15/ 11/ 2006 1 METHOD OF HANDLI NG FRAGVENTED BLOCKS OF A DI SK BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention re.l@?ﬁ %)96
met hod of handling fragnmented bl ocks of a disk and particularly, oug

not exclusively, to such a nethod for allocating a spare area for disk
defect managenent. 2. Description of the Related Art In order to manage
defects on a general recordable/rewitable disc, slipping replacenent for
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data imanagemeated- or reproduced by sI i pping a sector where a defect is
generated during recording or reproduction. Here, an actual physical
sector nunber is shifted by the sector nunber designated by skipping the

def ectiyve s q?ﬂ] g- backwar ds phenonenon is sol ved by using
as nany seg%%gﬁ e?gép fects in a spare area |ocated at the end
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introduced into the ical sector nunbering, means
r epl ackiedder %feﬂt%(se@ondmyedechsw gemarated during use of the disc.

- That is, slipping replacement is used to minimize a reduction in the recording or
reproduction speed due to defects, in which a logical sector number to be provided to a sector
which is determined to be defective during a certification process for inspecting defects of a
disc when the disc is initialized, is provided to a sector next to the defective sector, that is, data -
is recorded or reprpduced by slipping a sector where a defect is generated during recording or
reproduction. Here, an actual physical sector number i's shifted by the sector ﬁunibér designated
by skipping the defectlve sector. Such a shlﬂlng—backwards phenomenon is solved by using as

~many sectors as there are defects in a spare area located at the end portion of a correspondmg
recording area (group or zone). According to the spemﬁcatlons, the position of a defective
sector replaced by slipping rqplacement is 'prescr—ibed to be recorded in a primary défect list

(PDL) in a defect mané.gement 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,



15/11/ 2006 2 Thus, linear replacenent is used for defects generated during
use of the disc, in which an ECC bl ock including a defectlve:u¥5p11K§006
repl aced by an ECC bl ock existing in a spare area. The |ocation of
def ective bl ock replaced by |inear repl%cenent is prescribed to be recorded
ina secondary defect list (SDL) in a defect managenment area on a disc.
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A disc is segmented into zones to solve inaccurate recording due to a change in. the
speed of a spindle during recording and to use a zone constant linear velocity (ZCLV) method

in order to-increase the search speed with respect to a constant linear velocity method.

That is, when defects are managed by the linear replacement, linear replacement within
a defective zone as possible increases the search speed since there is no change in the linear
velocity of a disc. Thus, the DVD-RAM allocates a certain amount of ‘spare area-to ‘each zone

as shown in FIG. 1 B, to accomplish linear replacement.

In this existing defect ma,nagemeﬁt method, each zone acts as a group, and a spare area -
is allocated at the end of each group. Each group is managed as a defect management area.
Also, since the start sector number of each gfoup is predetermined, an ECC block is supposed

to start at the start position of a zone which is a unit for physically segmenting an area.



The start |ogical sector nunmber of each group is designated as descri bed

above. Thus, when defects are nmanaged by sli pping repl acenent, ngfgpv 06

repl acenent nust be perfornmed only within a corresponding group. 1n oOrder

to replace defects generated in a corredponding group using the .slipping

repl acenent, the nunber of defective sectors that are slipped nust be |ess
r of usable sectors in a spear, area in the correspondi ng

t han the nurrB,El : > )
group. Accor defgiat logigal segtor pumberiof qigh groupHis designatescas dpseabesk ahwvien Tdwes,

group | £ hig b ) I L he maxinum sjze of a

def ect ”Pﬁ%:tl %gtgg{sg'ggr epi %écl:&e%‘h E@J B ?‘ég regjiﬁ"}%g%fﬂrl\ﬂg Sgﬁe[’pl)? %iegﬁaéﬁ’iﬂ? o ?mf’thfée R F’g‘él?b‘?d o
def ect soilg vhiehiti apdoreesbdingSgropRi T4 ofdp |18 ¢eilRRt def®tOf@RtREd WQ%omﬁoiHﬁ%J of
a spare area in a corresponding group, a spare area in another group must
be usedglyp iPFlﬁééhc.Slumga@Ehﬁm@tl—%ﬁmmbﬂ ahdefedtiva setons dbitzre shippedi mustded,

def ect sy.a4 L.pounits .of  sectors but in nits of ECC hlogks,
that 1 bl Gaf RGP Shulllia bR 8 RS S 1 oriefponiing Srobin. Agrardingl,
requi r efrdseridiioAaRasa Gitge defeeiCidnémntePal Ofic githbGHud Ve RE6Sstd itk ik gﬂ,% of
defect _nmnagenent. Al so,.a standard size of a spare area for defec

nanage riinits the maximumeize af adlefesbthahean begpplaesddiydbe slippintgwepkeemserti ze nust be
al so allocated in applications to which defect nmanagenent using |linear
repl acenent cannot be applied, such as real tine recording. Therefore, the
efficiency gftrrseR dftdefdctabibRReflhced Wi ippiny EfadAlais PENMAR 3

| NVENTI ON The present invgntionﬂt herlg’:‘ o?gmﬁgg@ig%es gls t hod g‘?%a%‘éﬁ%
f r agmesP¥e 4520tk cofrespondingkgroumod sphragreal Inogmitlien greups passt banmed fhyr limkas k

defect enen t he thad conprising,. faqrn a grou ut of a,

o ur ol FOYRERRGET Howgyer, Whed Bhedt HaPlar R is, biedfole tn Asomptapsflapos ia ghits of

i nol udkdigors biRk® Ut F EGT bRERS, tHak B, BY iR’ of FP/CRrE" §8uf, o sﬁzalﬁg afa0btPig and
ski pping a fragmented data units at the rearnost area of a zone when the
dat a bpastaes jig r¢quirgdentradcdsy oae sthrstize wectbr twiden degradgs| the adffitignof of dofest

Pr ef er%%{ﬁ/endea%a bl ocks are reallocated fromthe begi nning of the next zone
after SKi |'mf;“ the fragnented data units at the rearnost area of the zone.
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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 2 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.



