11 April 2006 DESCRI PTION DATA RECORDI NG MEDI UM DATA RECORDI NG METHOD,
AND DATA RECORDI NG APPARATUS Techni cal Field The present |pW§§%iﬂﬂ)relates
-to a data recording nedium a data recording nethod, and a recordi ng
apparatus that are applicable for an optical disc of for exanple a-
read- ‘only disc (ROV. Background Art The standard about conmpact di'scs (CD),
which have been widely used, is referred to as conpact disc audio (CD DA)
and based -on the description of rfimdariol specificati on book call ed

Redbook. Based on the specification, various formats for exanple CD-ROM 15 -

have been sizrwRECGROINGMEDIUR| | PATACREGORDYNGMEDRED, ARD DATAh. In the
follow ng description, CD generally refers to discs of various formats

included in the CD famly. RECORDINGO@PPARAMESCh a | aser beamis 20
irradiated on a properly selected reflective filmon a disc and thereby

t he | engt h¥echnpectad. Fdeddvari ed has been proposed. This recordi ng process
is sonetimes referred to as additional recording process. Wen data is
.addft i onal | y recor defhenpragensf inventdoni ralates 286. acdatpl e
~identification information that identifies each disc can be recorded. v%en
i denti fi caFPERTAARESr REAALER . Asdad@orgserddnghmetbofer #ad aa 438 code of Q

';channel 11 April 2006
recording apparatus that are appllcable for an optlcal

disc of for example a read-only disc (ROM).
_ Backgrqund Art
‘ {:%0- The standard about compact discs (CD), which
have been widely used, is referred to as compact disc
audio (CD-DA) énd based on the description of a
standard specification book called Redbook. Based on
the specification, various formats for gxaﬁple CD-ROM
15 have been standardized and so-called CD family has been
set forth. In the folldwiﬁg description, CD generally
refers to discs of various formats ihcluded in the CD
famiiy.
Cj) A technology of which a laser beam is
'j20 - irradiated on a properly selected reflective film on a
disc and thereby the lengths of pits are variéd haé
been proposed. This recording process is somefimes
referred to as additional fecording process. When data
is additionally recorded on the ref;ectivé £ilm, for
25 example identification information that identifies each
disc can be recorded. When identification information

is recorded in the CD format, a sub code of Q channel




of the CD format can be used. In a CD, an error correction code referred to
as CIRC (Cross Interleave Reed-Sol onon Code) is used. Thugy aphemosat a
‘such as disc identification information is recorded on a reflective film
data that is additionally recorded is detected as an error and corrected
with the CRIC. In this case, original data of which the additiona
" recordi ng process has not been perforned is read. If the error that
exceeds the error correction perfornmance of the CIRC takes place, the
error cannot be corrected and data cannot be read. Alternatively, data
that has HeéhedRIifCrBHalddp Peceiefed cannot be read because an

| nterpol ating procgss, kb, PEf (QhgEdo HAUS; 0B @' retdle ol PPAREE addi L Onal
recordi ng process has been perfrormadrfor only an area in I,C|;I the error
correcti onCrode Bricodeampe MeedesSsldnennttde)pasf osered Thithusyheirhéatappl | cabl e

~range of the addit.ional recordjng process is restricted. Disclosureof the
I nvgnti on BXanpt e&lgﬁbb%?rﬁré%tlgaa‘or{ Hg‘fﬁ’%astéﬁf‘ fﬁv‘i?rﬁoirgﬁgrfﬁya provi de a data

recordi ng regdiefived rilah A J2@60EH N0 sTBENOG ondlly ared@biad r &C akdidgappar at us
that allow an application range of the additional recording process to be

ext ended. 3RceBrafineg ud edrirestedspébt td GRAE- | Hveddisomase .t heteina  provi ded
a data 'r,%l%%d&E‘Qrgq‘gﬂl_%{Q AL P8 1 %{e!:c?%i'n egiéée&‘s hQQWEJt' gL0g a recording
e er at t

area having recor t eon ori gl na ncoded w an error
correcti opecbodensgnd swhercei Nft hiee areocordidtgeaceadd uheherrdras recor ded
thereon by rewitin addi ti onal data_encoded with the error correction -

code so t I‘F&Fm‘ﬁfémagﬁﬁ‘?%ﬁéﬁeo%ﬁ hesCHYt tastedtiedeastih FPor SIHIER t he
. origi nal @@t@oiﬁédiggoékﬁidata cannot be read. Alternatively, data that

_ has been additionally recorded. cannot be read because an
Tiﬁ%erpolating procéss is perforﬁed. Thus, so far, the proposed
‘additional recording process héé;been performed for.only an area
~in which the error correction code encoding process is not
performed. Thus, the applicable range of the additional
recording process is restricted. |
Disclosure of the Invention
Example embodiments of the present invention may
provide a data recording medium, a data recording method, and a
data recording apparatus that allow an application range of the
~additional recording process to be extended. _
According to a first aspect of the invention, there is
provided a data rééégaing mediumrhaving a refiective film,
comprising a recording area'having recorded thereon original
data encoded with_ah error correction code and wherein the
recording area further has recorded thereoﬁ by rewriting
additionél data encoded with the error correction code so that
~the additional daﬁé;is not deﬁeétéd;as an error whenithe

loriginal data is decoded. S




11 April 2006 According to a second aspect of the invention, there is
provi ded a data recordi ng nethod for recording data on a dqtlaA Sieppgdi ng
medi um having a reflective film conprising recording on a recor ing area
original data encoded with an error correction code and further recording
on the recording area by rewiting additional data encoded with the error
correction code so that the additional data is not detected as an error
when the original data is decoded. According to a third aspect of the
present invention, there is provided a recording apparatus for recording
data on a data recdreravgnaett tmskavihgseret | ecttheeifiveniiosoniarsi ng a

recordi ng ;area t h VI ng Cliateccorged&herlt]faugt d{l glrngelco ta e %dgld vm h an error
correction code & 8 Wher'si Atthe cor area ?%er as recoraed

t her eon b)teEGJW[JlrIgI Rgd addinbivongla d:atfaecen@odednwdohptheu@r keEoEdigect i on
code so that the additional data_is net detected as an error when the
original Q3ta §EordérddEEe 1iumall 906 Sroated ey bR fIFCti onal |y recor ded

on a refl egtivg ifhl %dé%n&h%r%‘%nréé@rﬂ%baoh Stl-%e%QQ&ddmtghQrQth@y i's not
~detected as an error. Thus, when data that has been encoded with an error

correct i omegniteings adétivided] datpr ebktededfwinhi the reewpr t¢mredaien adanot be

read may not | a Sl n ata_ca addl i_onal | record in an
h%e%ﬁgelaﬁggld: f tc)*l eyr %gle

“area that °fa Gt 197 En  &r Ot %(r‘?‘?eectalso%n e appl i cabl e

range of bhegadd thenals I‘d@@@d&&[,ng process can be extended. 3 11 April

. 2006 Accordlng to a third aspect of the present 1nventlon,
there is prov1ded a’ recordlng apparatus for recording data on a
data recording medlum having a- reflectlve film, comprising a
'recordlng area hav1ng recorded thereon original data encoded

: with an error correctlon code and wherein the recording area
further has recorded thereon by rewriting additional data
encoded with the error correction code so that the additional

-data is not detected as an error when the original data is

decoded.
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Brief Descri ption of Drawings Fig. 1 is a schematic di agram describing a
recording pattern and a structure of a conventional CD. FflgAggliO?)éa
-schematic di agram describing a 5 di sc produci ng process according to an
enbodi nent of the present invention. Fig. 3 is a schematic diagram
describing an additional recording process according to the C enbodi nent

of the present invention. 10 Fig. 4 is a schematic diagram describing a
recordi ng=-:format of an optical disc according to the present invention.
Fig. 5is a schematic diagramdescribing a recording format of the optical
disc according to the 15 present invention. 20 Fig. 6 is a block diagram
show ng an exanpl &,:Qf ndy YRGa8NCQIER 1y H &orbekhSod STREE daLiRLI eehHl ock

di agram showi ng the exanple of the CII¥QC decoder. Fig. 8 is a block diagram
show ng an whednphen Uk dati RE decodiet,. thegdat® ils mohwiegededdidsednbl ock

di agram _show t he exanpl e of the CIRC decoder. . Fig. 10 is a schematic

i agr am GEE0T Bty SH5E MG PhFebTeancRg Troaet Thlp  S5h8 1o%Hare
schemat i goflicd@idABcodde S8l dtdi@dana astdivt icANed wheenr e tRENCRES according to
4. ' ‘
o cannot be read may not take place. Since data can be additionally
recorded in an area that has been encoded with an error
correction code, the applicable range of the additional recording

process can be extended.




