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THE | NVENTI ON *159159* 1. Field of the Invention The present invention
relates to a nethod of handling fragnmented bl ocks of a disk and

particul arly, though not exclusively, to such a method for allocating a
spare area for disk defect nanageenen In order to manage defects on a
general recordable/rewitable disc, slipping replacenent for skipping

defects witho i di | .0Qi e t s, Is used
for defects (MEWM%A@L@hﬂéﬁﬁﬁmﬁm(&ﬁwﬁm t he di sc,
and linear replacenment for replacing error correction code (ECC) bl of
an erroneous zone wWith normal blocks in a spare area, is usédm\mm\‘mﬂmwg“s
(secondary defects) geRAGKERQUNDNQE T$E INVENEIQ@NSsc. That i

repl acenent_.i eqato mnimze a reduction in the recordi ng or *59159*
reproducti&ﬁdgﬁggﬁ UEMo8 defects, in which a |ogical sector number to be
provi ded t k [ t ) i i
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i ni ti glartieaihrly, thopglwotediusively, senichra methodd far allbeatilg facsphie\aeeasfoe tisk defebtat i s,
data is recorded or reproduced by slipping a sector where a defect is

gener J0¥REEMFMNg recording or reproduction. Here, an actual i cal sector
nunber is shifted by the sector nunmber designated b m%mmmmmwﬂﬂﬂe.def ective
sector. Such a shifting-backwards phenonenon is sol as many
sect orls as Ddweriptian ¢f tHeRekitedd Am a spare area | ocated at «swe2end portion of

a correspondiqg recording area (group or zone). According to the

speci fi cat i[Besderdp magags dafents on a gengaalgegordablelisprigable dise.sbppingyeniacepisnhg
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be usq@rifmafy defelaf)amheratdalpoh snigaliveriah e thehdises and tihee réadesiengfon sgdacinghen a
defective portion is disreﬁgrded or skipped, discontinuity is introduced
into toHEorcageeion code (B Chhlosks oias erygrcews 7ang vgth paymakblogks Mg sPafs aed At nt
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defective sector is replaced by an ECC bl ock existing in a spare area. The
| ocation of the defective block replaced by |inear replacenent is,
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defective ECC bl ock exists in a spare area. Meanwhile, a digital versatile
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and a ‘spare area whi e I'n each zone. pl an
Vi ew Oofep@yddétidh. Hew dhthctualpigfsical R3to2 AmBerdl Shifted b thetsdetof RdhBerdeSignatédd
FIG 1 one-di nensi onal |l y shows several zones on a disc. Each zone is

conpr i byeskipting thgdefagtisie sectora Sushp shifiag-backsyardsephgnemenaarig selvediby dsing en
which are se uent}all%_g{fapged. A disclistge ggn%@d i nt o ﬁones to(ﬁolve

i naccUPATRSFILS PAMET H68eTo SN &SRR AR @E PG POR UL PN FRTRSRPRHRE
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to increase the search speed with respect to a constant |inear velocity

met hodsectbhaeplacsd Wyhelipping replasemens isgmesgdbedoto béreedordedan a primaxyedafent list i near
repl ac t. wthin a defective as possible increases the search speed
si nce @ﬁﬁﬁénPgeﬁﬁﬁ@ﬁﬁﬁﬁgwpﬂm?%gﬁﬁgﬁQQP tocity of a disc. Thus, the

DVD- RAM al | ocates a certain anount of spare area to each zone as shown in
FIG 1 B, to acconplish linear replacenent. In this existing defect
managenent net hod, each zone acts as a group, and a spare area is allocated
at the end of each group. Each group is nanaged as a defect managenent

ar ea. 3 Also, since the start sector nunber of each group is
predeterm ned, an ECC bl ock is supposed to start at the start position of a
zone which is a unit for physically segnenting an area. The start | ogi cal
sector nunber of each group is designated as descri bed above. Thus, when
defects are nanaged by slipping replacenent, slipping replacenent nust be
performed only within a corresponding group. In order to replace defects
generated in a correspondi ng group using the slipping replacenent, the
nunber 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 | arge defect generated in one group nust be processed
within the group limts the nmaxi numsize of a defect that can be replaced