BRI EF DESCRI PTI ON OF THE DRAW NGS The above obj ects and advant ages of the
present invention will beconme nore apparent by describing in detgyii122006
preferred enbodi nent thereof with reference to the attached drawm ngs in
which: FIG | Ais a half plan view of 4 disc having a user area, a guard
area and a spare area, and FIG 1B shows the one-di nensional structure of
several zones of a DVD-RAM disc; FIGS. 2A and 2B are views for explaining
al l ocation of spare areas upon initialization according to the present
invention, and FIG 2C is a view for explaining allocation of spare areas
during use after initialization; FIGS. 3A and 3B are views illustrating the
discontinuity of an ECBREEBDESGRIPTION@ETHEYDRAWIBIGEti ve sector upon
slipping replacenent; FIG, 4 is a flow chart_ illustrating a nmethod of
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EMBODI MENTS Spare areas on a disc for defect management according to the
present invention include a primary spare area, a secondary spare.area and
a suppl ene Dk . el nary spare area is first, all ocated for
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area, for 15/ 11/2006_ 5 linearly replacing defects generated while the disc
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FIG. 4 is-a flow chart illustrating a method of allocating spare areas during initialization

according to an embodiment of the present invention; and _
FIG. 5 is a flow chart illustréting a method of allocating -spare areas during use after

initialization according to an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

primary spare area, a secondary spare area and a supplementary spare area.

The primary spare area is first allocated for defect replacement when a disc is initialized,
and is first used for slipping replacement. The spare area remaining after slipping replacement
can be used as a secondary spare area for linear replacement. The secondary spare area, for
linearly replacing defects generated during use of the disc, denotes the area remaining after the
priinary spare area is used for slippixig replacement during initialization. The secondary spare

area can also denote a separately-allocated spare area. The supplementary spare area, fdr



That is, in the present invention as shown in FIG 2A, a plurality of zones

on a disc forns a group, and a spare area (primry spare area) leP/ 1/2006
slipping replacenent is first allocated at the end of each group during
initialization. The slipping replacement performs replacenent in units of
sectors, thus increasing the efficiency of utilization of the spare area.
However .. in, the slippLng replacenent, defectjve areas are nerely not used,
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as nmuch spare grr ea as posglgglﬁglﬁé%?égggpé@egﬁhﬂgahﬁ?&mry Spare area for
slipping replacenent, but the primary spare area renmi ning after slipping
repl acenent acian, be used as a secondary spare area for |inear replacenent.
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secondary spare area i s not necessarily allocated in every zone. Since
the, spare area for |linear replacenent is allocated at the end of a zone,

it is easil t: : Al ince the sparg.areg,is controll.ed in units
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initialjzed, when a spare area for linear replacenment allocated in-units
of zonetialization, of a disen e, segonderyenary aten dor limaanmepladement is further allocated to

zones in units of zones, as shown in FIG. 2B, The secondary spare area has no logical sector
number, and information on the secondary spare area allocation is stored in and managed by a
~ defect management area (DMA). The secondary spare area allocated during initialization is
essentially disposed at the end of a zone, though the secondary spare area is not neceésarily
allocated in every zone. Since the spare area for linear replacement is allocated at the end of a
zone, it is easily controlled. Also, since the spare area is controlled in units of a zone, a spare
area in a zone closest to where a defect is generated can -be easily found. Furthermore,

modification of existing DMA information can be minimized.

The secondary spare area can be disposed before a guard area which is the last part of a
zone. When the secondary spare area is disposed in each zone, its size can be predetermined
as a relative size or an absolute size according to a numerical expression (for example, 3% of

~ each zone).



suppl ementary spare area for linear replacenent is allocated starting from
the highest portion of a logical file area in a file system agshpW idgye
FIG 2C. During linear replacenent, the supplenmentary spare area is used
in reverse order starting fromthe rearfost of the logical file area, thus
solving discontinuity of the logical file area. Linear replacenent is

performed innits qf ECC hl ocks o that an_entire spare area of an ECC
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a logical area anong the total area used in a file system where a user
data file can be recorded/reproduced. In a disc having a dianeter of 80nm -
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repl acenent, is_allocated at the end of a disc by form ng group out of a

pl ur al iblgekds replaced by agdweirally-iselated spiye asesnso that theistaseh speed fralowvesedcwhémai ng.

a size : rogessed i .group.is allocated for, at.,nost,
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spare area (a _spare area used for controlling block positions) nust be

f ur t hegengrated duedng vss ofithsdise. 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

repl acenent Just 2 hicAGRBplethemary spaadTires as WeFizé ofl b enPBPLARRubEs. kG Rgsent

invention is a 1.,46GB(G ga B}/t es)
rear of the logical file area is allocated. The maximum size of the supplementary spare area

must be smaller than the area of a final zone. Here, the logical file area denotes a logical area
among the total area used in afile systeﬁ, where a user data file can be 'recoi‘ded/reproduced.

In a disc having a diameter of 80mm, the radius of a user data area must be 38mm at the
most since the 80mm-diameter disc is affected by rapid double refraction from around a 38mm

radius-due to injection of 2 disc.

