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INFORMATION RECORDING MEDIUMAND RECORDING/REPRODUCING
APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent Application No. 2004-37535, filed
on May 25, 2004, in the Korean Intellectual Property Office, the disclosure of which are
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates to a disc, and, more particularly, to an information
recording medium, a recording/reproducing method, and a recording/reproducing apparatus for
re-initializing the medium.

2. Description of the Related Art

[00031 The number of defects in a re-writable information storage medium increases due to
scratches, fingerprints, or dust existing on the medium during use of the medium. Defect blocks
occurring while using the medium are managed by being registered as defect information, and a
host or a drive system tties not to allocate data to the defect blocks, but to record data in non-
defect blocks. As such, when the medium is continuously used, the number of such defect
blocks will increase. Accordingly, a user will desire to re-initialize the medium.

[0004] In this case, the defect blocks registered in the defect information after the user has
removed the fingerprints or dust from the surface of the medium can be determined to be
satisfactory non-defect blocks by disc verification after recording data. As such, when re-
initialization of the re-writable information storage medium is required, the drive system
determines defect possibilities of blocks in recordable areas of the entire medium, or defect
blocks registered in the defect information, through verification after recording.

[0005] The recording of the defect blocks that are registered in the defect information or in
the entire medium, and then determining whether the blocks are defective through dise
vetification when re-initializing the re-writable information storage medium, can be inconvenient
for users because it takes too much time to re-initialize the medium.



[ 0003] The nunber of defects in a re-witable information storage
medi um i ncreases due to scratches, fingerprints, or dust existing on
the medi um during use of the nedium Defect blocks occurring while
usi ng the nmedi um are managed by being regi stered as defect
information, and a host or a drive systemtries not to allocate data
to the defect blocks, but to record data in non-defect blocks. As
such, when the nediumis continuously used, the nunber of such defect
bl ocks will increase. Accordingly, a user will desire to
re-initialize the medium [0004] In this case, the defect bl ocks
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area, whejech the data area conprises a user data area to record user
data, and a spare area to record replacenent bl ocks that replace

def ect bligedes Oﬁ.%laweb%ck@oacmﬁn ﬁ% ﬂ@#ﬁtﬁr@@oef&eﬁaﬂﬁaliob&.hg BRLpAreS

i ncl ude statusm ormati o ect
bl ocks: - HiSP TR Bt AP et soh G Wi GBS REck,AeRoL DI ML
t he user aaplacemreatblak] ®possbleidgiedivi bloek, pracdniinatigreth@edir ea duri ng
re-initialization is changed to indicate the defect bl ocks remaining
idnf the u[ g%10§iatﬂ:carﬂﬁ§tth@h\é@1e%ﬁ6ctbﬂhé prie$dn@inter@ich, areeb |Bﬁ|‘é€id@i ARG Inkien

ef ect. cks q urr
bef or e AP TRt FHESSL o Lp e BT hagt fep (ondi3F s 8L eeBhRA
def ect bl r@@s:kd vier tiate, and pispare A fo BEard meplaeerreﬁef kieaks BlabieRlags defrstplocks

r ﬁpl ac ]?n%burhrllglﬁhe LBerRRESHY; Befeldt figt ehtridandhidR GlatusOfiformalieh B thakeie@l blocks
t her eo

and the replacement blocks; and the status information of defect blocks which are located in a
newly allocated spare area after allocating the newly allocated spare area during re-initialization
is changed to indicate the defect blocks [ocated in the newly allocated spare area have been re-
initialized and are unusable as the replacement blocks.

[0011] According to another aspect of the present invention, there is provided an information
recording medium including a data area, wherein the data area comprises a user data area to
record user data, and a spare area to record replacement blocks that replace defect blocks



[ 0010] According to another aspect of the present invention, there is
provi ded an information recordi ng nmediumincluding a data area,
wherein the data area conprises a user data area to record user data,
and a spare area to record replacenent bl ocks that replace defect
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possi bl e defect, and second status information indicating the defect
bl ocks having a possi bl e defect have been re-initialized, in response
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[ 0021] According to another aspect of the present invention, there is
provi ded a recordi ng/reproduci ng method conprising newy allocating a
spare area while re-initializing an information recording nmediumin
whi ch a user data area to record user data, and a spare area to
record replacenent bl ocks to replace defect blocks occurring in the
user data area, are arranged, wherein defect list entries include
status information regardi ng the defect blocks and repl acenent

bl ocks; and changing status information of replacenent bl ocks that
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bl ocks; and a controlling unit to control the reading/witing unit to
newy allocate the spare area to re-initialize the information
recordi ng nmedium change status information of the defect bl ocks and
t he repl acenment bl ocks, and then record the status information. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0027] These and/or other aspects and
advant ages of the invention will beconme apparent and nore readily
appreciated fromthe follow ng description of the enbodi nents, taken
in conjunction with the acconpanyi ng drawi ngs of which: FIG 1

is a block diagram of a recordi ng/reproduci ng apparatus according to
an embodi e fefetiisientiep nguding S‘?‘Fﬁ/'gfﬁf“i"%ﬁ'? of the de ecF*ﬁ&kS gnq the PRESIRY ur al
di agr am dflochis; ahdhg bantrokbaounttitogpntral yrer restirgdvrigiccanitdd newly dloeate thbpaie arat
of the priesent..i A1 00 ; ; ' / Xol

Goubl o F &35 ez HEMdlion recorting yiun? ehdtfindd S e Rrarth SURRENIS
i nvent i or¥hich remain in)igs usgr daga %l’e%ﬁﬁ%tq“'ﬂ'g%{?attﬂl‘ iyrdigatohe defedt blgpksderpainiag ¢

| i st ( DFLip thece@rddiangeatiavales mdbiialredt tndHavé B popibesdefect. i nventi on; FI G
5 is a structural diagramof data of a DFL entry such as illustrated

in FIG ‘tbﬂﬁhGAc@orﬁﬁgﬁnﬁﬁE%Eﬁt@ﬁth’&prﬁ@nﬁﬁ%ﬁérﬁ)fhe@ is fldGadd- entry
illustrated in FIG b;

processi ECAdgAEPAgHcg aB‘?arﬁP%?P:?g?‘W\‘{? %Afegg'gg’ ‘éfgglﬁ lé';“gt?’ E%%quﬁt?mf%tnﬂ’ggw é)f‘fa

al | ocat edataprandiferoatdnt recording medidm bavingiangertdai agiéasto revoriosel daty, & epasen

enmbodi mentre 0, [dcBf rBlIER A8 hdaNRtirdilce defect blacks occurring in the user data area,
and defect list entries including status infarmation of the defect blocks and the replacement
blocks; and a controlling unit to control the readingfwriting unit to newly allocate the spare area
{o re-initialize the information recording medium, and change status information of defect blocks
which are located in the newly allocated spare area after re-initialization to indicate the defect
blocks located in the newly allocated spare area have been re-initialized and are unusable as
the replacement blocks.

[0025] According {o ancther aspect of the present invention, there is provided a
recording/reproducing apparatus comprising a reading/writing unit to read data from and/or write
data on an information recording medium having a user data area to record user data, a spars
area to record replacement blocks that replace defect blocks occurring in the user data area,
and defect list entries including status information of the defect blocks and the replacement
blocks; and a controlling unit to control the reading/writing unit to newly allocate the spare area
to re-initialize the information recording medium, and change status information of replacement
blocks that are unusable to replace the defect blocks to indicate defect blocks that have been
re-initialized and have a possible defect in response to the unusable replacement blocks, which
are located in the spare area before re-initialization, being located in the user data area after re-
initialization.

[0026] According to another aspect of the present invention, there is provided a
recording/reproducing apparatus comprising a reading/writing unit to read data from andfor write
data on an information recording medium having a user data area to record user data, a spare
area to record replacement blocks that replace defect blocks occurring in the user data area,
and defect list entries including status information of the defect blocks and the replacement



FIG 13A illustrates status information of the DFL entry before

all ocating the new spare area to a data area illustrated in FIG 7A;
FIG 8B illustrates status information of the DFL entry after

al l ocating the new spare area to the data area illustrated in FIG
7B; FIGS. 9A and 9B illustrate a nethod of processing a DFL

entry of blocks within a spare area that is newy allocated in a disc
after re-initializing the disc according to an enbodi nent of the
present invention; FIG 10A illustrates status infornmation of
the DFL entry before allocati ngqtthe new spare areas to a tﬂata ar ea

i |1 ust r atiiagks: anga egnirgling unit to confrg! de regsiafwritinpsnitdy pawialgealasing BRast /82 i on
of the Dhbresinitislize thb irdormalidnoemidinggnddhen, Bleangs piatue infotreation biothe Hefea blbeks

area illystga rﬁac{eﬁ]gﬂsb cke) Bhd tﬁ%r{:ﬁcor &és&?&%&ﬂaﬂ&wp illustrate three

t
DFL entri es wh atus 1 nfornation is set to "3," which

I ndi cat emﬁbg&ﬁﬁlﬁbmg}y%ﬂ%g%@%%accordi ng to an enbodi ment of the

pr esent nd 12B illustrate sone sequenti al
defect blocks with a known |ength of the defect existing in a newmy
al | ocat ed0®hr dhgseand/ofpieeraspedsrad pdentages of the inveqirantli ierorearpaent

bl ocks  arfdimdrexesfip bppledidedif@ihe RAGWIRY dt@cripfortdT e dpdtinents, tadenirhe

present 'c%’jﬁ#ctﬁt')ﬁ)v@i'th the accompanying drawings of which:

FIG 1 is a block diagram of a recording/reproducing apparatus according to an
embodiment of the present invention;

FIG. 2 is a structural diagram of a single recording layer disc according to an
embodiment of the present invention;

FIG 3 is a structural diagram of a double recording layer disc according to an
embodiment of the present invention;

FIG. 4 is a structural diagram of data of a defect list (DFL) according to an embodiment
of the present invention;

FIG. 5 is a structural diagram of data of a DFL entry such as [lustrated in FIG. 4;

FIG. 6 illustrates status information of the DFL entry illustrated in FIG. 5;

FIGS. 7A and 7B illusfrate 2 method of processing a DFL entry of blocks within a spare
area that is newly allocated in a disc after re-initializing the disc according to an embodiment of
the present invention;

FIG 8Aillustrates status information of the DFL eniry before allocating the new spare
area to a data area itlusfrated in FIG 7A;

FIG. 8B illustrates status information of the DFL entry after allocating the new spare area
o the data area illustrated in FIG. 78;

‘ FIGS. 9A and 9B illustrate a method of processing a DFL entry of blocks within a spare
area that is newly allocated in a disc after re-initializing the disc according to an embodiment of
the present invention;

FIG 10A illustrates status information of the DFL eniry before allocating the new spare
areas o a data area illusirated in FIG SA,

FIG 10B illustrates status information of the DFL entry after allocating the new spare
areas to the data area illustrated in FIG. 9B;

FIGS. 11Athrough 11C illustrate three DFL entries when the status information 1 is set to



FIGS. 13A and 13B illustrate a change in the DLF entries fromthe
situations illustrated in FIGS. 12A and 12B; FI GS. 14A through
14C illustrate a case in which a starting address of a sequenti al
defect block in which an unknown | ength of the defect is either in
the spare area or the user data area by newy allocating a spare area

according to an enbodi nent of the present invention; FI GS. 15A
through 150 illustrate a change in DFL entries in the situations
illustrated in FIGS. 14A through 140; and FI GS. 16A and 16B are

flow charts illustrating a method of re-initializing a disc according
to an enbodVighipdiegtes logkmay dare 3 drleshagesiding mwmbeéﬂs@%ﬁﬁmsm OF
THE EMBOGhJeEdghS [ 0028] Reference will now be nmade in detail to the
present enbodj f | 0 | | e
P ustratod | FoehiA R R Ry Sib sbalthh bt o QRN B i W ¥
nuner al s detepkaxisting if paewly Rlocalpd FRAFR e, H%@Ggﬁ@ﬂfesméheeﬁ?ﬁ'éﬁﬂ‘i'%ﬁﬁg blopks
descri bedirdiplaqiser datadirétedccdraing widin@iribodifent of B8 @rtberit Mivamibh;on by

referring to L gur . 9] LEL G, [ ' .
recording/r ep?'(%%uf':é.’%%"dggﬁé{‘i‘ %Egu?esJ %98’&%‘8?*‘39 %nghgﬁﬁg@g%%ﬂ@sgpsﬁe& n
present iMg@nieAend 13H030] Referring to FIG 1, the

recor di ng/ r epriaEy ¢4 AtrodgoRICEIudGath B ¢hdedeHhioh & Stamhg\aHdvdsk bi gequential 2 and
a contr Olc’e*e@lgoloucﬂ lint whjl'éh an unknown length of the defect is either in the spare area or the user data
area by newly allocating a spare area according to an embodiment of the present invention;
FIGS. 15A through 15C illustrate a change in DFL entries in the situations illustrated in
FIGS. 14A through 14C; and
FIGS. 16A and 16B are flow charts illustrating a method of re-initializing a disc according

to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] Reference will now be made in detail to the present embodiments of the present
invention, examples of which are illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout. The embodiments are described
below in order to explain the present invention by referring to the figures.

