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
- recording apparatus that are applicable for an optical

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




11 April 2006 of the CD format can be used. In a CD, an error correction
code referred to as CIRC (Cross Interl eave Reed- Sol onon Cpﬂgbﬁlgmyﬁed.
"Thus, when data 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 additional recording process has not been perfornmed is read. If the
error that exceeds the error correction perfornmance of the ClRC takes

pl ace, the error cannot be corrected and data cannot be read.

Al t er nat i V&l §he ddt d°rRak c¥adebewt-additional |y recorded cannot be read

because an interpol af By Bf AGess L5RBLIOl R This-c80cd AL, dibie Proposed

addi ti onal recording process has been per me or only an area in which
t he error Eaprecltritenleade Rerdodld Ignopr Oodss ilssuswt. Thesf ortraddaflhus, t he

~applicable range of the addi.tional . recordi ng, process is restricted.
'ngcl osur eséllcgt %% qoﬁ?ﬁeh‘??rbtﬁ%léﬁgﬁ’p?rb lBﬁ’B’ﬁ?ﬁtﬁﬁﬁgégdﬁectoﬁge%roéhént i nventi on may

provide a (dztacteLording JRdi UMt asdabid dieeal tf NG JRHAQG.s dBdedegat a
recordi ng apparatus that allow an application range of the additional

recor di ng 3r 8Be¥F Foal wxrentied WiAbcHIridRgCt olm Hilpseagmspeetabialt he _
| nvention.g, L hes %h'i%h_.tﬁ{eo‘édd‘él?gi&aqaf%gcéﬁaei% reg%)(? esgeﬁ%é”ﬁo'la%legg a reflective

film conprising a recording area having ereon original -data’
encoded wipklhfarmeer ner reat.r €t tlon cxade and whesein thheerxcacordi ng area

further has recorded thereon b remmitin% addi ti onal data encoded with the
error cor FEEFFOR Lol <Y ™PREE ©f the CIRC takes place, the error cannot '

be corrected and data cannot be{reéd. 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




the additional data is not detected as an error when the original data is
decoded. 11 April 2006 According to a second aspect of the Ii_lgqaﬁrﬂtjog@, t here
is provided a data recording nethod for recording data on a a recording
medi um having a reflective film conprising recording on a recording 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, At¢tmrddngstpreoviedernt asrecbradi rgeappeardatos. f@rereecor di ng
data on a._data .recordi medi um_havi reflective fi conprjsing a
recordi ng lﬁr%ﬁomléd\%:éna #ag%of 2% %gr%%%%(??ifafn%?coﬁgtlggeAnazzggdglané\?viC{ scaan error
correcti oreccoth® mndedher elarihdier recoecking dien, dowpkhemdhascséetionded
thereon by rewiting additional data encoded with the error correction
.code so t RAt2 tIRECIAYTY i TFal T HHPRLi Saforendetet tBdad” & *efFror when the

origi nal @@Eﬁeéﬁondgggéj%d ARy E@Qﬁim@%ﬁ Wrggo?ﬂ_qlligt iaPeg@-lﬂyY_ recorded
.on a reflective film so that when the data is decoded, the data is not

det ect ed aswaitingr poditiFimad, dareendaded thiah thas dyeen engedbdomidodean error
correction_cod i%de ed robl.em of which rewitten data nnot be
“read may: ﬁ8t8't‘a§tkéc Slaé%g&lgl ﬁceé)a&ﬁt éscléo% g\é\ggﬁ i1 i76n3AT 157 F et ded®i n an
area that chagirhaenaencodedcvsddl an error correction code, the applicable
range of the additional recording _ _
' According to a third aspect of the present invention,

there is provided a " recording épparatus for recording data on a

data recording medium having a-.reflective film, comprising a

‘recording area having recorded thereon original data encoded
: with an error correction 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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procéss can be extended. 3 1 1 April 2006 Brief Description of Draw ngs
Fig. 1 is a schematic diagramdescribing a recording pattgrg 1‘?‘1}%0@
-structure of a conventional CD. Fig. 2 is a schematic di agra?n escribing a
5 di sc producing process according to an enbodi nent of the present
invention. Fig. 3 is a schematic diagram describing an additional
recordi ng process according to the C enbodi nent of the present invention.
10 Fig. 4 is a schematic diagram describing a recording=-:format of an
optical disc according to the present invention. Fig. 5is a schematic
di agram describing a recording format of the optical disc according to the
15 present inventiR, g0 F0aqfiiSHrd1blork-daagramshew ng 3 exaaple of a
CIRC encoder. Fig. 7 is a nore detailed block diagram show ng the exanple
of the ChRClddcoter .the datd iiss dachlieabk tiradptamishovi migtentekaspke of a
Cl RC decoder. FEig. 9.is nor. efail.ed bl ock gi agr.am_show ng the exanple
of the CPREechler ey R0 Petabdt rtar rESe PoH Fas 8PP ng o

correction code is decoded, a problem of which rewritten data

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.