11 April 2006 5 ~10 15 20 the enbodi nent of the present invention. Fig. 12
is a schematic diagram describing an additional recordingfpk%%?ﬁayin t he
-case the CIRC.is wused. Fig. 13 is a schematic diagram describi'ng e
additional recording process in the case that the CIRC is used. Fig. 14 is
a*schematic di agram describing the additional recording process:in the
~case that the CIRC is used. Fig. 15 is a schematic diagram describing the
-addi tional recording process in the case that the CIRC is used., Best
Modes for Buiefi hgsouipthen| afePragang@xt, an enbodi ment of which the

present invention isapplied to the case that disc_identification
i nformation (herei ndfi®r }elerd ctchematic ybigoram ¢eeFBHERLBE @ di sc shaped

recording mediumw Il be described, The UD is information th i dentifies
_each di sc. TSReTUERY JRRLFPER ARG 2R ERPFEUEP sOE %rSﬁBX?P%ﬁ°BB%p§hy nane,

O el LT AT PR ol RS RTE VST SESCHELAGT ST

invention, 5t bg BA0hILORG' bYobESY" 4690+BIAE L 98 LipD8iment of

the present invention. o |

Fig. 3 is a schematic diagram describing an
additional recording process according to the

embodiment of the present invention.

10 ‘Fig. 4 is a schematic diagram describing a
recoﬁdingﬁformat of an optical disc according to the
present invention.

| Fig. 5 is a schematic. diagram describing'a
recording format_of the optical disc acqbrding to the

.15 present invention.

Fig. 6 is a block diagram showing an example
of a CiRC encoder.
Fig. 7 is a more detailed biock diagram
B (ﬁ} showing the example of the CIRC decoder.
20 : Fig.-a is a block diagram showing an example
of a CIRC decoder.
 Fig. 9 is a more detailed block diagram
showing the exémple of the CIRC decoder.
| ‘Fig. 10 is a schematic diagram describing a
: 25'  CIRC intérleaving process.
Figs. 11A to H are schematic diagrgms

describing an additional recording process according to

s .




25. limted to the UDI, but desired information. The UDI is recorded in

- such a manner that can be read by.a conventional CD playeilg%ﬁ§2mx5
-convemtional CD-ROMdrive. 5 i | April 2006 First of all, for“easy

under standi ng, the structure of an optical disc for exanple a CD will be
déscribed. Fig. 1 is an enlarged view showing a part. of a conventional

CD. Concave portions that are referred 5 to as pits and lands that are
no-pit arepheasmbabimendt 8y ther pedsentt ingksthawi.ng a predetermned track
pitch (for exanple, 1.6 pn). The lengths of pits and lands are in the
range from 3T to 11TriMdjer 82 Tisr & psekemnasit héiaypamudesoyebshgnannt erval .
Laser light 10 is irradiated:fromthe rear surface of the CD. The CDis _
conposed oddditiemsaparecording psobetsain thhacasg &hehiCERGeds of 1.2 mm a
reflective film2 coated thereon, and a protection film 3 coated thereon.
Asthe reflesedve film 2, one having a high 15 reflectance, is used. The CD

is a read-only disc. However, as will be described |ater, after the
refPective film 2 i Ftdatdd, 1snaospenakicublaoran degsriedngnthae _
reflective film2 with the_ |aser light. Next, with referepnce tgo Fig. 2, a

 flow of thedddblonal EereRdbRgcREeCEsst hR ERp FRFELERGESERELEERCA - | st ep

- Si, a glass nast&r on whi ch photo resist, which is a photosensitive
~material, 18 ®¥3%%ed on a glass substrate is rotated by a spindl e notor.

Laser light that ispiyrnggd o0/ ot f o dndf£Q" §PRGEa &0s8rifERE Ydene
| additibnal recording process in the case that the CIRC
'(:%0 . is used.
| Fig. 15 is a schematic diagram describing the
additional recording process in the case that the CIRC
is.usedk |
Best Modeg:-for Carrying out the Invention
15 '~ Next, an embodiment of which the present .
_ invention is applied to the case that disc |
identification information (hereinafter referred to as -
UDI)Iis recorded on a disc shaped;recording medium will
(f) : ~be described.. The ﬁDI is information that identifies
j20 | each diéc; The UDI describes for example disc
production company name, disc seller name, production
:facto:y name, year of production, serial numbef, time
‘information, and solforth. According to the present
invention,_the additidnally recorded information is not
- 25, limited to the UDI, but desired information.. The UDI
. is recorded in such a manner that can be read by a

- conventional'CD player or a conventional CD-ROM drive.

5




25 signal is-irradiated on the photo resist film As a result, a master is

produced. A devel oping process is performed for the photo §§|§5 éﬁln1|s

.devel oped. When-r | | April 2006 the resist is of p05|t|ve 9

exposed portion is nelted. An uneven pattern is fornmed on the photo

résist film The photo resist nmaster is plated by an 5 electroplating

nmethod. As a result, one netal master 1is produced (at step 82) Wth the

netal master, a Iurallt of nothers are produced (at ste

addi tion, WAERttA ﬁ%@heforaeﬁﬁﬁrBP@??SBPHEFﬁﬁpeFEe aFEucﬁﬁsaueéd (at step

4) . VVth the s sc ClO s bstr pgodyced. . The disc substrate

i s produced® B9 ?EEECGHﬁ?et%¥oﬁxﬂ%? nd ﬁétﬁﬁzl %ﬁeg?ﬁfﬁﬁngn nol di ng |

met hod, the light s ng h p flective
?§£¢ 1rE§ éﬁkxﬁia%égﬁ #ﬁg sﬁgwfﬁ ﬁﬁ?rgls§

filmand a protectio |In1are cOnven C production

met hod, a %%ﬂ%hti nRY ! Arlge}%% éibﬁﬁ}%?a L& et Sfe4n Fig. 2,

| aser Ilgh rra Iate to t I"ect1ve portion, for

exagple a ﬂg pigsaggatigﬂds|Qﬁgﬁﬂg&éOﬁoL itadgbhkogakl y recorded at step
- S7. Laser I|g I's 20 irradiated on the reflTective film The land on the

reflectiveaitbfhhbeDpatesnéd N6k Methdks cRavERE) a PHedetspRitthba atonms are
traveled and the filmstructure and crystallization are varied. Thus, the

~reflectanceraéx HPEcRO(EbPNeLORBEESES, 6 ApmP. I ed tLerdftiy dmgertd i ght
| and lands are in the range from 3T to 11T where T
_CT, represents the minimum inversion interval. Laser light
';“io is irradiated+from the rear surface of the CD.