If the size of defects to be replaced by slipping replacenent is greater
than the size of a spare area in a corresponding group, a spare area in
anot her group nust be used by linear replacenment. However, when |inear

repl acenent is used, defects are managed not in units of sectors but in,
units of ECC blocks, that is, in unit$s of 16 sectors. Thus, a spare area of
16 sectors is required to process one defective sector, which degrades the
ef ficiency of defect managenent. Al so, a standard size of a are_area for
def ect rranagg@ﬁﬁlﬁtrep COTRGIH RABRGH Brepsed Sfgr @ e%aﬁv& Ly generalpd WhEe so4ite & ze
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Ther eftls lgicahsecairnuaiberingy, voiiclareansithiad slippingaeplafentent vidatesfildagstasiadles.
SUMVARY COF, THE | NVENTI ON The present invention therefore provides a nethod
of haridup.lipear plasemert ippesdkior defeets gpagrated duringinsepidhe disatinmich apBEE ar ea
for di i &1 .m of a
ol ur al Ty 1588k EARARRR Rkt I oBRECIOR, G RIC SloBk ekl 1P, 3pt 31, °Hie

i ncl udédagion ofl tHeaddiéativk blaklroplatddrty lincar feplicymenitds redcritedfitobe trbrdydodp; and
al l ocating additignal spare areas to skip the data bl ock when the data

bl ock Sﬁﬁﬂ?%%b’échﬁ HgteRLa dn p defsctypanngamgntased wh dispe Whendinpargplagemeshiss. 4
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of a disk, I'ch™1'ncludes ocat I'ng primary spare area for a group of
zones pokitipheoflsegtors bhe digtdio discartinubsd, agd adal asatfomgdefdetivei U@ bIgRaKBAr €as
to a first zone to skip a data block to a second zone when the date bl ock

i s fragaSPAtedrBet ween the first and second zones by a slipping replacenent
of the first zone. BRI EF DESCRI PTI ON OF THE DRAW NGS The above objects and
advant ages of the present invention will beconme nore apparent by descri bing
in detail avemsitelel Qdiéiféb@&isﬁfﬂetdi&hﬁﬁmﬁ adbds§ niepioey EDVO-RAM & catdirac e d
drawi ngs_in whi ch: FlI 1 Ais a half plan view of a disc having a user

ar ea, the QYA RAY estandard versiparld isreomprigedi ofp @luralBy o @ireupsieaclh heving gaier onal

structure of_ several zones of VD RAM di scFI.GS, 2 ngd 2B are vi.ews for
expl aiaﬁ?én%gn%a %aé%fl l|ae('31 r}vzl})l& grﬁaci,og?t.g&elgseaﬁ bt nﬂ(lf:alﬁksa? ﬁ%}ﬁp%gcvd?‘ﬁ !Oﬁé T the
pr esenrhowihgentise@Areaddtd d-hard Afeal hddspdiceived, (nd F10! 3i BoR dathdmRioakilPEhdds spar e
areas during use after initialization; FIGS. 3A and 3B are views

i |1 ustspearalgnesen gidiseoReshzaneys egmprisegofa ighardiares & ber azedna spdyy aacidect i ve
sector n.slipping replacenent: FIG 4 is a flowchart illustrating a
met ho&ugﬁoaé?a[vgé%ﬁiaﬁegseggg}txgﬁglmggggegwi ng initialization according to an
enbodi mrent of the present invention; and FIG 5 is a flow chart
illustrating a nethod of allocating spare areas during use after

i nitializatA @iscals cegmprigd dfo onesrisosnlvie iaceirate recqydisg atie to rivelngein 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 management 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.



DESCRI PTI ON'OF THE PREFERRED EMBCDI MENTS Spare areas on a disc for defect
managenent according to the present invention include a primary spare area,
a secondary spare area and a suppl enentary spare area. The primary spare
area is first allocated for defect replacement when a disc is initialized,
and is first used for slipping replacenent. The spare area remaining after
slipping replacenent can be used as a secondary spare area for |inear

repl acenent. The secondary spare area, for 5 li nearl | agi ng def ects
gener A& SHISFithG AR seipr phrb;of cackgiqup dsprefeiernin ,@e%@ﬁkgﬁzﬁ sERPORade

