METHOD AND APPARATUS FOR MANAG NG DEFECTS | N RECORDI NG MEDI A, AND A
DEFECT MANAGED RECORDI NG MEDI UM OBTAI NED USI NG THE SAME METHOD 5
Technical Field The present invention relates to defect nanagenent
for recording nmedia, and nore particularly, to a nethod, apparatus,
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of a recording nediumin a new portion of the user data area,
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repeatedly wrtten and recording can performed using a
acces$0 nemapaged ecording dnédiumubbtaired ersingr the isase methbdc appatatasidand

slipping renl n | once recording nmedia, where recording
i's aIIomeé“ﬁﬂ@%?gﬁggwﬂﬁ“%%g%@ral, the presence of defects in a
recording nmediumis detected by recording data on the recording
medi um and then confirm ng whether or not data has been witten

correct | yBagkdrivend Agicor di ng nedi um However, once data is witten on
a wite once recording nedium 30 it is inpossible to thereafter
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cannot begRLaRRNeY compensating for data loss caused by the defective area. In general,

defect management is performed using linear replacement or slipping replacement.

In linear replacement, data stored in the defective area of the user data area is

recorded in a spare data area having no defects. In slipping replacement, the

20 defective area of the user data area is skipped and the next available area of the

user data area having no defects is used.

Both linear replacement and slipping replacement are, however, applicable
only to recording media such as a DVD-RAM/RW discs, on which data can be
repeatedly written and recording can be performed using a random access method.

25 It is difficult to perform linear replacement and slipping replacement on write once
recording media, where recording is allowed only once. In general, the presence of
defects in a recording medium is detected by recording data on the recording
medium and then confirming whether or not data has been written correctly on the
recording medium. However, once data is written on a write once recording medium,

30 it is impossible to thereafter overwrite new data and manage defects on the write
once recording medium.



rewitten, include the nethods, apparatuses, and nedia potentially
including the use of a reproducing and/or recording nmediumdrive, to
produce a defect managed wite 5 once recordi ng nedium However, the
def ect managenent performed by a reproduci ng and/ or recording nedi um
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such as a power failure, and a defect managed write once disc implementing
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Additional aspects and/or advantages of the invention will be set forth in part
20 in the description which follows and, in part, will be obvious from the description, or
may be learned by practice of the invention.

To accomplish the above and/or other aspects and advantages, embodiments

of the present invention provide a recording medium, including a spare area storing a

replacement area that is a substitute for a defective area of the recording medium,

25 and a temporary defect management area storing temporary management

information identifying the defective area and the replacement area, wherein position

information and state information regarding the defective area are recorded in the
replacement area.



of the present invention provide a method of nmanaging a defect in a
recording nedium including recording a replacenent area for a
defective area of the recording nediumin a spare area, and
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(DVR) of the recording nmedium based on the generated defect
i nf ormati on. To accomplish the above and/or other aspects and advantages, embodiments

of the present invention provide an apparatus, including a recording/reading unit

20 recording data to and/or from a recording medium, and a controller controlling the
recording of data to a replacement area, for a defective area of the recording
medium, in a spare area of the recording medium, the recording/reading unit to
record temporary management information identifying the defective area and the
replacement area in a temporary defect management area, and controlling the

25 recording/reading unit to record position information and state information regarding
the defective area in the replacement area.

To accomplish the above and/or other aspects and advantages, embodiments
of the present invention provide a method of managing a defect in a recording
medium, including determining whether recording medium defect management has

30 been successfully completed, reading lastly recorded defect information from a

replacement area, of the recording medium, for a defective area of the recording

3



5 The determ ni ng of whether the recordi ng nedi um def ect managenent
was successfully conpleted may be determ ned by checking a
consistency flag on the recording nedium The generating of the new
defect information may further include reading position information
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verification of the portion of the recording medium.

20 The updating of the SBM may further include recording an updated SBM as
temporary management information in a temporary defect management area on the
recording medium.

To accomplish the above and/or other aspects and advantages, embodiments

of the present invention provide an apparatus, including a recording/reading unit

25  recording data to and/or from a recording medium, and a controller determining
whether recording medium defect management has previously been successfully
completed, controlling the recording/reading unit to record lastly recorded defect
information from a replacement area and generate new defect information when the
recording medium defect management is determined to not have previously been

30  successfully completed, and controlling the recording/reading unit to update a defect



s and/or froma recording nmedium and a controller controlling the
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according to an enbodi nent of présent invention;
i1l ustrategdisnjata frame format for a recording nmedium according to
an 5 enbodi nent of the present invention;

To accomplish the above and/or other aspects and advantages, embodiments
of the present invention provide a computer-readable medium including computer
readable code for controlling a reproducing and/or recording apparatus to perform

20  any of the above methods.

Brief Description of the Drawings

The above and/or other aspects and advantages of the present invention will
become more readily appreciated from the following description of the embodiments
25 taken in conjunction with the accompanying drawings in which:

FIGS. 1A and 1B illustrate data structures of a write once recording medium
with a temporary defect management area (TDMA) and a defect management area,
according to reproducing and/or recording embodiments of the present invention;

FIG. 2 is a block diagram of an apparatus for performing defect management

30  of a recording medium, according to an embodiment of the present invention;



FIG 5 illustrates a spare area in the recordi ng medi um fornmed when
defect managenent of the recording nediumis abnormally term nated
due to an unavoi dabl e acci dent such as a power failure; FIGS. 6A-6C
illustrate diagrans explaining a nethod of restoring a spare bit io
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start Tt et e —pa VBN ecor di ng medi um 100. The user
data area is rea 6.where user, data, |s lL.tten, and the are
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written ogrel BEscrib@8Oh&lbRWIto explain the present invention by referring to the figures.
20 Hereinafter, preferred embodiments of the present invention will be described with

reference to the accompanying drawings.

FIGS. 1A and 1B illustrate structures of a recording medium 100, according to
embodiments of the present invention.

FIG. 1A illustrates a single recording layer recording medium representation of

25 the recording medium 100 having a recording layer LO. The recording medium 100
includes a lead-in area, a data area, and a lead-out area. The lead-in area is
located in an inner part of the recording medium 100 and the lead-out area is located

in an outer part of the recording medium 100., The data area is present between the
lead-in area and the lead-out area. In this embodiment, the start and end of the

30 data area are the same as those of a CD rewritable (CD RW), and the data area is
sequentially divided into a spare area, a user data area, and a spare area, starting
from the inner part of the recording medium 100. The user data area is an area

6



5 medi um 100. In this enbodinment, positions of the spare areas are
not fixed. At |east one of a defect managenent area and a tenporary
def ect nmanagenent area is present in at |east one of the lead-in
area and the lead-out area. FIG 1B illustrates a double recording
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20 areais allocated to each of the recording layers LO and L17.