The CD is composed of a transparent disc

substrate 1 having a thickness of 1.2 mm, a reflective

ted: thereon, and a protection film 3 coated

thereon. As the reflective film 2, one having a high
~ 15 reflectance«~is used. The CD is a read-only disc.
However, as will be descriﬂed later, after the
reflective film 2 is coated, information (UDI) is
.recofded on the refiective film 2 with the laser light.
| @, - Next, with reference to Fig. 2, a flow of the
20 production process of the CD will be described. At
.step 81, a glass master on which photo resist, which is
a photosénéitive material, is coated on a glass
substrate is rdtated by a spindle motor. Laser light
that is turned on/off in accordance with:a record
25'; . signal is irradiated on the photo resist film.. As a
result, a master is produced. A developing process ié

performed for the photo resist film is developed. When
- +




25 is irradiated on the land, the reflection of the |aser | i ght becones
smal . Thus, a light detector recognizes the land as a pig VVI%%kpis
' LAes
to-

.charaoteristics, the pit. | | April 2006 | ength can be vari
record Information. Ii this case, the reflective filmis made of a
“material that allows the réeflectance thereof to be varied by, |aser

~irradi-ation. There is a material whose 5 refl ectance increases by the

addi tional fhRCEMIRE 1R QFCPOsiCive tybe,| RneCakpobed Portgloncsld ve filmis
made of an alum num all oy A1100-yXy where X is at | eaSt one el enent:

sel ected f pDteadl ONR GABYEAT pAGLEFnCes Formdl, ofi thdbphote, and Ag. The
conposition rate y'of the Al alloy filmis selected in the range of 5 <y
< 50 [ at oniresAlsttefddin.vel y, the reflective filmmy be also nmade of an Ag
alloy f ilmAg].00-,Y, where Y is at |east one elenment selected froma
group consi sting of TheGphoto, rhlsis8! magberFés phdtAl. b¥henconposition rate
z 20 of the Al alloy filmis selected in the range of 5 <z < 50 [atom
U. Bhe ref edectrepfiattingametdodor nhd dyresultexonpl metad magherron
sputtering nmethod. For exanple, in the condition that the reflective film
of Al Ge al Rsypredugededali skeR S@ii-ckWésh Bheopehad maseeriiaght 1s
irradiated froma transparent substrate side or a protection filmside
‘ ' plurality of mothers are produced (at step S3). In ‘
addition, with the mother, a plurality of stampers are
_ produced (at step S4). With the stamper, a disc
-(:%0 substrate is produced. The disc substrate is produced
by the'compression molding method, the injection
" molding method, the light setting method, or the like.
At step S6, a reflective film and a protection film are
coated. In the conventional disc production methdd, a
15 label is printed on the CD.
In the example, Shown in Fig. 2, laser light
is irradiated to the reflective film (a mirror portion,
for example a land). In addition, information is
. (:} | ~additionally recorded at step S7. Laser light is
20 irradiated on the reflective film. The land on the
reflective £ilm is heated (thermally,recorded). As a
result, atoms are traveled and thé film structure and
crystallization are varied. Thus, the reflectance of:
the portion decreases. As a result, after laser light
25 is irradiated on the land, the reflection of the laser

light becomes small. Thus, a light detector recognizes

the land as a pit. With this characteristics, the pit




t hrough an objective lens, if the conposition rate of Ge is 20 [atomc %
and the recording power is in the 25 range from®6 to 7 [VW,,the]gﬁé ectance
decreases by ‘around 6 -% In such a condition, if the conﬁ&éﬁ?ﬁ rate of
"CGe is 27.6 [atomc %9 and the recording power 8 |1 April 2006 5 C 0O is in
the range from5 to 8 [mA, the reflectance decreases by 7 to 8 % Since
the reflectance varies in such a manner, the additional recording process

o T T I Rl D T e

practical |y escribing for addrtiaon e UDI. There |

are two pagg £ e depepgl %Pﬂéé@fvé’rffﬁ{?g{@ﬂgéét% Ny dl€etyRipatterns are

referred to as pattern A and patte=rn- st, the pattern Awll be

descri bed. th O £L1 4 NG Pét Ped PinSS 2R L6 POP) BE Svh RSt bet ween
synbol s. Wien the additional recording process is perf pl.TsTRWa data

synbol of Eigd¥ Ditsdistien. e 09 MatdthalAl Qndfpresents hexadeci nal
notation. 15 Fig. 3 shows,,a 14-bi.t pattern (00100100100100) of which the

ei ght bit srdiEMactande nhikited ek | by aklvoraddceionab réderdtn (eight to -
~fourteen nodul ation) system A |aser beam wi th whi ch the additional
process. ‘
In reality, the reflective film is made of an
aluminum alloy Aljc-y¥y Where X is at least one element .
selecfed from a group consisting of‘Ge, Ti, Ni, Si, Th,
10 Fe, and Ag. The composition rate y of the Al alioy
| film is selected in the range of 5 < y < 50 [atomic %1.
- Alternatively, the reflective f£ilm may be
also made.of an Ag alloy film Agloo;zYz where Y is at
- least ona,element“selecﬁed from a group.donsisting of
15 Ge, Ti, Nij, Si, Tb, Fe, and Al. The composition rate z

of the Al alloy film is selected in the range of 5 < z

< 50 [atomic %]. The reflective film can be formed by

for eiample the magnetron sputtering method.
@} _ _ For example, in the condition that the

20 reflective'film'of AlGe alloy is formed with a
thickness of 50 nm; laser light is irradiated from a
transparent substrate side or a pfotectipn filﬁ side
through an objective‘lens, if the composition rate of
Ge is 20 [atomic %] and the recording poWer is in the

25 range £from 6 to 7 [mW]; the reflectance décreaées-by
around 6 3. In such é condition, if the composition

rate of Ge is 27.6 fatomic %] and the recording power



recording process is perforned is irradiated in a 20 hatched area between
“the two - pits. As a result, the reflectance of the hatched & aﬁﬂﬁﬁkeases.
-After+the additional recording process has been perforned, U pits are
connected and reproduced as one pit. In this case, the 14-bit pattern
beconmes (00100100000000). 25 This is because when the 14-bit pattern is
EFM ~denodul ated, it is denodul ated as eight bits (0x07). 1In the case of
t he patterpsBint brReneaggegficom Bptol 8200@1hi theareft88tanckn this case, as
with the pattern A, when a laser beamis irradiated to the hatched area,

~ eight bitsdeanebsesabied trof EOx4¥ince (Ix07efléctamservactesabbwe, a data

synbol (0x47) can 5 be rewitten to (0x07). There are many types of data

t hat can bsuekdatmannkery theopdddtinngdt gesprddng puRgesscaEAnb®evaried to
(OxOO). However, in the additional recording process, laser is irradiated
to a nirroPepberPed £Arwkhenrahilachd¥enédrMrecorded so as to vary the pit

| ength. Thus, the types of data that can be adstionaIL% recorded are
res?ricted. Next, th&l@rrdriRo? SCRFBALLGISLIRAERH AHACHIGRELE used, for a
CD will be_described. In , @S an.error-correction,code, engadi ng system
t he CIRE:t%%fcriélﬁﬁaFIVegg? of fE Qﬁdéi?BPaSSYrE%FPSﬁlBgdghgngﬁgrng process
“with a O g S e ' v Lcal directio .a C2 code sequence

R S5 PEG, phBrbHEa TebRaR ngcbhcthbohtedEg: B

(i'n the diagonal i rect een enc th an error

C_Or_ recti Orbgeggrﬁ_s Eﬁ{\é %lﬁ%fﬂb tetlee %faﬂt’e@n@o as pattern A
and pattesn-B.