pri mar (St ILARL NG: : k inLtialization.
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The suppl enentary spare area, for linearly replacing defects generated
while the disc is being used, dengtes a spare area additionally allocated
whil e a di skhejstarplogigl Sretr nimber obeachaerowp t5 desienatgd ardggeriped abgyer sy esent
|1 SN el B mbhebd By Sipin 1BHMA Yot 8hink HGRCAHER oD o TR TN
group, and a spare ar€a (prinary spare area r I ppl ng replacenent is
first oaly odtaires cairedpordiag grafp. emcordgr URpHiVE idefdcls pehéralet 4ata atrespdiding
slipping replacenent, perforns replacenment in units of sectors, thus

i ncr e &&Puyusing therstipping feplagement,ithe pumbes pigefackue seotare thet aw slippeb st b9 n t he
sl i ppi £ i : . e n . tarts
bei g P FRANRIBRL or (RENESL 16 SRy 3 i Biefotielitnalt R ond el SRl
cannota Retrictied tidttaelargndéfeat dendtatednin daer progp indst ibal fracdssednwithis tht Qovgpar e
area as possible is allocated as the prinmary spare area for slipping
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repl acenent can be used as a secondary spare area for |inear replacenent.
Wien it is determned that |inear replacenment cannot be sufficiently
performed Hythessizgofaielacts lacbeseplasudayyslippigaeplacsinehl isogaitedthuh tHei sizet dTea
primary spare area after_slipping replacepent is conpleted upon )

i ni ti SPAIEAAIPDIEN Bf CosresPAdingagtoupondhdy apaieanniles group Muskhe usehbudiwent i s
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managenent area (DMA). The secondary spare area all ocated during

i ni ti aeetees isolgqisedets pracessl one defepbiseciar, wWhishealegrades thezeffisieneh ol ghfeche
secondagéiggaQe area i s not necessarily allocated in every zone. Since the
sparelg? P8 1 i near repl acenent 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
easi |y fouhldo, Ftendasd migecol aspareiaser fosrilebict manggamayt hvpradeeonined.i wnthetn be
m ni m ...Jhe C . I re e di.Snos b r rea
whi on PERaRe PEIF BRI RS oA REDYEBRASH, REIR Grds BURIEHTHED oo e
i n eaqRingONfeari feplabériént CRMNOE bOTHPREET ichaR reab tidfe fechbRlidd.| VEneSdfdR, @ie an
absol ute size according to a nunerical expression (for exanple, 3% of each
zone) .efigipney of aasiilizetivnediradissisdegrded. being initialized, when a spare
area for linear replacenent allocated in units of zones is insufficient, a
predet er mi ned anount of supplenentary spare area for |inear replacenent is

all ocated starting fromt %gniw,kmytopqrm mVENTRONOogi cal file area in a
file system as shown in : ring Tinear replacenent, the

suppl ementHreyprspaat énvention ithereforsdpromides aanethod pfl bandlingrfragmgnfeddytoekseof a
rearnmogt, of the |logical file area, thus solving disc inuity of the

[ og! ¢tk inelhdife A8efihes pasHEE fut d3al pifaetenn thmeid Seipe cs.
SO t habrihge b ARITQ BluRAtPbf 20nds&n RIdMKK the gHy_‘ﬁﬁCinﬁM@iH%Vé(_“@d%r AR AeLt or
is defective. In the linear replacenent, a defective block is replaced by a
physi da¢tlugingsidata bleck;pllogatingea primeryt spate arbaefasabe glouppasiallosatingwetdittbnahen a
defective zone ig.searched. for. However, the |linear replac nt can, respond
Lo der bt gin: B TR oiorkaivati e G Aok aunlE B agietted Bica poStia + h

r espeogetvg,&nstﬁggngﬁﬁyoglgg&gt s generated during use of the disc. Just as nuch
suppl ementary Spare” area as the size of an enpty continuous area at the
rear of the logical file area is allocated. The nmaxi mum si ze of the