In these embodiments, the spare areas can be present between the lead-in
area and the user data area, between the user data area and the lead-out area and
between the user data area and the outer areas. If necessary, a portion of the user
data area may be used as another spare area, that is, more than one spare area

25 may be present between the lead-in area and the lead-out area.

FIG. 2 is a block diagram of a reproducing and/or recording apparatus for

performing recording medium defect management, according to an embodiment of

the present invention. Referring to FIG. 2, the recording apparatus includes a

recording/reading unit 1, a controller 2, and a memory 3. The recording/reading unit

30 1 writes data on a recording medium 100 according to an embodiment of the present

invention, and reads back the data from the recording medium 100 to verify the
written data.



a verify-after-wite nmethod in which data is witten on the recording
medi um 100 in predetermned units of data and the witten data is
then verified to detect if an area s of the recordi ng nmedium 100 has
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witten user ato getet an area of-the recor
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r epl acengpédetemninednuhitstofrdasa bhe tiee &mtt@ﬂ datd R thehivefified td IRtdrR A arka
If the anmount of the stored informati on reaches _a predeterm ned
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is to a t t ernen

ot o rmt 35 adFISPREEE 1 o868 e Ak T BYERIRe AT BT g rereatter
def ect i véharceatrobard2 oceatee&ﬁonﬂa};tlm ldepilfgmgnmtg pusitiths @mﬁeg@i}fa@ﬂiw Nrea
def ect nment, i nforpati on r agi ng the tenpora ef ect

i nf orfat |35ﬁgt%PHeB?PFWUFBFea'i%dtﬁ‘P@ngﬁB%&?&ﬁ%ﬂtmformﬁ R Ehﬁ't?r%?fe?’%@ect'f
managenenfe aR{cUntef tHestbRs nfiRmatiol Peschelid pradRtdrividd Iehal. tr?@controne
provides information for identifying avail a%l e areas from unavai l Ire

areas of Wies the-stgred infprmadipnin ademparasy dafest managamest ares ﬁ@MAbof the
def ecti V‘?e@c?r@ﬁ‘mg' fnelfidrht $80.¢ O 1ABfmARI %ﬁf@fnnfo tRé eﬁ?l\fﬁp i§% aﬁlgdrﬁzﬁﬁrgry
n I nfor ma

this informati en tenporary nanagenen I on ~ cannot
updat ed, reanpgemvdrdinfarmaticy ciaimispendiog itd elefect unanagermentonfarmition written

25 oggur £V d ctlve. ar as. _heen re | aced

r epl agem?:nt 5!% geéth'%%ggé'ﬂ%%tr %’é\et% @?.MQ f@? nsmPRéa'éiem@ pgement gﬁor maQIon
speci f i e@ohtmqoommpmﬂryamefsttatiﬁfdnfnatlfme idéatiftig Vihedr @ffectv® areas and
instance, infornption initial desi gnat ed for defective cl uster

is writt SRIESPENTIRGy Gy replaceraent ??éés ag r@BlPaE%Wé!ﬁ el mapagemepk infergnation
substi t Ufg frdhakitg th@etfeﬁfﬁo'ré/r? cféfeat.ﬁform‘a?hen I nh%ém&lﬂeﬁ i Qﬁér&hﬁamméﬁt

defective cluster, in the 30 repl acenent cl uster entifies
posi ti on thgieraperery defechmanagementisfamatior includescarsgiaeg bitedam (SBM) that

def echs RSN ifishagion fAURERIME! MEBECAREL%Gh dphanaid adel % the

caused during verification e p05|
i nf or mat iresordinggaediumy!@the def ective cl ust er is consider ed addr ess
information. For instance, if

The information regarding the defective area is written to the replacement
area, so as to restore this information when temporary management information
cannot be updated, e.g., when an unavoidable accident such as a power failure

25 occurs, even though the defective area has been replaced with the replacement area.
The information regarding the defective area specifies the position and state of the
defective area. For instance, information initially designated for a defective cluster
is written to a new cluster, i.e., a replacement cluster, that is a substitute for the
defective cluster.  The information regarding the defective cluster, in the
30 replacement cluster, identifies the position and state of the defective cluster,
Recording medium defects include defects caused during recording of data and
defects caused during verification of the written data. The position information
regarding the defective cluster is considered address information. For instance, if
8



8 several continuous physical sector nunbers (PSNs) are initially
designated for the defective cluster, a first PSN of the defective
cluster is recorded as the position information thereof. The size of
the position information is a unit of bytes, so that all addresses

of the resggfainsortRdbusnphScaiodedis mﬁab@.%sﬁ drasniiay Td'eglgggted for the

i nformation. For instance, the position info tion may be
byt es | ongefectivge CBlSEﬁ"eal firsb R8N iobrihe sipfedlivacluster dereearded as thst position

i dentifi Cfif 8{}’9%3 Bﬁrth B, \j\'\?leﬁ.z%fl t’i’n%jfbsltfa n%nﬂS{ucﬁﬂs‘é’ finf 'o'f'Bgt?E, {Sthat all

equi val en ser ML eRER clus
i denti fi eaddmhsséseroft the deterding smedlnmmjloet eanebecexmessed | mdﬁbl ebsition

def ect. C | et.e defect resents, ata that is co

anmgett ARPTEEAAR - EEr dostaie: dBB G s i sHretomn sy BE PRl 4 vtes long.
wher eas tige Ismeriﬁfoeﬁr@tuduefregérdrr@omse@ﬁeétwéi%hu%térhrabane% hmefher user data
corrected hut is nmore likely to damaged again. If the defect 1s a

conpl et e WERRREIN tfamﬂ&f%tlve t¢rnl5twwaégrtat@emtdaia ugrattan iy feplacement
the sane é\Esteﬂ |'FB§ Hhetherithe derlceRid E@m@leﬁé?@fect SPLS ik r@?gféu(?&ect.

data, whic oud ave been witten in th ctirve clus
conpar ed tthe hemplete deffieat rapme&anisydaiadbauﬁ tmnpletelp dmnageenarhm cahmt be

ooy 1« T e B oL b S8l koSBT TR Qms i s
changes @atahhatshawbdaocdaéeted Bheis motes Hiely te be emneay ey @géin bug ttiea defect
(not shown) of apparatus to renove

d/ di
t he recorﬁl%%o'ﬂﬁlﬁf%ﬁgl‘%% %f &Fan ?d?ligﬁgg%;’ebtg ystel mayi et bedhessmesas