_(:ﬁo Firsty; the pattern A will be described.
Three merging bits for example'{OOO) are inserted

between symbols. When the additional recording process

is performed. a data symbol of eight bits is for
example (0x47) where 0x represents hexadecimal notation.
15 Fig. 3 shows.a 14-bit pattern (00100100100100) of which
the eightlbits:have been modulated in accordance with
the EFM (eight to fourteen modulation) system. |
A laser beam with which the additional
. (?) .record;ng process ié performed is irradiated in a
' f20 _ hatchedlarea betﬁeen the two pits. As a result, the
reflectance of the hatched area decreases. After the
addition&1 recording process has been performed, two
pits afe‘connected and reproduced as one pit. In this,
case, the 1l4-bit paftern becomes (00100;00000000).
25  This is because when the l4-bit pattern is EFM-
| demodulated, it is demodulated as eight bits (0x07).

In the case of the pattern B, the merging




20 frame. Fig. 4 shows one frame of a data structure of a CD before the
-data has been EFM nodul ated. When audio data is sanpled “ﬁ@@a g % ,
shown+in Fig. 4, one franme is conposed of data bits of 24 NBt hat 25
are equivalent to six sanple words of each of L (left) and R (rlght) (one
synbol is eight bits of which 16 bits are divided by twd), a Q parity of
four synbols, a 10 11 April 2006 1 P parity of four synbols, and a sub code

o one =il 58! obly vty (alap o] 10 4 et 2

recorded on 'S conver from ‘ei S in

accor danceyubhha tﬂ&séf“ﬁé&ﬁ“iétinadthe&dettRQ h&tchQEPRPEAt Suppr essi on

bits are added. 'Moreover, a frame sync is added. Thus, one franme recorded

on the di Sélgﬁt 8OHP0SEH 06 vEEOR SYOR ?éx@mnﬁsl (bkbﬁ)Data bits 14 24 =
336 channel bits Sub code 14 channel bits Parities 14 - 8 = 112 channel

bits Merging bits 3s MescdlFed hanows, bi t@atd hesgmbohe( 004} Gamber of
channel bits of one frane is 15 588 channel bits.. In the EFM nodul ati ng-

syssem eabé sgwbbtten etgh(0xiaY p. biTisre samomaryt coyped ofl4datwmnnel bits.
The mninumtime width Tm n of the EFM nodul ation (the
that can be additionally recorded. A data symbol
(0x40) can be varied to (0x00). However, in the
-additioﬁal recording process, laser is irradiated to a
mirror portion in which data has been recorded so as to
' (:;0 vary the pit length. Thus, the types of data that can
| be additionally recorded are restricted.
Next, the error cqrrection code encoding
process used. for a CD will be described. In a CD, as
an error correction code encoding_system, the CIRC that
15 dually performs an error correction code encoding
process with-a Cl code sequénce (in the verfical
direction) and a C2 code sequence (in the diagonal
direction). Data that has been endoded with an error
,(:) ~ correction code is EFM;modulated in the unit of one
20 frame.
Fig. 4 shows one frame of a data structuré of
a CD before the data has been EFM modulated. When
audio data is sampled with 16 bits, as shown in Fig. 4,
one frame is composed of data bits of 24 symbols that
25 . are equivalent to six sample words of éach of L (left)

and R {right) (one symbol is eight bits of which 16

‘pits are divided by two), a Q parity of four symbols, a

10




time width of which the nunber of OGs between is of a 20 recording systen)
Is 3T. The pit length equivalent to 3T is 0.87 Vin. The pj leﬂ%&%
.equivalent to Tis the mninmumpit length. In addition, = ing pits
are placed between two bl ocks of 14 channel bits. Moreover, a frame sync
pattern.is added at the. 25 beginning of the frame. Wien the period of '
channel bits is T, a frame sync pattern is a pattern of which 11T, 11T,

and 2T ar e pSpaeley e fsus‘:hs J_fser&n@oas sub &balPUd o0& vibo1.ake place
in the EFM nodul ation rule. Thus, frame sync can be detected with a

- speci al pabaganofOone fEi-afie K&I&@nﬁ@E@&r@ﬁ got akabnef EFBB rea)el bits. The
frame frequency is 7.35 kHz. 5 A group of such 98 franes is referred to as

sub code f ramer@ed sunbtheddiblcodls) cohlverteld codm bhighit hrtseqmmwalent to
1/ 75 second of a reproducing tine of a conventional CD. Fig. 5 shows a sub
code franeldf bitischn98ctpadascer witbathen§EM sodulatiomsy &ne 10 successive
in the vertical direction. A sub code of one synbol of each frane includes
one5bit of adddffion. BLghemphasn& SuppPreéswionsbifswarenadidgd.5, one sector
~ir's conposed of a period (98 franes) that conpletes a sub code. Sub codes
of two begMRKERYeErafedrameosyRs fifaRddedre sub code frame syncs SO and Si.
When data 20 of an gtlcal dis¢c is recorded_on such as a CD-ROM di sc, 98
“frames (2,352 bytes)ThH#g: PRe thHame HecoRfief eppthe disc is :

composed of;

.Frame sync 24 channel bits
,(3&0 : Data bits 14 - 24 = 336 channel bits
| Sub code 14 channel bits
Parities 14 - 8 = 112 channel bits

Merging bits 3 - 34 = 102 channel bits
-~ Thus, the total number of channel bits of one frame.is
-:.15 588 channel bits. |
| | In the EFM modulating system, each symboi
(eight data bits) is.converted into 14 channel bits.

The minimum time width Tmin of the EFM modulation (the

,'(:) - time width of which the number of 0s between 1s of a

520 _ recordihg-system) is 3T7. The pit length equivalent to
3T is 0.87 um. The pit length equivalent to T is ﬁhe
'iminimum pit length. 1In addition,'three merging pits
.are placed béfween two blocks of 14 channel bits.
Moreover, a frame sync pattern is added at the
25E beginning of the frame. When the period of channél
bits is T, a frame sync pattern is a pattern of which

11T, 11T, and 2T are successive. Such a pattern does
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codes are conpleted are one sector. Fig. 6 and Fig. 7 are block diagrans
showing a flow of an encodi ng process in accordance with gg ﬁﬁ:ﬁﬁésysten1
24 synbol s of which one word of an audio signal. is divid .
order eight bits and |ow order eight bits) (W2n, A W2n, B, ,w12n+12 A
Wi2n+11, B) (the high order eight bits are denoted by A 25 wher eas t he

| ow order eight bits are denoted by B) are supplied to a two-synbo

- delay/scranble circuit 11, nword data L6én, R6n, L6n+2, R6n+2, ... are
del ayed 1209t @&@lP1999615yt¥ﬁ035¥nBBﬁglﬁﬁﬁﬂn fﬁ%ﬁ |fTQH§ é‘sequence |
becones e ror in a C2 enco £ t ﬁﬂ |nte %P ence The
t wo- synbol PGy FERF afibP i &%E?? 3§ @g %c?% %Bntha % he maxi mum

bur st t I h b t th :

o symbol LIS, FECrabpg8a SEdh s50q1 'Ee a8 e%“?éﬁftﬁﬂ%ﬁ Besder 12. The
de th (28, 24, 5) Reed- Sol

codeegﬁOCFff%é%pffégggﬁ% 2%2290§%? pg;?fsszfmﬁourﬁ synbols CﬁZneeCﬂ2g+2?Dn

QL2g+2, and QL2n+3. A A P fici?So s Yibahss Of s tgrdraicnsiads 12 i s

supplied to an interleave circuit 13. Wien a unit delay anount is denoted

~ by D, the iiegdb@aVErahéClbE d8b 80AESHUSERY. MM tsul tide/ Fmanien
arithnetic series such 15 as 0, D, 2D, .. , so that a first sequence of

