg intalistias ashowh spar¢-a@a a8fossiblatis iaipcaterbaE®E inaly spare be
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generation of defective sectors, 'they are not used and skipped. A size as
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bet weenM9giticatiqrsot gxisting DM\ information ean be inimizedy "y he nunber of zones. That
is, where there are two zones, the nunmber of connection portions between
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as a relative size or an absolute size according to a numerical expression (for example, 3% of

each zone).



Thus, it-is preferable that one disc has only one group for slipping

repl acement. In this case, a spare area for slipping replacement can be

all ocated at the end of the disc in consideration of the nunber of entries
that can be processed using PDL and S, and the size of a spare area
(here, a maxi mum of 32 ECC bl ocks) for controlling the start position of an
ECC bl ock on the boundary between zones. 9 1n this way, a plurality of
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allocated at a certain ratio according to the capacity of the disc, it is
determ ned that only about 1100 sectors can be slipping-replaced at the
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zone where the corresponding defect is generated is greatly degraded.
Howev edefeatitve nzame | iar sparchpdirfor. arBewéeer.atheotingas dreplatdment sqgaoctespand he defects e

disc for slippi repl acenent as proposed by the present invention,
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n
areas to a disc gurl ng Initialization according to an enbodi nent of the
present invention. Referring to FIG 4, when an initialization command is
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consideaation of.tpe spar,e area for block position control. Wen the

pri marPdUs gHg to,injeetipn oLa diSeat od  a deternination is made with respect to
the entire disc area as to whether a defect is generated, and a generated
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is preferable that the secondary spare area within the first spare area
used for linear replacenent, and the secondary spare area allocated to each
zone are used in reverse order fromthe rearnost of the respective spare
areas to unify a nethod of managi ng a supplenentary spare area for |inear
replacenent. FIG 5 is a flowchart illustrating a nethod of allocating
spare areas while a disc is being used after it has been initialized,
according to an enbodi nent of the present invention. Wen the size of the
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Al l ocati on of- the supplenentary spare area corresponds to redistribution of
a logi'cal file area generated after initialization, so the help of a file
systemis required. In this case, the supplenentary spare area for |inear
repl acenent is not allocated to each zone but can be allocated in the
direction fromthe rearnost of a logical file area, that is, froman area
havi ng the hi ghest |ogical sector nunber in a logical file area where files
can be recorded for user data, to an area having a | ower |ogical sector
nunber. Wien a secondary defect is generated and is replaced by the
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representing that the defective block has not been replaced is recorded in
a forced reallocating masking (FRM bit in an SDL entry representing

whet her the defective bl ock has been replaced, and information representing
that the defective block has not been replaced is recorded in the start
sector nunber of a replaced block in the SDL entry. Since the recording
and/ or reproduci ng apparatus cannot recogni ze defect contents processed by
the file systemor application programwhen a corresponding disc is again
initialized and used for another purpose, it can reinitialize the disc in
di sregard of generated defects. Accordingly, fast formatting cannot be
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1. A nethod of handling fragnented bl ocks of a disk, including allocating a
spare area for di sk defect managenment, the nethod conprising; formng a
group out of a plurality of zones on a disk, the group including a user
data area including a data block; allgcating a primary spare area for the
group; and skipping a fragnented data units at the rearnost area of a zone
when the data block is fragnented by a boundary between the plurality of

zones. sedtor hifbee {smtlﬁtflodé lRtweeh, thyhie rRiepualPard® i 8 bufferifd Bfea elv&fting
reallocatln? data bl ocks fromthe beglnnlng of the next zone after skipping
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spare area for block position control = (number of zones - 1) x (number

sectors for each error correction block - 1) . (2)

In a DVD-RAM disc, an ECC block has 16 sectors, so that a maximum of 15 sectors
can remain at the end of a zone if an ECC block does not start at the beginning of a zone.
Remaining sectors at the end of each zone which do not form an ECC block, must also be
skipped in order to match the start position of an ECC block with the start position of a zone, so
that a spare area as large as the skipped sectors is further required. The number of boundaries
between zones is obtained by subtracting one from the number of zones. That is, where there
are two zones, the number of connection portions between zones is one, and where there are
three zones, the number of connection portions between zones is two. A spare area for block

position control which is as large as one ECC block, can be substantially allocated to each zone.

Thus, it is preferable that one disc has only one group for slipping replacement. In this
case, a spare area for slipping replacement can be allocated at the end of the disc in
consideration of the number of entries that can be processed using PDL and SDL, and the size
of a spare area (here, a maximum of 32 ECC blocks) for controlling the start position of an

ECC block on the boundary between zones.
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In this way, a plurality of zones are set as one group, and a spare area for slipping

replacement is allocated at the end of the group. Thus, degradation of the capability to cope
with a burst error generated by a large scratch is suppressed due to the small size of a spare area

allocated in each group when there are a plurality of groups each having a plurality of zones.