2 expect sy WirfttePRRTAS GBRHLe chaxs. bees id eaa Rt @sla, WRith: sﬁdaf‘d have been
controller 2 reads the defect information Tromthe nenory row

it to thewriten i degefastve siisten comparadyta tha datasthat@ctually ends up bemg
recorgl ng‘.rfrlrtg%ﬂ @iélogbfe.f;&vé Qutdrt v Bd wileRiCih thbnéegﬁefn%ﬁ% (],;I!I?sstépﬁrhen a

recordin mpof ary nanagenent

updat ed fenmpgletsr defect mcwpedurmgorecom:m@mrﬁaiata/dhgt smbethiye whanges; such as
rranagerreg}. 25 .. nformati on can be updated whenever recording is

conpl ete ﬁj fedetermned recording unit. Also, the controller 2
sets a consistency flag when recording the tenporary nanagenent

i nformati on i Whbe aTidék, pressay defejdod butteh qnet shivevi Jesipbeareyroducing and/or

e T b e T e T T, S o Got,

fail uje, tA¥eBorthMed!R tdiPects write operations to have been terminated. Next, the

controller 2 reads the defect information from the memory 3, provides it to the

recording/reading unit 1, and controls the recording/reading unit 1 to write that defect

information to the recording medium 100. The temporary management information

is updated for every write operation. Alternatively, the temporary management

25 information can be updated whenever recording is completed in a predetermined
recording unit.

Also, the controller 2 sets a consistency flag when recording the temporary
management information in the TDMA, in order to restore the temporary
management information when the temporary management information is not

30 updated due to an unavoidable accident such as a power failure, even though the
defect area has been replaced with the replacement area. The consistency flag
identifies the start of an updating of the temporary management information . For

9



defect area has been replaced with the replacenent area. The
consistency flag identifies the start of an updating of the
tenporary managenent information . For 9 exanple, in this case, the
consistency flag may be set to | . Wien the recording nedium 100

needs to i ' [ [ fq er ' .
poeds, 0 BuAOEDNCU 5458306 ERERRy TR U o8 1014 1 RGPI Rk
consi st enopdiumdORuedsis tor ks semoved from asrecordimg mestium driveuafters sfcotding

D mor acy SR peraRBATRY IS AR vt PSR B8 oisiEndlaimay be
in the neket &cOrsdi ag tainepresértrd suctesshe updatviglion thertshpdiabP hariagement
rel ofaded,, he .onftro.g %r 2 checks the consjstency fl aﬁ@ If the
const st erBPTFRLEN; Whike the tRPRERY MAnAgeMEnkiNermativads fRally wndated.

recording was abnormally term nated and starts restoration of the

tenporary Wﬁné\gﬁéﬁﬁ‘écdrdlhgriﬁ@ﬁé ABxta@EoRRMEGNIBEEHE IPRé récbrHnGhe&LIFPI00
That is, the controller reads information re ardlgggI the deéfective
area 11 dheoRged. thecantroler 2peske asaeistaney asaltbemsistansyiiagys 1,
managene : ARRbLd; i has

read i nf gb‘raradto:ﬁgﬁnéﬁé Hg&rg{’}ﬁgﬁgg{shcri p? H’)ﬁd@ ﬁgrd(;bfcr)’? F@BH e pr%@iaggasttgﬁs
| at er. Wreataralion eefortie nderopondsy amaspagemphtt ioforimation ahdn oilleli taduitidnal

data will, 1 gt ecor.d edi um. 100 (the .
recor di ndn@@?ﬁﬁvloﬁ%ﬁgdbsgghﬁgﬁg}% f?aﬁ%gi%&ﬂﬁa %r%%lpgltﬁ%rdeﬁecnve area
control s ftdm aemostliregdntgaciplacadniatesd, and nediatss the tﬁﬁﬁoraﬂyemtagément
updat ed t.e orgre/5 na(ﬂaﬂ’fgen J.nf r,rr%':ﬁi on i(r}?a%gs D sc Managenent Area
(DVA) of 'PIEMRERTE 1S FREGRAFIATR. INfRration i 8A thegtaagh fomnation. A
def ecti veelhiRy dSscAbOn Merédfollll bB phovied Regent 20 area when a
defect occurs during reproduction of data. For instance, the position

i nformation, e, g , a first PSN of a defective cluster and state.

i nformation r eYBPAihRyrecoRdng of data iFcomnlets: 56, whent additional data will not be
repl agemeRid YStRE- rdcbRing thédidnPh180X(tHé %&@f&?d IvSditAt 4B8 hé&ds to be
structure of a recording nediumdrive "1ncluded’ n the reproducing
and/ or r dirsiigedg the pantselles Hromrats the reedrdingiragding URitG! toa®card theemost

di j . . i . q
Fecor di ngPray kit FerbBaHERBnBgBE Rt ReciiadR ot B BEMRgt RehliBiea
ont o t he (DMAkefithd GecoBding Ineediym 400 recordi ng drive includes a
controller 2 that has a PCI/F 21, a digital signal processor (DSP)

22, aradio-f ﬁ%%uﬁ%g%a(tigﬁ)reag%mg{ iaecieftgg’tiveaar%e%ri\s/oalszo4 written in a replacement
20 area when a defect occurs during reproduction of data. For instance, the position
information, e.g., a first PSN of a defective cluster and state information regarding

the defective are also written in a replacement cluster.

FIG. 3 is a block diagram illustrating the structure of a recording medium drive
included in the reproducing and/or recording apparatus of FIG. 2. Referring to FIG.
25 3, the recording medium drive includes a pickup 10, and corresponds to the
recording/reading unit 1 of FIG. 2. A recording medium 100 is loaded onto the
pickup 10. Similarly, the recording drive includes a controller 2 that has a PC I/F 21,
a digital signal processor {(DSP) 22, a radio-frequency (RF) amplifier 23, a servo 24,
and a system controller 25. The memory 3, of FIG. 2, can be included in the system
30 controller 25 of the controller 2.
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and a systemcontroller 25. The nenory 3, of FIG 2, can be included
in the system 30 controller 25 of the controller 2. 10 During a

wite operation, the PCIN 21 receives data to be witten and a wite
command from a host (not shown). The systemcontroller 25 perforns an

Cnitializati . . . o . .
oper a1 o TheDfips AFHEEPREIEA, fREPETIF SPRLES ddt 10 BE Witadana a wrie
encodi ng oomutandd ditomn ta amssti (niok dstfoworh t HEhed diySieim Foohtrallgr &5 i pegforms an

