TI TLE OF THE | NVENTI ON A METHOD OF RECORDI NG REPRODUCI NG DATA OV FROM
A RECORDI NG MEDI UM CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001]
This application clainms the benefit of Korean Patent Application No.
10- 2004- 36642, filed on May 22, 2004, in the Korean Intellectual
Property O fice, the disclosure of which is incorporated herein in
its entirety by reference. BACKGROUND OF THE I NVENTION 1. Field of

the In td present invention relates to a disc, and,
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conmput er readabl e recording medium storing a programto per
met hod. 2. Description of the Related Art [0003] Recording data on,

or repl R REFERENCE TAREAATERASPHSGATEMNSt or age medi um such as  a
hard disc (HD), a conpact disc (CD), or a digital versatile disc
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cor r ectincarpcested hereipen és anteety\bp esfereecer di ng or reproduci ng dat a.
[ 0004] When only 4 Kbytes of a 64 Kbytes error correction block are

record [ correction block, that is, the
r emai n%&%@?gﬁvéwﬁa@?g% th invalid values such as 00h.

[ 0005] When qa gl P6FtHE InvBntogads the error correction block with only a
portion of the block having valid data, and then perforns error

corr ectrpau2] t OTHeEPeOsH Gfehiith rBlatedfto 6 Aiscesrid, Adrdpartidulariy e an@iptitd] RecBrdity
correction block is. determ ned tfo be _unlcorrﬁcwt abcjggatgecau e code rds
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t hough cem@etewaradsble redottihgdgedib® storinfyiregamfto palidrth tlatretredin be
corrected. The disc drive cannot distinguish which part of the error
correction BBl @ekchipgioh of thedelatedArval i d data and which part of the
error correction block is filled with invalid data. Therefore, the
di sc diiPaas] peReenrding dataon, ergepredudingndaia frompaniinempiion serape medium such as

e I ONe ol dist 1) 4 88mbAR dREEH), 0L LRA!RRRIERRE (DIBFR detfofndah redbfar
the error correction block has “vali ata. This situation occurs not
onl y wheits.r Bsrete éravgeerding Uit blogksses rapreAudipshiant tiepkaafa egmplagbinag

dat a. :Fecording unit block or the reproducing unit block is an error correction block to correct an error

generated when recording or reproducing data.

[0004] When only 4 Kbytes of a 64 Kbytes error correction block are recorded, the rest of the

error correction block, that is, the remaining 60 Kbytes, is filled with invalid values such as 00h.

[0005] When a disc drive reads the error correction block with only a portion of the block
having valid data, and then performs error correction to repreduce the error correction block, the
entire error carrection block is determined to be uncorrectable because code words including
the 60 Kbytes of invalid data cannot be corrected, even though code words including the 4
Kbytes of valid data can be corrected. The disc drive cannot distinguish which part of the error
correction block is filled with valid data and which part of the error correction block is filled with
invalid data. Therefore, the disc drive performs error correction or reproduction again, or
erroneously finalizes the error correction block, even if a part of the error correction block has
valid data. This situation occurs not only when reproducing data but also when updating data or

adding data.



[0006] U.S. Patent No. 6,367,049 (hereinafter referred to as
"interleaving encoding"”) discloses a nethod of encoding data using
an interleaving nethod. The "interleaving encoding" interleavingly
arranges an "LDS bl ock," including user data, and a "BI S bl ock,"

i ncluding address data, in a physical cluster and then records them
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by a recording system is arranged in 32*18 bytes. A physical address
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added totusteid4 isgispassad t@ﬁbé@télpnmf@cwyamal alystardlpgk 28 lakieled EHE col ums *
496 rows of the physical cluster block 20. By arranging data by
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recor di 99, data on a dis is a recordabl e inf ortj%tlon storag
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Al so, a or ato an alrea
cl ust erdisplesed to fill sectlons of the physical cluster block 20 labeled BIS. Asynchronlzmg blt group

of one column is added to the physical cluster block 20, thereby forming 155 columns * 496
rows of the physical cluster block 20. By arranging data by interleaving, error correction ability

is improved.

[0010] When recording data on a disc that is a recordable information storage medium, a

drive system records data in cluster units, which are recording units. When a cluster is formed
in, for example, 32 sectors, the drive system pads some invalid sectors, makes the number of
the sectors a multiple of the cluster to match the number of the sectors of the cluster if the size

of the sector that needs to be recorded is not a multiple of 32, and then records the data.

[0011] Also, even when adding data or updating data to an already recorded cluster when

recording a portion of a sector (e.g., 16 sectors), and not a unit of a cluster (i.e., 32 sectors), the



recording a portion of a sector (e.g., 16 sectors), and not a unit of
a cluster (i.e., 32 sectors), the 2 drive systemreads a cluster
conprising 32 sectors, including the 16 sectors in which data is to
be added or updated froma disc 21, and stores the cluster in an
internal nmenory. Then, after the cluster is error corrected, the 16
sectors in which data is to be added or updated are nodified to a
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recordi ng/ reproduci ng cluster unit is read fromthe disc and stored
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or updated. Therefore, his case he validity of
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the drive system is needlessly operated.