When a spare area for stipping replacement is allocated at the end of a disc by forming a -
group out 6f a plurality of zones according to the present invention, a spare area having a size
large enough to be processed in a group is allocated for, at most; 7679 items (for fifteen
sectors), which are the maximum number of defects that are procéssed using a priméry defect

- list ®DL). In this case, a spare area (a spare-area used for controlling block positions) must be
~ further alloéated to prevent an ECC block from not starting at the start position of a zone due to
the shifted-backwards phenomenon of the logical sector number at the boundary between zones

caused by élipping replacement.



DVD-RAM a primary spare area allows PDL entries for eight sectors and 64
SDL entries to be processed, thus preventing the generation of 1%7‘@%7@%6'
imedi ately after formatting due to a lack of primary spare area. re,
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 primary
spare area in consideration of the nunber of defects generated in the
spare area and the size of a spare area in each zone for preventing
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remai ni ng sectors not formng an ECC bl ock unit, the shifted-backwards

phenomenon of the |ogical sector nunber due to slipping replacenent occurs
at the bourfdBP enttyitberan bpprocesssd byrthe pdineoopaieamiatoprisspands RO thiea kne an
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one ECC bl ock | ocated over two zones, and a user area and a guard area
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is continuous between them The guard area is a buffering area for
preventing driving from becom ng unstable due to the difference in the

rotating speegphe8ween zongs Sshixg he present invention, \/\hgn(lbess sectors
t han the nunber of .sectors (16 sectors) for _ '
The shifted-backwards phenomenon of the logical sector number due to slipping
replacement, which can occur at the boundary between zones; will now be described with
reference to FIGS. 3A and 3B. ' |

In a group formed of a plurality of zofes as proposed by the present invention, when a
defective sector exists in.a zone #n as shown in FIG. 3A, remainihg sectors not forming_ an ECC
block unit are located at the end of the Zone due to slipping replacement. Whenfdata is written
to the remaining sectors not forming an ECC block unit, the shiﬁed-backwards VIl)henomenon- of
the logical sector number due to slipping replacement occurs at the boundary between zones, so
that discontinuity of an ECC block can be generated at the boundary between zones as shown in
FIG. 3B. That is, one ECC block can be located over-two zones. In this case, problems can
occur, in that a disc must be driven at different speeds to read or write one ECC block located

over two zones, and a user area and a guard area must be separately processed since a physical



form ng one ECC bl ock remain at the end of a zone due to generation of
defective sectors, they are not used and skipped. A size as large/8%/2006
expressed by the followi ng Equation 2 nust be allocated to a spare area
used for controlling an ECC block to stdrt at the start position of a zone
in response to the shifted-backwards phenonenon of a | ogical sector nunber

that na ccur at . the. boundary between zones due tqQ s|i.pping replacenent:
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the end of a zone if an ECC bl ock does not start at the beginning of a

zone. Rena'irgi ng sectors at the end of each zone which do not forman ECC
bl ock, must thfiEoPigsent dyepiony whendlesfesectass thendhe nrmber af sechs (16 serters) fr ECC

bl ock Wedirhhi b hat .a.. [ as, | ar,ge as
the ski DEo e eCHIRRRRRY Fle e aond e klRbefuBp L AUER BRarOlRRC
zones i areatt aisetbahdoskigpelt rAacizeng large of eepicidd HYURH E6lldWing Byastion' P dhust be
wher e té]Fre are two zones,. the nunber_of connection portions between
zones i ¥19GAE (o AaPAARIce Utaddproanitolling gdCE blask to sthe ahthetstart prfsiticornfaczanen

ti g ar | ock Ll trol
i oh 12 FRPolEen @ERRed Bpclyos biRRBERSH 8% loBleal beBox moffBRt st RS 8000 ach
zone. Theboundary betweaf neddwe thsHppiap eeplicemends only one group for slipping.

replacenent. In this case, a spare area for slipping replacenent can be
allocated at the end of the disc in consideration of the nunber of entries

t hat can be Sl ng - S nd.the si.ze, of, a spare area
(here, a naxspérlu%%?%fsfgggwwgfﬁ?gﬁg&6%%@??8??1}‘35@ lfﬁémé‘?lé?t 'Bosi tion of an
ECC bl sedtomsrior éwehkaunetareytibieblogleniyones. 15/11/2006 9 In thi® way, a

plurality of zones are set as one group, and a spare area for “slipping
repl acenent is allocated at the end of the group. Thus, degradation of the

capability GOPB-R XM & [ [0 er at ed a |large scratch is
suppr essed due 10 t%‘gﬁé%ﬁ ’Ial'i!lgklLE ég bg?‘:kaﬁaﬁsggér]%ecg)rrsegoqﬁ?tl %E’ﬁf“g?j“qlr?fagcﬁffcﬁﬁup
when t bar eendie at i etidabf & yofd ifUHOUCE BREK doaVhétGstat Bt WHetbddidhifd of @R%e. FOT

exanple, in_ a disc of about 4.7CGB capacity having, one group in each zone,
one  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 zbnes is two. A spare area for block

posttion 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 thie 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.



