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o 1’ Field of the Invention *cooooz* The present invention relates to the
field of optical recording nmedia and, nore particularly, to i dat a
recording mediumw th data bl ock fragnentation. 2. Descri g‘ﬂ\mﬂﬂmﬁ@wﬁl@h

Rel ated Art In order to nanage defect$ on a general recor bl e
di sc, slipping replacenent for skipping defects wthout provi di5eg”l ogi cal

aencr PEATGREDATA RECERBEN TSyt dEEAREOLK FBR R Rl

replacing error correction code (ECC) bl ocks of an erroneous zone with
normal bl ocks in a spare area, is used for defects (secondar

generated during use ofBAGBGROAINDIOBRTHEINVVENPIING repl acenémmmmmmmm”mo
mnimze af;ggugti%n in the recording or reproduction speed due Lgmggjects,
in whilch a HYgeEhe ¥R nunber to be provided to a sector which 19

det er m ned f i I pfi i S LS. j Ng
dof oct's. of HeqPest BRLAKE BHALIRo SErhbl) SO BRhaR LR s MEREl
next tparticolarkfefoemt dptiealsinet eordingahediam witit data sloclefragrdadation. r epr oduced by
slipping a sector where a defect is generated during recording or
reproduction. Here, an actual physical sector nunber is shifted by the

sect or nunQﬁ{ gﬁﬁhgﬁq skl ppi ng the defective sector. Such a
shift?ﬁg-bacsaa S phgﬁgﬁgﬁgﬁﬁ#s sol ved by using as many sectors as there
ar e def ect dniordea tes mansgeadefirtd @capeattra redohdabbtdwpitatle disc, fipping e¢placementdi ng

recordj ng. area %Qroup or zong). According to the specifications, the
posi t ifBhskipPing defeels pyitheusrovising logicakssatoppumbers 4o fig detgstsa isciped for defects

prescr r A fect i '

PR 108 [ ROSAR g RRTE  808 Bk e IRl |,
def ecterrohicoftedtivpngede (ECEYblobkd ¢f an cdtoneousszoneiwith noemdl bléiarina spefeerdd, ¥e
portion is disregarded or skipped, discontinuity is introduced into the

| ogi ca\!se%@tdéfecﬁgﬁﬁfz@?‘il%ﬁeﬁﬁm ngitgdduringuse o t9pdise: r epl acenent vi ol at es
file systemrules. Thus, linear replacenent is used for defects generated
during use of the disc, in which an ECC 2 bl ock including a defective
sector is Thaplisicslibping adplécemehl oCkis@X it trhidgmizd 1 réquRtién dhedhe rébsrdingcat i on
of the defective bl ock replaced by |inear rePIacenent is prescribed to be

r ecor deRfofyctionspesheug tp dedactss in whigh g logjcpl sagtog nyabeio bRPAYEEE M 2 8p€er on a

di sc. J . b e 0gi.cal ' ' t

it or raeb iy AERin PR B BBRMve B Lot RMER pRERL T AUIBRLABLS IY. o 4
di sc ali& whencthadisouoinitialized! is prividddtta afsedtornate et ideRcieGeblopakatayidatss in a
spare .area. Meanwhile, a digital versatile disc random access nmenpry

( DVD- Eg\Rgeorded o depigducsdibyeslipping rasoctor sigre @ defepisis ganeratod idyripg raspidivgionf a

pl ural j . qr i i

Gons: dcproilis PO R AEALHR Retd? RimBIFHARE B FR3p PRI IARE' o
user dyakippith fie défcdvasRoraSicls pahigtim-batkwanid phefemenol i95dvel BEnGhOaAl | Y
shows several zones on a disc. Each zone is conprised of a guard area, a
user dnaw,segtosprsy ergrase defgalg i aginatediren logatedh atthe end porinnesftad edrieppendinghged.