For example, in a disc of about 4.7GB capacity having one group in each zone, one
group includes about 1600 tracks, and the width of each track on a physical disc is about Imm,
as shown in FIG. 1A. When a scratch larger than Imm is generated on the disc in the radial
direction, about 1600 sectors become defective. However, if a spare area forms a group in each
zone and is allocated at a certain ratio according to the capacity of the disc, it is determined that
only about 1100 sectors can be slipping-replaced at the inner circumferential portion of the disc.
Hence, about 400 to 500 remaining sectors cannot be replaced by slipping replacement, and are
replaced by linear replacement instead. In this case, about 400 to 500 ECC blocks for spare
areas are required, and the performance of the disc at a zone where the corresponding defect is
generated is greatly degraded. However, when a large spare area is allocated with respect to the
entire disc for slipping replacement as proposed by the present invention, slipping replacement

can even be performed with respect to such a large defect.

FIG. 4 is a flow chart illustrating a method of allocating spare areas to a disc during
initialization according to an embodiment of the present invention. Referring to FIG. 4, when
an initialization command is received in step S101, one group is formed of a plurality of zones
of a disc in response to the initialization command, and a primary spare area is allocated at the
end of the group, in step S102. That is, the primary spare area for slipping replacement includes
a spare area for defect management with respect to 7679 data sectors (480 ECC blocks), where
7679 is the maximum number of defect management entries that can be processed using PDL,
and a spare area (here, a maximum of 32 ECC blocks) for controlling the start position of an

ECC block at each boundary between zones.
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Meanwhile, in a 1.46GB DVD-RAM disc, the primary spare area can process PDL
entries for 8 sectors and 64 SDL entries, and is allocated in further consideration of the spare

area for block position control.

When the primary spare area is allocated, a determination is made with respect to the
entire disc area as to whether a defect is generated, and a generated defect is replaced by
slipping replacement using the primary spare area allocated at the end of the group, in step
S103. Here, if the primary spare area allocated while the defect is being replaced by slipping
replacement is insufficient, the corresponding disc is determined to be defective, and a step for
generating an initialization error message can be further included to prevent the disc from being

used.

When slipping replacement is completed in step S103, the portion of the primary spare
area not used during slipping replacement is allocated to a secondary spare area for linear
replacement, and when it is determined that there is insufficient secondary spare area within the
primary spare area to perform linear replacement, secondary spare areas are further allocated to
zones in units of zones, in step SI04. Information associated with allocation of the secondary
spare areas for linear replacement allocated to zones in units of zones, is stored in a defect
management area (DMA) on the disc. When allocation of the primary spare area, and
allocation of the secondary spare areas for linear replacement are completed, initialization is
completed. It is preferable that the secondary spare area within the first spare area used for
linear replacement, and the secondary spare area allocated to each zone are used in reverse
order from the rearmost of the respective spare areas to unify a method of managing a

supplementary spare area for linear replacement.

FIG. 5 is a flow chart illustrating a method of allocating spare areas while a disc is being
used after it has been initialized, according to an embodiment of the present invention. When
the size of the secondary spare area for linear replacement allocated during initialization of a
disc is insufficient to replace defects generated during use of the initialized disc, a

supplementary spare area for linear replacement is allocated.



U 10 US5F10% U& () -3#10% U& ()-2#10% U& ()- 0 !10%

U& ()-Q+rM :/018494: AWUXC 10BB 10BB! +: $109BB& () -! "~ MB10YBB&' () -

" MB10YBB& () - !s$109BB& ()-& $1098BB& ()-L: 4;

4<46788<oM+C! S3(MB10% / & ()-! S MB10% {1& () -

"T10% & ()-!NMBL0% / & ()-! $10% /& ()- Fsl1l0% & ()- 10BB<<<<<p<<#=>xY: S3( Mbl
MP1OYB&' ()- Y& "109B& ()-!109B& ()- MP109B& () - Fs109B& ()- 10// 10//

10/ /1 >?M?Q??BBdEXY: S3( MP1& ! 109B& () - MBLOYB& ()-s ! 109B& () - y#l

109B& () -1 109B& g) -1098& () -BDD D! D#DEI L~\ : S3( MB1! $: $10% )

In FIG. 5, a determination is made as to whether a supplementary spare area for linear
replacement is required during use of the disc, in step S201. If it is determined that the
supplementary spare area is required, a determination is made as to whether a sufficient amount
of continuous empty area exists at the rear portion of a logical file area, in step S202. If it is
determined in step S202 that a sufficient amount of continuous empty area exists at the rear
portion of the logical file area, a supplementary spare areas of a predetermined size is allocated
for linear replacement starting from the rearmost portion of the logical file area, in step S203,

and the step S201 is again performed.