group includes about 1600 tracks, and the width of each track on a physical
disc is about 1lmm as shown in FIG |A Wen a scratch larger f i‘?@d(%
generated on the disc in the radial direction, about 1600 sectors becone
defective. However, if a spare area forfs a group in each zone and is
allocated at a certain ratio according to the capacity of the disc, it is
1100 sectors can be slipping-replaced at the

det er m ned mltﬂé‘ onalgy gfg\?%fj tt

i nner circu AtTHE 2 O FORER Iy Selcas ONGETORD, HMor SPAPGIed fosodipping
remai Ni REHIKREER & [pr=Ye] Sl img & n d r

repl aceg‘%by i nearﬁlﬁgdgﬁggﬂﬁgneﬁaicﬁg?éejg@ﬁm n’hﬁlﬁ’l S casg%lfggggeu{apﬂ%n% %’ §?RF ECC
bl ocks #ath aslpasterrongemsated by a bapge sopsich Brtpplessed dud prieboell ofzebiig spirsardd a
zone vvhgﬁe &He corres ongi nglﬁdef ect is. generated is greatly degraded.
Howev er 319435 13 cpch grannswhensthsreate p plusality Of gwypsfach bawaga plurelityoh@onesnt i r e
disc for slipping replacenent as proposed by the present invention,
slipping replacenent can even be perforned with respect to such a | arge

def ect. FI G Fer éxampld, liow dibabf abdtusTGBdapgig WRing0sheOfroap iR Gath BEnsS R
areas to a disc durin initialization according to an enbodi nent of the

pr esentSPHR qd&ﬁ?bcmiﬁéw fragks; and-the width qfiraph tragk ama physidal disc anabarimng i s
receiv ' t: 101, r | raed of .a plurality of. zones f.a

di sc i ﬁﬂrégg‘ggﬁgg Itébﬁ)%he%%ll tg i a]té?czzﬂa?jlr%:g ﬂg%n%'a & g%’t%it%{i fip ?ﬁF&flvcélb eerag}aéa i s
al | ocatdictction, taheut 1600 s@fiors becanodgfective. Fovever] 8% spdftddred formb A Fa¥h

Spare ar eamgao,rwfl | ppi ng replacement includes a spare area for defect
manage iRt 2 sipllpeaterbatia qegatpgatio gegonding ta e sagagity oftbe diicoflis letexmhiped that 679

is the | def . entries that .can he cessed
usi ng. SRP BTV R Grs o BE eiin PRARRTE i it PSR ey BF B 05
cont r o[Henog abtwt 40as SOP eandihidg seétoRtanikEbelrk %d%ﬁﬁﬁgb&ﬂﬁ%eﬁt,%ﬁ%@”
zones. 15/11/2006 10 Meanwhile, in a 1.46 DVD- disc, the primary

spar e &fhlaced by Igcae eplacempent iapiepd- o dn this casesehoubAQ0 4m 0@ ECSDblasks foresparand

is all Lovifedr L0eh: ' ti-on of (he spare rea for hloc osition
cont ro?{f\e %/\ﬁenrk@#eeldbrl mar %gf%%"rq%{cgr" gglel &sis%t 4% 051? ggl,erea%ﬁé’f’gﬁ'ﬂoﬁ i"igocFFf % 5rade
Wi th respeded is@rédily degrntied.cHoWwserpivhén #kargspaheirfieik aBodREERith rSspe@ns it ed,
and a generated defect is replaced by slipping replacenment using the

pr i mar FAEHAFSE 1a% Hiprma rsplacenenttas prepasediby thetiesent isugntionn slinping 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 5101, 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 replaccmeﬁt 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 _eiltries 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.



5103. Here, if the primary spare area allocated while the defect is being

repl aced by slipping replacenent is insufficient, the corresporlcg QIZ%ZOG
is determ ned to be defective, and a step for generatlng an |n|t|a |zat|on
error nmessage can be further included t& prevent the disc frombeing used.
When slipping replacenent is conpleted in step S103, the portion of the

t | | t [ 1 ted t
Cecondary epareiile fop Tatul BVBGRAM Bienthe miaisens ares suaiarasess RE.
t hat t hepgiek or g‘%éﬂt@;ﬂs Gh& Bl Sﬁﬁ?@ﬁ';ﬁ% YandH&'a o@a?e?ialnvﬂﬂtﬁér%ohsﬁe Pﬁf’l} gf%%e“f' ale

area to performlinear replacenent, secondary spare areas a
al | ocat etkatfor blpdnpssition aonirbs of zones, in step 8104 | nformati on associ at ed
with allocation of the secondary spare areas for |inear replacenent

al | ocat ed to zones in units of zones, is stored in a defect managenent

area (DR iibfory K0 ol 8opBa 0 abidSuBa Rl B RO b Yo B'the

al l ocation of the y spare dareas

conpl et ewtireidisct arah iaz atb i wirethet a dofpl &t Ssherdtdd, iahd Y BEREAN BefobRls feiaﬁaced by
secondary spare area within the first spare area used for |inear
repl ace 18 ?ﬁﬁ‘%@t@“‘s‘@&ﬂn@ﬁrﬁﬂ@%ﬁ@a@r@% alloagtegt ad dhe oné af the groampaiie steped

in rev are.ar ounlfy
" LEYeSRS, HAHSE g A S EOIP R o U BB IR B RO LB e
FIG 5 replaceridnbys insafificient, |thes¢d@tspmlla%m§t Rodbt@minid| 10 bR deRBti PD ALE a3
while a disg is being .used after as been initialized, accordin {0 an

embodi rESREAERE ANRtiAlZakion erroryaessagsroan e drther fiesheled do pfeventahe diso fidar yeinpar e
area fqgedinear replacenent allocated during initialization of a disc is