A disc_ is.segnented intg zqQnes to..solve inaccurate recording du 0,.a
ehangdt ROER TGl P 2ol TRrcoRiRE i BESFTRRY S IE R ot ekl

const aBétot képaed b5 Mipbing feplabdtherte HeshcribedofodBd rdcOrded Gh & hfyedefRanigh
speed with respect to a constant |linear velocity nethod. That is, when

def ect(ED&y) én ardefaefadanagempnt arga(EAMA) emhdisement, |inear replacenent 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 al | ocates a
certai n anmBlippiry repRREMeR’ @AndIObEASIA Fof HEdtEct SPAYR id Perfekded Whie of Gisc is
acconplish linear replacement. In this existing defect nmanagenent nethod,
each Zwing used.s Whena dgfestipe pertion as dipgarded etskiipped) disvatindityais inthelueettingf each
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physically segnenting an area. The start |ogical sector nunber o
group i s designated as described above. Thus, when defects are managed by
slipping replacenent, slipping replacenent nust be perfornmed




3 only within a corresponding group. In order to replace defects generated
in a corresponding group using the slipping replacenent, the number of
defective sectors that are slipped nust be | ess than the nunber of usable
~sectors in a spear area in the correspondi ng group. Accordingly, a
restriction that a |large defect generated in one group nmust be processed
within the group limts the maxi mum size of a defect that can be repl aced
-by t hglgekiipglhdigg raedefetioassitor isfreplacedshy an BICCIbloek texistiag e arspateadiesl Mhe
slipping replacenent is greater than the size of a spare area in a_

cor r edgsotion afthgrdsistive binskreplaged byi lineanesplasemgntos presabedde hesteeordgd iin paear
repl acenent . r en l,inear replacenent 1S.uUs ef ect s, are managed
ot 1 necanery dSRAEUT SPES Ble bR infoBln G R onp Bisks WopdercleB| R Rarts  of
16 seqbQ, JogithluSectdt MAb&Ing Ran&f intdnipRdd ONfowsvel,eAHeR QKert s I deREE MBE

def ective sector, which degrades the efficiency of defect nana?enenp. Al so,
a st apdsitionssefzssciofs en g discaradiseorftionowte fed reatrdatadena defectivepi€@ddilesknexistd, so
that spare areas of the sane size nust be also allocated in applications to
mhichlﬁﬁfﬁg?mﬁ&nagenent using |inear replacement cannot be applied, such as
real time recording. Therefore, the efficiency of area utilization of a
disc i s degraded. SUVMARY OF THE | NVENTI ON The present invention therefore
provi des aMepwhiel a digtital versastlelidisg ramdiiny aeessspranyim DY HRAM paesarding ltadi ng
pluralt es; erei.n id zones haye data blocks which include

Dt oot MVEBAN shoeig Vet T3 ERBSe At & it lchs Eicion et havine aiies

bl ock abch Ay 20sPRR Bda Which ARWIHSAY R&LYESond NEIR! 1K & 4 WIf pRREAHYT a disc
fragnented data units in the rearnost data bl ock of a zone are skipped.

Pr ef esldving a ser ara andi angpand dieamndspaiearea; cmgd rilSed B eneldinesiadllgshawbl ock
re-all ocated fron1éhe gqg{nnin of thg ?ext éone after skipgin t he

f r agmSR{E 2B LAMITS BEHH00C A ESHTLEd 9F BEUYE e A PSHSTCIMASBHE AR §, the
recor di,fg JRRAVMEh hierehehntie Y Riripe8. @ prinary spare area for skipping the
defective data units and data units fromthe fragmented data units. 4