synbol s lswomueiwﬂenﬂtaoal,sesomcsﬁqueﬂce ré’jsreoammgem ef rauit 13
'di sperses a burst error.
conventional CD. Fig. 5 shows a sub code frame of
which 98 frames are rearranged so that they are
10 successive in the vertical direction. A sub code of
one symbol of each frame includes one bit of each of
" eight channels P to W. As shown in Fig. 5, one sector
is'composed of a period (98 frames) that completes a
sub code. Sﬁb codes of two beginning frames of 98
15 frames are sub code frame syncs S0 and S1. When data
of an optical disc is redor&ed on such as a CD-ROM disc,
95 frames-(2,352 bytes) that is a unit of which sub |
codeslare completed are one sector.
(i} | Fig. 6 and Fig. 7 are block diagrams showing |
20 : a flow of an enboding process in accofdance with thg
- CIRC system. 24 symbols of which one word of an audio
signal is divided into high order eight bits and low
order eight bits) (W1l2n, A, Wl2n, B, ..., Wl2n+l2, A,
Wl2n+l1ll, B) (the high ordef-eight bits are denoted by A,
25 whereas the low order eight bits are denoted bf B) are

‘supplied to a two-symbol delay/scramble circuit 11.

Even word'data'LGn, Rén, L6n+2, R6n+2, ... are delayed

12




. An output of the interleave circuit 13 is supplled to a.d encoder 14 The
- d encoder 14 uses 20 (32, 28, 5) Reed-Solonon code on GF]( g%&%ﬁma
.code. . The O encoder 14 generates a P parity of four synbo P12n+1,
P12n+2, and P12+3. The m ni nrum di stance of each of the C code and the C2
‘cOode is 5. Thus, a two-synbol error can be corrected. A four-synbol error
25. can be erasure-corrected (in the case that the position of an error

- symbol is 590%)3 sPRb8YEPEhCAS, %éﬂr@plélpfat $&n8809EEsmd4 13 11 April
2006 is supplied t0o a one-synbol delay circuit 15. The one- synbol del ay
circuit 15gppkesiadhacentneyabel $2apatt cafl iatekpopat¥ckhean error at the
boundary of synbols from causing a two-synbol error. The Q parity is

i nverted S5sbyudncielveTtiertwdsymbel afeldy datramintle paitr¢uts becoar al |
.zero, an error can be detected. The interleave circuit 13 has a unit del ay
anount D =sdramblesdafd] goehhatythel magimumpbnrsbyerfour franes*, In the
ClRC4 system the maxi mum delay 10 anount is 27D (= 108 franes). The total
i nt Br| eaveihtagphlatienolenghbscani he ebsadnegflg. 9 are bl ock di agrans
.showing a flow of a decoding process. The decodi ng process_is
performed..:..in th@nr@véﬁﬁg @fdﬁheo?W?h%Y@hﬁbdﬁﬂga$f§€€§§b1315

‘Repr oduced, data that S outi_ fromthe EFM 20 denndulatlnqgﬁrCU|t S
suppl i ed tglgcgﬁg §}nﬁ6ISBEP yed to the C2 encoder 12. Th _

encoder 12 performs an encoding process with (28, 24,

5) Reed-Solomon code on GF (28) and generates ag

"(:}0 parity of four® symbols Q12n, Q12n+1, Q12n+2, and Qi2n+3.
‘An oﬂtput.of 28 symbols of the C2 encoder 12 is
supplied to an interleave circuit 13. When a unit

deiay amount is denoted by D, the interleave circuit 13

gives delay amounts-that vary in arithmetic series such

15 as 0, D, 2D, ..., so that a first sequence of symbolé
_is converted into a secondfsequence. The iﬁterleave
circuit 13 disperses a burst error.

An output of the interleave eircuit 13 is
tf) esupplied to a Cl -encoder 14. The Cl encoder 14 uses

20 (32, 28, 5) Reed-Solomon code on GF (28) as a Cl code.
The Cl encoder 14 generates a P parity of four'symbols
Pl2n, P12n+l, P12n+2, and P12+3. The minimum distance
of each of the Cl cede and the C2 code is 5. Thus, a
two-symbol error can be corrected. A four-symbol error

25 . - can be erasure-corrected (in the case that the position
of an error symbol is known).

An output of 32 symbols of the Cl encoder 14

13



circuit 21. The delay of data by the one-synbol delay  circuit 15 on the
encoding side is cancelled by the circuit 21. An out put OHI%§535§58|S of
the ome-synbol delay circuit 21 is supplied to a Cl1 decoder . “AnT out put
of the C - decoder 22 is supplied to a de- interleave circuit 23. The
dé-interleave circuit 23 gives delay amounts that vary-in arithmetic
series such 25 as 27D, 26D, , D, and 0 to 28 synbols so as to cancel the

i el A abRPTERE LS 5 SR brhdpdctbratec AT Phbgiphe ) "Rt

uni t del ays?ﬂB\/\H?iﬁQla&sF?lgﬁ?flé) fI.STHlﬁkEQ-t 2l 1hBERL ggv\é@p'l%g%%:'&xjts sh09 (= 108

+ 1) franes I'S™s arger than~one se he tota

i nterl eave,kengt kN ragt i | rst error
of whi oh nany o Bre0BhEDER Breatiat ¢AB PELRARITIGE MRHelk RroW |

fingerprintauadhgr 8d+RB-8yAbse. e2rpel.at e thepapNtyand $RvéLEEA. As the
total. interleave length is large, the correction. perfornmaa e.of the
bur st errobyi anhigfterf8routThiis pfevde Ie-dat&raravpasitiestb@doms supplied
to a C2 decoder 24. The C2 decoder 24 perforns a C2 code decodi ng process.
An out put all2dereynbnl erpobrt banCReddetdeted4d is. supplied to-a two 15
synbol del ay/ ode-scranble circuit 25.. Fromthe two- synbol delay
~de-scranbl e circuit P8¢ tetedbeaveteivfullt 13 has a unit delay

amount D = 4 frames, Adjacent symbols are apart by
four framesw. In the CIRC4 system, fhe maximum delay
(:%O amount is 27D (= 108 frames). The total interleave
length is 109 frames.
: _ fig. 8 and Fig. 9‘are'block diagrams showing
a flow of a decoding process. The decoding process is
, ﬁerformedminythe reverse order of the eqcoding process.
15 Reproduceq%data that is output from the EFM |
demodulating.circuit is supblied to a one-sfmbol delay
circdit 21. The delay of data by the one-symbol delay
circuit 15 on the encoding side is cancelled by the
(j) circuit 21.
| 20 An output of 32 symbols of the one~symbolr
delay circuit 21 is supplied to a Cl decoder 22. An
output of the Cl decoder 22 is supplied to a dé—
interleave circuit 23. The de-interleave circuit 23
gives delay amounts that vary in arithmetic series such
25 as 27D, 26D, ..., D, and 0 to 28 symbols so as to
| cancel the delays by the interleave circuit 13. The