[0029] FIG 1 s a block diagram of a recording/reproducing apparatus according to an
embodiment of the present invention. )

[0030] Referring to FIG. 1, the recording/reproducing apparatus includes a reading/writing
unit 2 and a controlling unit 1.

[0031] The reading/writing unit 2 includes a pickup, and writes data on an information
recording medium, which in this embodiment is a disc 4, or reads recorded data from the disc 4.

[0032] The contrelling unit 1 controls the reading/writing unit 2 to write data on or read daia
from the disc 4 according to a predetermined file system. In particular, the controlling unit 1
newly allocates a spare area o re-initialize the disc 4, and manages status information of defect
blocks in a user data area and replacement blocks in the spare area according to the allocating



[0031] The reading/witing unit 2 includes a pickup, and wites data
on an information recording medium which in this enbodinment is a
disc 4, or reads recorded data fromthe disc 4. [0032] The
controlling unit 1 controls the reading/witing unit 2 to wite data
on or read data fromthe disc 4 according to a predetermned file
system In particular, the controlling unit 1 newWy allocates a spare
area to re-initialize the disc 4, and manages status infornmation of
defect blocks in a user data area and repl acenent bl ocks in the spare
area according to the allocating result. [0033] The controlling unit
1 incl udd8¥- system controller 10, a host interface (VF) 20, a
digital signal processor (DSP) 30, a radio frequency anmplifier (RF
AVP) 40, [89731a Kercowroiog utigiogad)jdewn systere cantrdiien 0. ddwd inwifacqdFH2& e 4,

the host didifl sifhal 68t IP) B, AGSIIERHuBRS abiifle(EFRINIB A6, a4 b BEAo b.0M a
host 3, and transmts the wite command to the systemcontroller 10.

Th t t . , .
por ot m bgeid,  WEbruSlorkth AT, Bor £ o eI SoddEnpy il
adds addi®meras ot foRacRstdsanidrnedisdhr vl AnTaddathg sysrerardaler idm
the host Thefsystéh comiroren 10 Sortrols e DSPCIVraihe the@Brvb B8 tofiefermvihe Wite command
error-cor r : . .

Co-any oced e I eiefy 3R i o 8 Rl SR BRI B LA Sipdarp U

t hen nodureaved fremdhephost I 29cwhiettis b herranided orthectisc delo ier-coree tredap 40
converts gefiermidairar @ubdiviy cddeQRTE ucddig 188ny cec@ngECSbigdkakhichliBan error

readi ng/ wri ti.ng, unj i i.ncl i . rec S

S gnal ot 2o peiner silues Mo UG RG F  Blfyslngh RS The o Bl
recei ves 49 copveraig daesutaut fiopythe BER 80 tommRFotignak Jhe resding/yeiingwnit 2, which

co _nt r gl l [ﬁi(i)c(l)d?ljﬁs thlérpﬁ:k@?Fe_%&df@lBHF%igﬁalttﬂéﬁsrﬁlﬁ&Kktﬁl 10é RERMIPO @6 iraiserd, tThag
uni : n. particul ar S r e

et ect st SR RrrE nosrkd for 3R RSB R Gl P RO el oo
re-initi aohiplnie piakupf the repdinp@OB®|unitle system controll er 10 changes a

defect list (DFL) entry of a defect block into a DFL entry havi ng
st at us i rMbassiatin partidutzatthd sydietabetellérne nikbgestthddetackstites of dlocks whealal zed

and has .04 | i | -Tox i ghirols the reading/witing
unit 2t %p%%fégq% 'lﬁée&l%la—uﬁéaé%fgﬁ gﬁﬁa{'ﬂ@ﬂ\g‘? @c ‘EI when it is determ ned
that a p jcal_address of the defect,bl N, a user da r.ea,
et abl i oHiTsha TR SYFIE Coaler EcioRp Adererblt D ey 3 ¢t RedX 8 oFh
the user ety bavingestatusfinfermationteayinsijpales therdetect kock sl reindielizdd Byd hasa di sc
re-initi adobﬁtﬁltt} &% defect, and controls the reading/writing unit 2 to write the DFL entry on the disc 4
when it is determined that a physical address of the defect block in a user data area,
established before the disc re-initialization, is still included in the user data area after a new
spare area is allocated by the disc re-initialization.

[0037] In addition, the system controller 10 changes a DFL entry of a replacement block to a
DFL entry having status information that indicates the replacement block is re-initialized and is
unusable for replacement when it is determined that a physical address of a defect block in a
user data area before disc re-initialization is included in & physical address of the replacement
block of a new spare area after the new spare area is allocated by disc re-initialization.

[0038] Furthermore, the system controller 10 changes a DFL entry of a defect block into a
DFL eniry having status information that indicates the defect block is re-initialized and has a



[0037] In addition, the systemcontroller 10 changes a DFL entry of a
repl acenent block to a DFL entry having status information that

i ndi cates the replacenent block is re-initialized and is unusable for
repl acenent when it is determ ned that a physical address of a defect
bl ock in a user data area before disc re-initialization is included
in a physical address of the replacenent block of a new spare area
after the new spare area is allocated by disc re-initialization.

[ 0038] Furthernore, the systemcontroller 10 changes a DFL entry of a
defect block into a DFL entry having status information that

i ndi cat esPosyide driech aet vp vetfiediwgen étsudﬁtetmlatq that @ phyipahagisiregs oiRyerlagement

d ]gaf ect nlcmocy Hat ¥ fiishble tbr deléﬂerhént in% slﬂ@tb%fe@b@ﬁ:ﬁb didvab-irdialdayisH i€ mklududidn €S s
0 ar ep %éSI(éil %afgrersgop%tilster %ﬁ a %rs% #fg rd. I'I%W S}?]a(ﬁ %ra%ﬁ%hoca E%Rdlsé‘. %-Ilﬂ?[a‘?gaﬁr e Ss

area bef &

of a userTthche@tWeand&fetSéatusanfn@wtl@wHbe@ﬁserd:eidst ratpradétaf leigr-by disc
re-initialization. The DFL entry and the status information wll be
descri bec{otiagl mwieendegdraducing date from Q38 4, #i eost VE pd edeivdsrayeathdoznrfandm t he

disc 4, tfg ﬁ&sté’lﬁte%gstgrﬁ%&tt%ﬁe?tépéﬁrﬂs HOTERRA %&%ﬂ‘fﬁr Epr RSt 3Th he

system contro rns Init zatl on nee repro uct on.
The readi ﬂ%ﬂ"\ﬂt"tﬂtmqt@"'tt?rﬁ“tl’fs 2 lagpi Ream pnjodbedisfe aod YU ajgfornatien signab g
out put s ambtainat by frsesiviegths lagerdlearn bdfattaebnivihe dBE 8] ViheBF AKIE 40 agwertdiram

ref | ect ed oo At fon H05Bro MR AR RS AE able o hgpgRI | on

signal ou uni

provi des '?ﬁS’éli’s‘Teétdéfél OH’QH‘E"WH‘P Fignplderine HSPre. %’ldgj#‘?&mtstﬂ“%'ﬁ%"hﬁ)@"’%@
and a sergpined gorakhetRF didial 16 el thdsend 50. ned fromthe RF signal to
control the servo 50. [0040] The DSP 30 denodul ates the nodul at ed

dat a, anqomj pbﬁhé D@@tsa dgmta@una@&%@momduaa sﬁd dlﬂ)u%r}ial:a%ta‘?ﬁeﬂg _
correcti o dul at ed dat (%einggnh g{ﬁ {A 50 recei ves
Che Sor v BaiAAINS g1 ER e AN oRe deredumed g lenihaiae 57 ¢ ho
servo conegedks e saud sigmabootp fom et RIMAMBD AR, mod the lcommandafndh@mﬁmmolt he
Servo cong, o frdﬂﬂhé %?std?r\ &JﬁH&Ier 1Td'l §n&1|5§f5rrﬁs/ tﬁe ge(alotcroﬁt'?o? Bh e plcRip. Gk ﬁost IF

recelvedfromt structure of the
|nforrrat|286raP%‘6FQﬁq?§?rﬁ%edﬁeﬂffP’aé'@oQ§F?’Pgw#@ héEﬁt nbodi ment of the
present invention will now be descri bed. [0042] FIG 2is a

st ruct ur 400411 agysimetare chthe iinfeymationageasrdiiariapdiuayancording & ancsedimagt of ean

enbodi meryresght itvaRtioR WIRRMbeidB¥®Béd.on. [ 0043] Referring to FIG 2, a
disc includes a lead-in area at an i nner circunference of the d| sc, a

| ead- out : t
b e JISAF, Fia ¥l B S LGN, H0F b oot @ o0
emmbodiment of the present invention.

and

[0043] Referring to FIG. 2, a disc includes a lead-in area at an inner circumference of the
disc, a lead-out area at an outer circumference of the disc, and a data area therebetween in a
radial direction of the disc.

[0044] The lead-in area includes a defect management area (DMA) # 2, a writing condition
test area, and a DMA# 1. The data area includes a spare area # 1, a userdata area, and a
spare area # 2. The lead-out area includes a DMA# 3 and a DMA# 4.,

[0045] The DMAis an area in which to record defect management information of a re-
-writable information storage medium. The DMA is disposed at an inner area and/or an outer
area of the disc.
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[ 0044] The |l ead-in area includes a defect nanagenent area (DVRA) # 2,
a witing condition test area, and a DVA # 1. The data area includes
a spare area #1, a user data area, and a spare area #2. The | ead-out
area includes a DVA #3 and a DVA #4. [0045] The DVMA is an area in
which to record defect managenent information of a re-witable
information storage nedium The DMA is disposed at an inner area
and/or an outer area of the disc. [0046] When a defect occurs at a
predeterm ned area of the user data area of the disc, a deternination
of whether to allocate spare areas to wite therein,

r epl acendA48h| J¥henasefeshdosus aba pregelermingdl aier of the Wier 6aja P'ﬁé °HB? g8% 2has
occur r ed,detitlinktion obwistier Rfallbdats spRRIateas tedite tiRMintnd epblacerertlodtock,

Is made t}xp|9cetésc$f$cmloc@ iAighEnd B, A b e aénd%gao AL bk \Aﬁﬁé‘é?%éstagﬁr of

t he data area re areas my I SC
needs to fﬂéaqeéleﬂttﬂqcka?rmé%PY\ﬂHSP@fﬂﬁ'Yﬁgm@Wéaclﬂ’ifajét arinjipiizipg gtage the data
managenerdred. IMhe spaé areds ke riewiyrficatddatheh theldRe nédda td ife e dipOSedvhid a
DFL for desf gé{t cflsﬁformati on, and a disc definition structure (DDS)
whi ch i ncPl formation regarding a structure of the data area.

[ 0048] The DFL is conposed of a DFL header and a DFL entr

Format ofi00ATs. lecimpReoB e ateipIRod & THoree duina PR IBAS A F Dot
r ef er encedeteot iffb@atidn, afd8 disg definidorvstiutiureg DDSNeHidhi imiudeeintorreatiea regarding ed

to test £6aL9i.a9 powers in order to obtain the best power
for recorsgpaﬁg'ggf&‘ an evarl ables. [0050] FIG 3 is a structural

di d di K d
of "the pride@h 1R E IS BRPSEgsa P Rheethrs g TR Rpe e ord ERRBEL H™
| ayer LO tersigbaiidlessin morecdedhilisnbsgnesatiy@ith T&fecbats%ﬂoz!ﬁ*@& and a | ead-out area

# 0, and another recording layer L1 includes a lead-in area # 1, a
dat a ar eqoo4and Telweitel @uitichrtéd aféa Is used to test various recording powers in order to

obtain the best power for recording data and variables.