[0013] Inthe above situation, if the drive system knows the validity of the data of the rest of
the 16 sectors besides the 16 sectors in which data is to be added or updated, and that the data
is invalid, the drive system can add new data to or update the data in the 16 sectors in which
data is to be added or updated without having the drive system unnecessarily retry reproduction
or transmit an error message to the host. However, the validity of the rest of the 16 sectors
cannot be known, and thus there is a high possibility for the drive system to error process the

rest of the 16 sectors. As a result, error-correcting capability decreases.



data is to be added or updated w thout having the drive system
unnecessarily retry reproduction or transmt an error nmessage to the
host. However, the validity of the rest of the 16 sectors cannot be
known, and thus there is a high possibility for the drive systemto
error process the rest of the 16 sectors. As a result,
error-correcting capability decreases. 3 [0014] Meanwhile, the drive
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[0016] Referring to FIG 3, when a disc 30 conprising a lead-in area

31, a (e013] ar@ls. 8Austedek a sorlventibralihetbe af disc ¢atificatidn.fi ed, the entire
data area 32 of the disc 30 is filled wth, for exarrple 110.11
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cl ust eﬁOQﬂahpr/?\f&qrﬁQ“'Q@gstB%ﬂ@F 30 tq getar aglefeshaiptumof @ perior PU@?@'!SC 3Q or fhe

r ead- Magiire\iseraot BeRI0S Sstem kSoREBERLh arbd tHalR coRMEd M afméaw Mneen area by
process, when readi ng the disc 30, the drijve sijz%iem re

t he re@aﬁﬁ\m%%ﬁweg fogiilgdatadn therasea hatis sedfied sige aly 8?%‘ th%arﬁﬂ@at is

[ Rt erL B gbmlfr@cm@ Ty alrdady witfdneire® rTrQali'efﬁl@lr \?fﬁ@i acrtﬁhg dsrerBhtSmgcﬂaﬁemrs, ﬁ/uhl'bcﬁtare a
t he ster, 1s error orrect . t t.Dbe

o or BBt oha biikier Sy ERa b BR Bt atsety Fotiafts? P e RaThenes frospes
to be #tkadedr In the ckaderdodifguwmiod pﬂoeesrsewhemjtwddg treendiscs 80, theedrivatsgsteinatadss
to be %QP Iq th erreg&g“%/ﬁ%)r&ﬁlcm tunl?ﬁlustteﬁalllé gtoresl tﬁa% %rtﬁ%- }nﬁ%ﬁalqﬁérxc?ry, and

systemTe-accesses € disc and
r epr odaéen eror corediing tierBIE sluster &rst, dne KRS skigler is@rioheortestad. ilfthe hBS cluster

cl ust Elafiit BQ%errechl%e{eg%g?é;’st &VAB 16 sectors apart from the 16 sectors to be added or
updated cannot be reproduced, and so the data that is to be added or updated cannot be
written. Therefore, the drive system re-accesses the cluster in the disc 30 and retries
reproduction, or fransmits an error message to the host if the cluster cannot be reproduced even

after the second try.
SUMMARY OF THE INVENTION

[0018] The presentinvention provides an optical recording medium, an apparatus and a
method of recording/reproducing the medium, and a computer readable recording medium
storing a program to perform the method, by which an unnecessary operation of a drive system
is prevented by checking whether invalid data exists in a recording unit block recorded by a disc



after the second try. SUMVMARY OF THE | NVENTI ON [ 0018] The present

i nvention provides an optical recording nedium an apparatus and a
nmet hod of recording/reproducing the nedium and a conputer readable
recordi ng medium storing a programto performthe nethod, by which
an unnecessary operation of a drive system is prevented by checking
whet her invalid data exists in a recording unit block recorded by a

di sc 4 cefifitdtibh Cetdi epidr cerhsbtion E&ablignis REdrdvda. capability is inproved.
[ 0019] Additi onal aspects and/ or advantages of the invention will be

set for d
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i nval i deddpdiag meditive data bl ock and the padding identifier. [0022] The
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aspect of the present invention, there is provided a nethod of
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[0023] The padding identifier may indicate padding information for one or two sectors, or for

one cluster.

[0024] According to another aspect of the present invention, there is provided a method of
recording/reproducing data, the method including: recording a recording/reproducing unit block
on a recording medium, the recording/reproducing unit block comprising invalid data used in
disc certification and a padding identifier to indicate that the invalid data is included in the
recording/reproducing unit block, the invalid data being used during the disc certification on a

portion of the recording medium or the entire recarding medium.

[0025] The method may further include: performing disc certification by reproducing the
recording/reproducing unit block recorded on the recording medium; and recording defect
information of the recording/reproducing unit block on the recording medium based on a result

of the disc certification.



recordi ng/ reproduci ng unit bl ock, the invalid data being used during
the disc certification on a portion of the recording nmediumor the
entire recording nedium [0025] The nethod may further include:
perform ng disc certification by reproducing the
recordi ng/ reproduci ng unit bl ock recorded on the recordi ng medi um
and recording defect information of the recordi ng/reproduci ng unit
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the apparatus inc arealng ing unit to read data froma
recordllﬁf@fnwélnemf@rfﬂmi ing/MmediMiat a on the recording medium and a
controlling unit to control the reading/witing unit to wite a
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recording/reproducing unit block including invalid data used in disc certification and a padding
identifier to indicate that the invalid data is included in the recording/reproducing unit block, the
invalid data being used during the disc certification on a portion of the recording medium or the

entire recording medium.

[0030] According to another aspect of the present invention, there is provided an apparatus
to record/reproduce data, the apparatus including: a reading/writing unit to read data from a
recording medium and/or write data on the recording medium; and a controlling unit to generate
a BIS cluster by including an LDS cluster, which has invalid data used in disc certification of the
recording medium, and a padding identifier, which indicates that the LDS cluster is filled with the
invalid data, in a physical address block, controls the reading/writing unit to write a physical
cluster that combines the LDS cluster and the BIS cluster, performs disc certification by



entire recording nmedium [0030] According to another aspect of the
present invention, there is provided an apparatus to

record/ reproduce data, the apparatus including: a reading/witing
unit to read data froma recording nediumand/or wite data on the
recording nmedium and a controlling unit to generate a BIS cluster
by including an LDS cluster, which has invalid data used in disc
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[0033] ﬁéﬁgg&%lgﬁpﬂggtm%m@gd advant ages of the invention

will

[0033] These and/or other aspects and advantages of the invention will become apparent
and more readily appreciated from the following description of the embodiments, taken in

conjunction with the accompanying drawings of which:

FIG. 1 is a schematic representation of a conventional method of interleaving encoding,