Allocation of the supplementary spare area corresponds to redistribution of a logical file
area generated after initialization, so the help of a file system is required. In this case, the
supplementary spare area for linear replacement is not allocated to each zone but can be
allocated in the direction from the rearmost of a logical file area, that is, from an area having the
highest logical sector number in a logical file area where files can be recorded for user data, to
an area having a lower logical sector number. When a secondary defect is generated and is
replaced by the thus-allocated supplementary spare area by linear replacement, the search speed
is barely degraded, but generation of a logical sector number area in the logical file area, that
the file system cannot use, can be prevented. That is, discontinuity of the logical sector number

can be prevented.

In a defect management method for existing linear replacement, a defective ECC block
must be replaced by the first normal ECC block that is not used among ECC blocks within a
spare area, so that defective blocks within the spare area are not managed even while the spare
area is used in sequence from the head and the defective spare area is skipped. However, in the
case that blocks in the supplementary spare area are sequentially used from the head as in the
existing method, a problem occurs when the supplementary spare area is further increased.
That is, whenever the size of the supplementary spare area increases, information on the
increased supplementary spare area must be separately managed. To solve this problem, blocks

in the supplementary spare area are used in reverse order from the rear. Hence, if only the
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highest sector number from which the supplementary spare area starts, and the lowest sector
number are detected, the entire supplementary spare area can be continuously managed. That
is, a recording and/or reproducing apparatus does not need to know how often a supplementary
spare area of a predetermined size is allocated, and can manage the supplementary spare area
only if the start and end positions thereof are recognized. However, the maximum size of the

supplementary spare area must be smaller than a final zone.

If it is determined in step S202 that no sufficient continuous empty area exists at the rear
of the file system, the empty areas are arranged by the file system or an application program, in
step S204. Thereafter, a determination is again made as to whether a sufficient amount of
continuous empty area exists, in step S205. If there is a sufficient amount of continuous empty
area, the step S203 of allocating a supplementary spare area is performed. If the amount of
continuous empty area is insufficient even after the arrangement of the empty areas, a message
“supplementary spare area cannot be allocated" is displayed, in step S206. Then, the process is
terminated. If it is determined in step S201 that a supplementary spare area is not required, the

process is also terminated.

Meanwhile, a small spare area for defect management can be allocated in special
applications such as real time recording or the like, linear replacement with respect to secondary
defects is restrictedly made, and most defects can be processed by the file system or application
program. Also, it is preferable that secondary defects are processed by the file system or
application program upon real time recording in order to obtain a minimum of transmission

speed required by a corresponding application.

In this case, the recording and/or reproducing apparatus is also required to detect defects
and make minimum management with respect to the detected defects. Here, the minimum
management means management using SDL as to whether a generated defect has been linearly

replaced.
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For example, for defects generated during, use of a disc that has defect management

information in which defect management using linear replacement is not used for real time
recording, only the start sector number of each defective block is recorded in a secondary defect
list (SDL), information representing that the defective block has not been replaced is recorded
in a forced reallocating masking (FRM) bit in an SDL entry representing whether the defective
block has been replaced, and information representing that the defective block has not been

replaced is recorded in the start sector number of a replaced block in the SDL entry.

Since the recording and/or reproducing apparatus cannot recognize defect contents
processed by the file system or application program when a corresponding disc is again
initialized and used for another purpose, it can reinitialize the disc in disregard of generated
defects. Accordingly, fast formatting cannot be performed, where the secondary defects (stored
in the SDL entry) are simply changed into a PDL entry and processed by slipping replacement,
so that the recording and/or reproducing apparatus must manage defects even when the
secondary defects are managed by the file system or application program. Therefore, the
generation or non-generation of defects must be controlled in all cases using the SDL regardless
of performance or non-performance of linear replacement and the existence or non-existence of

a spare area for linear replacement.

As described above, the present invention removes a restriction on the maximum size of
a defect that can be replaced by slipping replacement, without violating a restriction that even a
large defect generated in a group must be processed within the group, so that more efficient
slipping replacement can be made. Also, the size of a spare area can be appropriately adjusted

according to an application purpose, so that the disc area can be more effectively utilized.
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disk defect management, the method comprising; forming a group out of a plurality of
zones on a disk, the group including a user data area including a data block; allocating a
primary spare area for the group; and skipping a fragmented data units at the rearmost
area of a zone when the data block is fragmented by a boundary between the plurality of

zonges.

2. The method of claim 1, wherein the method further comprises reallocating data blocks
from the beginning of the next zone after skipping the fragmented data units at the

rearmost area of the zone.