suppl ementary spare area nust be snaller than the area of a 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
38mm at the nost since the 80mmdi aneter disc is affected by rapid doubl e
refraction fromaround a 38nmradius due to injection of a disc. Wen a
spare area for slipping replacenment is allocated at the end of a disc by
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further .allocated to prevent an ECC bl ock fromnot starting at the start
position of a zone due to the shifted-backwards phenonenon of the | ogical
sector nunber at the boundary between zones caused by slipping replacenent.
For exanple, when a disc applied to th present invention is a 1.46GB(G ga
Bytes) DVD-RAM a primary spare area allows PDL entries for eight sectors
and 64 SDL entries to be processed, thus preventing the generation of a
war ni ng i diately aft.er formt.ting due to.a l.ack.of pr.i spare, area.
et o Che D¢ RS afiSh elsguntBrgrL O pdfiie fpemCoed Blagks BF 2 diskn 3
ECC bl Whith -indGa& Alidsting a PRibfry Sstie 38 dbr 838607 8N Sorles ol thO ARk SthedfietBod
primary spare area in conSideration of the nunber of defects generated in
t he speomeprisingalbogatingasiditional gHfareaaregsato @ fasterane to skip h datarbdocdkdo apeeondmbnag

di scontj nujty of .an .ECC bl oc A P try . .that .can he processed by the
or o Yheble B S5 e besth el g Bctd 2Dtrs i BPGR SHRERSE. and
an SDL,mRt fyst zsnd Or bet ween one sector and ei ght sectors. A spare area for
processing the PDL entry (SPDL) and a spare are for processing the SDL
entry (SsDL) can be expressed by the following Inequality 1. 1 ~SPDL~H | ~

SgDL~g ... (1~ The shifited- r ds . phenonenon . of the | ogical sector
nunber due to slippi néﬁ @’;nggﬁéﬂw“@% Ecx tsat t he boundary between

zones, W | Thday¥vBRbeRGHl RRtantidel ofﬁlfegﬁése@q {éhtioh @Rl bébAO horBa aftnfibfl OUP
formed of a plurality of zones as propose By tlhe pr esent |nver‘P|on, en a
def ect deserilsieg tim deteit iagireferrad ambodienetin theseof wathnrefenerfet @ tiRAgttackedpdrawings Sect or s
not formpng an ECC bl ock unit are located at the end of the zone due to

sli ppiWB’llCB'epl acement. Wen data is witten to the remaining sectors not
form ng an ECC bl ock unit, the shifted-backwards phenonenon of the | ogical
sector nunber due to slipping replacenent occurs at the boundary between
zones, so Fliatl Adisadaiftplauviey ofh dise Halidghl wekaregn guerdyeeedral espased aréd)and

bound t ween zones_as shown in Fl 3B., That j s, .one ECC bl ock can be

| ocat %338‘5% t%%sdlmeﬂswn*ﬁl§treﬁgr@,°?,§?wléﬂ%65&£ﬁ DVB-RAMMISCi n that a
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| ocat ed ovgl?}%jvzmA %Zg’gg%&gﬁ}féggﬁgrﬁgﬁg gfgcgagargggrs%éﬁ%ra%egs ?ﬁ@g’% eal?gggllrfat ely
pr ocesaedrdingtethe prhsent dalenta@ctand FIGREY isi & vieanfor ruplaminge blwation b€ spard he
guard area,is a bufferjng area for preventing driving from becom ng

unst abMEAARIngdise Aerdnitielzaliote in the rotating speed between zones. In the
present in I I : : r

Dectors) foRis BAland NIl VER: GRS the itkohfift, L STATEQ; bREE Wil 2chf; by
gener aj defactdfe sdetbeaponvedippigireplacenidngy are not used and skipped. A size as

| ar ge as ex&r essed_ by %lhe,fol | owi ng Equatjon 2 nust be al]ocated to a spare
area used F&F sV chargillpstrpiong »msthediof allpggting spaerpgeasdupipg pytiplizagon of a
zone | £8 i - J ) nonenon of a | ogical sector
nurrbergbtc at %ﬁoegﬁof?ng?ﬁ{aﬁeﬁeﬁga% a@%&?ﬂ%ﬁﬁ zones due to slipping

repl acenenFIG.spis & floveghdroillustratikg pasethodof atlodatinp spareratedseduring wenafer- 1 )
X (nunber sectors for each error correction block - 1) ... (2) In a