[ nsuff| clent to replace defects generated during use of the initialized

di sc, suppl ementary spare area for linear replacenent is allocated.
15/11/2006 In FIG 5, a determnation is nade as to whether a

suppl enment é’i’éﬁrb ppingaiepkcemapnt|is sempletadein sierefi0R, thesportiquiof ¢k primangspase of

the d ht t h I t
arca | aep dif BeE A iohine rhplhSoricHh 5 NSRS 50 efiad Bes b B fiehipunt

of conrepllmemsntemni whai Ras Gotératifedthat there/i8 MsufiRidnk SétoRflard s }?zee bfdlwittih tadl €2,
in step.S202 is determned in step S202 that a sufficient anmount of

contin ewﬁ{eyargq topeslormilineas replgeementy secondary spare areas are further allocated to
zones in units of zones, in step S104. Information associated with allocation of the secondary

spare areas for _linearr 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 managmg 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 epare area for linear replacement allocated during initialization of a
disc is insufficient to replace defects generated during use of the mlttahzed dlSC a

supplementary spare area for linear replacement is allocated.



portion- of the logical file area, a supplenentary spare areas of a
predeternm ned size is allocated for linear replacenment starti nqugm/tjgm
rearnost portion of the logical file area, in step S203, .and the step 20§L
is again perfornmed. Allocation of the sh‘ppl enentary spare area corresponds
to redistribution of a logical file area generated after initialization,
so the help of a file systemis required. In this case, the supplenentary
spare area for linear replacenent is not allocated to each zone but can be
allocated in kI Wl r Lcal file area,,. that
is, froman efrl gﬁﬁﬁﬁ?‘?@@%?@? |a§3‘|5 ca {hggéts@ﬂ I%ﬂ#&%? p ﬁreaarf’%g‘frclg}cafi | e
ar ea wheepdademens is sequired dedog dweel df cthe Wicey il atep, S200.  BNitak aRtddMidadtRt [RYer
| ogi cal sector nunber. \When a, secondary defect is generated and is

r epl ace ' RRCPHUARYFREC A48 trauiged doistamanntion js wada as tavdwtiisy alsiffisiant amount

repl ace ; | raded ut generat| of..a.

| ogi cal H}sagt?:l%néiru Bﬁ%rétl‘gg a?azgﬁlﬁg a;E H% l?%rﬁ %?95 ? 20%?%5%?6 ?rﬁg'tm Slt‘ﬂ’eé#)&l' effslflést em

cannot defermined i steprS@02 rhatch suFfieibnt Emohit oF Q@BhfiRtoLE )én@&v hid8 ehRAEH S3he SEGH OF
In a defect managenent method for existing I near

nunber can b ﬂﬁ:;lev‘entﬁ?ld'
r epl acePfEHpPR o pgicel Bl asece puRplomeniary spase aresp bhie predpigrrnined Fize §¢ alimmtenl

ECC bl ogk 1#:Rat rel _ &ﬁﬁ’ | gcks.within a. re arga, sgq_fhat
defective' b %ﬁ:rlggl%\(/:\né}? rftlr% Ting spa%léggé%‘gosgrpémhoﬁoﬁﬁéﬁé@gﬁ%ﬁw sten g%(g%pare
ar ea | sanddbelstep S20hiseagai@ performédie head and the defective spare area is

ski pped. However, in the case that blocks in the supplenentary spare area
are sequentially used fromthe head as in the existing nethod, a problem

occurs when . .area is further i.ncreased That, |.s,
whenever theAlEkFc Zai'éIngp %ﬁ@gﬂé@%@%@ %Ir%fr%ap%’?rgs%qngﬁ?q WQ}S&%@Q? Ofﬁil%?fli‘?étdlﬁn on
the i nowmegmerhtalipféreinitialisations palike helpaoMaifile HRHCRAFANREY, TRIBIRse, 1Re
sol ve thllaﬁqgrobl em blocks in the supplementary spare area are used In
rever s&% PRIARYo BRAT, @reacior | lingar eplacement isy nethallocBied 102605 zob2 itghwasbe

Sect or ,fIsReS inf | _ | ement.ar.y .spar e ea starts, and the

| onest ~sect or™ tﬁlﬁ%%%ﬁog?ﬁg%fz 2%?%83% o%lﬁ?li%ﬁ%al? ?téﬁi&fgﬁatgﬁgp@ngm can
be conhighegtlsgigalnacagminbektint logisal file arRaaviH Hled ek BE rEcBRIATHL LY d3RPEY at us
does not need to know how often a supplenentary spare area of a :

pr edet 8} ATRSFVEIE R lowerjogigalatester namber aWVianm gesondary slefrot enpemerated sphie

area  replaced by the thus-allocated supplementary spare area by linear replacement; the search speed

is barely degraded, but generation of a l'ogi_(ial 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 Bioc’k that is not uscd'.ar'nong ECC blocks wﬂ:hm a
sparé 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, h]fonnation on the
inéreaged supplementary spare ared 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 |



only if the start and end positions thereof are recogni zed. However, the
maxi mum si ze of the supplementary spare area nust be smaller thpg/a1fi3%6
zone. If it is determned in step S202 that no sufficient continuous enpty
area exists at the rear of the file system the enpty areas are arranged
by the file systemor an application program in step S204. Thereafter, a
determ | ' q%i de as.tpo whether a sufficient anmoynt of

cont i nuo egfrqr%%c;brar b glre %‘éjt g’ﬁlcp ﬂ:g% F'élfi)tlfgﬁ%}g?m Spare H’é?a_eSt?%Ss aanlgi dne ileweshseetan unt
of _cont inbutbus areliatetiedatentitd fupplefintafP Spbl aith!cBf Bt ok UH I GIHRBL 2 That
spare area is perforned. |f the amount” o continuous enpty”area=rs

i nsuf f i & @decasdiag apd/perepraduciag mppayeiue doesadot nbed ripiow kove aften a stipsieme

"suppl egﬁﬁé%fe\éo are,grea ¢ nnot ati]%pal located" is displayed, in step S 06.