[0050] FIG. 3 is a structural diagram of a double recording layer disk according to an
embodiment of the present invention.

[0051] Referring to FIG 3, a recording layer LO includes a lead-in area # 0, a data area, and
a lead-out area # 0, and another recording layer L1 includes a lead-in area # 1, a data area, and
a lead-out area # 1.

[0852] The lead-in area # 0 of the LO layer includes a DMA # 2, a writing condition test area,
and a DMA # 1. The data area of the LO [ayer includes a spare area # 1, a user data area, and
a spare area # 2. The lead-out area # 0 of the LO layer includes a DMA# 3 and a DMA # 4.

[0053] The lead-inarea # 1 of the L1 layer includes a DMA # 2, a writing condition test area,
and a DMA # 1. The data area of the L1 layer includes a spare area # 4, a user data area, and
a spare area # 3. The lead-out area # 1 of the L1 layer includes a DMA # 3 and a DMA # 4.

[0054] FIG 4 is a structural diagram of a data format of a DFL 400 according to an
embodiment of the present invention.

[0055] Referring to FIG. 4, the DFL 400 includes a DFL header 410 and a DFL entry list 420.
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[ 0052] The lead-in area #0 of the LO layer includes a DVA # 2, a
witing condition test area, and a DVA # 1. The data area of the LO

| ayer includes a spare area # 1, a user data area, and a spare area
#2. The | ead-out area #0 of the LO | ayer includes a DVA # 3 and a DVA
#4. [0053] The lead-in area #1 of the L1 layer includes a DVA # 2, a
witing condition test area, and a DVA # 1. The data area of the L1

| ayer includes a spare area #4, a user data area, and a spare area
#3. The lead-out area # 1 of the L1 layer includes a DVA # 3 and a

DVA #4. [.0054] FI tryctural diaqr f.a da fo f a
DFL 400 TOBT st beeinigiadi Bk e marace e s Beda i waR At L Teats:
Ref er ri ng10.0Tifel ML héaddr¢0 Detided @IDHLidehiides! 1 sa Diftbehetihd defdd Olodrscvita aDFL
entry [Ii %épuéc%f?.em bioQQ%ﬂ{mmg bf de‘g}ar %m& wma)ui @{)Elacéﬂr%%ckr@ Apqerent of

bl ocks is witten in a header 410 |nclﬂdes
a DFL i déhysapiesparg pipcksya piplss f1540f 2%'!'338'819%? bigflscand afjufmRer g6 of bloc

r epl acenwvith alpbssithe defecnunber 413 of defect bl ocks w thout a

repl acenent bl ock, a nunber 414 of usable spare bl ocks, a nunber 415

of non-u @dﬁ?ecﬁmahwmrqﬁg IhERALLIBUTHRS 1nd b iaﬁémé}hﬁlﬁiﬂéde\ﬁbtbés"than?mber
3 W
el acemhor b 5 AU PR AR BYioKi tB T aouR Uiy eatiophebd

st at us i miitorepiecenent biodisodthinmgpakateadef ect bl ocks have been repl aced
with replacenent blocks within a spare area. [0058] The nunber 413 of

t he def eqosg} 0Cike nubdiats oftthedefephicake WRitlut e AplaceiaamDbIeck danttedd aumief

w Thout  PEpraguieBei Gides Sl Hhdioh R BerbrtbloEBh iy et 0K
of the udHisksen fissprreBregcks denotes t he number of DFL entries having

defect status information indicating blocks that are usable for
r epl acengdtts9hndihg numbez gl sicfdink shidle kisare lodkh derppearties raambear of DFL entries having

defect status information indicating blocks that are usable for replacement among unreplaced
blocks in the spare area.

[0B60] The number 415 of the unusable spare blocks denotes the number of DFL entries
having defect status information indicating blocks that are unusable for replacement among
unreplaced blocks in the spare area.

[0061] The number 416 of the possible defective blocks denotes the number of DFL entries
having defect status information indicating possible defective blocks that are not yet verified as
defective among the blocks in the user data area.

[0062] The DFL entry list 420 is a collection of DFL entries having defect status information
regarding various blocks. The DFL entry list 420 includes a DFL entry # 1 421, a DFL entry # 2
422, ..., through a DFL entry # N 423,

[0063] FIG 5is a structural diagram of a data format of a DFL entry # i 500 such as
illustraied in FIG 4.

[0064] Referring to FIG 5, the DFL entry # i 500 includes status information 1 510, a physical
address of a defect block 520, status information 2 530, and a physical address of a
replacement block 540,
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[ 0060] The nunber 415 of the unusabl e spare bl ocks denotes the nunber
of DFL entries having defect status information indicating bl ocks
that are unusabl e for replacenent anong unrepl aced bl ocks in the
spare area. [0061] The nunber 416 of the possible defective bl ocks
denotes the nunber of DFL entries having defect status information
i-ndi cating possible defective bl ocks that are not yet verified as
defective anong the blocks in the user data area. 100621 The DFL
entry list 420 is a collection of DFL entries havi ng defect st at us
information regardjng,various bl ocks he entr Iudes
a DFL ent[g g’i‘?f‘at Inigematign i R10 s 9!?‘2“0” regar &f‘% Bﬁé‘ﬁs ts':' %H"tf?'ii

423. [ 006Bickdsh e Usen dutacarsd, amtmfunwdtrordleaqdragnhefstaalsabawmtﬁao thm@plaﬁemantDFL
st Ke#D'Fbll_oig%n?%%Eat@%réa alrélnre‘a B #b didtughiGimatton 1 SRAM bBﬁ’Js@eréH indr FI G

i % udes status | nfornation
physi cal d&!i’draéeé?'tﬁfefeaerd%f‘e@ %l ock 520, status infor rratr on 2 530 and

a physical address of a replacenent bl ock 540. [0065] The status
i nf or mat i[83661 She statysiinidrmpinats 35A ix lkfgunadenygoardide he staius vhwiedhepthet he
def ect blrasréfo%mbﬁk bidRRs .H%ers glaadrabld Nl duoh, O BRL irdRatihg 9t the Ac Ishe:

AT ST R R T
| at er wi tMariffcaficoropevetiont afte e itializing thode), refihidialization obthg dboeandeipeiprmed 30

is infor r&%fckl?”ln%@&l@cfndr\‘ 1h8 stafi8 infdrmhtioh 2Q'>f30 W'tﬁé bﬁ[ et @ | 5PHACUIRR bn Bhiee ks
in the sp t hat the

(]
it e fad bRt e s st ae P8 RS ProraioRmbaing siie il phd b
entry # iinif0igsd whieh hesatding oiata gfterhieoa diitiatizagiorv e thief digeas diive spghem brndws thaaf t er

Lgr :c cn)lr J;r:a%é &réﬂﬁshgﬁr rgllrﬁtfahzeﬁeadd@b Ebr%a‘dzaebtrédéfénﬁrf'led Qﬁ‘oﬂt SCadthd st of

P O el g 1 S a0 PP e el e ppocees

recor ded dven it hagt 3tchemandstio ecom Hair e predetérmitied atsa ntthe bleckd iFughemagrs,

been rei nhd iRk kfhsh MRS HaPHO bsth Rordad A th%f ﬂl@c’k lslxh\%unﬁ &ath ﬁ‘{hb is@bdszat i on of
the disc, a drive_s nltralrzed

and so cd °r ?ﬁoéﬁ%p? E"ﬂ‘???&fh%la‘ﬁ%rrﬁs bS?” rﬁd‘f‘%ﬁ"ﬁ‘? “BWB ar“’éjé? UgHont he

bl ock and:omeraod cutpih éorrd ditechowil 3 i ceabivegipamighisnud dath cam credidinessagrais

r ead- modif e Wbl FainRtRiSe ¥4, i1 f the host 3 commands to record data
in a predeterm nea area o% t he bl ock. Furthernore, the drive system
knows th ded k is Lnvalid dat

Status | PSP TBRn B0 T ISRt Rl aderdiRafylily hGorec
re-initi dildck rsdoqmd fin tae peap faje ari and theafvrigatiadsiasg 840 efdrareplpeemepidiioc isi s

recei ved,a pgélcdl Btfeds Wt Jvhr@iﬁth@re%fac@néhhﬁ@dk iBERA0R tHeSpars ARl at el y
transmtted to the host 3 67] The physi cal address 520 of the

defect Dlifgds' F1a &h%ﬁétgé‘ﬁneéﬁﬂéﬁ%? & n“l"%ﬁ&@ﬁﬂé‘?F@%&%séﬂ fatb in

| ocated in ata area, an sica ess 5 of the
repl acemen® Sl ock i s a physi cal addr ess at which the repl acerrent

block is located in the spare area.
[0069] Referring to FIG. 6, the status information 1 510 includes five states, “1,” “2," "3," “4,”

and “5."

[0070] Status information “1” indicates the status of a defect block with a replacement block.
In this case, a physical address of the defect block indicates a physica! address of a defect
block in the user data area, and a physical address of the replacement block is a physical
address at which a replacement block that replaces the defect block is written in the spare area.
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[0068]FIG 6 illustrates the status information 1 510 of the DFL
entry # i 500 illustrated in FIG 5. [0069] Referring to FIG 6, the
status information 1 510 includes five states, "1," "2," "3," and
"5." [0070] Status information "1" indicates the status of a defect

bl ock with a replacenent block. In this case, a physical address of
the defect block indicates a physical address of a defect block in
the user data area, and a physical address of the replacenent bl ock
is a physical address at which a replacenent bl ock that replaces the
defect block is witten in the spare area. ‘V} 0071] Status information

"2" i ndi (el SHatusdptgrmationy R’ 'ad'@éﬁséﬁﬁs@%‘aﬂ@ wihquba [eRlaea TRt
bl ock. | mickhi Is ifoes, aphpsiasadiiedss alths essent bibcktifticatsfagbysidal atless oidi cat es

a physi C?%'tda%grql&ﬁ?:ﬁ)cl?lktr% Jsgﬁ%ﬁca%gant bl ock in the user data area.

[0072] S ndi cates the status of a possible
def ective bl ock. The bl.e defective bl oc bl ock t | S nhot
Vot ver | M99 byau gp ReRTY BURdGEsaRe SH1os o g e dertis itk  Bheoatus e
si gnal s defestive bcisis g batistharienal géteretfiied bylewdr ngratiicafieerecdriingdatowhesr
scanni ng’ex%éé RB2gndls B8R0 & 99.'14@ dre eéte aﬂ&ifr.ﬁga.s@mﬂc%@om«géaﬁmm bka@hasa

verified t error ectlan ter ﬂ-@g ﬂ Befu
In this @8%9@"%?“6#9@9"@8 s W%E"sbedﬁ” tEHéP & ?fos %%'R”?P?BP‘*‘E g dgjain
physi cal teddues dn ik casepa pisisibhladdredsed thewviefebl biark irdictteha physiosl agdresdadan

verified %s%@ggé}ecﬁ;eazflééﬁ Eﬁtq,fagﬁﬁggljbggn véfified.Ndi cates the status of a

usabl e rgp acement b spare area. In this case, a physical

addr ess 6? é e nt bl i hysi cal dres

sabl o bRl o St RTEHG  Onfietes it B P RSt ap Rt i g Shard "
area. Inthis case, a physmal address of the repiacement block indicates a physn:al address of
the usable block among unused replacement blocks in the spare area.

[0074] Status information “5” indicates the status of an unusable replacement block in the
spare area. In this case, a physical address of the replacement block indicates a physical
address of an unusable block among unused replacement blocks in the spare area.

[0075] The status information “1,” *2,” and “3" indicate the status of blocks in the user data
area, and the status information “4” and “5” indicate the staius of blocks in the spare area.

[0076] The status information 2 530 is not illustrated in FIG. 6, but, for example, the disc is re-
initialized if the status information 2 530 is set to *1,” and the disc is not re-initialized, or is used
after re-initialization, if the status information 2 530 is set to “0." If the status information 2 530 is
set to “0,” valid data is recorded in the block. If the status information 2 530 is set to “1,” valid
data is not recorded in the block since the block has heen re-initialized. ’

[0077] FIGS. 7Aand 7B illustrate a method of processing a DFL entry of blocks in a spare
area that is newly allocated in a disc after re-initializing the disc according to an embodiment of
the present invention.