‘de-interleave circuit 23 has a unit delay amount D = 4

14




"synbols is obtained. An interpolation flag generating circuit 26 generates
an interpolation flag wwth error flags that are out put frgpb;hf?pa6 decoder
.22 and the C2 20 decoder 24. Wth the |nterpolat|on flag, g
represents an error is interpolated. Thus, in the CIRC, the error
correction code encodi ng process is perforned with the d code sequence in
the-vertical direction and with the C2 code sequence in the diagonal
direction. £25mé#®. ot her words, the error correction code encodi ng process
i's dually perforned. According to the present invention, a part of 15 11
April 2006 data in ams asleswh hind Hbg. bBEeN ’dmaaieﬂtvﬂehayarammmt Dcorrection
code is rewitten so as to record desired data for exanple UD . Figs. 11A
to H show fw EXanmptp. dfhen ttal rievirdntliewyeretdrgbh HosweMas | (f ckO&asy 5
understanding, Figs. 11A to H show an error correction code ‘encoding
process sitplbrixames: iehipRGLs | slbghiely herder Whah dheasefteBur synbol s
(0x82, Oxef, 0x75, and 0x40) shown in_Fig. 11A .a parity of two synbols
(Oxba ((~~T%ﬁdtQR%&)l%h%ﬁheﬁﬁeF*%ngﬁqEﬂ@%l@%ﬂe@aF@Hreqﬁ%gnerror clo
correction code encodin ocess,_has a perforpance for correcting a
one-synbolP%ﬁ#?ﬁmaﬁﬁﬁa?gaﬁﬁﬁﬁe?s st r°5a?ftVh%9ﬂb%?gyr%b?%§§nt only
code exanpl es exa are parity synbols of .the Ree oIonDn
code, “not vE drks migaRaTyel R Hedts "t os (HBOLS f ' eiaSerRelero,
correct i on, giodge #NGPL NG1 BE 008 SSordbER CeiRbFeSH T0RAE 85 CebFRA A ated. As

the total. interleave length is large, the correction.

'\szo performas

ge:0f the burst error is high.

An outpuf-of.the de-interleave circuit 23'is-
- supplied to a C2 decoder 24. -The C2 decoder 24
pefformsea C2 code decoding process. An output of 24
symbols of the C2 decoder 24 is supplied to a two-

.15' . symbol delayi/de-scramble circuit 25. Ffom the'two-.
symbol deﬂaﬁ%dehscramble circuit 25, decoded data 6f 24
symbols is obtained. An interpolation flag generating :
circuit 26 generates an interpolation flag with error

',<j} flags that. are outpﬁt from thelC1 decoder 22 and the C2

20 decoder 24. With the interpolation flag, data that
'represents an error is interpolated. Thus, in the'CIRC,
"the error correction code encoding process is performed
ﬁith the Cl code sequence in the vertical direction and
with the C2 code sequence in the diagonal direction.

25 In other words, the error correction code encoding
- process is dually performed. |

According to the present invention, .a part of
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‘shown in Fig. 11C, each synbol of eight bits is converted into a pattern

of 14 bits. Merging bits are not added.. In Fig. 11C, "1", r. s an
.inversion of 20 a level. A pit/land sequence as an uneven bggggf%ﬁﬂg t he

disc is as shown in Fig. 11D. The period of which "is" are successive is
the period of a pit, whereas the period of which "Gs" are successive is
the period of a Iand 25 Next, as described with reference to Fig. 3, the

addi ti onal %%%pr s are %e%ﬁfkshrllg%ggggncbaeﬁlglthlgn g§r5§presented Wi th

boxes, two synbo rewmitten. One synbol is

ori gi nal | Y soR¥d@k1 ofhendehe s %@%tltt%ﬁl s6eaar dongeBbREC S slisener f or med for
the pit/land sequence shown in Fig. 11D, as shown in Fig. 11E the pit

| ength becaars FoRdexWhpleaupIt/ | Pigs . SETAICHS e SEINNA 4R Ex@upldE is
reproduced after the additional recording process has been perforned, data
of 14 bitsoghawdaita Eegrltiﬁgumetapﬂodum@devéﬁe flot ce@fy 14 bits is
converted into eight bits on the reproducing side. Al read data shown in
X' 1B'Fig h@errs tabtdngedFigisus 11a8r tgi Hakhdat an( 8x#0y cerrewtibnen to-
(0x22). If only one synbol of six synbols of an error correction code
sequence i sodearpeddingeprocksy siwpderotban SheefIBE.i sIneptlRe®d and
corrected. In other words, original data ( 0x40£ IS reproduced. I.n 15 this
‘case, the WewAstt wAthafatpoRf2foBAnABHDRES (0x82, Oxef, O0x75, and

0x40) shown-in Fig. 11A, a parity of two symbols (QXba
and Oxe2) shown in Fig. 11B is generated. This error
 '(:%0- correction. code encoding process has a performance for
correcting a one-symbol error. Binary numbers of real
parity symbols represent only code examples. For
example, they are parity symbols of the Reed-Solomon
code, not values that are obtained by calculations of
15 thé error correction code encoding process.
| These six.symbols are EFM-modulated. VAsr
shown in Fig. 11C, each symbol of eighit bits is
converted into a pattern of_14 bits. Merging bits are
' " not added. In Fig. 11C, "1" represents an inversion of
20 a level. A pit/land sequence as an uneven pattern on
| _ the disc is as shown in Fig. 11D. The period of wﬁich
"ls" are successive is the period-of a pit, whereas the
period of which "0s" are successive is the period of a
land.
25. _ Next, as described with reference to Fié. 3,
the additional recording process is perforﬁed. In Fig.

11, as represented with boxes, two symbols are
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- .additionally recorded is not detected as an error when the

20 reproduced. Thus, in the exanplé’shomn in Fig. 11, a parity synbol
(Oxe2) is changed to (0x01) so that a data synmbol (0x22) }pgg.pﬂimbeen'
ails

decoded. When six synbols (0x82, Oxef, 0x75, 0x22, Oxba, and OxA) that
dihclude a data synbol that has been rewitten and a parity synbol (OxA) -
are reproduced and decoded with an error correction code, no error is 25

‘detect ed. gEWEEIE%énY‘Dr(ﬂ% ﬁr;ﬂ%‘:[iiy S¥IGohs11p [0eso Fasemdiptentat a (0x22)

i's include (Oxba) and( Ox have been obtained. Thus, as shown in Fig.

11H, a dat.agditidndlr rbcd@6ngY pRokekBatishperboeneaewort the can be
reproduced. Next, the relation between data that is additionally recorded

and desi regitpllandasequaenoce shwanpie Bbg.wilb,basdshewnbad. Fig.t he disc, an
area in 5 which data is additionally recorded is pre-defined with an
absol ut e atitiEestherpiheléength Begomés 3bogs dvhexamppitplasdch an area.
Data that is recorded in the area is defined as predeterm ned data. Data
(0x22) 't haeqghesckeshowndini Bagl | y1Eedsr geprpduchd Aftegothg 10 exanple is
different fromknown data (0x40). Thus, it can be deternined that when the
" data is repfddtiéenal recardipgcRrPERFFt RaR. PFAB PEREPTMEA. dER&3(0x22) may
‘be " UDI data or a part_thereof. In this case, since_the types of -data that
‘can be addPfi dfaPLysrekeVRedaFig. 11F is reproduced.