BRI EF DESCRI PTI ON OF THE DRAW NGS The above obj ects and advant ages of the

present inventiaon will becone nore apparent by describing in detai.l

brof orred enaliNSFATHET B Znenicr S BREwTS eREde e s chaRe gt &
whi chipdeiGf alspthdl® darifi@tdcorimand ®Wsefa AnbicsfstaRVinksk FelotiS' (Z&188. ménegar d
area and a spare area, and FIG 1 B shows the one-di nensi Onal structure of

sever & oxdentesingkass thy/ssaRM\Ipded with Fespsst t@ A cansdart Bngareveldcgyanetlond. expl ai ni ng
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 Taht B! whét Béetts arl nafhgef bFhe Bhtad RehlABMRHE 1MEAWRplabdriéd WatHing t he
di scontinuity of an ECC bl ock within zones by a defective sector upon

sl i ppardgfectipe Zorgran possibllGincteases thefseawh shead: singel theter igtrionghangerint Hdlingfar

al | ocatj ng spar,e areas .dury initiali.zation.accordj to an enbodi nent of
he” SStloafly BPRUBAT TGRS, B DA AN it SRR SRRURL Mot P SRRy o
a'|00@5&&@w§ﬁﬂﬁ@;&Eﬁ@@a&%hﬁﬂ@huﬁ&n@&ﬂﬁknkﬁttia'ization according to an
enbodi ment of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Spare areas on a disc for defect managenent according to the
present inyention inc gd a prinmar are grea, a,secondary spare area and
a suppl emax? @eélf)ténrge € cr-cg ar‘r.latﬁgement){'nestgo , €éach Zore acts as a group, an% a spare ar€a

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 group 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 logical sector number of each group is designated as described above. Thus,

when defects are managed by slipping replacement, slipping replacement must be performed



The primary spare area is first allocated for defect replacenent when a
disc is initialized, and is first used for slipping replacenent. The spare
area remai ning after slipping replacenent can be used as a secondary spare
‘area for linear replacenent. The secondary spare area, for linearly

repl aci ng defects generated during use of the disc, denotes the area
remaining after the primary spare area i s used for slipping replacenent
dur i n@nlyinithi] & zefrepondihBere@s Odlafdér &P adptaceReectAgendtasql Henebesponding
separatel y-al |l ocated spare area. The supplenentary spare area, for |inearly
r epl acirenp weng thessligpingrraplaeemdnt. the nhmbey efcdafectiyeiserjonsdbat arel slipned gmust dsar e

area gdditional | yv.allocated il.e a disc i.s . being used after heing.

it d gt e e o CERbRIDRIF o Beblrifed BT PSS gD, AePRingly, o
pl urald festrRliod MRS RifgA defeSCodnefaid m B ibupaitstbeSPratéssed fAthip thd Bfonpspar e
area) for slipping replacenent is first allocated at the end of each group
dur i ndinitd the maximuimngize offaalesict thet eap eapplaceshirtbe pliprfing replacemericenent i n
units of sectors, thus increasing the efficiency of utilization of the
spare area. However, in the slipping replacenment, defective areas are
merely not 1pgaRGi;edicfdtiProbedrepRcdEbydip; e?@@erhéht?ii‘@reﬂ@i‘ihaﬂ%é@ﬂze eator,
so that the defective areas cannot be used after initralization. During

i ni ti apaeaarepin aasorreEpindigag®URs @ spare 565 ¢ bhethersgrabp guest de wsedt e lipedrnar y

spare area for i ppi ng ,replacenent, but. the, pyLnary spare area renai ning
P ter ehlAgoRl, HasRaen uieh e e sbagtins wied Hebihiars HERarel iite OB qH near
repl aceEBAL but SHhits! of BCEEBISEE TR id BRtunlts BEA6 Se&BIACERRNG panita BE 16
sufficiently perforned by using only the secondary spare area all ocated

wi t hi rsecthes Isriequirgd tpprosessr ene défeadivesseciopi whichegdgsadesndie efficiensypifededectupon
initialization of a disc, a secondary spare area for |linear replacenent is
furt héP?2EfB%t ed to zones in units of zones, as shown in FIG 2B. The
secondary spare area has no |ogical sector nunber, and information on the
secondary spare area allocation is stored in and managed by a defect

managenmentAlao,ea saiayl . siZéhef § eparn dagay fog plefest amamagerhénd o tpeailetbumined, so that