[0078] FIG. 7Aillustrates a data block in a single recording layer disc which allocates and
uses a spare area # 1 before disc re-initialization, and FIG. 7B illustrates the data block with a
new spare area # 1 allocated therein after disc re-initialization.
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[0074] Status information "5" indicates the status of an unusable
repl acenent block in the spare area. In this case, a physical address
of the replacenent block indicates a physical address of an unusable
bl ock anong unused repl acenment blocks in the spare area. [0075] The
status information "1," "2," and "3" indicate the status of blocks in
the user data area, and the status information "4" and "5" indicate
the status of blocks in the spare area. [0075] The status information
2 530 is not illustrated in FIG. 6 but for exanple, the disc is

ot ni 12l el Tl GE YR, hOARL BB b A0kt | LRead Fa BTk
t he st at usclide$ thespare erea® 1580 alusersiela ataa 'Bincks ©f € v @tam resorilesfad therend on
2 530 i y I

2 arus | v e defh oal agodt b S8R & BotbfBRLCRH nhla fehGomnditbiood d bldo e
t he bl oc kdegsictiveckt fiee Wbake® isvedeidotiaork tet dotsnbtiave e cplap@0aHT blodk IGR:plage
and 7B |\ ¥alEahsaR THELDOLE0L A SRBISIOAe BORFL ontry of blocks in a

spare area I'sc after re-initializing
t he di sc accordln to an enbodi nment of the present invention. [0078]

FIG 7A ilPe8e%t @ itushiatesithp Heje Rrep when iop defpe blogksdtibiexieg in thg eser dptasarea
whi ch ?I | eediSe-RMANIALEES wherPBAREY epra@ar&f# b%{aﬂcﬁcﬁée@j[lrﬁtﬁ% ldata ﬁrea b¥ ﬂlsc re-
re-initi es e al a oC W a nhew
spare ar ee}Jé 'a#%f“RP’P al%ﬁ’gﬂieﬁ%r'gpﬁpgﬁ E?t *Gisc re-initialization.

[0079] Referring to FIG 7A, _the data area has only the spare area #

1 al | ocatlB¥N hefeiarrng ta FIF 7RAT¢awes ofdheflock ywetae#epfcwt logls te biegt a
area. Bl (@I&ﬁthc@t the Faplac@fentBloci afd fhssra&d@dvnafa pbg@oléa@ec%refc&%u&ﬁﬁmwa

area. The block C) 'is a defect block and has a replacenent block to
repl ace teﬁ'g'eﬁl B?VéIStStafS‘FSd'Esz’mai"beW'E'l goRoRsilely defect ?98@9%’&‘,‘8 stusdnormalian tersée
not have kocke@l @G an®e@tardlcdfilialit«d. r epl ace the defect bl ock. The bl ock
C) is a possible defective bl ock.

[0082] FIG 8Aillustrates the staius information of the DFL entry before allocating the new
spare area # 1, according to this embodiment of the present invention, to the data area
illustrated in FIG. 7A. FIG. 8B is a view of the status information of the DFL entry afier allocating
the new spare area # 1, according to this embodiment of the present invention, to the data area
flustrated in FIG. 7B.

[0083] Referring to FIG. 8A, the DFL entry for the block @ is the first entry listed in FIG. 8A.
Since the block @ is the defect block with the replacement block, status information 1 is set to
"1," a physical address of the defect block is registered as “0010000h,” and status information 2
is set to “0” since the defect block is not yet re-initialized. Since the block @ is the defect block
without the replacement block, status information 1 is set to “2,” a physical address of the defect
block is registered as “0010100h,” and status information 2 is set to "0” since the defect block is
not yet re-initialized. Since the block @ is the possible defective block, status information 1 is
set t0 "3,” a physical address of the block is registered as “0010110h,” and status information 2
is set to “0” since the block is not yet re-initialized.

[0084] The DFL entry listillustrated in FIG. 8A changes into a DFL entry list as illustrated in
FIG. 8B hy re-initialization, which newly allocates the spare area # 1.
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[00801 FIG 7B illustrates the data area when the defect blocks still
exi st in the user data area after disc re-initialization, when the
new spare area # 1 is allocated in the data area by disc
re-initialization while using the disc in the present state. [0081]
Referring to FIG 7B, DEL entries of the block GO wth the

repl acenent bl ock, the block C) w thout the replacenent block, and
the block (r) with a possible defect are converted into DEL entries
having status information with a possible defect together with status
information that the blocks C, (2), and C) are re-initialized.
[0082] FIIR885BA Refdringtie BiCGe8B. thecDRteatryuier tha blopi@tis b Tt entry istegHp FIGhBR.y

bef or e a'ﬂ‘ré’ﬁﬂ_térﬂgfotﬁ%% bRREKERDRE Se@hB Bnt i&F%%E@%hQ@FEQntmbﬁhe block @

enbodi nent of t resent I nvention, to ata area il'lustrated in
FI G 7A. ifhathirgBntiysn BIG/ 8B vStafis infeemasipad abthe RFbentiasiiesthedfiockh®, Brene@ r y

after allpeafd.ng "é,%i&ﬁ%iéﬁ&ﬁ@%@%&eﬁmé&ibl 10 Hisid Quelibbise erbodi ment

of the present i1nvention . area | ustrabg%ﬂl n FIG 7B.
[ 0083] Refiiializaign.wpd stptes infpmation  obike DELertiestienthg ks, apgi3)} age et
first entgw vinich@dichids fHaltheyBifive SinGEinitAReR! ock C) is the defect block
with the replacenent block, status information 1 is set to "1," a

hvsi | f . . . - T : q
I e A8 WRGNEEs B he) el ARG A AOO ROty
re-initi akefesidg bloghs Jbereloee, Whescaantng tp secorddalpamdig blopks diie Rigckmergierablye

r epl acemedugh h@Glcessdrid sioult Bé OiTRdd o defdcBbyatRéd disdverifatiorpprdeysifteal
address of t %i&ég%ﬁﬁ%&ﬂ%k Is registered as "0010100h," and status

i nf or mati of 0°" 0" since the defect block is not yet

re-initialized._ Since the block is the possible defective, bloc
status i (907 hni B RS norgaionBgiceds to be chaRged 1o A7 T RCHIGEK S U5P0 29AD TPb K
I s regi stsettiegitha statté G:ddihaidh 2°of tia @FE aiyEs “1,hivichindicates tike disc haebearo'ef' 0"
since t hf?nngin%kg Rifizhe g Ik Slafis i Ratidn@08 & 19 1DkiceR i oatd St
illustrated 1n FI G 8A changes Incf,\;ﬂ: a DEL,,?,r]tr% ljst as illustrated
in FI G dgeoplpdindhe Bipes nas pecemediyalidge ihreriliiongine 6%t es the spare area
# 1. 15

[0088] FIGS. 9A and 9B illustrate a method of processing a DFL entry of blocks within a

spare area that is newly allocated in the disc after re-initializing the disc according to an

embodiment of the present invention.

[0089] FIG. 9Allusirates a data block in a single recording layer disc which allocates and
uses a spare area # 1 before disc re-initialization, and FIG. 9B illustrates the data block with a
new spare area # 2 allocated therein after dis¢ re-initialization.

[0088] Referring to FIG. 9A, a data area has only the spare area # 1 allocated therein, and
the data area includes the spare area # 1 and a user data area. Blocks @, ®, and ® are
recorded at the end of the user data area, and block @ is recorded In the spare area # 1. The
block @ is a defect block and has a replacement block to replace the defect block. The block ®
is a defect block that does not have a replacement block to replace the defect block. The block
® is a possible defective block. The block @ is a replacement block located in the spare area #

1 which cannot be used to replace another block.

[0091] FIG 9B illustrates a state of the data area in which the spare area # 1 is reduced
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[0085] Referring to FIG 88, the DFL entry for the block C) is the
first entry listed in FIG 8B, the DFL entry for the block C) is the
second entry in FIG 8B, and the DFL entry for the block C is the
third entry in FIG 8B. Status information 1 of the DFL entries for
the blocks C), Z, and are all set to "3," which indicates that they
are possi ble defective blocks due to disc re-initialization, and
status information 2 of the DFL entries for the blocks C, 0), and QO
are all set to "1," which indi cat es that they have been
re-initialized. [0086] As such defect Dbl ocks in the us d%ta
area af t ethegnggdy F‘@’CPtﬁﬁ’ by tap F%'B'E'?'Bﬁma Pethp ies vhedsiae fhadispaagd Eﬂ‘%&%

Ther ef or ethatwlae mcmmltﬁegs bi@ akGoT ﬁlaf@}at@anatm isboaeddsn th bsor Bhgaka
pr ef er abl not necessarl

d_for by
Phe. di o YerPATiafR AoE SR8 ape kp S Ao TLPE S8R LBkt
[ 0087] TH®, & and® thEIIW@I'B feztied in tBe veeedala aiea bdore mmgeldam arelocaiterd in the
bl ock is Sl"&% %%ngpé n after setting the status information 2 of the DFL
entry as ich indicates the disc has been reinitialized, by

re-initializj t he he sta I 2 i.s.set to "1" to
o ot o 0B Coheietnath P a8 Hin HEOS R ) B bhBh el 0B s Yl areeo
re-initi aeford RAnifidigatidh, 2e: in¢HR28 8 thébfate ard4\ 2 after B8initihllzatiing DEleengicset tho d

of pr Oceaﬁcf Rsc’@hgp': @r}str%%( a%ecﬂll'ntgf#?l Qg{'tésmao ng?t%tﬂgh%rrﬁét%ﬁinh{a%%ﬁlgaﬁ {hge\glny

al |l ocate re-Tni C accor
enbodi merttlockd @, Gk amt @hand baenventtiainad, t:ﬁg&ﬂﬁ&}:mﬁta‘ﬁas iStdrmatibruiadicait@then

data bl ock in s) nal rec rd|n | ich allocates and S
S par e i ol b Bt i s ihon WG PPy, Wit s BB §R AR wbF
i |1 ust r atetssfdréd s-iditdliaatioh, o< kcated ih tre usavdata;maeaﬁarreﬁuﬁth&haﬂ ladX~hteeity of the

therein ajdgip gl ﬁ&gsﬁmuy ekl A b SRR Ll Mo B g Bty @

data area has on e spare ocate erern

ar ea |nclraﬂi‘¢t@|ﬂteﬁet°@qﬂmf B’I’EW@HS informatien indicating it hea possibleateteBl ocks O, O,
and C) are recorded at the end of the user data area, and block C) is
recor ded [0093] heFiGp@Adustrags the statusTihiernitioc &f 163 DfLenay befbre atiochlirgate mnd

has a f%ﬁ@%ﬁ%@%%ﬁ%‘ét& Hﬁtﬁ a?e%%lu%@ﬁeﬁﬁ?&%A %gfl&1@ﬁusﬂhﬁf%ﬁ99atdhs

a def ect hat ave a replacene ace

def ect bligjefnationy ths; %‘é&@nw aft% allpeging éheme@ sgaip ateps $d apd Heke th&rﬂ%ta BleBck

O is a rigplr&e®irent 9B ock | ocated in the spare area # 1 which cannot
be used to re place another block. [0091] FIG 9B illustrates a state

of the dghgaspr Gfkrdiing D FRL 1641 RitrloP e Blodk s B AESHly listed in FIG. 9A.
Since the block @ is the defect block with the replacement block, status information 1 is sei to
*1," a physical address of the defect block is registered as “0010000h,” and status information 2
is set t0 "0," since the defect block is not yet re-initialized. Since the block & is the defect block
without the replacement block, status information 1 is set to “2,” a physical address of the defect
block is registered as "0010100h,” and status information 2 is set to “0,” since the defect block is
not yet re-initialized. Since the block ® is the possible defective block, status information 1 is
set o *3," a physical address of the block is registered as “0010110h,” and status information 2
is set to "0” since the block is not yet re-initialized.

[0095] The DFL entry list illustrated in FIG. 10A changes into a DFL entry list as flustrated in
FIG. 10B by re-initialization, which newly allocates the spare areas # 1 and # 2.