The data of 14 bits is converted into eight
bits on the reproducing side. All read data shown in
.(:30 _Fig. 11G is obtained. Thus, original data (0x40) is

rewritten to (0x22). If onlyséne symbol of gix symbols
of an errof-correction code sequence is changed, when
they are decoded, an error is detected and corrected.
In other words; original data (0x40) is reproduced. In
15 this case, the rewritten data (0x22) cannot be
reproducéd. | |
Thus, in the example shbwn in Fig. 11, a

parify symbol (Oxe2} is changed to (Oxdl) so that a

(T} data symbol (0x22) that has been additionally recorded
20 is not detected as an error when the data is decoded.
'When.six-symbo;s (OxBZ, oxef, 0x75, 0x22, Oxba, and
”0x01)'that include a data symbol that has been
rewritten and a parity symbol (0x0l) are reproduced and
decoded with an error correction code, no errér is
25 detected. In other words, as parity symbols in the

- case that data (0x22) is included, {(0xba) and{0x01)

have been obtained. Thus, as shown in Fig. 11H, a data
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15 restricted, it is difficult=to record many types of data. Thus,
-according to the present invention, depending on whether of AROf» wn dat a
-has been rewitten, one bit of the UDI is represent ed. v%enAQB at'a has
been rewritten as an exanple shown in Fi'g. 11, it is determned to be "1"..
When data has not been rewitten, it is deternmined to be "0". \Wen the
area shown in Figs. 11Ato H are disposed Ntines, N bits can be

addltlonalé%mﬁgf ?gg Rég 6g§ﬁe£¥wrgkg E?ﬁrﬁezﬁeéHBEﬂgé gl epeated so as to

mul tiply retor case t res Invention is applied

to the CIRC w || lﬂaﬁgﬁfrlfﬁg réihﬁ{@h(%é{%eé@.da@aA@ﬁh£ 2006 four parity

synbol s are added. Thus, if an error |larger than five synbols takes pl ace,

it cannot. Q&dleféﬁamfeﬂec&@aaa bHhlSaesepeaeIRPorhh¥oflakarsynbol s are
rewitten so that an error is not corrected. Thus, 5 a data sequence that

has been rgxamplenusBRwhel bBepdedoeeted Wiam atr@camhmg i ceses i per for med
w th the Reed-Sol onon code, syndrones are calculated so as to determ ne
whes her orwlibéh dded eis sadéitionallfheeconded 18 pfesyadiinedswitht he sane
-as the nunber of parity synbols. In the CIRC, four syndrones are

cal cul at edan ¥peolutée addvesseeratkeOlike. | Figpt ekdrishewshan there is no
error. Logically, when a parity of four synbols is added, if data of five
‘dat a synbo¢¥amml¢e%#|$@@h an area. Data that is recorded in the

area is defined as predetermined data. Data (0x22)
_ that has been additionally recorded in the-foregoing-
‘-(:io_ ‘example is different from known data (0x40). Thus, it
can be determined that when the data is reproduced, it
has been rewritten. The rewritten data (0x22)} may be
UDI data or a part thereof. In this case, since the
types of data that-can be additionally ;ecorded are
15 restricted, it is difficult to record many types of
data. |
Thus, according to the present inventioﬁ,

depending on whether or not known data has been

= (i) _rewritten, one bit of the UDI is represented. When
-20 data has béen rewritten as an example shown in Fig. 11,
it is determined. to be "1". When data has not been

rewritten, it is determined to be "0". When the area
shown in Figs; 11A tb H are disposed N times, N bits
can be additionally recorded. In reality,. N areas are
25‘. . further repeated so as to multiply record data.
Next, the case that the presént invention is

applied to the CIRC will be described. In the CIRC,
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- corPecti o cifea sequencesthat hag beoR; Fewrijien €ahn

15 all syndrones,, becone 0. However, when a syndrone value is cal cul ated,
any nuneric value cannot be substituted wth any nuneric yﬁl 812 ues

with which any value can be substituted are restricted. As SCT1 bed

above, due to the restriction in 20 the additional recording process for
data, any data cannot be written to any data. Thus, alternatives of data
sequences are decided in rewitable conbinations each of which is original
data and regrtpLpitat Symbols agdtet a@fedal tHwe] | iR sawfeitdn sequences are
decided in 25 consideration of adjacent data. In consideration of these
two condi tianger athah af sequsymkolbatakas piaceewlit ceannabhdbef which the
syndrome of the rewitten 19 11 April 2006 data sequence becones 0 is
deci ded; |deteemh&T, disidesdhisedhsiongnen, ofive dakr raxmbeke codes, two
codes of C code and C2 code are used. Each data synbol is dually encoded
wi th t hesease tnewebtitencgachitat. amhesror #at Rosegothectedat TRIAS. been
rewwitten is restored.to the original data sequence bé t he second error

B be read. Thus, it

IS necessary not to cause the two code sequences to 10 correct an error.

As descri 9eedin the CIRC of which a parity of four symbols is

Fowever anen 11 ve a4 (€eor B iuate Yt SUERRRICLRMICHIES T o

Reed-Solomes code, syndromes are calculated so as to

‘ determineawhemher or not there is an error. The number

7(250 of syndromes:is the same as the number of parity

symbols. In the CIRC, four syndromes are calculated.

.- When all syndromes are 0, it is determined that there
is no error: Logically, whén a parity of four symbols
is added, if-data of five data symbols is rewritten,

15 all syndromes: become 0. However, when é syndrome vaiue

is calculéted, any numeric ﬁalue cannot be substituted

with any numeric valﬁe. Values with which any value

can be substituted are restricted.

| "As described above, due to the restriction in

20'_ the additional'recording process for data, any data
cannot be written to¢ any data. Thus, alternafives‘of

"data sequences are decided in rewritable combiﬁations
each of which is original data and rewritten data. In
addition, alternatives of data sequences are decided in

25 consideration of adjacent data. In consideration bf
these two conditions, a data seguence that‘can be

rewrittenrand of which the syndrome of the rewritten

- 19




15 synbol s that satisfy the second error correction code (O code). As a
result, divergence takes place. Wen one of five synbols f Bmﬁﬁﬁ% at any
-positiron and the other four synbols are placed in an area I'C

parity is added, divergence can be prevented. 20 Fig. 12 to Fig. 15

_ déscri be the positions of five data synbols to be rewitten in the C RC
“Fig. 12 shows as hatched areas the positions of five data synbols to be

‘rewitten 85%3053§6353§28%§°ﬁg | pPYL ﬂgggdegghese five data synbols are.

contained I'n the e sequence en the values of five data

synbol s are properlynseﬁe%fﬁc ahs SYBErPHEaVAbSPS, thdtepF6r decoded with
the C2 code beconme 0. Fig. 13 shows as 20 | | April 2006 hat ched areas the

posi tions earie&eldﬁtaoa&gbotﬁooaoaas o8t put c6ageanll thecbdecngeder. An
output of the C2 encoder is interleaved by an interleave circuit and then
i nput to thsefl eRgciiadata Ssymilpl 1k shuwablyseledddiedvitteashéde positions of
five data synbols on an output side of the C encoder. An -output of the O.
- encbder i stwappbiedsequehee&EFM Thioslul at@ata hyeangnaehetlone-tsysrbol del ay
~circuit. Fig. 15 shows as hatched areas the positions of five data C30
symbol s t haeenr sewnptenoisheegrnreddupatbe. opsgshakndata Fig. 14 and Fig.
15, for each of five data synbols to be witten, four C parity synbols
are rew itfegusacet it the| segaRd oRETQEI gesreekise @odpen Af e are decoded

with the d code. Finally, 25 synbols are rewitten by ,
result, the rewritten data cannot be read. Thus, it is

necessary-not to cause the two code sequences to
-(:io- - correct an.error.
As described above, in the CIRC of which a

parity of four symbols is added, when five symbols are

rewritten, all syndrome values become 0. However, when

five symbels.are not fixed, it is necessary to add five

15 symbols that satisfy the second error correction code

(Cl code). As a result, diVergence takes place. When

one of five symbols is placed at any position and the

other four symbols are placed in an area in which a
<i) parity is added, divergence can be prevented.