FIG. 2 illustrates a conventional “read-modify-write” method,;

FIG. 3 illustrates a conventional method of disc certification;

FIG. 4 illustrates a recording unit block to which a padding identifier is inserted during
disc certification according to an embodiment of the present invention;

FIG. 5 illustrates a reproducing unit block to which a padding identifier is inserted during
disc certification according to an embodiment of the present invention;

FIG. 6 is a reference diagram illustrating a structure of a burst indicator subcode (BIS)



and nore readily appreciated fromthe follow ng description of the
enbodi nents, taken in conjunction with the acconpanying draw ngs of
which: FIG 1 is a schematic representation of a conventional nethod

of interleaving encoding; FIG 2 illustrates a conventional
"read-nmodify-wite” method; FIG 3 illustrates a conventional nethod
of disc certification; FIG 4 illustrates a recording unit block to
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DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0034] Reference will now be
made in detail to the present enbodi ments of the present invention,
exanpl &ETMLEMMPESCRITION|QsTHREMBORIMEN Sacconpanyi ng dr awi ngs,
wherein Iike reference nunerals refer to the like el enents

t hroughgeds) ThereRMBOAIMRM e Rad HeRIItPEE 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.

[0035] To solve the previously mentioned problem, and/or other possible problems, a
padding identifier indicating that invalid data is included in a recording unit block is recorded in
the recording unit block when recording the recording unit block in a disc for disc certification.
By including the padding identifier in the recording unit block, data can be recorded through the
read-modify-write process, even if the error correction of the recording unit block was
unsuccessful, by checking the padding identifier in the recording unit block and determining
whether invalid data is included in the recording unit block when recording data in the recording
unit block. Although the recording unit block will be mainly described below, the same applies to

a reproducing unit block.

[0036] First, a recording unit block in which a padding identifier, which is written on a disc, is

inserted when performing disc certification will be described.



below in order to explain the present invention by referring to the
figures. [0035] To solve the previously nentioned problem and/or

ot her possible problens, a padding identifier indicating that
invalid data is included in a recording unit block is recorded in

the recording unit block when recording the recording unit block in a
disc for disc certification. By including the padding identifier in
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i ncl udes address infornmation 43 of the data of the data bl ock 41,
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unit block 40 is invalid by first reading the access bl ock 42 and
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[0042] The access block 52 includes address information 53 of the data of the data block 51,
and the padding identifier 54 to indicate that the data in the data block 51 is invalid. When the
drive system accesses the reproducing unit block 50, the drive system learns that the data in
the reproducing unit block 50 is invalid by first reading the access block 52 and checking the
padding identifier 54.

[0043] An example in which a padding identifier is applied in a physical cluster comprising a
long distance (LDS) cluster and a burst indicator subcode (BIS) cluster will now be described.

[0044] FIG. 6is a reference diagram illustrating a structure of a BIS cluster 60 having

padding information inserted therein according to an embodiment of the present invention.

[0045] The data structure illustrated in FIG. 6 is an example in which the padding identifier



invalid data that is stored in the data block 51 is illustrated as
"FFh," But the invalid data can also be "00h" or another different
val ue. [0042] The access bl ock 52 includes address infornmation 53 of
the data of the data block 51, and the padding identifier 54 to
indicate that the data in the data block 51 is invalid. Wen the
drive system accesses the reproducing unit block 50, the drive system
| ear ns atdvading tdeancksh Bodirient bhihe pegdeATtitedntign l$rHpblidd te@l@a‘&ostmtur@watsbsbdby
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invention is applied to a data structure disclosed in the
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encode addi ng information is error corrected before the user

dat a |gl%a|"§}?r rrect ed. The systemand structure according to the
"interleaving encoding” technique as illustrated in FIG 6 is nerely
an ex{oodrg ot tshefe:rc‘nmg/tarﬁlé.rmeha);ﬁhyemallaa!idra‘sagzlhheamrewntormanman“egammg
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portion 0O
for di $he wsitalfsectatsiivim 9 mh@ pEwd |Sn@1|eurnff>mraman regardwmeaﬁh qf the physical sectors

nf or

ohysi cacue Byl e ddbtuclfrofttiidn st pE ! prThlnaBich. ok byés o
r ef er r PAGY 68. Fhatis,d6 physica) sgeipronimbgtiiare StPrapintiealusigrdeeosde Qﬁ@ﬁhﬁamtb}n
regar d'tH”éQBIS%IJsR—:Ir%b &fch %ﬁtrefaﬁ%g@lsea@Mmb%rs &dn%ns%mﬁ@d of888les O

t hr oug | 'nformati on regar di ng each of ysical sectors is. in

9 byt e@ﬂfonma@n $&and hEUTRY S¥ioa VoD ﬁeéﬂﬁ'i"a .dﬁtj* @a;eﬁ dl§F they datg g nceged into a

sect or g9, 5, Brdoddnd 4tort wishivthedIgcRE®r BOLf Or mation 63, 1 byte of
paddi ng i nfformation 64, and 4 byt es of parlty 65. That is, 16

physic o nber, cl.uster recorde

Y i n004RE  ofte SHATRR iodistoR b riseleal PR(FRH B SERRPRSIRG fipitl H8tor

conpr i shengrddinb yrifersnatibn 84 thdeates that data in a corresponding physical sector is invalid, and
the parity 65 indicates a parity value to error correct the address information 63 or the

corresponding padding information 64.

[0049] The padding information 64 will be described in more detail with reference to FIGS. 7
and 8.

[0050] FIG. 7 is a structural diagram of one of the physical sectors 0 through 15 illustrated in
FIG. 6, each having the padding information 64 for two sectors in detail according 1o an

embodiment of the present invention.