[0096] Referring to FIG. 10B, the DFL entry for the block @ is the second entry listed in FIG
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when newy allocated by the re-initialization of the disc while using
the disc, and the block (r) that was located in the spare area # 1
before re-initialization is located in the user data area after
re-initialization. Also, a spare area #2 is newy allocated in the
data area, and the blocks 0, 0, and C) that were located in the user
data area before re-initialization are |ocated in the spare area #2.
[0092] Referring to FIG 9B, if the blocks (r), C, and C), which
were in the user data area before re-initialization, are included in
the spare area #2 after re-initialization, DFL entries of the bl ocks
CD, 0, ariBGhe aﬂeerm*mmmcbtqch@bsmém@lrﬂnw IR AR Keg BFLeantrs for the bloge® on
i ndi cati n

t oget her n#\nhgt?hrst% g}ﬁ?@ li9|n ha dltgennﬁ'n trgg??n\r%%k}aﬁ@ﬂs g%gh%ﬂhg%{)fle f

r epl acemstetus imformatiol t ofdig, DiFLfentrieedetha(blocl@)@ @handt@mlllseﬁatﬁdwiqn t he

spare area.# 1.bedo @"l / Zaflls%att Eﬂnﬁtds&?fm }e@]ﬁéegf&ﬂ{ g?dlb({} Bmll%ﬁrgndat ?

area after re-ini IS C ged
into a Dtatusrinfeynatien, mich indicatss ihﬁﬁ‘@?emitei-@halirzat@ndﬁtherb@ckﬁ@ & e are)

has been Qet'tw ';ﬁﬁrgqnaﬁ ﬁé@%emettmna%mimam%m&r&e of b8k ng

it has a 055| | ustra
i nf or mat P B’PVBLSH%ThBMEa‘é’HP nfyéflpﬂ Pédrsﬁﬁf’g@& ew&%ﬁ@m %ﬁﬁ%ﬁr 'efa %W"’Z.F&’é #
1 and # 2 df detdFe edl@tfar (T Blacklﬂ’)hmt 0, E'Glhm:rr‘incﬁkeﬁés :191és aposhibiilyGf a HeEct,

illustrat i.nfQr.na |ono t.he

the " new SRR 45 3otk 3 8 BB abifSeeF e iR Bt By it
9B. [ 0094jcafRmfoba physigaltagdees®i theGiafectieekDFL entry for the block (r) is
the first entry listed in FIG 9A Since the block 0 is the defect

bl ock wi fdogrhe Upaphae ersaiekcribtionodas raitad o dingfeoeciedinglayet diss bstate game” 1, "

a physi C%ett%ﬁ%éﬁ%?tn%doﬁg@ r&gjd%t,ayg %Ig is registered as "0010000h, "

and status I n , " Sl nce the defect block is not
yet re-i ialized. Since t th L, block wi thout.the
! bl acemiiseh) dinocestRTTandd Y asnaeriak et Sodkdp With oBsSH Soglsnd Riieh
addr ess @il uertbsmbé@mwwtreﬂermseMé’gﬁ%ﬁé&’@wua@w@OlOlOOh " and status
information 2 is set to "0," since the defect block is not yet
re-initi qddeapd FIG5.NERtHrdugh W@iﬂlk;trhﬁ thirBeDPO& ek Wactib emtfus Eornbinak, is set

st at us |nf physi cal address of the bl ock
is regi stere md{f@fﬁ%f%ﬁgméan stdgft%?}s i nformati on 2is set to "O"

since the b|OCkIS noi/ re-initialized. %%?% ebIDEL entry |ist
i |1 ust r a@HOPh R 1A BN s pl ADEL enipt & 2 gngle Possiie driaciadlagk. || ust r at ed
in FIG 10B by re-initialization, which newlxé al | ocates the spare
areas # 1004AHl Referrifg0obie] 1 Resteius Infvgn@t@n fFioGhe PHBentyHesabL"Sewhiey f or
the bl ockpdidales tife HidiR mag aaNath Rt X physkthB@ldieBs &fla@efect block indicates a physical
address of the possible defective block, status information 2 is set to "0,” which indicates re-
initialization is not yet performed, and a physical address of a replacement block is registered as

“1,” which indicates the block is a single block.

[00102] FIG 11B is a view of a DFL entry of sequentiaf defect blocks with a known length of a
possible defect.

[00103] Referring to FIG. 11B, status information 1 of the DFL entry is set to "3,” which
indicates the sequential defect blocks may have a defect, a physical address of a defect block
indicates a starting physical address of the sequential defect blocks, status information 2 is set
to “0," which indicates re-initialization is not yet performed, and a physical address of a
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10B, the DEL entry for the block 8 is the third entry in FIG 10B, the
DFL entry for the block (r) is the fourth entry in FIG 10B, and the
DEL entry for the blockis the first entry in FIG 10B. Status
information 1 of the DEL entries for the blocks (r), 0, and C) are
all set to "5," which indicates that they are bl ocks that cannot be
used for replacenent, by disc re-initialization. Status information
2, which indicates the state of re-initialization, of the blocks c),
e, and C) are all set to "1," indicatingithat they have been
re-initialized, and a physical address of the defect block noves to

t he | ocatr¢piarenentlophip ssaistarechasdd & whiclhindicaies thelgngile efiemseqperdalidetest at us

I nf or mat ipRRksl of the DEL entry for the block (r) is set to "3," which
indicates it has a possibility of a defect, status information 2 is

et to n f t
f he | oca&ﬁ 0085’10% 1@1&2}&} I ca Ofggﬁ"gér@@ ec{ ﬁt:af&'e? @8% 5291]1 %g%\%% h O
now, t he of@Bessibfsice ﬁt was related to a single recording |ayer di sc

but the same nmethod applies to a double recording |ayer disc. [0098]
A pr oces$001g5indtelethgad FiG H€qstains infrmatioh & of this DBIc &ntiyris sehiodd,” whittect

occurs i r
pocu ¢ OLQ‘@TES EHe%g%a@ni il dQ@ct Q@a& mm@v&mfa& tarths‘?d:?gor%ﬁég oﬁéﬁc;egég%ck

rou
entries WEAeE Aslagingp 'CP'ﬁFBrF%?ftQﬁ?ei”q Eaiéé?"t#’ chsgstatug, i °€Hﬂtﬁ°ﬁa|'5c5§{ es
a bl ock &y, lick indicele$ eaiitialip@oa G0t yeit @rioirisd, arsl aaphysicaladdress oDEL entry

of a si ngt%pq’aogﬁ’@nﬁ'b}%l:l@ts qj%f' ?Eﬁéd éé%_&é&?éfmm[e@%kﬁﬁ%rﬁ:& EHerP&thl'be HeG  11A,

status infornation entry 1 s set | ndi cat es
the bl ocReFHE)tighdgiectsblosisfnond. physi cal address of a def ect bl ock

i ndi cates a physical address of the possible defective block, status
i nf or mat [6HOB] IRGS dLA arsl 128 Rustiip 8ivart picieauentis) defect blaplssivith aXaewrbandtisof ot

yet perf eidebet @Mngam@wﬁy@@dca@d ds s §re9fwh€reé§ﬂ’|la a&mt ofbrhecuélqudnaau
register defegisolocll'é emsW]n a usergata area%%corcrl}ng tg Iam embodS ment ofl tntgpresenl 1nvent|on

[00107] Referring to FIG. 12A, defect blocks # 1 through # 5 with a possible defect are
sequentially disposed in the user data area. The defect blocks # 1 through # 5 with a possible
defect form the sequential defect blocks. The starting address of the sequential defect blocks is
shown as "0001000h.”

[00108] In the present state, when the spare area is newly allocated due fo re-initialization, a
portion of the sequential defect blocks is included in the newly allocated spare area, while the
rest is included in the user data area, as illustrated in FIG 12B.

[00109] Referring to FIG 12B, by newly allocating the spare area, two blocks (blocks # 1 and
# 2) are included in the spare area, while three blocks (blocks # 3 through # 5) are included in
the user data area. As will be described later, the blocks # 3 through # 5 (i.e., the sequential
defect blocks) included in the user data area may still have a defect, and the blocks # 1 and # 2
included in the spare area become replacement blocks that cannot be used. ’

[00110] FIGS. 13A and 13B illustrate a change in the DLF entries from the situation illustrated
in FIGS. 12A and 12B.

[00111] FIG. 13Aillustrates a DFL entry of the sequential defect blocks as illustrated in FIG
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[00102] FIG 118 is a view of a DEL entry of sequential defect bl ocks
with a known | ength of a possible defect. [00103] Referring to FIG
11B, status information 1 of the DFL entry is set to "3," which

i ndi cates the sequential defect blocks may have a defect, a physi cal
address of a defect block indicates a starting physical address of
the sequential defect blocks, status information 2 is set to "0,"
which indicates re-initialization is not yet perforned, and a

physi cal address of a replacenent block is registered as "5," which
i ndicates the [ ength of the sequential defect blocks. [00104] FIG
11C i s a Wfehptés ‘h& Ok ernigef e Sﬁﬁ”%‘&%ﬁﬁﬁfﬁ‘f"lePks&@foé%’F iRiEaten-wi t h an
unknown | ength of a possible defect. [00105] Referring to FIG 11C
st at us i i@ gatReberirp tofIQ HIA, BRlus éfarmgtiond ofte DIFb ehtfy, is satitd ‘81 whiallli cat es
the sequehfidagls t@@eﬁ@nt@ B@@&%lo@l@%a}ﬁ‘?ﬁ éldtgé‘cft %hysx@al B Sds @Pthe 8étekt 8BRS Of

a defect bl ock, indicate S
sequent i 41 FarEEEd tB‘?r@E I&Dm %0951 YH"s”C” gf’é f‘ﬁ’ﬁ '°g] q(ggre%‘ff%ieoseqﬁ"“al HRiPEn
i ndi cat elucks, statut irddrinziithi20nset © “ﬂ.bwmylehdlpa-’resf thatme itialzatibrds pitydti cal

addr ess beerf@rm%ﬁpdnﬁaﬁjﬁﬁ}a#d@%&oﬂa%ﬂs&héw(ﬁﬁ is¥8giderBd S9CLQhidh MaRaal ue

"FFh," since t equential defects block is unknown.

[ 00106] Ifh%S”gﬂleAhea??G“ﬂﬂdPﬁeF% ¥ate a part of sequential defect

bl ocks with a known | ength of the defect existing in a newy

al | ocat edogipalk &1Gr188 jHusitate REEL entns of theraganerdial dsfect riecks é%]'!ll@ffﬁfﬁéin RIGf ect

bl ocks exos!Ratid) i DIt hinfidttR RERAtA 66 BiobDatteProaafitiMBRRdl ment of the
pr esent i nventi on. [00107] Referring to FIG 12A, defect blocks # 1

th h t f | th
oer dar oGt Fedbad3 PIco) S SEGBREL AR, PEBMGRN 1 Bt aBosiiefea. 1 e
def ect f dﬁ'cﬂﬁd?fl’\@ hgiipgrdatd apa even afier rmnwe'p@gﬁow@e §%Pfflr HYY-a @stee Wft t he
sequent i aiFL(iﬁfqelﬁ‘ets splu@aksmiaforshainm “aSwhittDRdiCde thé ddfed bIo&ds #athriobgh # 5

pres e_nt jﬁﬁ 1y §¥e M&Qct J&%lyﬁ&?éfdr%g %ﬂthé defb wo%(k 1‘34; Ltgr(é?ecfbogﬁﬁ 0{\( whlch isa

re-initi
i ncl uded SF%‘?‘@W@Y&*@W@%F Pfdhea%eaaer@ﬁélﬁ@cf ogks, SWWF@VWF\@H@@@HO"&" which
i ncl uded ihdicate @e-mRigizatbntas Bsehperi@med,| dnt 3 bhwiicarhddrsE6f@ rd@likement black

registered as “3,” which indicates the length of the sequential defect block.

[00115] The blocks # 1 and # 2, which are included in the spare area after re-initialization, are
the second and third DFL entries illustrated in FIG. 13B. The second DFL entry has status
information 1 set to *5,” which indicates an unusable block, status information 2 set to “1,” which
indicates re-initialization has been performed, and a physical address of a replacement block
registered as “0001000h.” The third DFL entry has status information 1 set as “5,” which
indicates an unusable block, status information 2 set to “1,” which indicates re-initialization has
been performed, and a physical address of a replacement block registered as “0001001h.” The
sequential defect blocks in the user data area can be shown as a single DFL entry, but a DFL
entry for each replacement block exists even if the replacement blocks in the spare area are ina
sequence.