DVD- RAtiplizationaccardmatosguempadiment e the grasentygvemtign. a maxi num of 15 sectors
can remain at the end of a zone if an ECC bl ock does not start at the

begi nning of a zone. Remaining sectors at the end of each zone which do not
forman ECC bl ockDESCRIPTIGN OFTHR PRBFERRED EMBODIMBNTSh t he start
position of an ECC block with the start positjon of a zone, so that a spare
area as | aPpase ateay pw aghiscfpedefeeiananagementiageardiag to theupressat invprtioninelude af

ons. PaR PR, SI0RAT Bk A Db RRSY MBAG:  connection -

portions between zones is one, and where there are three zones, the nunber
of connection portions between zones is two. A spare area for block
posi tion céhe pomaghspare area idfirstallpsatgd foyrflefectrpliacemrnt whan bdise isositializedal | y

al | ocag ed. Q . it 1s l e that one disc has, only.one
o oup FEHisaRriRED hBoind Midncdrtenk ThY §ofd, 8 Ferhalhe 3RE: dlpbingr oS Rilndhsc
repl acedieby usednashe setoh@aflspste alred fof 1RBS Rplatdifierl] SKhel fRcERAR) SRrAhlcqNfopf the
nunber of entries that can be processed using PDL and SDL, "and the size of

a spare area (here, a maxi num of 32 ECC bl ocks) for controlling the start
position of an ECC bl ock on the boundary between zones.




9 In this way, a plurality of zones are set as one group, and a spare area
for slipping replacenent is allocated at the end of the group. Thus,
degradation of the capability to cope with a burst error generated by a
| arge scratch is suppressed due to th% smal | size of a spare area all ocated
in each group when there are a plurality of groups each having a plurality
of zones. For exanple, in a disc of about 4.7GB capacity having one group
in each zqgne, .one gr i ncl udes ,about 0Q. tracks, .and the w.dt h, of each
rack A0 Sty RS gentGatb Y i ofAB St o FRATCAISRANME AT BE ot ch
| ar gerpAiial) shard drsa B8RS Ar&fipPie rBflatinift ifkidd BridAThid .di“lﬁeegetcbl?&béy o
1600 ggbt%?;%becone defecfing ﬁéﬁ§3er, i f éggpére aré% forms a group in
each zare® camchlsosdaloto e atepatatety-alocetet aiparer &ita.0 Huwc supplentpntapy tsparecapagcfiot y of
the digc, it is deteririned that onl bout 11Q0, sectors, can be
1| ppi WRFEHE pieRlREEafiPHa SAaIedc MPUGPE Uit /15 0%i £5%h dSFORRS dPYE. SFence,
about il Ao dafiAP WIS Rl (S8R BRLr b@ﬁugriﬁil%ﬂ%g by slipping
repl acenent, and are replaced by i near replacenment 1 nstead. In this case,
about 400 to 500 ECC bl ocks for spare areas are required, and the
performance_of .the disc at a zone where th orrespondj.ng defect is .
gener at ed i Sh3jrieah the PEgPAdaYentgyas PYmWﬁgﬂgazﬁangm@'Hﬁ%9€¥@éop§ldwc
al | ocat ' e i’ i SLi DRI
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illustrating % nmet hod of allocating spare. areas to_a disc during .
i ni ti al RAHYE Oh SESr @Ph YIcTBsing %ﬁ%ﬁieﬁwf Wyilizapen pf s spare arsge Fiqvgyer, in
Referri o S . . ; . .ep
St07, g sifbil Fepldtermbht RerBlive s ke ARl b GRUBRY ge] SHRE BLNERabBIETHED | |
t he i nithe akxtzamirmalhsectonsarnhat thoidefective iargas yarspabeused after initRlizgivat ed at the
end of the group, in step S102. That is, the primary spare area for
sli pping replacenment includes a spare area for defect managenent wth
respect to -1 0 5;;@ I 79, . | oum
nunber of d]éﬁlérg ﬂﬁﬁa%ézég%na{ss%gé??pes egta8§)§§]9ﬂg8%’g§g§cggeg e% ﬂlt}g ip%lgrﬁpggﬁgr%d a
spar e aareafdristipping aepiEochignbaf the Prin(ae Bade kie) rdrodiniag Afie0dlipplig replaccicnt t
position of an ECC bl ock at each boundary between zones. 10 Meanwhile, in
a 1. 46cEnpypusedNIso? seconday spaienaied feyplinear sendacemant. pMdeasis ipdetermrined dwtfor 8
sect or sy, i . I i r r i de i of
the. apay et refacitent PhinP Be, o1 icrty Bl O5RES Gy Wi Wb e ;SRR )
al | ocat githcated deitRinmitiva prigtary Sspa@derewl Afferr 5PaR! répladehRneid icompibt&l upbea as
to whether a defect js generated, and a generated defect is replaced by
sl i ppi nigitiadizatiene feadisss B igeandarypsarsarga dorakinean repdacgmenicist faether allogated el of
the gro g e i ] i I 1 ile
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the defect’ eing replaced s ppr ng Trepr: s insuftrcren t he
cor r es paitbdigart iBforimatitie be (Y seeshdady sparedetLaldcion RREbréd Hid rhafag@ERes at i ng
an initialization error nessage can be further included to prevent the disc