[0051] Referring to FIG. 7, the 1 byte of padding information 64 is a dummy byte, and has a
padding identifier 66 indicating the padding information 64 for iwo sectors using the lower 2 bits
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information 63 and 1 dumry byte. Wen recording data on the disc, the
data is encoded into a (9, 5 5) code and stored within the BIS
cluster 60. [0048] The address information 63 indicates an address of
a correspondi ng physical sector, the padding information 64
indicates that data in a correspondi ng physical sector is invalid,
and the parity 65 indicates a parity value to error correct the

addr esgbo gﬁ@bg&mr@m 168 op thetdienmepré.espondi ng paddi ng i nformation 64.
[0049] The paddi ng information 64 will be described in nore detail

wthr nc d 0050 §
6 agr aP0AT ot 4 B3 idter ¥ AP SHetdy pfnndra'afe Bofb i Hettler, |
FIG 6, remd:elsd dralhe aipct Eecrpa‘dth p!g,/swaf mctmmumhereatomorisasv&bmf@dgrem

det ai | n?fSﬁ'tQJtlg‘}%%ahg 1 %pwg%{g}ged Hg%heﬂf ac%ﬁ?&né? ﬂtthé GE rﬁ%é4(9é|?% |s[t=91g§t}dd

Referring to ornatlon
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are required f each fIheLScI ter.s . for disc .certification, In
Fhis cabebihyuaie TR Sysishlrerentobs Sttt G leioh bl Stor
So, if 2 bits are allocated to each dummy byte in the physical
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ndi cate the yte in-one physica
sect or thripteeentiimyehtion: es paddi ng i nformati on of two sectors. [0054]
FIG 8 is a structural diagram of one of the physical sectors 0O

t hr oughodszi | huﬁ;wr@tts#le B, thEHCByteﬁofhﬁ\dHlﬁg idfdHhab&Iel R dmﬁy BRe | 0 124 a

et ORI 6B RE B SoRity A mENG o g sty s el B2 rom

i nf or maké Béttdnftof the 8 bAsIBTtHe Byrhey bsted has a padding identifier 67
i ndi cating the padding information of one cluster using the third bit

b2 TrofMhose  When indicating that the entire LDS cluster within the cluster is padded by the drive
system by the disc certification, 1 bit for each instance of the padding information is sufficient.
Therefore, as illustrated in FIG. 8, the padding information of the entire cluster can be indicated

using a 1 bit padding identifier 67 within the dummy byte.

[0057] The padding information indicates that there is invalid information in each of the
sectors within an ECC cluster or the entire cluster. As such, the drive system learns of the
invalidity of data of sectors that are to be added or updated during the reading process of the
read-modify-write process using the padding information 64 within the BIS cluster 60.
Consequently, even if the LDS cluster in the ECC cluster cannot be error corrected, the adding

or updating process of the cluster can be performed.

[0058] FIG. 9 is a schematic diagram of a recording/reproducing apparatus according to an

embodiment of the present invention.
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the bottomof the 8 bits of the dummy byte. [0056] Wen indicating
that the entire LDS cluster within the cluster is padded by the drive
system by the disc certification, 1 bit for each instance of the
paddi ng information is sufficient. Therefore, as illustrated in FIG
8, the padding information of the entire cluster can be indicated
using a 1 bit padding identifier 67 within the dummy byte. [0057] The

paddi n?oosaj or R&FbIriag td I, 9&h@Eecbhﬂigth@U@cmgiapﬂ’aVélhs Gh WHItI FemingQindion
each o er .or the entjre c

t E
Soch. ©ngion BE° & porallb e dypetndwHie i e valipg it £ Sl £°
t haéI aW\tgr?csotrb&eﬁﬂﬁiﬁdrebfodmpﬂgbﬁpbrdws icag rdaheiataea?temtqq roope&z'n'(ﬁottrﬁ teading
rea noal r-ocess,.u LNT.O
by oo "ate S or b RTE R g RS Bt B o o Wi s e dndrdF
cl ust erstocageToddilre aecarding toothe eotseot, entboelinaetdli ang reaﬂs dagedttreprgdyredbess  of

t he cl o per.f gr " Q .S ram of
ar ecolr[%:c"?cje/d r‘%‘%‘r gﬁ' Gci Héagﬁ%r'tg (%g]ﬁgﬂéé@r %ﬁlgg@tlgéﬁgﬁﬁj t%g%t‘ta%gf t he
pres entpredeteemtnied mecon_dlng{ @OE9jckRafr@btainsg/atid dath Gy pecesdirg the data read by the

recor dingf r@%‘gﬁﬂglﬁﬁﬁ :%%}L&FDH%f t .e %&@dd’tgﬁ’\gfuﬂgs anld gFrect 'tl’ié l%g ghia

data i< es area uni t ntrol |ng
uni t 2anqi nb@tnmrvallwtasandtlﬁeerif@m@ﬁdﬂ inth@m'@%ﬂmltﬁgTE%B@}F'atW%an read

data, wib&cHa R pe%m%r fREMME 5 ?é}ﬁbdlﬂmg%ﬁ b}%k tdoﬂ'@s&fndgﬁitﬂe The
readi ng/witing unit wites data on a disc IS
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[0061] When reproducing data from the disc 100, the reading/writing unit 1 reads the
recording unit block having the padding identifier, and the controlling unit 2 determines that
invalid data is included in the recording unit data based on the padding identifier in the recording
unif block.

[0062] FIG. 10 is a diagram of the recording/reproducing apparatus of FIG. 9 configured in a

disc drive system in detail.

[0063] Referring to FIG. 10, the disc drive system includes a pickup 10 as the reading/writing
unit 1. The disc 100 is mounted on the pickup 10. Also, the disc drive system includes a host
interface (I/F) 101, a digital signal processor {DSP) 102, a radio frequency amplifier (RF AMP}
103, a servo 104, a system controller 105, and a memory 106 as the controlling unit.
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particular, the controlling unit 2 includes a padding identifier,
which indicates that data in a recording unit block is invalid, in
the recording unit bl ock when recording the recording unit block on
the disc 100 for disk certification. The padding identifier according
an enbodi rent of to the present invention may indicate invalid data
by sectors or clusters. A detailed description related to this wll
be pregseobdpd Wadrerecoldii@ibla dhee drseploodue hog |/eatioa rédedms alhvaritel banmiaﬁm
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where the invalid data is written on the disc 100. Also, when recording data on the disc 100, a
writing operation is immediately performed without having to read a recording black from the
disc 100 when the block is registered as a defect list as the result of disc certification.
Description related to this will be described in more detail later.