[00116] FIGS. 14Athrough 14C illustrate the case in which a starting address of sequential
defect blocks with an unknown length of the defect is either in the spare area or the user data
area by newly allocating a spare area according to an embodiment of the present invention.
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[00109] Referring to FIG 12B, by newy allocating the spare area,
two bl ocks (blocks #1 and # 2) are included in the spare area, while
three bl ocks (blocks #3 through # 5) are included in the user data
area. As will be described |ater, the blocks #3 through #5 (i.e., the
sequential defect blocks) included in the user data area may stil
have a defect, and the blocks # 1 and # 2 included in the spare area
becone repl acenent bl ocks that cannot be used. [00110] FIGS. 13A and
13B illustrate a change in the DLF entries fromthe situation
illustrated in FIGS. 12A and 12B. [00111] FIG 13A illustrates a DFL
entry of [e0Ha7kdheremrea wb nibifods o pricesskeeausentialidbfaet blogksewdthian umingwn length, of

that is, de{égtt%ﬁghq.g_qrméhﬂ{,o,{ he sequential defect blocks before
re-initialization. [00112] Referring to FIG 13A, status information 1

bl oEEenaDﬁﬁ“‘ﬁQ@rd"e'"iE"P%t%t"%m prpastinida BAOLIBNTRe (i ithe RoupRpr o
regi st er aidfectidacks by “veticationiter recmding,h anchgeae@tlrm [Pﬁ‘igenﬁhiﬂé?@apf the weriéisd

3}1 t Ee S aewmebaﬁdu@%%brebhmﬂfe&s esadtilel $n thelisur BBk hi@A oPihb Spaiddred)@ifter0,
I C I ndl C

niti 1.7 no I‘,, ar
i cal nat LGt tie eaia i, afetf sk el Ut ins SRl WHe o i,
i ndi cat eds demfmlneﬁg?atﬁ Iockiimibe ye)daia erealhagla tiefest eyansiirighe srRcRIare is F@‘@’
13B i | | usiécaten, ADEnt@ BbdoMifto fhageﬁﬁﬁmaﬁ 1saég:éﬂ&é@c3utmtmferﬁﬁed that

| | ustrat rg
ot oot Bty cbhior BB bl o DB P! P oSk aflophd f 55 R e
t he def edfttheoiblankhrsthé Bewlhaltpazjed stBrasresis detpotinaditd kave @fdef@';t 4 At erdey dhaying
te Eter ;Sefrﬁ%?}s%f&ﬁﬁﬁorﬁﬂcﬁé&nﬁé HhEblofis hﬁ‘hﬁdsﬁlrdg @grtatésmbnt @octkmere@gté@a dfrls the
'3 o haPeAmEe ok A SUTe R TR AR PR e
def ect : aeqmwm[ blatk ind dsabesepifcetniat itk saegisieretk regi stered as

"0001010h,™ which is a starting physical address of the sequenti al
def ect bl[mnhsl pbabltethatf i9forgahdrae aZ)Fﬂi.%htrst depeérding onvihele d swlingadda®ss of

re-initiagl Sz%vé"ﬂ@ Jas blp%%}s gﬁl rpg\g,,ggﬁgca wﬂ‘g EarB 3! ‘I"ﬁ’rltl nletﬁést?inga

repl acemenet regl Ster e | Cat es
t he sequeddriegd of d'@fsgqqenbat defrct blocks is included in the spare area after aI[ocatlng the new

spare area, predetermined blocks from a starting block at the starting address are recorded and
then verified, and, according to the verification results, a DFL entry is registered. When the
starting address of the sequential defect blocks is included in the user data area after allocating
the new spare area, the original DFL entry is maintained. Here, status information indicating re-
initialization has been performed is not indicated in status information 2, since the purpose of
status information indicating re-initialization has been performed is to eliminate the unnecessary
read-modify-write process when recording data on the above-mentioned blocks by the hostin
the future. However, if the length of the sequential blocks is unknown, the range from which
physical address to which physical address of the sequential blocks with a possible defect has
been re-initialized is also unclear, even if the status information indicating re-initialization has
been performed is indicated. Therefore, the status information indicating that re-initialization
has been performed is not included in the status information 2. This will be described in more
detail with reference to FIGS. 14A through 15C.

[00120] Referring fo FIG. 14A, sequential defect blocks with an unknown length are disposed
in the user data area. Even though the length of the sequential defect blacks is unknown, the
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[ 00115] The blocks # 1 and #2, which are included in the spare area
after re-initialization, are the second and third DEL entries
illustrated in FIG 138. The second DEL entry has status information 1
set to "5," which indicates an unusabl e bl ock, status information 2
set to "1," which indicates re-initialization has been perfornmed, and
a physical address of a replacenent block registered as "0001000h."
The third DEL entry has status information 1 set as "5," which

i ndi cates an unusabl e bl ock, status information 2 set to "1," which
indicates re-initialization has been perfornmed, and a physical

addr ess cfartingradgressoie indisetethp@ROYIBYI'st ered as "0001001h." The
sequential defect blocks in the user data area can be shown as a

si ngl e DHRbowm} rBefertingt to EICOFB, amew gpdre aree &cilodaedliaihe sivatiorblustitedni FE S

even if t j ; i e

[00116] Prbchl paEhe RubGhR o IS BARGoRIERort Relyh R SIERES, |
addr ess cﬁdd@é»‘iﬂfé'?ﬁﬁea‘l‘enagﬂéf@?t bl il theunknoyR lepaldtsiwias Bififuseislata Hea

def ect | Dekird iy dlibcaihgthe Bpdrea@s 6l remaihdie tHeseer datatean iethe byrrenew y

R e

i nvention rocess sequentia
def ect blre/as wﬂtewsarmalm%m 3sgipRdiha thecreausstial ffﬁ?%aksﬁks are also in the

re-initi alsbzdtd Pen, ahdBd DBl eftRas prodeassd dcbordlingiveri fy predet erm ned
bl ocks fromthe starti ng bl ock of the sequential defect blocks by

"Verific %61? |%e[r40 gru%eﬂ%a nema@%%raﬂ&daﬁg t@ihpE fuafdplilubirdiod mﬁ@ h

of the veri wher e
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has a defec spare_ar ea |b ocat] QfF

entry aC@WEFWGtWQ@H@e%fWWWT‘%He £ P@&l“ﬁ é’& noidengih is ip theg
determ ne;ﬂartefawta it Basdhinedkhatl the Sequebtiahdafert Blocks laedb the apdde-BreedndyheddFLt he
bl ock do @ rcﬂ:@%gd E&c)rbﬁ'ngrt@ﬁ'e%sﬁﬁ*e@ Berﬁlnﬁﬂg ‘Jeﬂflc%xhﬁ a%rq'ﬁé%rdlﬁb H"e new y

al | ocate e are termn entry
havi ng stP&Q ?"F'ﬁ%’?'?ﬁéfﬁf%’ﬁ theriaringandrgss ¢t derseaertial defagy bleﬁ*ﬁsam e

repl acenent block is registered, and if the block is determ ned not
to have d0KSSEFIGS.alSBRIrowght1cg ikstcaterychanga in PFL avidesiathesiuations idistratedn
the sequefgsalaalilaegk 14, @ usabl e replacement bl ock is registered.
[00119] Another nmethod is to generate a DEL entry dependi ng on where
a starti r he-nNEW Yy
astart! ﬂgoﬁﬂﬂpr-géstsﬂ qutF!a‘?eFﬁR{lHEL”én'tr%f tqg%tﬁﬁénti?ll u%@%?otécgsdgérf%rgs newy
sequent i aﬂ"tlﬁﬂéﬁfléfbtwr!ﬁ?(?clﬂ@“ﬁ@dI“rﬁi@ddéd in the spare area after

al l ocating the new spare area, predeterm ned blocks froma starting
bl ock at [00M25) tRaferiimpio &tz n 84 stafusénformationdied therlFLtehisnis setrté 13" adhichand,

accor di ngn&ié%tési%epogﬁrglé fibre@ibd Elﬂckr Qﬁﬁysft;ﬁ’ad@regz ot a%@l%ﬁ%tdcﬁ inBiggtbSd ﬂ{ygigai
When t he startlnﬁ; de

al
e e bt e o g ek, SR bR S erin B GRS s e
ori gi nal ibfelizaiot has nics besmi petfarined,cind iphysicakadstess ofiaTeaceaeintdipck ha cat i ng
re-initi arﬁ%gtgﬁh%rm?ﬁﬁ’é?&m%m@ﬁ 418 nREe ORI thelsBouhid étect
informati 0 si nce the purpose of status ormation i ndicating
re-initi A19kEUBMOHAS been performed is to eI i M nate the unnecessary
read-nodi fy-wite process when recording data on the above-nenti oned
bl ocks by[00126] Hd&t15Blusirates the OFleentiolibe eequential defrst bleakg wherthe siading

sequent l %dd&k@@flfﬁe é udHRKIRRHD: b[JcP@wﬂﬂﬁQ@nkfwémbN@M i@h‘nclﬁhé@h‘ﬂﬂﬂ usACBELS S
ocks with a possible

def ect hé@ %@@Hre "@t"‘? ﬁ"i‘t'f’f'awricf’é?j'"isgatﬁﬁgg'ﬁzn%ﬂ%ear even i f the status
information indicating re-initialization has been perfornmed is
i ndi cated. Therefore, the status information indicating that

uded
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[00121] Referring to FIG 14B, a new spare area is allocated to the
situation illustrated in FIG 14k After allocating the new spare
area, the size of the spare area is reduced, but the starting address
of the sequential defect block, with the unknown | ength that was in
the user data area before newy allocating the spare area still
remains in the user data area. In the current situation, since the
starting address of the sequential defect blocks with the unknown

|l ength remains in the user data area, it is assuned that the

sequenti al defect blocks are also in the user data area, and the DFL
entry i s [preelSeéarirgde biGd15%; he. DALeOM2RNaIRS Be sameanihe BF| pntyyof Fik 5\ a

new spar eanaet%@sﬁkdrﬂa%%swe:ﬁm sot ol dsQiRsdrbbdisiovat ed in FIG 14A
After allocating the new spare area, the size of the spare area is

enl ar ged, [D@IE%OJ[IJE 1%& I%‘Vﬂof%%dlﬁﬁ_sé?'ﬂr? [Jf tﬁ@?eqﬁ&%%l%@ e'cﬁJIOCQﬁgﬁefrntth&étﬂ'ﬁlﬁs

with the

al | ocat i wgdneaﬁeofﬂme@ieat@aefp@ bloples withdire UnknawiRdenglis Bclydlasidn the gparearea
current  sitblabritRiizatisd, M6eh isMRsiEdedih FIGg1Axidr ess of the sequenti al
defect bl ocks with the unknown |l ength is in the spare area, it is

assuned tﬁtﬂbg %fe?ﬁ@qswd o %éf@& séahﬂggaar&&%f &Qsédﬂ@ntépd%‘f&t PGB windnd

t he DFL n r cessed acco he results form nltg
ult of

"verifi cat§ BHAM '%'igﬂ‘r eXisbyigihg grare Breﬁrae'a@t %FWSH%QFWF%E‘FFQ' P(’fhtp? fe
st arti ng vadgingsedaérmined bbelglttat reakdinigtheptddérotied blofi@0ba3he fHrdy  15A

th h i

11 st atigery o sk o a8 Frofbi Eﬁiﬁ*ﬁ%ﬁ’é’ are o il b 2“‘?2%
t he DFL. éﬁgqeytl%fieigcﬁélogl@(fﬁgrmeflfgpg H’@ﬁé‘l‘lemfﬂ' B bigglspang it is determined b
re-initi akliftakdneifat theliirst liodkds & Liabetbicak,ahile the Bédond biddk is pOHLEE e block

Referri n\gle Bﬁﬁen %?@ugtfage%tu‘r'?!d @Jr%?egpls%?edl of the DFL entry is set

to "3," ective block, a physical

addr ess d ndi cat.e sical, a S

poss: bl o AL 18?86%(655%’3 L2 e B o R SaRehal e

i ndi cat esceedingiiotan ambedimersnf thapgresant inketion. per f or red, and a physi cal
address of a replacenent bl ock has registered therei n a predeterm ned

val ue " Fibg134p Refstirgas sid hen, iﬁém’bh i©ibadelith 1BEGUCRYIEh attehecthe BysRaks i s
unknown. c[) %eral]o o'f: h?ﬁnvlegB%ti; réjc%glesaé &ige rte lrﬁt aPFI’ﬁon?Qoth{an(a Gtotl])e sequenti al

def ect bl oolEs when i Ng AUdress uent| a def ect

bl ocks wi_.th the unknown %thlsmcludedlnthe user

ot Cor T o 10E SV ReRes drt ro RIS rRCo AR (T abac I PR CoRg Pair
Ref er r i ng rteer sphr@archSidthe bz dBRlarearit8oR).r emai ns t he sane as the DFL
entry of FIG 15A, and status information 2 also remains set to "0O,"

as descr ijhp@3phxeihe system controller 10 changes a DFL entry according to the allocation of the
spare area by determining whether a portion that is fo be changed is a single defect block or
sequential defect blocks (1603). I it Is determined that the portion to be changed is a single
defect block, the process moves on to operation 1604, But if it is determined to be sequential

defect blocks, the process moves along to @, which is lllustrated in FIG. 16B.