initialization_.i.s essentially dispose t the end of a.zone, .though the

6 on RS A48 26 U i e ppst e LSRR S i Frbtists i vy GF st RO  t he
spar e @alihdh rdepR8&hedt SRInAGE BE Hpplisd, aducRCA! RM] Amd P& oflife.Of TRerdRRE: thet 1S
easily controlled. Also, since the spare area is controlléed in units of a
zone, cffigpaayefareaatilizattorefredisd sslegtaded where a defect is generated can be
easily found. Furthernore, nodification of existing DVA information can be
m nim zed. The secondary spare area can be di sposed before a guard area
which is the |ast part of UMMERYWETHEIRIGEQPIoRry spare area i s di sposed
in each zone, its size can be predetermned as a relative size or an

absol ut e sFTheepressobinyentéon bereforapeevidesl ancogiicakddto recofding medwwpl eompsing acach
zone). ile.a . di,sc i.s ing used after being initialjzed,, when,a. spare

2 ea, gl pieh B mEsalE PP 2P RSE aBlteh o et dpbe FnlaCEu REA rERBRE . o
pr edetRéderdifinedRidier of data GnitdRRhe ARA bRaYyarkiDFhd the 8aa bRicklis e@hedtePbpaement
is allocated starting fromthe highest portion of a logical file area in a
file $pyndary basveshdhmplurality @nes e feghenjed date anits ipthe cearmast daghblock of a
suppl enentary.spare area is used in reverse order starting fromthe

rear Pe8?5¥ﬁgg$bgical file area, thus solving discontinuity of the

|l ogical file area. Linear replacenent is performed in units of ECC bl ocks,
so that an entire spare area of an ECC bl ock is used even when one sector

i s def ect iRreferably, tthe recording medpina ferthen comgrisesf iectllogated datekblpck reeallogsted by a

physi cal | y: i sol.at.ed re area o that. t earc eed i.s | owered when a
Fed oc arom {6, R URE oL TR, B3R R aiBhint M BABREN: T PEG i AL Rt pona
to defped sfiB&RsHeat ed while a disc is being used, so that it is used with
respect to secondary defects generated during use of the disc. Just as nuch
suppl ementAdyantageouslyartbe rgsording siediminp flughereeqmprissora ipnigowy spawaawe fone
rear of.the logical file area., s, allocated. .The ijoum size of the

suppl m%@egﬁéf’téveaﬁ&aé u sﬁndﬁiétas%ﬁs&@fn ﬁﬁeﬁ?gf’}?g%ﬁ 8% Wia final zone.
Here, the logical file area denotes a |ogical 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 80mm the radius of a user data area nust be
3 8mm at the nost since the 80mmdi aneter disc is affected by rapid double
refraction fromaround a 38nmradius due to injection of a disc. Wen a
spare area for slipping replacenent is allocated at the end of a disc 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
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A PDL entry that can be processed by the prinmary spare area corresponds to
bet ween one sector and eight sectors, and an SDL entry is for between one
sector and eight sectors. A spare area for processing the PDL entry (SpplL)
.and a spare are for processing the SDy entry (SsDL) can be expressed by the

following Inequality 1: 1 ~SPDL~H 1 ~ SSDL~g ... (1) The shifted-backwards
phenonmenon of the | ogical sector nunber due to slipping replacenent, which
-can occur at the boundary between zones, will now be described with

reference to FIGS. 3A and 3B. In a group fornmed of a plurality of zones as
proposed by the pr esmEF@/ESERMIOSdJ@ETHEJBMWWGSseCt or exists in a zone

#n as sho in FlG. 3A, reminin ctors . .not f.orm.ng an ECC bl ock it are
ocated attteBovs ePis ek AR BE b IepPh Tl define mormu et BV, <