[0067] When reading data from the disc 100, the host I/F 101 receives a read command
output from the host 3. The system controller 105 performs initialization needed for reading the
data. The pickup 10 emits a laser beam onto the disc 10, and outputs an optical signal obtained
by receiving a laser beam reflected from the disc 100. The RF AMP 103 converts the optical
signal output from the pickup 10 into an RF signal and provides modulated data obtained from
the RF signal to the DSP 102 in addition to providing a servo signai to the servo 104 to control
the pickup 10. The DSP 102 demodulates the modulated data and outputs data obtained after
ECC error correction. The servo 104 receives a serve signal output from the RF AMP 103, and
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and controls the pickup 10 to wite the recording unit block on the
di sc 100 when recording the recording unit block filled with the
invalid data on the disc 100 for disc certification. [0066] In
addition, after perform ng such a disc certification, the system
controller 105 checks that the recording unit block is filled with
invalid data through the padding identifier in the recording unit
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[0071] First, the system controller 105 of the disc drive system ECC encodes 64 Kbyies of
data comprising 00h or FFh for disc certification, and generates an LDS cluster (111).

[0072] Then, the system controller 105 ECC encodes the LDS cluster by including a physical
sector number of the LDS cluster and other additional information, and generates a BIS cluster
(112). Here, the BIS cluster is generated by including padding information that indicates each

sector (2 Kbytes) of the 64 Kbytes LDS cluster, or the entire 64 Kbytes LDS cluster, is filled with

invalid data in a physical address block.

[0073] Afterwards, the system controller 105 interleaves the LDS cluster and the BIS cluster
and generates an ECC physical cluster (113), and generates a recording unit block by going
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includes a data area of the disc in the process of disc
initialization, the systemcontroller 105 reproduces the clusters
after witing in a specific value such as 00h or FFh in each of the
clusters in the recordable area, and perforns error correction to
performdisc certification that determ nes whether there is a defect
in each of the clusters. Also, the systemcontroller 105 can perform
qui ﬁk ?ﬁé%dhfdri@@%@he&hecﬂlfdmﬁoi'd‘@ tsgcr[ﬂmaémng' dvlﬁ/ricﬁﬁttdﬁ{agiresirdtg& of
each of t c ers .in.t rdabl e area ich include the data
area ofecf’ﬁjz"gdi'”i{jﬁoc&m W@tdéﬁpgl%ﬂéﬁdgdef ect status of each of the
clusters in some specific areas when re-initializing the re-witable
di sc t [74] s Nextirthesgsiam contwier, 10&ceppdiasg theoclasteroremdet outhp uecordiogn

t he ho?ﬁed% d‘/g ﬂcerrﬁé&céﬁ'#éﬁn @Hg)w chart illustrating a nethod of
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information of the cluster having a ct according to the result
of theoBie§€dkertification on the recording medium (116). [0076] Wen
the host 3 tries to record data on the certified cluster after
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(LSN) generated by a wite conmmand of the host 3 and perforns

r ecor di[00y8] Thieefewing cwFity 12.dbeldisc drive system receives a data write command from the

host 3 or an application {1201). The host 3 or the application transmits the data write command

along with a logical address of the data that is to be recorded on the disc 100.

[0079] The system controller 105 first finds a physical address that corresponds to the logical
address of the data that is to be recorded, and which has been transmitted together with the
write command, and then determines whether the physical address is an address included in
the defect information {1202).

[0080] The data that is to be recorded is immediately written on the disc 100 when an
address to which data is to be recorded in is included in the defect information (1203). Thatis, if
the address is registered as the defect information as the result of the disc certification, a cluster
in the address has a defect or has a possibility of having a defect. This means that valid data is
not recorded in the address. Thus, data can be recorded at the address without having ta
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nodi fy-wite process is performed by the drive system 105 if the size
of the LSN generated by the wite command is not a nultiple of the
cluster (64 Kbytes = 32 sectors), since clusters on the disc 100 on
whi ch sonme of the sectors in the beginning or end are to be recoded
are already recorded in (the disc drive system cannot know whet her
valid data is recorded in the cluster recorded on the disc 100 until
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(1204). Here, the disc drive systemreads one recording unit block

for t h"[‘oéﬁ%ﬁ a &Igﬁt th(la %ysttgm li’:gnt{'o grp ‘f l%e éjetcgf\ﬁ?nneslvxhegh%? eﬁ’gpé{)wectﬂ'Ig of the LDS cluster
is successful (1207), and the recording unit block is processed in a general method when the

error correcting of the LDS cluster is successful.

[0085] Thatis, it is determined whether there is a defect in the recording unit block (1209).
Actually, whether to process the recording unit block as a defect can be determined from error
correcting in operation 1205. If the recording unit block is determined not to have a defect as
the result of the determination, data is renewed at the location it is to be recorded on the
recording unit block, which is stored in the memory, and the recording unit block in which the
data is recorded is recorded on the disc 100 (1210). This is the general read-modify-write

process.

[0086] If the recording unit block is determined to have a defect as the result of the
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the data is |l ess than the one recording unit bl ock. For exanple,
assum ng one recording unit block has 32 sectors, the disc drive
systemreads 32 sectors of the recording unit block for 16 sectors
of the data that are to be recorded fromthe disc 100, even when the
amount of data that is to be recorded is only 16 sectors. [0082]
Next, the systemcontroller 105 controls the DSP 102 to error correct
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uni t Also, if the data besides the data at the address at which the data is to be recorded in the

recording unit block is invalid padding data, it does not need to be error corrected.