[00134] In operation 1604, the system controller 10 determines whether the defect block
included in the user data area is still included in the user data area even after allocating the new
Spare area.

[00135] If the determination result shows that the defect block remains in the user data area, a
DFL entry of the defect block is changed into a DFL entry indicating it is a not yet verified

23



[00128] FIG 15Cis a view of the DEL entry of the sequential defect
bl ocks when the starting address of the sequential defect blocks with
the unknown length is included in the spare area after
re-initialization, which is illustrated in FIG 14C [00129]
Referring to FIG 15C, when the starting address of the sequenti al
defect blocks with the unknown |length exists in the spare area, a DFL
entry is registered according to the result of verifying

predet erm ned bl ocks after recording the predeterm ned bl ocks from
the starting address of the sequential defect blocks. For exanple,
when t herpossible defemiivel bibeic togetherotith siatus frtimrmstinginsiicatingl thejdeffest blotk hag keen
after verkfiyidigbdi(fysgequent i al defect blocks, and it is determ ned by
verlflcatlon that the first block is a usable bl ock, while the second

block is |

50 ar e 1 Q13 T AR oEey RSt ebiBebhndlthe 44 3o bR e i G

i |1 ust r at ¥separea, mm@ud&tﬁfmrf@d whetber #e defastplesk diat wasiodusied indhe user ga area
enbodi meng ingliddde the’sB5e Bfealadted nitairatidnq0d08)] Referring to FIG 16A
the disc 4 is |loaded in the drive systemand t hen t he system

controll ?@%1(])5? af gg%ggﬂlﬁa%ﬁn &ﬁt{}s‘ﬁ%g RERhY. &‘e?ed@blgélﬁqﬁat Wgs inglhélédeﬁll fhé %éron

comrand I SC re-|

recei ved, daﬁarﬁée%? w&'ﬁ%'a therspare érea pierpinglizalian, 3 Dﬁéﬁi“@’g?éﬁ“é daﬁe&té'qdﬁl% he
user dat achangsd irtd & OZ) entfyGticafdg thietxtie bldck & Lsnyﬁbmrfmmqmaembmtemgéﬂﬁbr eflanges

a DL e”tsﬁé{us\’;\iﬁ%ﬁaﬁ’ibn’{‘ﬂd&ﬁln{; Ra.-ml lkﬁtbﬁ‘hh&?b g Jﬂrﬁgﬁg%ﬁi area by

determn 58" ¢ s a single

def ect bl t d f t ks 03 det 1 ned
that the @@ﬁ@fdw%e@aka Bt peocihd oy aperitys Fereaspaa B
noves on iteudsgérthe usenddts ovéa a&jtallqcatmgtthe rewchptirerandar{$8P8), thetawstem gordiatidral
def ect bl Qdtgn g EQ@@%W%eW&%n@EMk Infb e(lf)#h en\{}@inﬁi&atln? itlid :l hb‘iErétat ed

in FIG 16B, 0 era
ot or m na@hIGHRORE (oA BIR SFHE npIBRION RS (ER A B e | s
still i ndiegdpeifarmed 1809)kser data area even after allocating the new

spare area. [00135] If the determnation result shows that the defect
bl ock r en[aom] i 1A tHelt@sain dhicH aﬁéia@hﬂa% deidinineSMbt e SrtichiebsleHargdd id! ock

I's changed eqllJentttacﬂ dafec[:%%lrocl?s Ehe%rdcgssl rgéa\}els ngto operaiS onal 61(? Eas%ﬁgwnvbeyr@)f as sﬂown in
FIG. 16B. Inthe case of the sequential defect blocks, it is determined whether the length of the
sequential possible defective block can be known (1610).

[00140] In the case of sequential possible defective blocks with a known length, status
information 2 of the sequential blocks in the user data area is set to "1" after allocating the new
spare area, which indicates the sequential blocks have been re-initialized, and changes a DFL
entry of the sequential blocks into a sequential DFL entry (1611). A DFL entry of the sequential
blocks included in the newly allocated spare area is changed into a DFL entry indicating
unusable replacement blocks (1612). When a portion of the sequential possible defective
blocks is included in the user data area, while the remainder of the sequential blocks is included
in the newly allocated spare area by allocating the new spare area, some blocks included in the
user data area are processed in operation 1611, while the other blocks included in the spare
area are processed in operation 1612,

[60141] When the length of the sequential possible defective blocks is unknown, one of
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possi bl e defective block, together with status information indicating
t he defect block has been re-initialized (1605). [00136] If the
determ nation result shows that the defect block does not remain in
the data user area, it is then determ ned whether the defect block
that was included in the user data area is included in the spare area
after re-initialization (1606). [00137] If the determ nation result
shows that the defect block that was included in the user data area
is included in the spare area after re-initialization, a DFL entry of
t he defect block is changed into a DFL entry indicating that the

bl ock i s metugiahlaed £ can beapkdemmeimt fo the fehtierof Vibrtdrasplatadivé mhaufavitréron

i ndi cati r(g? 1R- initialization has been perfornmed (1607). [00138] Next,
when a replacenent block that is unusable for replacenent in the

gl T e s ST
t he repl denudehin the seqkeritisitotpcks mar@mthgousufn'@érdla@tiongftertreqogim aod fh%t

:/ﬁ(rj : 1(‘: ; te:i £éhr$§!_1§31|o%é1%frf‘c?g@[n:/r§%mk QAYFLHPNG tivd %r u&iaﬁbl«b@ks}@&@hm(ﬂﬁﬂ

the case TR PP a*a#&%a%%a%%ﬁ%ﬁ@ﬁ% o8 PRde e s e e o
changed iaersdiopating the hevdefaecaredis oxdistered dser Pirlowirs icldinesatenintognation 1

oper at i onnglBdH .( .eaeféaw@r a%ss% SheBnd fatlid fHorm&Bn 2 Ilﬁalcm@ me%aveof
t he sequ nti al th of

N N L R Y
I n the casencoly dlecpirsitphalarqacssidiitisedinfaddfili angy nklodikgstatiig ihfoamdtinmin

| ength, ittt dsBIObEHLL oiflorthIRRIURTULBL nRhRAKS 21ichile 1egeave

data area 1s set after allocating the new spare area, which
i ndi cat eQeeHE" '@Eﬁﬂﬁ%tl al bl ocks have been re-initialized, and changes

a DFL entry of the sequential blocks into a sequential DFL ent%p‘
(1611). ACDRE] dmiheygassiof theanatingiZehithe alarting Blersof inecearatp! PRCHSHENFRA Y

al | IOC at edhetslﬂ;gr @t BRates aldaaing & sipﬁerrst% DPEL enlyragatdidi thadthrigy tmwssag: e
repl acene (0] or I SSI e
p ﬂ riggg wgo d se(quenjfﬁl)b Ooe}é\gﬁnen% passuml thg{thé r%%‘t of %%ﬁo@%g aq‘% ﬁlgg

defectivé B 1S ThC Haerd gat e’ area
r emai nderinchfded indhesusqudain arad. lbﬂheehsmm Blogkrat thagearental bin@smmltgdeémib% at ed

spare ar gawhplictaled &pdré Hl@ahh@aﬁ@ﬁ’(a@f?@ﬁ tBe REEA theDRHAR: 4k PEkiSed Ntk dpes i N

h d h h
ook g aath B2 S BR0FG W Cal dp G Al SRad o 121 s
[00141] \waehe ohmusadlegemiacementtptocksapaerding tel vepiiipginpulteledrioarddadie| oc ks

i's unknowhordite of nethods 1 and 2 can be used according to the
intention of, for exanple, a drive manufacturer (1613).

[00144] According to the above-described present invention, by re-initializing a disc through
managing defect information without recording data and then verifying the data, the re-
initialization process is quickly performed. That is, by indicating re-initialization has been
performed in status information 2 of a defect list entry when re-initializing the disc, re-
initialization can be rapidly performed. Also, if the status information 2 of a defect list entry of a
block in which data is to be recorded is set to “1” when recording data after re-initialization, a
drive system knows that re-initialization has been performed, and. even if a host issues a
command to record data on a portion of the block, predetermined data is immediately padded in
the rest of the block without going through a separate read-modify-write process, and the data is
recorded. In addition, the drive system immediately transmits null data to the host, since the
data recorded on the block is invalid, or a check message can be transmitted when a
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(00142) In the case of the nethod 1, predeterm ned bl ocks begi nning
froma starting block included in the sequential blocks are verified
t hrough "verification after recording," and then, according to the
verification results, a DEL entry of the sequential blocks is changed
(1614). That is, according to the verification results, the
sequential blocks included in the user data area after allocating the
new spare area is registered as a DEL entry including status
information 1 indicating it is defective or has a possible defect,
and status information 2 indicating they have been re-initialized.

Al so, accepratiupigy tanrodnd isrecdivei c Bdreforer the priesant invangorseeuesives tie tibk ocks

| ncl uded b fyB& inf1eMitkli Aot S shdSREVeRt R\ AReREry ERITbdi WrielYocBs kb
entry including status Information 1 indicating usable or unusable
repl acenéfi "%@%EF@Pmand status information 2 indicating they have
been re-initialized. 100143] In the case of the nethod 2, if the

st arti ng 188k Toe racprding! Heingmethpcrer glsp be prbddipdeas cPrPuierdeaddlle dat a

area aft @pgedloh@eaipiter ibdtRble RRbRING hkdiumd TREborRiite! Yeati@daetiriigy inBéum is

i bl ock h d i al .bl
That  t he 2Pl apler BNR Sk e e R NAT b T B e eyl RS, "
| f the stExrmplerpfflecoripuir redrable separsingireadiun ingds reag-aniyaiampat(ROM)t he

new y a: |ré§ﬂ%%@ce%9&feﬁlo@r(ﬁﬂhﬂ),bb-ﬂ@nﬁﬁﬁymgtépbﬁ?loﬁﬁb@isk@ﬁﬁorﬂﬁtioﬁlﬂ@tab| ocks
are 1 nclude

d .th ) d L t d h
Sequent i A°THP SRV, TASRURYes (g BT A0 G TEasTS or
unusabl e computerceadable rdsbuing sedivwean alagbe distiiadd dvertetwank gooplad eanputer
per f or nedy@dhedo th8 M BinpSter (LMD 4bdeAS 6Bl iaRdedeuttd i a’iR@bErd Rskib.bed

present invention, by re-initializing a disc thr h ,managi ng def ect
P or mat AR O A Propals, bt AP H SRS A 2 PTG ho data. t he
re-initi a¢coingirepoduciog esthod eanduei eakily wonstr écbryrpzebrarihers skilied inbipe art to

i ndi cat i R@ich &l fdsbhidhveRithiperittas been performed in status information
2 of a defect lI'ist entry when re-initializing the disc,