2oc encodmitazater s e BedBid MRALEY sbfutafoh Bid wifb Sesiiins fie D522
converts pofordes theoertdrdorfacting tbée RSECY 2ntading @n thE dutd frdhsmiR®! from the

pi ckup 10 then wites to the recordi ng medi um 100 usi na t he RF
si gnal 3 ouP’ GulF 21 o a%ringradditipnalidata, s -asgalarparitylg the Gelas and sngdplates
FECEI VES fheSEHDE® éiﬁBHé@'dé%ﬁ”iﬁanp:feHQ'ﬂé‘rﬁm dsuﬁfae%rh%é.cOljthbohke%mﬁ]ﬁﬁé’r“%
perfornms servo control wth respect to the pickup 10. e syste
cont r ol | ecorp@risl the data output Srarh dhe D8RI 22 liotot an RFadigdat. a Theopickine 10 then

recordin i r ot £CO ' We) t ORar .
ranagement e S g resnaing el db. blhg Wi RECHandl 2o sy TR R dmpiier
spgpi fi ciliéfs.ybAccttﬂ'dtsmlyém’e s@nb rzgl teeeiveb a/\sé];welscoﬁabhcbmmm fr@?pﬂh@i sﬂ,ﬁtem
medi um in_predeterm ned nunhers . clusters and verjfies the
ot a W i «Saallgr BRENG Reefaus seryq Canti il resRodids die BiPR 9. c T distem
the posi t ¢ghtrdiial 25 &R0 iRStri@S BebiBRup 16 telRfaRdta FronfiheSte8hrdifimeBRim 100
state information regarding the defect are stored in the nenory 3

When the @atta (asord jialrmation,s suehmasettempprary emasagement ifermatian, ta Hae

system ¢ ;%ﬁ.nr ei ves user data fromthe nenory 3 containing
the wri tef%m‘#ﬁ{e ar;IgﬁUser data transmtted fromthe host. The

user data specifies the position of the defective cluster. Then, the
syst em cont r ol Mere sisdificady, poe aystemtaeatrotieri 43 writesi data torthe weordbammbdium

The d . . : . Y .

nto the 1 BiepBeRfufthdhiers sl 3TelEk 2R ftehlf mé B8

cluster. Dinidefeet isejatedded in arclegter, #te pusitid:ﬂnmfémTtlldﬁ ﬂézggrcﬁngicﬂv@sleaective
d f 25.th t.. Th t t er erforns

Dt a1 2ansish DR At EdaRiTRoRdeaninorDR CatetArecIoRs M fhe ngnery 3.

oper at i onyhihne itk cet® viddifiegidiilis comperr obape defebhes detbqted] M system

medi um 100 and obtains and outputs a reflected optical signal, from

the | ase?o'ﬁ@cyﬁf refPeRiVay UsehAriaHEON 86 raemENm diolfANing . theygitgrcommand
anpl i 34 er g BuSQYRA k@insmitted from the host. The user data specifies the position of the

defective cluster. Then, the system controller 25 incorporates the position
information regarding the defective cluster and the state information regarding the
defect into the user data and writes the user data fo the replacement cluster.

During a reproduction operation, the PC I/F 21 receives a read command from

25 the host. The system controller 25 performs initialization of the recording medium
100, required for the read operation. The pickup 10 outputs a laser beam to the
recording medium 100 and obtains and outputs a reflected optical signal, from the
taser beam reflected from the recording medium 100. The RF amplifier 23 converts

the optical signal output from the pickup 10 into an RF signal, provides data

30  modulated from the RF signal to the DSP 22, and provides a servo signal, for servo
control, obtained from the RF signal to the servo 24. The DSP 22 demodulates the
modulated data, performs ECC decoding on the demodulated data, and outputs the

11



the optical signal output fromthe pickup 10 into an RF signal,
provi des data 30 nodul ated fromthe RF signal to the DSP 22, and
provi des a servo signal, for servo control, obtained fromthe RF
signal to the servo 24. The DSP 22 dem)dul ates the nodul ated dat a,

perfornms ecodi,n e deno ddata and oyt ut th 11, .
BCC decolb AROQAHIPIEn, TS AP CHoPRETTR SEVEORNH O thh ickugicty in
10, in @maetottﬁetmcsgngnm @utgnﬁfromumetRF fansplifieh 23RN §drv6 'coRfol
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gi ven fréﬁﬁpﬁgﬁ%g‘%}&éﬁgﬁi‘ﬁ the systemcontroller 25 determ nes
there is sufficient time to nmake a replacenent for the inconplete

defect to aftMorerspecléeailyoﬁearambo:mpm{e de@rmt Métegtet:lhﬂ.lrrr@aai rmrbo[aeﬂauon
t he system contr

desi gnat &4 FHPN Pﬁéo ae@eaﬁ @"ergivgﬂ & heHl?J% aftt%e iﬁﬁ' é:pétroller 25

defect, Rist@fiihatdthond &8 sEficient tivgadthake & hr@pldeém@ht e tﬁé uﬁdcﬁﬁplet@t @efect
the wuser data and witing the user, data in a repl acenent cluste

The uder aftgf the [aasPRRISNIGN @F pver AUIIRG thereask eparal cthesetyétenaﬁan&rcpiter 25
i nf or mat igp rbgﬂﬁfu% e WdBr %faeﬁﬁtlaW dé?lﬁghféﬂtﬁ? tﬁ@webé‘ct.'@@%[&ﬁép&ﬁﬂalﬁp@

witten in th rep acenent cluster: rm se onyt e user data
ECC encodieel irmedpletetdafect; by @dr:lemg informatione regerdingethe slefectivg anlutitergintchthe

restori nysabitg e g 68 868 BRln 7L 1fled@Rt i | TREV0S5 Be
Pat ent N(pre\ﬁowy m@nﬁ@n iin thestefetthae custet bnd thod mfmmtnhinnggdaﬁmg the defefive

Reca- 5ol GHBTEREY be R Sngoied SRHAVRILI i WESRe'S) ALFgE @thenvise,

consi st i peyofthe 498k Sgata Didr BT teheod 8@ karizD witttehh o I%rCWItﬁt e, irdormation
portion of control data may be allocated as a field to which

i nf or mat iregeTEBgAhaideipdine stisterdn Marpplacsment glustaren. 25 More
specifically, in the recording of data in such an ECC format, when a

defect is det E‘f(&%lé@.“éf Rietifodsehi FostdtthgP8Massfitte Irta dd¥8ciivd E:IU@ier are as

recordln% user data
ollows:

20 US-Patent No. 6,367,049 illustrates a method of recording data in an ECC
format with an ECC cluster consisting of 304 long distance Reed-Solomon ECCs,
and a burst indicator subcode (BIS) cluster consisting of 24 BISs. During the
making of the BIS cluster, a portion of control data may be allocated as a field to
which inforrhation regarding defective clusters is written.