f r om bedlefectusanagemprirared (Midg Thepreendapniparesares aliocateddduringsinisislistipods t he

portion i [ rea not used duri sl ipping.replacenent is
1T cat 9o teNE dinoBRE K R3S of = Bal oyl ol reRRish s SR SRR ' T
det er m glRstateliah eVdiPz6nd. Sihetstht bpdit arh fGEGRBCRPMcERETLSs AlRateWat fhRnd BEa
primary spare area to perfor m || near repI acenent , secondary spare areas are

f urt herzagle} Bdneasty contpadleds Alsp, gince thegtpatecmessis contrelledin Snigof 3 pénss aparen
associ a W th allocation.of the.secondar pare areas .for, | Lnear

r epl aceé%g%tm:fl %%nga?lgg;s{ X %I‘i%esj“i(ﬁfeﬁﬁil% §erbe1ra/t§(iﬁ5% ‘,%ei casily found- | hmgﬁe&@%eet
managengplifkbesh Mg DNASntratio idbeahindaakd on of the primary spare

area, and allocation of the secondary spare areas for |inear replacenent
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met hod of managi ng a suppl énentary spare area for |1 near replacenent. F
5is aflowchart illustrating a nethod of allocating spare areas while a
disc is being used after it has been initialized, according to an

enbodi ment of the present invention. Wien the size of the secondary spare
area for linear replacenent allocated during initialization of a disc is
insufficient to replace defects generated during use of the initialized

di sc, a supplenentary spare area for linear replacenent is allocated. 11
In FIG 5, a determnation is nade as to whether a supplenentary spare area
for linear replacenent is required during use of the disc, in step S201. If
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In this. case, the recording and/ or reproducing apparatus is also required
to detect defects and make m ni nrum nmanagenent with respect to the detected
defects. Here, the m ni num nanagenent neans managenent using SDL as to

whet her a generated defect has been linearly repl aced. 13 For exanpl e,
for defects generated during, use of 8 disc that has defect managemnent
information in which defect managenent using |linear replacenent is not used

for real ti recordin ly. the staart sector nunber.of .each defegtiyve

bl ock. 18 ATEREYSGE Pheth el Har FIBIBEfo § PP SieabERPrersiAT B er 300 of
represQﬁa;ﬂgm?hat the defective bl ock 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 d tive, bl ock .has not been. repl.aced.is recorded in the start
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area can be appropriately adjusted dccording t'o an application purpose, so
that tdepedicdcwhilea disd iHdeingresedf sechiat Vieliy usdd Wwithedspect 16t sddvadayadefects 1. A
met hod of handl i ng fragnented bl ocks of a disk, including allocating a
spar e genergtedslurigg dre efdhediscnanagenent, the nethod conprising 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 Jki scauchguplehéntanabare pa¢rasathe afret of kémpty kentimioas ateack thdhren
the data bl ock woul d be fragnented by a boundary between the plurality of
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wher eimdias doé & infctigglof 4 gpal spare areas for the entire block is

When a spare area for slipping replacement is allocated at the end of a disc by forming a
group out of 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 processed using a primary defect

list (PDL). In this case, a spare area (a spare area used for controlling block positions) must be



equal to (nunber of zones -1) *(nunber of sectors for the data block-1). 7.
The nethod of claim®6, wherein the data bl ock has 16 sectors. 8. The net hod
of claim1, further conprising perform ng slipping replacenent using the
primary spare area; and allocating a ;econdary spare area for linear

repl acenent according to a size of an'area of the primary spare area

remai ning after the primary spare area is used for slipping replacenent.
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al l ocated supplenentary spare area is smaller than a final one of the
zones. 11. The nethod of claim9, wherein a size of the allocated
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area in each zone for preventing discontinuity of an ECC block.