[0089] Therefore, in this case, the system controller 105 arranges the data at the location at
which data is to be recorded in the recording unit block, which is stored in the memory, and pads
the invalid padding data in a location beside the location at which the data is to be recorded (i.e.,
the rest of the recording unit block) to create a replacement recording unit block. Then, the
replacement recording unit block is recorded on a replacement location of the disc 100 (1211).
That is, the disc drive system makes the recording unit block into a full 64 Kbytes comprising the
data according to the write command of the host 3 and the padding data, and then records the
recording unit block on the disc 100. Likewise, the data padded by the system controller 105

indicates padding information for each sector within the BIS cluster.
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bl ock when the entire recording unit block is not filled with valid
data but only a part the recording unit block is filled wwth valid
data and the rest is filled with invalid padding data to create one
recording unit block according to an enbodi nent of the present
invention. In addition, the systemcontroller 105 can check the

| ocation of valid data and invalid data in the recording unit bl ock
from t pE9pRpddFiag13 i faajrapt ¢apiparifg Bher dBhSctidnusbalility 8f &1 LS cluster aed £8I1Dy
|ncludh@g t he padding information in the BI'S cluster according to an
enbodi ®"of the present invention. [0088] In this case, if it is
confirnmed that the data besides the data at the address at which the
dat a i §0a9d] beRefemiog telIG h3,ttheeracorrditiog abititytof HeddIB duster mud tHed-Qiaddstern

data, HReAYE Bhach ShETlre binpsial ﬁ%&fsgﬁééﬁﬁ@ﬂ@ brt R thE A5 KR ction

unit b error COI‘I‘EC ter
Thi s i saprbiitpuefehe BIS alugter lamUt:mbetmma@ébe arongaire¢tionisepahilityof tye LBSistuster.

recor dgflg 'dﬁ’feFetPl@e inf o oot lelﬁtg Bk ek pY élusté}%nggﬁé 15! didsBdh caB S Ey}'tHé

it does not matter whether error correcte Also, if the ata
besi degandrE RIEr QOGS Pﬁﬂiu%@éﬁdéé §1Gt13\hereysetthe Ligg clistes coraprises (248 R 33)

in the co&@mn@lmms RiukteP b&ﬁ.!fnsleg éezn\sal 34 ch@d dc\snmcﬁ 3ﬁaﬁaty m&e AQRBerbet the
need to be error corrected Ther ef or e,

syst emLE’érFﬂqS@ﬂnaaﬁ t'@oﬁﬁsmséﬂﬁ@&th? ﬁ%maatf%ﬂmfe@% of fBe am*eo?f the B'Svﬂv%tw is

dat ahl $nuch sherdra&RrARs tHe UOcliae0 ndian@sunide difdédce inBir6itor@ciirigatbitl of
In the

[ menmr and pa t he invalid paddi ata in a location

besi detrien‘g'gl il aﬂﬂﬂﬁqj:?/ﬁﬁlﬁﬁe“t'ﬁ@s&'H?t?q?gmt':gg'b ‘recorded (i.e., the
rest of the recording unit block) to create a replacenent recording
unit bl[@ieR] Thendiffdrbrece in epbrammensettin gapellitdiohihe BiS tlukteoand the Lb&oustherd

On ar %Qu%%ﬁ%%%rgt%ﬁ? s 24 f&logg h%ag‘\ éﬁh%P ?d]s]t)f the %%’If:lu%t%r rl%bs&?ze%riﬁp

drive SYyS I nto
conpri diteg Thes, acmaaxamanowabms m@at:meftwep@@wodm@ﬁdomormeh@dﬁhr@ugfsthand

t he paggéa&v@ k?emo%fmﬁté?%%{ E&E%E%&E@the@é%@t 'E%éé?b&rré&'t@ﬁlé 8 tde

disc 1 mnse em contr ol
i ndi catreproyrerioregrEFionPeEeIMANCe FmoastindRexctBePman ceden ﬁ%@xw@edf %rsqrer

17 [ 0090k edtbPof drdinhér C%dg\ﬁré\'@ halﬁoéW@rrabé]qla§r|§ &t tEPe B A afi@BABUIeHt Y Of
an LDS cluster and a BI'S cluster 009 Referring to FIG 13, the
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cl ust erheccﬁHer%%nQ alt‘iwough the BIS cluster has the same parity byte number for each codeword as
that of the LDS codewords, only up to 16 error byies within each of the BIS codewords can be
corrected because eraser correction is not performed. However, a maximum of 128 recording
frames can be corrected within the recording unit block since the BIS cluster comprises 24
codewords, the codewords being interleaved evenly within the BIS cluster. For example, while
in the LDS cluster, errors caused by a long error such as a maximum of 1 cm scratch in the LDS
cluster can be corrected, in the BIS cluster, longer errors that are double the length of the error

in the LDS cluster, such as a maximum of 2 cm scratch, in the BIS cluster can be corrected.

[0093] The case in which the BIS cluster can be error corrected, but the LDS cluster cannot
be error corrected, occurs frequently. Thus, padding information for each of the sectors is
included in the BIS cluster, and data is added to the padding information or updated even if the
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random error occurs as illustrated in FIG 13 because the LDS cl uster
conprises (248, 216, 33) code, while the BIS cluster conprises (62,
30, 22) code. As such, parity byte nunbers of the LDS cluster and
the BIS cluster are the sane, but the length of the code of the BIS
cluster is nuch shorter than that of the LDS cluster. As a result,
the difference in error correcting ability of the BIS cluster and
the LDEDsldugte?has & dafect \bﬂranlsrea@ih@drei UDS:d:Iﬁiterlchnﬁ 292hd- iﬂmﬁindwfeq:rme
inerr rrection cap | e cl.uster ang t er
caused g e opciass g repina st e Sle i BrebruBl dudetii Bt
LDS cl efiitiencyhaishSdispdnvetsystetmyt es. Thus, a maxi num of 32 bytes in each
of the codewords is error corrected through the interleaving method
and e;;&ﬁ%co,&&%% A8 thiShrdberl R eRlon dWeSorivkli2BEle, SRHRENLY d dive3Ggem
rove error rrec I'on performance regar onnn co
For ex sapbe improvesrbyqireventing @ eadusdand fetaing meeass @bﬂjemwssr%ﬁnn By claﬁ«vkmg
eraser jdg trbﬁor?ﬁ'wkalfocqatté‘ﬁcl V@erwr@c@raﬂg@n.t BI'dEl@r\rvhrc‘hqg?é&BFo@d'dﬁnﬁdtﬁréﬁ