25 More specifically, in the recording of data in such an ECC format, when a
defect is detected during a verifying process after the initial recording, user data
previously written in the defective cluster containing the defect is read from a memory,
in response to a write command given from a host, and is encoded into an ECC
cluster. Next, control data with a physical address of the defective cluster is

30 encoded into a BIS cluster in a portion of the control data, so as to make a physical
cluster. Here, the portion of the control data is used as a field in which 16 physical

12



previously witten in the defective cluster containing the defect is
read froma nmenory, in response to a wite command given froma
host, and is encoded into an ECC cluster. Next, control data with a
physi cal address of the defective cluster is 30 encoded into a BI'S

cluster i ortj f ontrol _dat ) s.lo ke a physica
cluster. Mg;gsqsh%fo%ge&p?%ﬁ?%rﬁ C\!Lf‘f‘ erc%rﬁﬁngqmﬁﬁf’ ﬁ rpgar&&ﬁ'ngspcgsﬁ%ne?@ Pﬁ‘te
whi ch 16 gfhihei defectile chubtisrease secirded.r eNéxte ¢he rghyeicab chust@nid written in a
i nformati on re&a?;_lgi ng the position and state of the defective

cluster deBIacE elySteext, the physical cluster is witten in a

repl acenent cluster. US Patent No. 6,367,049 illustrates a nethod of

recording in ars BatertNGTes, 367,040 qllustratdsns anathed of dedfingl if ALEET Rfmat
during a read operation, in response to a read comrand given froma

host, 3 . evhemandneempigte defect ds detasted. urigo: :eear opetationn in pesponse to a
repl aced b ofhrhaRd ARRATAIM & Hodiele., BidtectivB cluYr Bbnthlihd ROGLAEENES,

of the present I1nvefition, and upon application to the dat ucture
i |1 ust r atled repladedSwith Ratephacexwenta;ldger. 0J@usaindeitwcof the emmbsdierentsof ke

Cort act ocPreBoAl FLERlch, the b aBfichkiE 6" winded Broefis Thilralieb in us.
encoded iPatentNoEEG6T|04% er defébiive, clastet tah bdateprodudedaanthg/brain an ECC

address and state ipforpation of the defectjve cluster are encoded
Lo h B anea BlS oterAter Gtestec st Shisln Ctaredeny DBKa e yer

a physi calatg! a4t B%-er‘ﬁ'ﬁfo%d e ROEC®TIRer. t TReRORLRRGI BaAwith gsmfsﬁ:a

a field in which 16 addresses of the replacement cluster 15 an

i nf or mat i asidressyandiptate inflrmeationtaf dhe dafectverclusier arsenerdastiniosa BIS whistar,
are recor; : : e :

r epl acem&lﬂ% d%?rf@?éﬁ e_:orftfkﬁ |d§%m%a%¥)§é{|é§f'§é g @g%@?b%%cg?é. h{gﬂg%od]“%nd
def ect nehagentral data is us@VEsRAReIdSh ivghich 6 aoiddesses rof dhe replacerentDduster

can be wittep in..an ECC.formt si ng ,Reed | o roduct codes
CRapcl " At Bl sSqdingi A8 posttBh BRa AT S o' st HpfacRia Flifter 8% Roborded.
Ther ef or e Néxeth@ph§siodl dinstenddrrbe vgitteh i thalreplagplent slabrrt 0

I nformati on storage nedia such as DVD- RAM and DVDs on whi ch

i nformati on can, be, recorded , usi RSPCs., | nforyati on regardi ng the
bosi 11 on and 3 s Blsbr Possle dot periete TRSGking ediEh detec SgpsgsMigntion a

| nki ng anep-FRRVVESTY BeeesdingOmediunt dive.2 DA B8 witdnUmaECCHorrat
defective cluster is replaced with a replacenent cluster. To increase
the reli a4sing ReedsSolomon product codes (RSPCs) (see the data format of a DVD-RAM
20 specification). Therefore, the present invention is similarly applicable to information
storage media such as DVD-RAM and DVDs on which information can be recorded

using RSPCs.

Informafion regarding the position and state of a defective cluster can also be

stored in a linking area between recording units of a recording medium when a

25  defective cluster is replaced with a replacement cluster. To increase the reliability of
recorded data, the position and state information regarding the defective cluster can
preferably be written in an error correction structure in the linking area so that an

error in the information can be easily corrected.

Hereinafter, a method of restoring temporary management information written

30 to a temporary defect management area (TDMA) will be described.
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recorded data, the position and state information regarding the
defective cluster can preferably be witten in an error correction
structure in the linking area so that an error in the information
can be easily corrected. Hereinafter, a method of restoring tenporary

managemnent i nf e orary defect ma
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clusters m@e@hail)d&dmedtsiattm frompes pofttocal afstherspare lansd evith thbasjest PSN.
i nf or mat i h tenpqra [ rmatio T

and ol ust 2he ERRERBGEY llstotaeiroAviial B B cHPED fit QHEToHS, QusteRe whose

updat i ng iafortriation e@hp@aare With tehiperay méﬁégefﬁiﬁént%fohﬁﬂﬂl&ﬁ{mSPQHd clusters

recordin di um def ect. managenent was successf ul
203

Repl aé®nef{f© eumatiophbas neh Peemadaieds o dlaie: th@e@gatmf[ ’6’@ replacement
repr esent usBat infotrfatigh Nhaitgds hae rBESraiiY al‘ﬁ@&fﬁﬁtt am{aggh'léﬁt . Was

termnated, requiring data witten in the derective usters-have
be restor%t!ﬁceﬁ ully conpletetus Reptasemeink glustersewpbse nnﬁognatlmtl'tasdnoﬁ been

managenariP FRe eRlde i ek JBEbrdt el ot BenaddiROhbe abmarggaly

medi um reieumiuatrgi $equmng)datagumimihltbedefettiaélclﬁBMr@ha@e td B6 Aéslbried.
medi um 100, where recording rredi um def ect managenent was abnornmally

t ted t, data Ltten in dee clusters js
Foau Fod. 20 £ Brlea sRguPs Bublarind B irbaiod S bbdeting & Ragee b e
the recor(@iBng) whaithuis 4Qfbe omempo&armkamaegan@émhﬁﬁarﬁt@ﬂ@ﬁe IPOaétaNEI® 6A
t he recor@.fr%%ﬁrredl um 100 that cont alg data, .gray rectangles denot e

portions RS PeLRRANFIRG Medivmreerrdingastalr teing deserihadaim anaBBM of a
are indi gat@dingt meBiunchoge Wﬁ@ed%éorttg] d f}ﬁe&gl & 8%""‘|‘ntaﬁa ement was

rectangl es denote portions of the recor hat
no data. ahnormallypterminaiedand restaralionsédata Wﬁﬁmgewnctnemdustem isyrequired,

ends, oot NP bb M%trdted 1h& actual recording state of the recording medium 100.
Here, black rectangles denote portions of the recording medium 100 that contain
data, gray rectangles denote portions of the recording medium 100 that actually
contain data but are indicated not to include the data in the SBM, and white

| rectangtes' denote portions of the recording medium 100 that contain no data. [f the
25 recording medium defect management abnormally ends, the SBM will not reflect
updated recording appropriately.