Wi tt @Rsdr®idgi® dediPa PrefidtredeGhIdmBRt thERbNM W réferdacltditRCdttabitdt dratviYs in

shi ft ed- backwar ds phenonenon of the |ogical sector number due to slipping
repl acdneint occurs at the boundary between zones, so that discontinuity of
an ECC bl ock can be generated at the boundary between zones as shown in
FIG 3B. That is, one ECC bl ock can be located over two zones. In this
case, prol@NFA ¢PNhAE pldh vidwlof ddisc ﬁaxq{cljé & ubdtatead® glard\uedd Al adiphfeedr@)tangpeeds
to read or wite one ECC bl ock | ocated over two zones, and a user area and
a guafiGalB showssthe loae-dapensionel strustuse of saverad ronse ofia PrvidiRAM dist or nunber is

ti t t Th d bufferi f or..pt event i
G i ot EXSLER LIS HivcTiahe 00EE ST B Rafi R b e FreBi Aot StaRiAiSEheed
bet wegBectaRgSo the Brekéhu!ilPertiolS &Y FIGVEOUL ANiewNBP ok AfRinieal Rufor BARp-be

nunber of sectors”( 16 sectors) for formng one E 0 remain at the end
of a aume duteg use afenanitdlizanoyf def ective sectors, they are not used and

Ki d. ' . the f.ol l.ow ti 2 t b
211 boat ea M52 B ABaPEuie SRIARE G el im0t SRR PR W BMAnft Bk 1 he
start sRREctVOScr @oggﬁlﬁ?[ihgrerp%gﬁ@ﬁ@ to the shifted-backwards phenonenon of

a |l ogical sector nunber that may occur at the boundary between zones due to
sl i ppi ng M@l dieadlow chapgadtlustrating af ethbd o€ kllgrating ispare aras doting: irfitialtdation of
zones - 1). x (nunber .secto for each error .correction block - 1) ... (2)
In a Bwréiﬂﬁ’ltéj?‘%EIPS%%“E@%%?‘%BWSW&“‘T@%Q%’&“&s, so that a naxi mum of 15
sectors canGr $MBiaflew dHaf iBstrRingd ARARA of Akl BLE rdReRirQtusstald at

t he begi nning of a zone. Remaining sectors at the end of each zone which do
not f onitiekzatie@acdsirdiog to amembedimenbef th& preperd inventiemler to match the start
position of an ECC block with the start position of a zone, so that a spare
area as l|large as the skipped sectors is further required. The nunber of
boundari es bet we@EIORETION OPtMIPREPFRRED EREODIMERESf rom t he nunber of
zones. That is, where there are two zones, the nunber of connection
portions Beaeasersxmredis¢ foreletect madagementagdording by e piesert invendion intladnanber
of connection gorti ons bdstween zones. i s Y0, 'tA‘ sg@re area for bl ock

posi t POTRAR,MRAFG TR SeRoTARn,IParerga and.a ypplamantary Spare atea, "o “subst anti al | y
allocated to each zone. Thus, it is preferable that one disc has only one
group for slipping replacenment. In this case, a spare area for slipping

r epl acenenihequimase spare ereatie frshallo¢atedefor defect melamm@ltiwhemrﬂhﬁqj@rlmtﬁagmdof t he
nunber gf. gn%ri Sl Dt .canﬁ}ﬁl’grotcgﬁ,sged usi ng_PDL .and SD:I’ and the size of
a sparBI &% BE P, er SUPRIE I RHRGFEFIts SRR BB Ao T BPIEAEPPHE S ar ¢
posi t icaR befused aE&ebdrdaly §pard hea For DA YepledenRAN 708 %§eonﬁﬁ?rt§2ia§e ¥YaY,, for
plurality of zones are set as one group, and a spare area for slipping

r epl adissanti repiacingl dedestsegengratadhduringdise fof theedisg, depotesthesreadksgrainiag piier the t he

Copor acklnb S BB i PGB0 ShRLo BEATH RSP b, Tl VSt Bt
when tLRQr eanfhlBo aleRbid! R lsbfaYatolly-MoBMB$ spaeharbaViTHe ipplerieatdry ¥p@t &edefr

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.