Then, tRE procdld predeteriingd size ts allopated, and qgamnaegs the Supplemeptasy gpare fazea a

SUpp| CBlyAf yhosAt nPERPpsitdRhdrBHUE FlboghiDEt. REAERISwb SnBlidfnl 8L PALST.

Meanwhi |l e, a small spare area for defect nagenment can bea

speci al supRlasdntaay seane asa otustlse siealer than fiat sl ng or the |ike, |inear .
repl acenent with respect to secondary defects is restrictedly nmade, and
most defects can be processed by the file systemor application program
Also, it is @hS ; ' cessed by the.file
systemor appl %ggﬁﬁgﬁeiﬁ%ﬁ%ggﬁg%ea ' cﬁ?xﬁn%ox?tgnglgﬁégm 1§’iallimo ¥ atthe ggAtai n
a mi ni rfithofile ystesnihesmpty axpead anaggid Bdthe Yilesysent S5a0AHliBsHRPobEAT iQN-

In this caggq4 tﬁg re orgrié{% and/.or reproducing apparatus is also required
to det S&P ct gereafd ITHIRERT A5 RERBJBents iR whethersp sufficient tamoudebéct ed

detect Sontlfs kb 0L TRSGREthuIEALS JTRRAE T e 3000l S o

whet her a generat éd def ect been || near reptac

exanpl ereaf the dexf §2¢% ofjelbamtihgd sipplengntaus epaeé aradi perfbtanid. NEShEabRRht of
I ch defect managenent using |inear replacenent

managenent. inforpation.in

is not® qgﬁlof‘%?mpgaeﬁmi i W“%%FHF%@#CUHP yreengementef the eopty aweasiisemesshigeeach
def ect # sk ' , Rdan: feet . | (-SDL) ., i nformation
repr esesrf?{)ng tﬁg%&hi&gé? @g‘t"? ggaﬁ%g% Egél)é%lg’?edgglesrt\epr %%f‘sac@bﬁ% the Meesssiy in
a f or cteominagad, J€ itis defenmeinéd ingst¢S201 thiat a supplumetblry Strs Yreh SPASS@GhirdH the

whet her_t he .dglf ective
process 15 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 6r application
program. Also, it is preferable that secondary_ defects are processed by the file systeni or
application program upon real time recording in- drder 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.'



bl ock has been replaced, and information representing that the defective

bl ock has not been replaced is recorded in the start sector nu 1??2@06
repl aced block in the SDL entry. Since the recording and/ or reproducing
appar atus cannot recogni ze defect contelfts ~processed by the file system or
application programwhen a corresponding disc is again initialized and

used for another g[lrjlrlpo&)e, I.t can reé{nti,al I ze the disc in disregard of
generated derdSFEmPIR, for deforty generaled dyringyaise ohg dismthet hasedefesti managementer e

t he secon@anMi e | . j.mly ed.into a
PDL entry and dglre%lcgggggé Ee%{s |S€Tqrrllégrﬂﬁlg§%1(¥geﬁg}e?\ ,acgélgmtsiﬁa Ottﬁggi‘glgﬁ%iw
and/ or renordiugcnhgtha et settosnumisdr ofeadgiefettive blosk @eBordbeh 4 £8ondRF GERRL Y. -

defects,.ar naged hy the file system or application program Therefore,
t he gehgtrép nmgffm%ﬁu FPReeninGthab the flefastive blagk hapaotchsan replaced is mecarded

cases ug : A6 BF) f ordyan or _non-performnce i near
r epl ace?rieﬂfg) r%%ﬁre?l%ag%f;h{ enc%ﬁ%wgﬁ?éﬁ SS{ithgrgryoerre ¢ gr‘)&heg}eégt‘q‘ gfﬁé‘l‘tf‘f?ear
repl acebiook haibeaesptactl ndliakematibe répreeaiitg tHAY @i 8GBcHVRBINEGSh& not been
restri ctl% n the maxi rumsize of a defect that can be replaced by

sl i ppi ntyP fff‘éé%‘i?é‘i‘ﬁd,mmqsﬁ%}ﬁﬁecmf&umhehgf areplaced block orthe BB emiryn a | ar ge

defect generated in a group nust be processed within the group, so that
nore efficient slipping replacenent can be nade. Al so, the size of a spare

area can be Sipgr dpr reebeling and/os restod @SEL aghagus Qaﬁﬁbtaﬂé%g{&%{' HOMRcP , SO
that the disc glr ea can be nore efq]?eqtivelagputi lized, 15/117"2006 H(?Lrg&&%at
i s cl ailfeeFsied: by they Blesydemotr ppnlisationy progrgmewhed abtespomsling diticsis, again

i ncl udi; t f di sk. def ect .. t, th t hod
compr 1 AgefRecdOGl 4l B ARRRLBNER, 1 ShRfEC R 08 BT BENG R o et iese
group idefectsdiAngordingly; diist deramatidie@nh B e iskirfigmad, datiefe e Q6dondary! fRpekd §9)ré’d

primary and allocating additional "spare areas to

pare area for the group;
skip t %aﬂg‘{% BrBOIaraFEPl ﬁ@naﬁ) tto pIPEYk entryuand precdssealgpesiippihgreplcémentglar y
bet weeg, ihig fleUfedbiding ha/sP Qgp%bdulc(fng apparatus must manage defects even when the

secondary defects are managed by the file system or applicé.tibn program. Therefore, the

generation or non-generation of defects must be controlled in all cases using the SDL regardleés
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 ﬁolating a rcstriction-fhzﬁ even a
la?ge 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.