When the recording medium 100 is inserted into a recording medium drive,

the recording medium drive checks a consistency flag. If the consistency flag is ‘1,

the recording medium drive determines that the recording medium 100 was removed

30 from a recording medium drive without successfully updating temporary
management information written in a TDMA of the recording medium 100.
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"updat ed recordi ng appropriately. Wien the recordi ng nmedium 100 is
inserted into a recording mediumdrive, the recording nediumdrive
checks a consistency flag. If the consistency flagis "1, the
recording mediumdrive determ nes that the recording nmedi um 100 was
renoved 30 fr are edi,um drive w t hout s HECESS
updat i ng terrpgrﬁf ﬁ‘ﬁﬂ%dﬁ%’é‘HE“ ARYSSRAPS EnPORFPP (it Pnregmfﬁﬂﬁx)‘%‘?d"t"ﬂemo
recor di ngzoneslhing nHlﬂhtaMd'Ehﬁad iBaRe $BNY, ARIEhEDKkE WhethercdRita u@a:ﬁaény Whiten
containing no data, indicated in th

of the recordi ng nediu
SBM and IBh®ak %ﬁm hem‘d S, Way, 49 Fesdrging: madiim qriver ﬁra&re%rtheo‘ﬁBM to
I t hi

n this crsélK}Q'eﬂéétofh@' RGoraly %gtg[déwge%ﬁéﬂﬁégz g{égmé%d O As meptioned

preci sel ref ect the recordi ng medi um
ment i cnedat®vabtheeSBhhis TBMD thak spegifieshatreegdingl medium remoodlug istatemdihuivit

recordin Al e Wt t icate
Ci ust er o valiete -4y dF ibatet B ofers.phis™ B SIRLERY" @, mowsicaly
(rj ecor di ngemdlalbm ?.l@ﬁl ofCthetmcorhcﬁi‘a‘g memlliudmOItOD EbmgimdeLMDmgot nﬂtﬂlletmcordlng
rive scans all of clusters_t et ned to have no
Cpect 1 odnesam pivesisans slLaruRers s are. SREranec.: taa 40 detnspecified in
cont ali n elaé BBMNehaEKses tﬁe#ﬂubté@%l&daﬂwcﬁphotn@oﬁtaﬁ &R8C bhA MnasUh thew
e., updat es the previ ous SBM Wen the updated SBMis witten

as teHapor M reflastingriin cheskingrigsuia ien it nedatespthet Wr@woup&wngv‘ﬂfert the
SBM I
ocor di nPed E % fite) a8 mBbERy SR nforBafioRin 4 TomA, the

whet her tupelatihg of thesSBbhisaomplietea or not. The 15 recordi ng nedi um
drive makes the new SBM by updati ng the previous SBMw th bit

val ues. FI G I r i | def.ect
nmanagement h% aé%% ng rtegban ée ooﬁmﬁ? r%‘?"?{’ﬁ'gn'gﬁg@gw%' Witff i 2
i nven'sj i omevR&BM rthaigptemsléﬁ}Gdecates mlmﬂmraimieoclﬂuﬂ@ﬂs cmmem datar ot aonECEhe
recordi ng_nedi u n i.ch recor m 20 t mana S, .
never Pbedronaitoneain RV giies e evas it BY Batecie rEvians BN wih b
repr oducivaueand/ or recordi ng apparatus), the recording nediumdrive
reads tenporary managenent information froma TDVA, stores the read

i nformation i nenory, and r mS|n|t|aJ|zat|ono

recor di ng rredir'}ﬁﬁw r Bgfli ﬁ/‘é‘ﬁg?%? QE‘_S["#‘”Q & recridiggemedium . Je\fﬁ‘:toﬁ@ﬂﬁg‘i’fﬁﬁnt

702, if thsthbaesrdiRs & dhimbBiineRt bEthaOkred8nt invention. Referring to FIG. 7,
in operation 701, when a write once recording medium, on which recording medium

20 defect management has never been performed, is loaded into a recording medium
drive {or reproducing and/or recording apparatus), the recording medium drive reads
temporary management information from a TDMA, stores the read information in a
memory, and performs initialization of the recording medium, required for a
writefread operation. In operation 702, if the loaded recording medium is not.an

25  empty recording medium, the recording medium drive reads a consistency flag set
value C_flag from temporary defect management information recorded in the TDMA,
and determines whether defect information regarding the write once recording
medium was successfully updated. For example, if the consistency flag C flag = 1,
the defect information was abnormally terminated, and if the consistency flag C_flag

30 = 0, the defect information was successfully completed. If it is determined in
operation 702 that the defect information was not successfully updated, temporary

defect information contained in the temporary management information recorded in
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25 enpty recording nmedium the recording nmediumdrive reads a
consistency flag set value C flag fromtenporary defect nmanagenent
I nformation recorded in the TDMA, and determ nes whet her defect

i nformati on regarding the wite once recording nediumwas

successf r A kf Siysten flag C fl =
U he dnp YnRR} B read e BNGY of . et FERHIR PR kRcpmehE Srea s
consi st endgtedtbdgddiafwitterdh & riéxt rdackrhentt clugtéo isnmipraducsds and information
successfully completed, If it is@get rrmned in  operatjon, 702 that

the def edBIRHITG: e PRHHIAMLENH S1atS o EcdefPeive, clislan s detesterlp b gpgration 703,

defect i nﬁ%;saiaéﬁaﬂ 702NGadEREt st hﬁmirtgﬁﬂ@%fe)btiﬂ@%ﬁ&@éfeﬁﬁd ithé %Babiérg.%m

recorded in the nenory is read, e position of a nbst recent

formed r cvsdere it rireatedabpsed den dbeedetegtada pasitioneand nstatendxformation.” In

I ) . . . /
oot 1 on UHeIAHZIEY. oot AGBLARERGHOR I ereBled BRI, b WBAR Mrdtigt anc
703.. | n thepereviownterogorary defeet infdrnsdtionanimgpédatiod §06¢ the temporatedefect

and the re%I acenent. 5 ibmer idst(%jr eat ed based on the detected

posi ti on BAFEEIRE a6 PHPCASE- operation 705, new def ect
information is created based on the created defect |ist and the
previ ous tenpdsangtedafbact, LS Patant iND).6,867,09@ rilistrates’@@methbd of recordin

t enpor ar ef ect agenent area TDVA i s dat ed. As .noted above, U
Pt ori® NI G B AL A RiEE 2P Rtdnb a0Fesp Sosd RGOTREcadBRErngu?
ECC f or mefefedtive WliStBr ardMtitiehain adeprRenit chldfer 6MJTefRP management.