re-initialid,zati i if us
i nf or mat i?é)dﬂag 6@ H%Jﬁsgffééﬁ?rﬁ?aoimsnﬁhéﬁf ?‘%L%% g@%’f@%ﬁﬂ?"ﬁ b\%ﬂ? %ﬁwggtﬁéa isto
be recor deskribes, §would be apprecjgiasiby those pidled i the e that ghapges may be made in this
L e-initi ?hbmgém Ruithdut Bpartifg A trRPrirdisSanRpiit ot thel imﬁegzioaj thaedob@gf w&m
een performed,. . eve : i ssues a command to recor ata
on a por £5 eﬂn%d%m ?‘%g'aﬁﬁ%oaé‘afﬂ%re@ﬂ‘&%ﬁsm ned data is i medi ately padded
in the rest of the block wi thout going through a separate
read-nodi fy-wite process, and the data is recorded. In addition, the
drive systemimmediately transmts null data to the host, since the
data recorded on the block is invalid, or a check nessage can be
transmtted when a reproducing command is received. Therefore, the
present invention can reduce the tine consuned in re-initializing the
di sc, and prevent an unnecessary read-nodify-wite process in a
re-witable nmedium [00145] The recordi ng/reproduci ng nmethod can al so
be enbodi ed as conputer readabl e codes on a conputer readable
recordi ng medium The conputer readable recording nmediumis any data
storage device that can store data which can be thereafter read by a
conputer system Exanples of the conputer readabl e recordi ng nedi um
i ncl ude read-only nenory (ROM, random access nenory (RAM, CD ROV,
magneti c tapes, floppy disks, information data storage devices, and
carrier waves (such as data transm ssion through the Internet). The
conput er readabl e recordi ng medi um can al so be distributed over
net wor k coupl ed conputer systens so that the conputer readabl e code
is stored and executed in a distributed fashion. Al so, functional
prograns, codes, and code segnents for acconplishing the
recordi ng/ reproduci ng nethod can be easily construed by programrers
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What is clained is: 1. Anethod for recording data on an

i nformation recordi ng nmedium conprising a data area including a user
data area to store user data and a spare area to store a replacenent
bl ock that replaces a defective block occurring in the user data
area, and a defect managenent area to store a defect list in which a
defect entry is recorded, the defect entry conprising |ocation
information regarding the replacenmed dpygck and first status
information of the replacenent block, the first status infornmation
conprising a first value indicating that the replacenent block is
unusabl e, wHaeis Wiih&disconpri si ng: recordi ng a new defect entry
Wi th second status information into which the defect entry with the
first status information is converted during re-initialization, if
the repl acemeny, bl Oﬁkmbﬁ]ob%atrﬁébrtmgtblﬁauéﬁfarﬂaif@m@h@@ r@f:érﬁrngamléamgﬁ‘

f th h tial
econd ¢ STRTEIN b RA IR P 46 R BERI DR B FHAELAG AR o

the repl a@temtepwcembnmokesmadam d defédiies bRtk dedueniny i tHeryser gata area,

Pyl oar S cetesEpaaietion aep s atof 3 ApepRh ARhiftla feBbtnly iRbg8 2
net hod f other dxbecd ity regmgbaising flacatioramfermbbonreddacting theonedianqnmmlmh and
conprisin - . dat a
and s spafretar@ hidngfoh B fellfechelEBbon M R i Rothdlch tafinshig s
def ect i vefirst aile lodlcatmltlrraj tmmreplaeerusmmmamumse@e thethethod ebeptising:
management are 'ngt D &efQ&fe% with %Ie dnid s%b&ﬂfﬁpgﬁd‘n%ﬁ{o viHKEH the 'détect
recorded, the entry si ng oca ron 1nformation regard

t he repl a@@t%ml’fhbtft@c Iflrsén%ia’fﬂiir@ OF@E%RFU@ icenedt Fj@"ﬂﬂgoﬁe'tfl’i@]'??é'}@l‘adfeﬂwt
bl ock, thg facéﬁqanﬁﬁiaém bath&Y VBdhb QReF QMR drsd Bflerds FargstorAd dfare area is

i ndicatin t at the replacement block is unusable, the neth

conpri si n%!anged by re-iniiglizséiedi ng a new defect entry with second st at us

i nI or mat i ﬁn L rPR_rbRghé Béﬁnﬁ%&ét@?mfcﬂﬁl@f@ étgnmds uraec&mﬁvamammndrﬁé@@tthat
entry with the secon atus infornptjon bein entr I is .
convert edt hPrrSHlla??{Be’Hg?' COéF‘?PP?)"qut #thﬁé”el’“f F%@Cts?'}ﬂyu'é %/H?%?r'bﬁ%td?%ﬁt've
during repbgit.tialization, if the replacenent block is located in the
user data area after a range of the spare area is changed by
re-initialization, wherein the second status information

conpri ses a sezond Ta methbadf daiti hogvheneit atihgsica pldessrehihe lbetective block
correspongin%gcﬁa%g&gl_e new defect entry is a possible defective bl ock.

3. A method for reproducing data from an information recording medium
comprising a data area including a user data area to store user data and a spare area to
store a replacement block that replaces a defective block occurring in the user data area,
and a defect management area to store a defect list in which a defect entry is recorded,
the defect entry comprising location information regarding the replacement block and
first status information of the replacement block, the first status information comprising a
first value indicating that the replacement block is unusable, the method comprising:

reproducing a new defect entry with second status information from the
information recording medium, the new defect entry with the second status information
being an entry which is converted from the defect entry with the first status information
during re-initialization, if the replacement block is located in the user data area after a

range of the spare area is changed by re-initialization,
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4. The nmethod of claim3, wherein a physical address of the defective
bl ock is not changed. 5. An information recordi ng nmedi um
accessi ble by a recording and/ or reproduci ng apparatus, the

i nformati on recordi ng nedium conprising: a data area conprising:. a
user data area configured to store user data and a spare area
configured to store a replacenent bl ock that replaces a defective

bl ock occurri ngmlenrélﬁ {2 43644 & ?ﬁ‘?atloﬁ'agwﬁnseﬁ a sé}eﬁﬂlﬁlﬁé intRAREG Rt

area configure tore a defe entry 1s
recor ded, tiehéenipepaent blaek 90'6‘%59(539?"1“5@ Q) theoBew jdsfect gy ifad i RoRsiblegiafertivg
the repl aggprnt block and first status information of the replacenent
bl ock, the first status information conprising a first val ue

i ndicating that the replacenment bl ock is unusabl e; wherein the

defect entry wath tinge friekiehl cFeRIG'S, WASBIMMERSHR Rl K088\ EHeCdbféBiva bRENY
def ect entr%fevmth second status information during re-initialization,

if the reMm Hengedpl ock is located in the user data area after a
range of the spare area is changed by reinitialization , and

wherein the segcond stat i nf or mat ri ses cond val ue
i cati gt hat-t neAp aploTEalhI TG ST TB GRS 1o & FRSOHIN ABFGE:
entry is sepodkirglappdetuecthevigfoldhatiok recording mediGm coherising:or mat i on
recordi ng nedlu f a wherein a physical address of the
defective bl ock % {s?a J‘i‘ érﬁgr?&c"d

a user data area configured to store user data and

a spare area configured to store a replacement block that replaces a
defective block occurring in the user data area; and

a defect management area configured to siore a defect list in which a defect
enfry is recorded, the defect entry comprising location information regarding the
replacement block and first status information of the replacement block, the first status
information comprising a first value indicating that the replacement block is unusable;

wherein the defect entry with the first status information is converted to a new
defect entry with second status information during re-initialization, if the replacement
block is located in the user data area after a range of the spare area is changed by re-
initialization, and

wherein the second status information comprises a second value indicating that
the replacement block corresponding to the new defect entry is a possible defective
block.

6. The information recording medium of claim 5, wherein a physical address
of the defective block is not changed.

7. An apparatus for recording data on an information recording medium,
comprising:

a pickup configured to emit a light to transfer data with respect to the information
recording medium, the medium comprising a data area comprising a user data area
configured to store user data and a spare area configured to store a replacement block

that replaces a defective block occurring in the user data area, and a defect
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7. An apparatus for recording data on an information recording

medi um conpri si ng: a pickup configured to emt a light to
transfer data with respect to the information recordi ng nedium the
medi um conprising a data area conprising a user data area configured
to store user data and a spare area configured to store a repl acenent
bl ock that replaces a defective block occurring in the user data

area, and n@an9§éxﬁ&ﬁt aré@@&ﬁ@ﬂ%‘&tto% 8a &aﬂédt gé‘tr iR dyHich éHQf’e@t ént85 &dordddSt

i n which ect entry 1S recor efect entry conprising

| ocati on ither defastt ery M@tmswgrigcatﬂﬁ@ Imf@rmaév@@rf@gﬁrdlbw Sk repfagement blogk apd)s

i nf or mat i @Ryt efatdshoFredRtloR G tRMTEp BNt blodR tﬁé filst stﬁﬁJéﬁM&rﬂaﬂB@E&ﬁbﬂlsﬁﬁb a
conpri si n(% a first value indicating that the relg acenent block is
(>

unusabl e; TEhyalue indicating tatipe Eﬁﬂ'@?”’@ﬁ?ﬁ'?%‘d? Herseblec@t rol the pickup to

record a new dafc@ﬁtro@atcbufgmémtos@medth%t;a&mug tbnéwra%t heWn dbfébpewﬂﬁ with
S conver

the defect entr the first st i nf or mat

duri ng reS?qﬂnfﬂ.%fw%?%ﬁt'Ofi wtqwefcpipﬂi%!@%mwmﬂbéﬁ e fisst plgius;i flafmtﬂlom%
user dat acamedtedtlieig @- m:aaﬂgetrcm‘ lﬂti’mereﬁﬂﬁérﬁeraib&ﬁk isSoeienigatk Bser data area
re|n|t|al za atus informati on

d
conpri ses? ’599@8%0(}5?aBarFﬁaﬁac'afﬁ?[Eeﬁﬁg Fﬂ@"?aéﬁ'l"’acerrent bl ock
correspondi ng thertehethaencmmifsaams dibmpatios campiises isbdeeonke v alat indicabihg thet

8. The_ apﬂ_%lr %&;%%e ent %If%l{?cgrres r%u% t the Eé/\ﬁ R(é%lct gr%v %Sg pg(g)?iﬁlgedefective

defective 's no ange ara

reproduci higcklat a from an |nfornat|on recordi ng nedlun1 conpri si ng:

a pickup configured to emt and receive a light to transfer data with
respect to the information recordi ng nmedium the nedi um conprising a
data area conpfi si nfhex apparatug f gladn oa Wherdin guplygicabaddresseofuibe rdethstive
and a spapgcrlsGft SiHgkgured to store a replacement block that

repl aces a defective block occurring in the user data area, and a
defect management area configured to store a defect list in which a

defect entry ig, recandgshratidordgiredicitaty fr&ABRNMSMGoh R&dtdimedium,
i nformation regar di ng the replacenment block and first status

i nf or mat i B %he repl acement bl ock, the first status information
conpri sing a fapikuyedniiguiedds emitiang rédadve d Iyt oapinsle daa twith regdect 16 the

unusabl e; in?onn%ation recording medium, the medium comprising a data area comprising a user

data area configured to store user data and a spare area configured to store a
replacement block that replaces a defective block occurring in the user data area, and a
defect management area configured to store a defect list in which a defect entry is
recorded, the defect entry comprising location information regarding the replacement
block and first status information of the replacement block, the first status information
comprising a first value indicating that the replacement block is unusable; and

a controller configured to control the pickup to read a new defect entry with
second status information from the information recording medium,

wherein the new defect entry with the second status information is an entry which
is converted from the defect entry with the first status information during re-initialization,
if the replacement block is located in the user data area after a range of the spare area
is changed by re-initialization;

wherein the second status information comprises a secaond value indicating that
the replacement block corresponding to the new defect entry is a possible defective
block.
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a controller configured to control the pickup to read a new def ect
entry with second status information fromthe information recording
medi um wherein the new defect entry with the second status
information is an entry which is converted fromthe defect entry with
the first status information during re-initialization, if the

repl acenment block is located in the user data area after a range of
the spare area is changed by re-initialization; wherein the

second status information conprises a second value indicating that
t he repl acemsnf'O-bTh@cappé@tqséggBﬁ@JPn‘glhetrélntaﬁé‘yﬁéwadéﬁéﬁf Badefpcivg ock is
possi bl e dgf@ahide bl ock. 10. The apparatus of claim?9,
wherei n a physical address of the defective block is not changed.
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