2. The nethod of claiml1, further conprising utilizing the primary spare
area in slipping replacement of the group. 3. The nethod of claiy®ii1/3006
further conprising allocating the additional spare 15 areas when tllle
fragmentation of the data block is caused by a shifted- backwards
phenonenon of a | ogical sector nunber of used by slipping replacenent of a
zone within t aqg&g@bedés. The nethod of claim1, wherein the data block is
an ECC data bl ocCk: ." The nethod of claim1, wherein the boundary
between the plurality of zones corresponds to a guard area of the disk. 6.

The net hod of, cl ai reln. f Il | . or the
25 entire bl 01Ck i&éﬂ‘gp}% gg%ﬂﬂ%%gkgkteggwgggﬁé?%ﬁ%é?&éfag%gﬁﬁogré for the
dat a bl ock- Isparefared foa disktdetdt mbnagenient, the mbthodicomphginglat a bl ock has 16

sectors. 08 T ] f | . ur I 81.nQ. I ng
sl i ppi ng rszpl acenzﬁpﬁﬁiyﬁgouﬁ hoéj?%f%' %’?H;ytységazéﬁgsg?rgg;msg(hgler@?ﬁ'dgr@gp&hg a
secondary sparusendata afesr intludinge datydhleckenrent according to a size of an area

of the primary sp emij ni (A rinaery spare area is used
for slipping repl %ﬁ%ﬁ@ﬁfg p%@%fﬁ??%%@%tq%&gyﬁﬁ@amt hod of claiml1,
further conpri si ngllocatihg additiorpl spsreppeasionsidp hes gatacbiackeshet the data
predet erm ne | tild ' | r r | 0 defects
gener at ed du%’oﬁsaﬁg@ dgffh@hﬁ'%’&l sbé) éa?@fjl"%r? eg’fpér??'ﬁ !’ngﬁllugagﬁfyi Jg%@% Sthe di sc, in a
forward dorection froma highest |ogical nunber of a 5 logical file area

of the disc.,10. Hhe NBLAEY: Qaint!@liRrdr ABBHSHS Ridhd Belbrihls §larocat ed

suppl enent ary”
| area in slipping replacement of the group.

3. -The method of claim 1, further comprising allocating the additional spare
15 areas when the fragmentation of the data block is caused by a shifted-
backwards phenomenon of a logical sector number caused by slipping

replacement of a zone within the group.

4. The method of claim 1, wherein the data block is an ECC data block.

20
5. The method of claim 1, wherein the boundary between the plurality of
zones corresponds to a guard area of the disk.
6. The method of claim 1, wherein a total of additional spare areas for the
25  entire block is equal to {number of zones-1)*(number of sectors for the data
block-1).
7. The method of claim 6, wherein the data block has 16 sectors.
30 8. The method of claim 1, further comprising:

performing slipping replacement using the primary spare area; and
allocating a secondary spare area for linear replacement according o a
. size of an area of the primary spare area remaining after the primary spare area
is used for slipping replacement. ' |
35



spare area is smaller than a final one of the zones. 10 11. The method of
claim9, wherein a size of the allocated supplenentary spare aneasiyy @06
| arge as a continuous enpty area at a rear of the logical file area. 12.
The met hod of claim9, further conprising allocating enpty areas of the 15
disc when there is an insufficient con{d nuous enpty area at a rear of the

logical filg ar eghé ?.lezﬁll dogfaaéiﬁ\gﬂtfn&heﬁuppé&ﬁﬁgjr@gy spare area. 13. The

met hod of claim 12, further conprising generating a nmessage representing
that the suppl eneatosatingspaupplementary Sparearesola priedeieeined sizguilizodings 20 the
continuous e ol S | o : 8 el AEohme Hf the
enpty ar eas%ﬁyﬁgﬁ%ﬂr‘g%‘%@y%& Q%Fég:lfbtn?%;%\‘%% ?&Eﬁé (l:j%)ér.'rpr I Sing storing

i nformati on iniielizatian efithewdischintaierward diregtiondropt a highesfupdicad REMPY S Sspare area

in a defegt Bﬁ@ﬁﬂﬁ’é@l‘%taofﬁ-éo%cea of the disc. 15. The nethod of claim 14,
wherein the IAtformation associated with allocation of the supplenentary

spare area includes information on start and end positions of the

SUPp efent ar ¥o Spafis el o .o, UrdlF ek B 1) dlokhiBe sLpbfigraROTpr | o1 g

usi ng the suppl enent ar spare area In reverse order froma rearnost of the
| ogi cal fil esparearealis svallesthans finahenesef e zonest ary spare area. 35 17. The
nmet hod of claim1, further conprising: determning that the disc is
defective if an amount of the primary spare 15/11/2006 16 area is

i nsuf fi cient 1hi | Ehedmethod of slaim Heiwhgraie pl sizeeal B 2llosated sHprjemeriglVacenent ;

and gener ati 9ga0-eb0iid LaldrgPhd QRoRfiMRls @ﬁﬁ)ﬁ?‘%aid(t al 138r &F thE Iogicaflflee” M ned

area,

12.  The method of claim 9, further comprising allocating empty areas of the
15 disc when there is an insufficient continuous empty area. at a rear of the logical

file area in allocating the supplementary spare area.