regarding, a defective cluster are witten in a replacenent cluster
duri ng déefhetst inmdawgdrambpodimpntss of the presanioinvenmtissdiargriponodpplisetion to the
present i el : I cpLg t

i Fust ot BHF P tfbee ASARRN Y SRLIEE NI 6,067,083 bR Fckhfly upaates
r epl acenvaplacémsneclusten dan tet detectdf from a spzae careaexf afreaomingo maidign,

medi u 5 hased on tenpotary . defect infarmatign contained in defect
Tanag i FEPAPO AP Balginrofustion dtehrd i Ifelf Melndrien plimagon.
next to tiextelats weittenaplreslas@nenCtiustesy nextlo th@detddted refacehdnticlilsier
a BIS cluster ,of a replaced physical cluster can be corrected. Next,

. si cal !
def ect | iI5r€ahaniRy. & E6Pr VB 2 IRISt EMsteaR] 2 gspiacadephysical luster cambe
be creat edrlaptetie! Riekt, ”@ef%@t fit8 Wﬁgf@éfeéﬁi@ @FE@%?Se ?ﬁi@n% @em?nt clusters

information of the zo defective cluSters, speci ontrol data.
Next, newaneigperestsd bgfrefarring tethmphysical ridressesrand sdie infeunation okthe

S5 o PN, O LIRSk 5, LR B4 Bobl el g
can be created based on the defect lists and final temporary defect information that
was read and stored in a memory, when loading the write once recording medium

-onto a recording medium drive. Also, if data to be contained in the temporary
management information exists and needs to be updated, the data is also updated
25 and recorded as temporary management information in the TDMA. This
embodiment is applicable to both write once recording media and rewritable
recording media while changing particulars of data updating according to the

characteristics of a recording medium used.

Similarly, to restore data contained in a defective cluster of a DVD, where data

30 is written in an RSPC format, and the physical address and state information of the
defective cluster are written to a replacement block, first, a most recently formed
replacement block is detected from a spare area of the DVD, based on temporary
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- onto a recording nediumdrive. Also, if data to be contained in the
tenporary rmanagenent information exists and needs to be updated, the
data is also updated 25 and recorded as tenporary managenent

information in the TDVA. This enbodinment is applicable to both wite

once reco and rewn,i.t ec d|n madj il e changi.n
onre cor At intERa o finthinst i Bk SV, et 0 G It S fead
recor di nGngerdp mu@e@ncﬁamdrwﬂuu thé date il @frﬁedﬂ@d a &} mifcathtion régardlng
def ecti ve cl uster of a DVD, where data 30 is witten in an RSPC

format, 4he PORKORRAEH Siates B defactive Flustereavitianinaresaivest atgaeRSV shown
defectiveg ‘F'I(‘Elsfl & ol?té i bhd %@ﬁcg(lzlstsrr%?ﬁlﬁg e 'agfe@tl?& Khustdrt Shd r@pl%?é ent

recentl y OI’ med rep cerrent ecte froma Spare area
t he DVD, dusders are wceanied drased1ondiee obtainedo infamationc orlextn adwi temmary

an or ror Qoo bRlplod & ol ek ife chrast Thte, RS RBEIEAIESR, At

ng/ it ihonSnfaandatls;dlmcait\elzucnf|s dﬁé@@havﬂocdmﬁt armemb'ryt wheniloading ethﬁrl:‘mﬂ gt a
snown i s, pbt ai i st nam ng the
dof ect | vaoerlingsmedi B alorata K5 tei carianed dncher ERdNaTegagsmont

t he obt aijRRembiidrPEXiBls! a3 nd¥Rfstto Heeubdac%@mh@mta ﬁ%fg%ﬁ{ ubdﬁt@ﬂ BRH viHttdnSas
created, based on the defect |lists and final oraraoqle ect

i nf or Wat iteMPOTAEY Fhanagemeay iafermation éﬁthenTQMﬁanDTWS wathod gadihegperfermed

DVD ont o | t

termor ar y HEPEARHE, ATRELHI FickRs and RhEHe oordRg HeaZ wiiB o ¥hoing
data i s ggalicularsddtdath apdating, taceordisg to theedparacheyistimsnalige mecdrding medium
|nforrrat|on in the TDVMA. This nethod can be perforned on both wite
once recdf ang media and rewitable recording nedia while changing
particulars of data updating, according to the characteristics of a

r Fcor di ng ned i}:urtheuwclestcﬁ‘erddﬁa written in eefentive ?mmrm alirking mr@h&é@ﬂainm
clusters i i nk |n are containin 15 i nf ormat i [ ega
oot Fond Mgty sty B85 Bofs Jih. Biated 8 ' 4 Betv eI Ehglne, b ost

updat ed rrggérife ipdatel! Eéﬁfaé‘e@rﬁbrh%lé@k%‘érﬁ%ef idetBcled FAIS & frdfaa of a
recordi ng nmedium based on tenporary defect information contained in

t enpor ar yecordiiggmedivm,i bassidhan itemporary ideferttinformgtieniiceptaingsd i tavepprary
orea to ShRaRhtioaton " HERTNRE oAy SidERiort I RIpHEK I the
t he def ecdeplaeemientbleck .is Nead frodefhecllnhlmgsaeemb;rmh'@lrt idormation regarding the
20 positions and states of the defective clusters. Next, defect lists naming the
defective clusters and replacement clusters can be created based on the read
infformation. Next, new temporary defect information is created, based on the

defect lists and final temporary defect infarmation, which is temporary management
information read and stored in a memory when the recording medium was loaded

25 into a recording medium drive. If information to be added to the temporary
management information exists and needs to be updated, the information is updated

and written as the temporary management information in a TDMA. This method

can also be performed on both write once recording media and rewritable recording

media while changing particulars of data updating, according to the characteristics of

30  arecording medium used.

These above data restoration methods are applicable both to write once

recording media and rewritable recording media. However, the write once recording
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defective clusters and repl acenent clusters can be created based on
the read information. Next, new tenporary defect information is
created, based on the defect lists and final tenporary defect

i nformati on, which is tenporary managenent information read and

stored in a, enmory wh t.he recordi,ng nedi,u oaded 25 intp a
ecor di ngnRABITERIER PHETeRRATAGA R KRS EOAH LV I BEOFDG RPGPRAgfect
nManagenehahddémem, wasresi the snckislom 6 e TOMPEntePatredritableerecording media
information is updated and witten as the tenpgrary nmanagenent

| nf or mat i i6rPRtANG! TiRERe FAMPalialerih rewriakles teopeting Mesiaeld 5 fegammended
wite onGgaf ﬁ"l%ocﬁﬁér g gﬁé’%pg?é’ﬂdargﬁ% Qi Blﬁﬁ?f]ég:’oﬂ(!;nq Egéﬂié‘b%qlugl to that

changi ng particula a updating, acco
char act erofstthes revritaB@e areceutingli medimdiang umost rekestly abpdaied atemporary

medi a andnPeRarDa e eBPavriRAE 18 TR i WhiaE i fhe BERRE pdgement
r ecor di ngared duAiRgirécaréingimediamdiiistigdtiomnagenent area and a TDVA for
recordi ng medi um defect rmanagenent, whereas the inclusion of the