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 <Sppr<8 1 <Sspr<8 w (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. 3A, 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



15. The nmethod of claim 14, wherein the information associated with

all ocation of the supplenentary spare area includes information on start
and end positions of the supplenmentary spare area. 16. The nmethod of claim
9, further conprising using the supplgnentary Spare area in reverse order
froma rearnost of the logical file afea allocated as the supplenentary
spare area. 16 17. The nethod of claim1l, further conprising determ ning
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nmet hod of Ihahel Ip'rersgltfinagnient edied less lsectofs thard kteknumber aif sectorsudésseetbtsydat i ng a
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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.



23. The. nethod of claim21, wherein the data block is an ECC data bl ock.

24. The nmethod of claim2l, wherein the boundary between the first and
second zones corresponds to a guard area of the disk. 25. The nethod of
claim?21l, further conprising allocating a supplenentary spare area of a
predeterm ned size utilized in |inearl’y replacing secondary defects
generated during use 17 of the disc after an initialization of the disc,
in a forward direction froma highest |ogical nunber of a logical file area
of the disc. 26. The nethod of claim21, further conprising allocating a
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atrr rél?escagg Sa to;[rc4 1u600 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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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.
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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 $202. 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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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.



U U& () 10% U& () - MNPTWAMVW [ ML1098B& () 10BB 10BB

10BB! 1$1098B& () - ! X$1098B& () - 3! | @L0YBBE () -

| #109BB& () - FWpY\ """ zI "P110%| & ()- 10 h h 10 h h 10 h h!L*$10% h

h& ()-T!#10% h h& ()-!8&#10%h h& ()-10% h& () - (b: e3gFhGhHhl hLhzl "P110%

h& ()- 104| 4| 104]| 4]

104] 4] ! S/ #10%4| 4] & () - ! #$10%4| 4| & () -: ! 3$10%4| 4| & () - - $10%4| & () - 9Lhj #noooo

P () - 11 05K0h Sample T e EpniamepSumoR 80 ustips Tk baolelec| s
U& () -iftolrhQitb (A)hléﬁ &Qoe/et 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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The claims:

1. 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 allocating additional spare areas to skip the data
block when the data block would be fragmented by a boundary between the plurality of

zones.

2. The method of claim 1, further comprising utilizing the primary spare area in slipping

replacement of the group.

3.  The method of claim 1, further comprising allocating the additional spare 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.

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 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.

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
to a size of an area of the primary spare area remaining after the primary spare area is

used for slipping replacement.
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10.

1.

12.

13.

14,

15.

16.

15

The method of claim 1, further comprising allocating a supplementary spare area of a
predetermined size utilized in linearly replacing secondary defects generated during use
of the disc after an initialization of the disc, in a forward direction from a highest logical

number of a logical file area of the disc.

The method of claim 9, wherein a size of the allocated supplementary spare area is

smaller than a final one of the zones.

The method of claim 9, wherein a size of the allocated supplementary spare areas is as

large as a continuous empty area at a ear of the logical file area.

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

supplementary spare area.

The method of claim 12, further comprising generating a message representing that the
supplementary spare area cannot be allocated, if a size of the continuous empty area is

insufficient, even after the arranging of the empty areas.

The method of claim 9, further comprising storing information associated with the

allocation of the supplementary spare area in a defect management area of the disc.

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.

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.
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17. The method of claim 1, further comprising determining that the disc is defective if an
amount of the primary spare area is insufficient while defects are being replaced by a
slipping replacement; and generating an intialization error message if the disc is

determined to be defective.

18. The method of claim 1, further comprising allocating a secondary spare area in a zone for

linear replacement of the data block, the data block corresponding to said zone.

19. The method of claim 18, wherein the secondary spare area is allocated in reverse order

from a rearmost portion of the secondary spare area.
20. The method of claim 1, wherein said data block is skipped to the start position of a zone.

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 second zone when the date 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 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 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 utilized in linearly replacing secondary defects generated during use
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26. The method of claim 21, further comprising allocating a secondary spare area in one of
the zones of the group of zones for linear replacement of an ECC block, the ECC block

corresponding said one zone.

27. The method of claim 25, further comprising allocating the secondary spare area in reverse

order from a rearmost portion of the secondary spare area.

28. The method of claim 21, wherein said skipping of a data to a second zone includes

skipping the data block to a start position of the second zone.