13.  The method of claim 12, further comprising generating a message
representing that the supplementary spare area cannot be allocated, if a size of
20 the continuous empty area is insufficient, even after the arranging of the empty

areas.

14.  The method of claim 9, further comprising storing information associated
with the allocation of the supplementary spare area in a defect management

25 area of the disc.

15. The method of claim 14, wherein the information associated with
allocation of the supplementary spare area includes information on start and end
positions of the supplementary spare area.

30
16. The method of claim 9, further comprising using the supplementary
spare area in reverse order from a rearmost of the logical file area allocated as

the supplementary spare area.

35 17.  The method of claim 1, further comprising:
determining that the disc is defective if an amount of the primary spare



to be defective. 5 18. The nethod of claim1, further conprising allocating

a secondary spare area in a zone for linear replacenent of the 12%6'
the data block corresponding to said zone. 10 19. The net hod ofl(gg}lg?‘z] 18,

wherein the secondary spare area is allocated in reverse order froma
rearnost portion of the secondary spar?ﬁb%rea. 20. The nethod of claim1,

wherein said { . LS. 8] to..fhe.star Si t4,0n of e. 15 21.
A met hod of ﬁg%dfsl Fﬁgsﬂ 'F'sgﬁe“’ﬁ’t@eﬁgﬁﬁt& re! B! Jire S R
al | ocati ng argplagemept,spdre area for a group of zones of the disk, the

met hod conprising: al %%5' Lyt ] . : ' one to
skip a data block to ab tlsng%gﬁi'ﬂ%%%@a rgo}?‘]%ga%gﬁgggfsgéd%tg{nﬁltr'%aénent ed
bet ween t he tad besdefestitesecond zones by a slipping replacenent of the first
zone. 22..The nethod of claim21l, wherein the fragnentation of the data

bl ock is “caused by a shifted-backwards phenonenon of a |ogical sector
nunber of thé8. 25Thk sethwaud ethirbyl, firthes Coppisng allpobtingearseconday. sparee et hod

of claim 21, ereLn e.da I ,S..an a C . met hod
of claim 21, a ernelanzér%efc&oirﬁeagrryagceétﬁ/\%@ndfﬁg ﬁ ?t%s?lgglﬁd{ﬁ%ggtée%%ﬂg zones
corresponds twrespgedingitoesabront. t he di sk. 25. The net hod of cl aim 21,
further conprising allocating a supplenentary spare area of a

predeterm ned size utilized in linearly replacing secondary defects
gener at et dut9.ng Tsemethot lof clding d 8 avhereindhe isa¢aridaly sparé ereadé atigeateti sc, in a

35 forvard djeetl oL O 3 DliE ordtebitl sQAREY shlredrd0i cal file area

of the disc.

20.  The method of claim 1, wherein said data block is skipped to the start
position of a zone.

15
21.° A method of handling fragmented blocks of a disk, which includes

allocating a primary spare area for a group of zones of the disk, the method
comprising:

allocating additional spare areas to a first zone to skip a data block to a

20 second zone when the data block is fragmented between the first and second

zones by a slipping replacement of the first zone.

22. The method of claim 21, wherein the fragmentation of the data block is
caused by a shifted-backwards phenomenon of a logical sector number of the

25  disc caused by the slipping replacement.
23. The method of claim 21, wherein the data block is an ECC data block.

24.  The method of claim 21, wherein the boundary between the first and

30 second zones corresponds to a guard area of the disk.

25. The method of claim 21, further comprising allocating a supplementary
spare area of a predetermined size ufilized in linearly replacing secondary
defects generated during use of the disc after an initialization of the disc, in a

35  forward direction from a highest logical number of a logical file area of the disc.



26. The nethod of claim 21, further conprising allocating a secondary

spare area in one of the zones of the group of zones for |inear 1£p1 TG
of an ECC block, the ECC block corresponding said one zone. 5 27. The

met hod of claim 26, further conprising allocating the secondary spare area
in reverse order froma rearnost portigp of the secondary spare area. 28.

The method ofygcl arrme%i'emdmﬁr i ﬁaﬁﬂhé#'d%mpﬁanef aflodBhg B0 sacofpd 10

zone i ncl udes Skl pping th ata blo to a staft position of the second
zone. 29. A SRERGEDN qnar@atherzgnewtgh%avtoea obraner fordineqy raplasemeni&f i ng

al l ocating apceP@b&, e@cé?rocgb&geéggmﬁé sdlBBAYSsHRNt . the nethod conpri sing:
a

formng a group out o urality of Zones on a disk, the group including
15 a user data area incl udl ng a data block; allocating a prinmary spare area

for the ggoupy a”?hé‘fhéiﬁ’c?(d‘gf'fc{agﬂ%mf%eﬁ% géﬁhgsauaéatﬁgrtﬁérgaeaﬁdaw ea of a

zone when the data blo fragnment a bounhdary between the
plurality of Spygeatea iprevere qHer ffemh@cneasmos,ﬂ awﬁwwf thgh se@nAaRy PAMet hod
further conpéeges real | ocating data bl ocks fromthe begi nning of a next
zone after skipping the fragnmented data units at the rearnost area of the
zone.

28.  The method of claim 21, wherein said skipping of a data to a second
10 zone includes skipping the data block to a start position of the second zone.

29. 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
15  auser data area including a data block;
aliocating a primary spare area for the group; and
skipping fragmented data units at a rearmost area of a zone when the
data block would be fragmented by a boundary between the plurality of zones.

20 30. The method of claim 29, wherein the method further comprises
reallocating data blocks from the beginning of a next zone after skipping the
fragmented data units at the rearmost area of the zone.