20 Fig. 12 to Fig. 15 describe the positions of
five data symbols te be rewritten in the CIRC. Fig. 12
shows_as hatched areas the positions of five data
symbols to be rewritten out of 24 symbols of input data.
These five data symbols are contained in the same C2

25 . code sequence. ' When the values of five data stbols
afe properly selected, all syndrome values that are

decoded with the C2 code become 0. Fig. 13 shows as

- 20



15 the additional recording process. Al though the present invention has
been shown and described with respect to a best node enbof* Bl Hoggher eof
it should be understood by those skilled in the art that ep?oregoing and
vari ous ot her changes, 20 omi ssions, and additions in the formand det ai
thereof nmay be nmade therein w thout departing fromthe spirit and scope
of the present invention. For exanple, the present invention is not

limted tonafciedi 4648 thé epeEHtLNENHT 8£EESvEOAatal 8fBELEVEnf AhM In
addition, 25. the present invention can be applied to an additional

recordi ng pueSEGSsidE &f pthsecehangedérl m a magneto- optical recording
film and so forth. Mreover, the 21 | | April 2006 present invention can
"~ be applied to an nuliAn -segsaonof ofhe CG2 ehcedean ivwi timténleaxadpbdr CD- DA
format data and CD-ROM format data are recorded. As information recorded
on an optiaalintscleanereinceibvaandutheypiéspet todbhe Slchnaedendi o dat a,
video data, still picture data, text data, conputer graphic data, gane
sofSware, Big. Tonshewes psogabebed| areasdi thenposheipraseft fiKbention can
be applied to for exanple a DVD video and a DVD-ROM As |Is clear fromthe
f or egoi ng WRER r§PIRORs o 3B AWEBRE Ride oot hEPPrelePRCPAGENt iMh, when an
addi tional recordin rocess | erforned. fo dj sc whi ch data has
. been r ecor PRIy S nt f?Eﬁ?gﬁﬁ iﬁf%?ﬂ%%+%é g? £?ﬁe£ I'ke can be recorded
inan ared th 088 BERNuSHCINE! Sl hbinsl GL1Q) SPEEREL! O Lpde. Since the
R 15 shows as hatched areas the positions of five data '
r(:io .symbols that are input to the EFM modulator. As shown
in Fig. 14 and Fig. 15, for each of five data symbols
to be written, four Cl parity symbols are rewritten so
. that all syndrome values become 0 when they are decoded
with the.Cl code. Finally, 25 symbols are rewritten by
15 the additional recording process.
Although the present invention haé been shown
and described with respect to a best mode embodiment
thereof, it should be understood by those skilled in
“the art that the foregoing and various other changes,
-20 omissions, and additions in the form and detail thereof
may be made therein without departing from the spirit
‘and scope of the present inventioh. For exampie, the
present invention is not limited to an additional
recording process for a reflective £ilm. In addition,
25 the present invention can be applied to an additional

recording process. for a phase change film, a magneto-

optical recording film, and so forth. Moreover, the
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15 addi tional recording process can be perforned with an error correction
‘code, the applicable range of the additional recording prqgﬁfs.gﬁﬁ be-
.extended. 22 11 April 2006 CLAIM5S 1. A data recording nedi Iﬁ% %.a
reflective film conprising a recording area having recorded thereon.
ofiginal data encoded with an error correction code and wherein the

- recording area further has recorded thereon by rewiting additional data

ded with th : : ' h ddi t.i | data i t
Soooded M bhehbErCihoLpRRheRRhOBoC BB 0y, £b"h WIS sadditliongl data T o
recording gpgidoy 851881 ohOkthlchNepkabfhho1 cVRBLBAN62AMR §31E i eCOr ded
at a predetermned position of the recording area, part of the known data

bei ng rew?btﬁéﬂ,féfﬁh&eéakafa&aakbearaehog_A§0£ﬁf%$hs%@@@ding on whet her
the part of the known data having been rewitten. 3. A data recording

met hod f or re86LEEENEN0ahAcR1dadaldsc! eeREgNarBEdariodavicppes befl ective
film conprising recording on a recording area original data encoded with

an serror gqtaestithnagodadanddhtat heideecdatiang seiliheictawedidaga,area by
‘rewriting additional data encoded with the error correction code so that
the additibeat data,i esomputdet graplicadasa,egrne sbEtwaire,onndi nal data is -
‘decoded. 4. The data recording nethod as set forth in claim23 11 April 2006
wher ei n knoompdbes prograwsdedImtadditier: ctne regesent invention l .

can be applied to for example a DVD video and a DVD-ROM.
As is clear from the forégoing deséription;

"<Z§0 according to the present invention, when an additional
recording process is performed for a disc on which data
has been recorded, disc identification information or
the like can be recorded in an area that has been
encrypted with an error correctioh“code:' Since the

15 additional recording process can 5e performed'with an
error corfection code, the applicable range.of the

additional recording process can be extended.
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position of the recording area, part of the known data being rewitten,
- desired information being recorded dependi ng on whether tpfA?ﬁfﬁO&? t he
-known data having been rewitten. 5. A recording apparatus fof recording
data on a data recordi ng nedium having a reflective film conprising a ;
recordi ng area having recorded thereon original data encoded with an error |
correction code and wherein the recording area further has recorded
thereon by rewiting additional data _encoded with the error correction
code so that the additional data iGLAdM3Ijetected as an error when the
original data is decoded. 6. The data recordi ng apparatus as set forth in
claim 3,1, whegei gakaowegletding meconded radvangr edeteriiaad wosigiilan)  of
the recording area, part of the known data being rewitten, desired

i nf or mat L ga, PeL N rQc9&eegdgﬁgeagbag-hgein%%%&dtaﬁetmrﬂeogf dgilkpawn data
havi ng been rewiiten. 24 stract Wth data of four synmbols (Fig.

11A), a It f 0 | is.created. Thes L.X:..S ols are
EFM nod%%%eéng g%ﬁos@ ol‘i%fég%g]ﬁt %%)E%rgql%sl%%oﬁévo:c% e%g(?nﬁgagé[l)gt %geﬁr%n of 14
"bits (Fig. 11C). In a pit/land sequence forned _on a disc (Fig. ,11D), two
oyrbol s BeeSTEhngt tenrs DEUrtDRboITTS  CEERGIT WHERTART d0t PRt TG or o ng

process |Is perforpmed for the bit/land sequence, the pit |ength becones
| ong (Fﬁgkhtlonal data encoded with the error correction “code so

that the additional data 1s not detected as an error when

the original data is decoded.

2. The data recording medium as set forth in claim 1,
wherein known data is recorded at a predetermined position

of the recording area, part of the known data being

rewritten, desired information being recorded depending on

whether the part of the known data having been rewritten.

3. A.data recording method for recording data on a data
récording medium having a reflective film,r comprising
recording on a recording areé original data encoded with an
error correction code and.further recording on the recording
area by. rewriting additional data encoded with the error
correction .code so that the additional data is not detected

‘as an error when the original data is decoded.

4, The data recording method as set forth in claim 3,
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11E). The reproduced 14-bit data is converted into ei ght bits on the

reproduci ng side. Thus, the original data (Ox40) is rewitite 22)
A parity Is also changed so that the additionally recorde(jlldg%r}eﬁgé%ol
(Ox22) is not detected as an error.

wherein known data is recorded at a predetermined
position of the recording area, part of the known data being
rewritten, desired information being recorded depending on

whether the part of the known data having -been rewritten.

5. A recording apparatﬁs for recording data on a data
recording  medium having a reflective £ilm, comprising a
recording area having recorded thereon.original data encoded
with an erroi correction code and wherein the-recording area
further has recorded thereon by rewriting additional data
encoded with the error correction code so that the
'addifional data is not deteéted as an -error when the

original data is decoded.

6. The data recording apparatus as set forth in claim 3,

wherein known data 1s recorded at a predetérmined position
of the recording area, part of the.'known data being
.rewritten, desired informatidn being recorded dépending on

whether the part of the known data having been rewritten.
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