correcte usi n eas error COI‘I‘eCtIOI’l IS per or ned
r egar dicerfi @a*ron.en pEYaNce aorrhweirﬂgeriatq)@% AdissnAlsanky nej PReEINIEFABWitgoPeration

i dent i kLdan 84886 bePREdeSEdd Larl STR i Em&t.oﬁ B&HbMkty GndR BhEduehty
which a "position” is identified and a "value" is not identifl ed.
Ther ef §F&Oved he LDS cluster can be corrected up to 64 recording
frames within the recording unit block. On the other hand, although
t he Bl foogisyst Bie method bﬁee@d‘ﬁg@ajrbcﬁwdgﬁsejescrrﬂmdrabbw careaitn noerabadiet @ss
that of the LDS rds error bytes
the Bl &RBRENERITIE D A b Ber BB dnEatBh medhRE MesdbufeP el
per f or negbrdihdpmvediam, is anywiata soragefdetiz8 thae car storeglatd wbmiresamlamthbeeaﬂer read
correc r }
corpri 228 Slyelisb sl BEAhbO S 2L BIBE B Rolbiaf et YERES reac
Wi t hi notlyeneBi@y (RUNH, eandofpaceesamsmery (\HﬂﬁM)eCDrROMheﬂmtl@t&%% élpppy disks,
errors | r i in
LoD e Bordg RIS T OLaTtERelt CHIRE BBk R A EE 0
t hat afrgereilblee eemapyterigadabis recordingmesium £an alpebe disirioHigd OxeT nebwek as
a maxi pymed co’m&mr%%t@rng Ro tl‘raﬁ' tﬁer'&n%u%r%édﬁbiércoﬁé‘-% da6re6 ahd BRdcfdd in a

[ 0093] The case in which the BI'S cluster can be error corrected,
t he LDdistibytaddpshion o, fusstien pragragsy psiepernd Q?@Eﬁ?@“?'?t%%éﬁ?qu"sﬁ*h%g"

paddi ngrdsahhvErtib®Bar 8 ef Bortrubd By SRGEMiers Skillédie thwdgtito whith@e Bresent
cluster, and data is added to the padding information or updated even

i f the "WEN{PHPLLISt er has a defect when readi ng the LDS cl uster
during the read-nodify-wite process. Therefore, unnecessary
retryi f@gpas] tAlehodplsa falv embodipsntsof the presenkinteadion hber kden shopnewing t he

ef fici eneYinal i NSu&bS SoFhli¥Ed BY Bic8H skilled in the art that changes may be made in this

embodiment without departing from the principles and spirit of the invention, the scope of which

is defined in the claims and their equivalents.
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[ 0094] According to the present invention as described above, an
efficiency of a drive system can be inproved by preventing a
redundant retrying process of the drive system by checking
information on invalid data included in a recording unit block, which
is recorded during disc certification, in advance and witing data
on a disc. Also, by not reporting a data wite operation that can
actualh%ﬁﬂﬁ§processed as an error, error correction capability can be
conseq i nproved. [0095] The nethod of recording/reproduci ng as
descri bed afp ﬁ & g0 be enbodied as conputer readable codes on a
conput er reada Fe recordlng medi um The conputer readable recording

medi um i s ahyAmdeﬂf@C@qbngd@WQﬂéClﬂ@lé@tac@ﬂ metindecomprisinghi ch can be
thereafter ?@Jn bayre@o QGpéﬁrS?uMﬁmloc%ﬁ%@&dlﬁb n{eﬂﬁlrrp‘ﬂ’mmt er

readabl e reco un1|nc ude read- only menor

r andonf%@f?@l&éfeﬁ@ﬁ‘é@'w pgplpck comprieing invarichdria Heed 'aﬁ'eg ce'ftlr eiey aps! gjpadding

opt i Caﬁdeﬁﬁﬁe@t&xﬁ@il’:ﬁ’t@%éﬂ% ifRid dards ﬁ'@fuﬂé@fn tM@l&Srcﬁr@W’@ﬁo@ﬁclﬁtﬁ&!ﬁt block the
transm ssjon through the |Internet uter eadab] e re @.%B

medi umivalid data Beipe Usadquring dfieadisRAsy Cﬁféquwp re?ﬁ;?ﬁt &I ree8g:

so t haknfirbeedetiimyinediumeadabl e code is stored and executed |n a
distributed fashion. Al so, function progranms, codes, and code
segnments for acconplishing the present invention can be easily
construed bg. Phegithwder slaiski | Wetein thetreeording/rémodusingtuntt binclo ceraprittes:

[ ti t 0 th f mbodi t f th t
vent o Ptk R ubli gty gk eroodtents of the present
t hose skil | enlacaess bbclatdacbhatthehaiagmmknlhy abeeseaibek inlutingsddreedodi ment
wi € NOUl(SEARES L LRI dAEimAh B BIcRR, A% Blddg Blnifiie [ nvent i on,

€ clal an

the scope © err eqU|vaIents
19 CLAINB What is clainmed is: 1. A nethod of recordlng/reprodUC|ng

data, the ngt *?Réigemaerdfabmm the‘?éiH’iHE @oin ff&&éﬂlcﬂﬁ/lfn%fo%ﬁ'%% @@sr&au

bl ock on a recording nmedium t recor reproducing unit block
conprlﬁmﬂgfﬂﬂmaﬁﬁ@ data used in disc certlflcatlon and a paddi ng

identifier E,QLDquﬁ@Hgtahg@’thS@ ér{aval iddata is included i n t he
recor di ng/ repro uci ng_unit ck, nval i d data bein gﬁ durlcr)}g

the disc cePBI¥ (Russtislicaty Sab%%‘ﬂ ?'B‘ﬁero?‘et%% clugtepingiudigs e mefin
ent i r e daRGRIHILIS d@dedIBhd a dummy byte which has the padding identifier.