TDVA into the_rew,itaple recordin [ I, tiaonal. To be .
Conpat i bi'e. w 1o Haiert FEAMEORRIest dTgoHdrsstibed MetS apavHen AEtpociaghes
t he def ecdonnegergrdm ddtcan'bd A by & tonpdes. I ETIRE ProdgafRdincbddStoRtlinl a
to that 5 of the rewitable recording nmedia, and nost recently

updat & tGSpRtar teadabledgedit iWhen Age Pioramiis read and Ty by aenmruter, the

written |durbdindfidihelepRABRAR. aHEf, e bhMplfrlbaddtle HRtit may be a

finalization. ect nagenment nethod descri bed herei n may

enbodi ed rasgneticctaneiding medigmamn loatical arecordingmeadium, ©orgp cawier Wave, for
program can bz stored in a io0 conputer readable nedium Wen the
program i 5% and run by a conputer, the defect nmanagenent is
performed. Here, the conputer-readable nmediumnmy be a magnetic
recordi ng nediTlnus, as dgstribed abever einbgdimetitsiof the paesemt imentioaveroviflera

exanpl e. Thus, as described, above, enmbodi ment f t present

rvents orMEigH: CRPATAEE, (iith b MERE  BAdEbin e uy 0 e kb famporary
medi um f Crhaﬁ@ﬁrﬁéﬂ\tﬂﬁfd&mm,aﬁMudiﬁgﬂmgﬁmaty defeerinfirination costatiddnghich is
tenporary defect information contained which is witten to tenporary
def ect neWftRIEieMROEY defaghmanagesient siea I RMBbdi ments of the
present invention, it is possible to restore

According to embodiments of the present invention, it is possible to restore
defect information written to a defect management area of each of rewritable
20 recording media. For instance, although replacement clusters may have substituted
for defective clusters, caused during a writefread operation performed on a write
once recording medium (or a rewritable recording mediumy), a recording medium may
be removed from a recording medium drive without successfully updating defect
information in a TDMA/defect management area, e.g.,, due to an unavoidable
25 accident such as a system power failure. Thus, even in this case, according to
embodiments of the present invention, it is possible to restore temporary defect
information/defect information written to the TDMA/defect management area. It is

also possible to restore a spare bit map (SBM) that has not been updated.

Although a few embodiments of the present invention have been shown and
30 described, the present invention is not limited to the disclosed embodiments.
Rather, it would be appreciated by those skilled in the art that changes may be made
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defect information witten to a defect managenent area of each of
rewitable 20 recording nedia. For instance, although repl acenent
clusters may have substituted for defective clusters, caused during a
wite/read operation performed on a wite once recording medi um (or

From & r ololin RESRAmAThaTIeUE ap bl et 2 pBROPIET ARkisp R e benton

i nfor mat i the scope of Wikhrieidefihedrbp dgeomRiths and theicedquivaldhte. t 0 an
unavoi dabl e 25 accident such as a system power failure. Thus, even in

this case, according to enbodinents of the present invention, it is
possible to restore tenporary defect information/defect infornation
witten to the TDMY def ect management area. It is also possible to
restore ajrgipsirial Applicabitd SBM that has not been updated. Al though a
few enmbodi nents of the present |nvent|on have been shown and 30
described, th ent vention,is not limt t he discl ose

erbodi font . IRaPRERn T dresde Budion sPnabs,dvaneacaushi aahed thea
art that gRARGES rﬁédiuhﬁdmeorL%Prd%juHHgSaﬁﬂﬁé@dﬂeﬁﬁftﬁnd“édﬂé%tuée&ﬂﬁblé‘%f

fromthe principles and spirit of the invention t he scope

i s def i neghasiingnehethas aﬁyaﬁm ma¥ihave heepdmeraperlyinawesed off However, even
Appl T cabi i f c%rd. da?ﬁ,uame chiifo p&r%%ﬁ%d1étﬂéﬁaté{>ﬁibrﬁ%sbseen improperly
advantageous y ap recor |ng medi u reproducP 8

and/or r epmweiledgafbpmmpeetaﬂmt mpaMreeoableermkeomgdmgenedmmdmtoepnrfmm a

have been i.nproper.! [ of f weve ven, if _a.recordin

et bl ar P& RBE eR RS Graiheer SRV taspRYES in e dbsonERng B when a
pover ed ofecordifematree ¥ loboye itd e eeakling mdd@un asoedi ng nedi um dri ve
to performa 1o wite operation and restoration of data, in response
to a host command or when a recording nediumis |oaded into the
recording nediumdrive. 19 CLAIMS What is clainmed is: 1. A recording
medi um conprising: a data area di sposed between a lead-in area and a
| ead-out area, 5 including a user data area to record data, and at

| east a spare area having a replacenent area to store data to

repl ace a defective area occurring in the user data
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area and position information regardi ng the defective area; and a

def ect managenent area (DMA) arranged in at |east one of the lead- in
area and the lead-out area, to store defect information identifying
positions of the 10 defective area ghd repl acenent area. 2. An
apparatus, conprising: a recording/reading unit to record/read data
W th respelat ibelaimedder di ng nmedi um conprising a data area di sposed
between a lead-1n area and a | ead-out area, 15 including a user data
area and at | dast &l@&ar@naﬂ&ﬂmypﬂ@p&smm acenent area to replace a
defective area occ f

management - area (VR areS dhferd okt aidfin 448 dhd Fidd ot area

| ead- qut iredleding @auser datantired toerecard aﬂhaednﬁ at temst acdpardarea having a

recordi ng/reading, unit, tQ record data | aci ng the, defective
roa of | THRISEORBNPIRS RolP B fa Sare AAIET NG SR RSRUSING 19 5E MeRE data
the def e‘é?éé/ﬁgi&#g:@itiogﬁnfb%ah@r?'r@g‘é%' (thelRAediRedired. afy t he spare area

of the recor ium and to record defect information
i denti fying positi adefeft mheag@née’caneae(m\ﬂhharaamgemm atdphsicaneeof tharead-

'n the d?r%c grceta and e 125 Btou? area (to stgre de%ect information identifying positions of the

10 defective area and the replacement area.

2. An apparatus, comprising:
a recording/reading unit to record/read data with respect to a recording
medium comprising a data area disposed between a lead-in area and a lead-out area,
15 including a user data area and at least a spare area having a replacement area fo
replace a defective area occurring in the user data area; and a defect management
area (DMA) arranged in one of the lead-in area and the lead-out area; and
a controller arranged to control the recording/reading unit to record data
for replacing the defective area of the recording medium, and position information
20 regarding the defective area, on the replacement area located in the spare area of
the recording medium, and to record defect information identifying positions of the

defective area and the replacement area in the defect management area (DMA).
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