For exanple, in a disc of about 4.7GB capacity having one group in each
zone, one group includes about 1600 tracks, and the wi dth of each track on
a physical disc is about Imm as shown in FIG 1 A Wen a scratch | arger
than Immis generated on the disc in the radial direction, about 1600
sectors becone defective. However, if a spare area forns a group in each
zone and is allocated at a certain ratio according to the capacity of the

~disc, it is determned that only about 1100 sectors can be

sl i pping-replaced at the inner circunferential portion of the disc. Hence,
about 400 flbatBoin theairesent) inveptier 8s skawnoin Bw.rz,.& adbuality of|Zoped ag a disc
repl acenent, and are replaced .by |inear replacenent instead. .l hi ase,
bout  TBLEE00 BOR BRBARG Pras, e areBtlr SR et EneAG, griledied

per f or Geiend@bf tdef g%gﬁd@tnganﬁ@nmwﬂ.e e sHpif répRaRARM RIS 96ladetnent
generated is greatly degraded. However, when a l'arge spare area is

al | ocairednitsi affsectorsp duts inaeasing the effradendy ©f ufibzationi gfpharsparepicac Elopryver sn

d by th j ti |i ppi I t . .
per | or A5 FPRCHERL s R ar Pl Al B8 e St P fori
1T ust gl REOnGmiB R0, & thad the aafebide: REAT@nAdteR st Paffer thiBiglisibhNY

initiallzation according to an enbodi nent of the present |Invention.
Referring to FIG 4, when an initialization conmand is received in step

S101, up .i s. f. d of | | it f f di i t
Che it 1 allosiatipfialigHiRing ma Saith Areaeds el S oy a5 e bl S he.
end of afeR o0 PPihg ﬂe?laéérﬁé?lt,sﬂt@ he pritRhrylspare i@ RidalBiy affR&lifpiak ?éi)li&h}[err]xt

slipping replacenment 1Includes a sparé area for defect nmanagenent w
r espectarn be 168qD aslatsecaslatyosmard 480 BCEnédraeklsyementte r Whait 9isi deterinenevastiabum

nunber .of defect managenent t.ries that n be prqcessed using PDL, and a
Coar e Lifeas TEREandTs S oo Ecienst ceseltama ) iongl OlS iBs Sfociayy cRErosres
posi ti any;: u : ¥ tdd€ unhdl a
RO bt led Ml Bl Gy, G860 0L AR MIBRHYSRPLANGS il EaRMIdIC oD 2
sect or snitalizatdn SDla disd, rai ssondand spac atdadioaiiedari repfacemdéraris datter ddlpaated to of

the spare area, fofr block positi cantrol . 0 When th rimary .spare area
s al | GUSIR IR Boplien HATPER 1P EGeatt At hecpadane SParE gt SR IPHIE GPRET ar ca
as to WhgbBehn®idsihehionion (RERRLAILY spRE dred al6ORILA T SHoRATiR Ghd hiinhgR Beed by

slipping replacenent using the prinmary spare area allocated at the énd of

t he gr defiegt managempeniSies (DMeX)e, The sechedapy ispare yrespalloeatad daring it aizatdonns | e

t he defect. .i ei ng, repl aced sl i ppi repl acenent is insufficient, the
cor r esEoRtAl diraceed af heteEiiatrRleneo Huel hieePREH hae drcats ot BEcGRY at | ng
an i ni bji@datetihieEySbhor Siies aRUBaeaeaSr fiHEdr h&ladeRfechtH@totRePstaNEBd e di SC
from bei ng used. When slipping replacenent is conpleted in step S 103, the
por t i omong, ittik easplyicenirglleh ahlsocince the spanes aga dueantuglled irpwiitsepiraeiinacesmue i s
all ocated to a secpndar are areag for lipear replac nt d.when it is
et er iR hAPTS REPE 16 WG Pr FfFaric S0EBIar) B SPuDaund vy KRTRRE