4, The method of claim 3, wherein the padding identifier indicates padding information

for two sectors.

5. The method of claim 3, wherein the padding identifier indicates padding information

for one cluster.

6. The method of claim 1, further comprising:

performing disc certification by reproducing the recording/reproducing unit block
recorded on the recording medium; and

recording defect information of the recording/reproducing unit block on the recording

medium based on a result of the disc certification.
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2. The nethod of claim1l, wherein the recording/reproducing unit

bl ock conprises: a data block including the invalid data; and an
access block to access the data bl ock, the access bl ock including
address information of the invalid data in the data bl ock, and the
padding identifier. 3. The nethod of claim1, wherein the
recordi ng/ reproduci ng unit block is a physical cluster conprising:
an LDS (I ong. tthé trrfte@)of Elkine6 gurther@8marighd (burst indi cator subcode)
cluster, the Bl S cl uyst i ncludin ddr ess, .i nf or mati on_.of !

Che LDS ol utcarinaal i e fRgrelplBhaRiiate Fil bR of S g bl o
4. The presiduslgl redordddadata &, thefeeoeling/repredpanitinitdlodtdated ortheipaddicgidestifier
paddi ng i nformation _for. two r . : j m 3,

wher ei ﬂ"att ngcagegét?%lav?h ed;?%al '? imech%:éng]t@gtr%Q rdgﬂﬁrgﬁﬁtgnﬁﬁ g'ﬁ‘%@%lﬁén for one
cluster. 6. The nmethod of claim1, further conprising: performng

di sc certificaf] ' i i AHMEAAS irttRb t

bl ock reco?'dgh!a ﬁ%ﬂ{?ﬁg??@@ﬁ?,ﬁlﬁ Eg@%@?ﬁﬁ&ﬁ@édﬁ%@gf%ong deapeé:t '

i nf or meedoatingifeptdsgcing oot bipeigwithayt a teagimegiymirite prosese ib Fesppeserte@clath wie

medi U”?c!?l%gre.ﬂ? S?tth rb&@vdlhdirePraduBRg Ghit BloSE frégjiédtért%éliri QBefﬁ&Cleck 2k rBtihed

of claim er conprising: recording data in the

r ecor didisgedipeationchaing reegived| ock regardl ess of error correction of
previously recorded data of the recording/reproducing unit block
based on the padding identifier that jndicates the jpvalid data is

i ncl uded i n®t ﬁ‘é“?tﬁ‘lqg)?fd?%?'?@fﬁp&ﬂ.‘r'ﬁi”ﬁ&a@nlhﬁ WUCOMPISe et hod of
claim6, fugbhebtirgRUDS(l6Hy distamsd) alusteyintiading ivalgl diad asddindize certification
recor di g%/ reproducing unit block wi thout a read-nodify-wite process
in resPbASEAYEMENE wite conmand of the recording/ reproducing

uni t bl ock, gerghtiges Bid (barstindieftecéutizbas) kcluater birinclueiigla paoiting ddesitifier,

dat e, YRETEUSRE BERRRERRT e TR Bl B APl g N
cl ust er i ncradrdigy 4 pmasicaticlad¢ravhichecbnibinasi tbe LD8 rctuster ead therBlS giustgr on the
" ecor di ng AR hdfium;
performing disc certification by reproducing the physical cluster recorded on the
recording medium; and
recording a result of the disc certification as defect information on the recording medium.

10. A method of recording data in a recording unit block, the method comprising:

determining whether invalid data exists in the recording unit block by evaluating an
indicator in the recording unit block; and

recording the data in the recording unit block, regardless of an outcome of error
correction of the recording unit block, in response to the indicator indicating that the invalid data

exists in the recording unit block.

11. A method of disc certification of a recording medium, the method comprising:
filling a recording unit block with invalid data; and
adding an indicator to the recording unit block to indicate that the recording unit block

includes the invalid data.
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generating a BI'S (burst indicator subcode) cluster by including a
padding identifier, which indicates the LDS cluster is filled with
the invalid data, in a physical address bl ock; recording a physical
cluster which conbines the LDS cluster and the BI'S cluster on the
recordi ng nmedium performng disc certification by reproducing the
physi cal cluster recorded on the recording nedium and recording a
resul t of the Adigtheeftédrodiaingaataaisond afremtdingnlidt etk cna @eortding medium,
recordltr%ﬂ8 dium .10, A nethod of recording data in a recording unit
bl ock, 9 R8PS i si ng:  determining whether invalid data

exi sts in theogeziog dn inglicator pravided kn thy renpadingtningocdknand ndi cator in the
recording u 4

bl ock, 1 agadepEaLing ingREirk AR Bl Wine el (iBiO-EERERUAG 1 Eldpue o
uni t bnmdemmntresponse to the indicator indicating that the |nvaI|d
data exists in the recording unit block. It. A nmethod of disc
certification of a recording nedium the nethod conprising: filling
a recording unit block with invalid data; and adding an indicator to
the recording unit block to indicate that the recording unit block
includes the invalid data. 21 12. A nethod of reproducing data froma
recording unit block on a recording nmedium the nethod conpri sing:
recogni zing an indicator provided in the recording unit block; and
determ ni ng whether invalid data exists in the recording unit bl ock
according to a value of the indicator. 22
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