Pri mar yhodp@daton beexkistthgPOM O b ateacah BPhAGRIRML . Secondary spare areas are

further allocated to zones in units of zones, in step 5104. Infornmation
associated wth allocation of the secondary spare areas for |inear

repl acenent, all ocated to zones,in.unit f zones, is stqored in a defect
mnagenent THE SECCRA) PR e e ishRieb b Gobrbres LS e el ot o
area, apkk aWihes Md RBofary Bifirs 8@ Yo M Bachl RMS, tOdizd EMER pre@ibratifeE Nt
are conpleted, initialization is conpleted. It is preferable that the
secondas ¢ relptévessize eanmhbspiute sifeadcording topanemenicad expressidnoifor ¢xaamle, 3% of

repl acenent, and the secondary spare area allocated to each zone are used
in revggigqgﬁher fromthe rearnost of the respective spare areas to unify a
met hod of managi ng a suppl enentary spare area for |linear replacenent. FIG
Sis aflowchart illustrating a nethod of allocating spare areas while a
di sc i s beiWhjlaugedisafis ebeing used alfieerbeing initdlizedd wheo corsganegaree fan linear
enbodi nent of  t resent i.nveption. Wen e size of ,the.secondary spare
o e FAtemRa, ARG oS T A iSSP 18 A eISTRCh FATOR s s
insufficient to replace defects generated during use of the initialized

di sc, a supplenentary spare area for |linear replacenent is allocated. In
FIG 5, a determnation is made as to whether a supplenentary spare area
for linear replacenent is required during use of the disc, in step S201. If
it is determned that the supplenentary spare area is required, a

determ nation is made as to whether a sufficient anount a of continuous
enpty area exists at the rear portion of a logical file area, in step S202.
If it is determned in step S202 that a sufficient amobunt of conti nuous
enpty area exists at the rear portion of the logical file area, a

- v o o o o o, o - o o, -
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maxi mum si ze of the supplenentary spare area nust be snmaller than a fina
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
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data block is fragmented by a boundary between the plurality zones the
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2. The recording mediumin the claim1, wherein the recording medi um
further conprises re-allocated data bl ock re-allocated fromthe beginning
of the next zone after skipping the fragnmented data units at the rearnpst
area of the zone. 3 . The recording nediumin the claim1l, wherein the
recordi ng medium further conprises a primary spare area for skipping the
defective data units and data units fromthe fragnented data units.
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A PDL entry that can be processed by the primary spare area corresponds to between one
sector and eight sectors, and an SDL entry is for between one sector and eight sectors. A spare
area for processing the PDL entry (Spp,) and a spare are for processing the SDL entry (Sspr)
can be expressed by the following Inequality 1:

1 <Spp1.<8 1 < SspL<8 (1)

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 zones as proposed by the present invention, when a
defective sector exists in a zone #n as shown in FIG. 3 A, remaining sectors not forming an ECC
block unit are located at the end of the zone due to slipping replacement. When data is written
to the remaining sectors not forming an ECC block unit, the shifted-backwards phenomenon 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
sector number is continuous between them. The guard area is a buffering area for preventing

driving from becoming unstable due to the difference in the rotating speed between zones.
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In the present invention, when less sectors than the number of sectors (16 sectors) for
forming one ECC block remain at the end of a zone due to generation of defective sectors, they
are not used and skipped. A size as large as expressed by the following Equation 2 must be
allocated to a spare area used for controlling an ECC block to start at the start position of a zone
in response to the shifted-backwards phenomenon of a logical sector number that may occur at

the boundary between zones due to slipping replacement:

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.

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
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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.

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.
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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 S104. 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.

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
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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
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
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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.

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
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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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wherein said zones have data blocks which include predetermined number of data units in

the data area, and when the data block is fragmented by a boundary between the plurality

zones the fragmented data units in the rearmost data block of a zone are skipped.

2.  The recording medium in the claim 1, wherein the recording medium further comprises
re-allocated data block re-allocated from the beginning of the next zone after skipping the

fragmented data units at the rearmost area of the zone.

3.  The recording medium in the claim I, wherein the recording medium further comprises a
primary spare area for skipping the defective data units and data units from the

fragmented data units.