25 CIRC interl eaving process. Figs.‘llA to H are schematic diagrans
descri bing an additional recording process according to 4 %ﬂAﬁ%ﬁbb(?OOG 5
710 15 20 the enbodi nent of the present invention. Fig. 12 i §P3° &Cnemat i ¢
di.agram descri bing an additional recording process in the case the CIRCis
used. Fig. 13 is a schematic diagram describing the additional recording
_process in the case that the CIRC is used. Fig. 14 is a schematic diagram
~describing-the additional recording process in the case that the CIRC is
used. Fi g. Brtef sDascrhphdencodi Bgauand8scri bing the additional recording
process in the case that the CIRC .is used., Best Mdes for Carrying out
the I nvention Next; Bk enbolf nen$CRemklendi RSy cARFETLPIYENRi on i sapplied
to the case that disc identifigation i nformation hereinafte& ésferred to
as UDI) i 5ePeECHREPBhtErRi 30 shaBEHUFEREP dPh g2 neBRYARREPPALE  descr i bed.
The ubl-is InfornatIfTbPh?Iiéqgnééﬁéﬁgtic diagram describing a
5 - disc producing process according to an embodiment of
the present invention. -
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
recording: format 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. 8 is a block diagram showing an example
of a CIRC decoder.
Fig. 9 is a more detailed block diagram
showing the example of the CIRC decoder.
| 'Fig. 10 is a schematic diagram describing a
- 25 CIRC intérleaving process.

Figs. 11A to H are schematic diagrams

describing an additional recording process according to

s .




each disc. The UDI describes for exanple disc production conpany nane,

~ disc seller nane, production factory nane, year of productipg_ﬁfgkbm
-nunber, tinme information, and so forth. According to the pregen

invention, the additionally recorded information is not 25. limted 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

i |_Apri|_2ﬁ@6eﬁbbﬁiméﬁtabk,th@FFQéﬁﬁnﬁndﬁﬁéh@mdhﬂg, the structure of an
optical disc for exanple a CD will be described. Fig. 1 is an enlarged view

showi ng a part. of BRigony2nisoaaschkématbacaiagpant dessribahgaan referred
5to as pits and lands that are no-pit areas are alternately formed on
tracks havadditipnatllerecordddg prackspi inhtheocaseatpeeCIRC6ipm) . The
| engths of pits and lands are in the range from3T to 11T where T
represent sug@@.nini muminversion interval. Laser light 10 is
irradiated:fromthe rear surface of the CD. _The CD is conposed of a
traBsparent disc subb¥rald ishavialematie cthagsanfdesorihing the| ective-
film2 coated thereon, and_a protection film 3 coated  theregn. Asthe
. reflecti veafgihionapneeratlhgdaPrPgRsisinrethecrantethpt thedCifhe cDis a
read-only disc. _However, as wll be described later, after the reflective
film2 is t9a%88% information (UDI) is recorded on the reflective film:2

wnth the |aser IIghtFig. 14 is a schematic diagram describing the

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 Modes: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




Next, wth reference to Fig. 2, a flow of the 20 production process of the
CD will be described. At .step Si, a glass master on which,photq, gsist,
whi ch.is a photosensitive material, is coated on a gl ass s@%%& a?e i's
rotated by a spindle notor. Laser light that is turned on/off in
atcordance with a record 25 signal is irradiated on the photo resist film
As a result, a master is produced. A developing process is perfornmed for
the photo resist filmis _devel oped. Wen r ril 2006 the resist is of

|
posiLivehtﬁﬁﬁ?ttﬂg_@%bpf@ﬂrpﬁﬁﬁ ﬁﬁnﬁgrsﬁﬁPpéﬂg'ﬁﬁhﬁnﬁgﬁﬂcﬁgFPeP"is f or med
on the oto resi m_T {. lL.st__mast ' I b 5
eI?ctroBLa?EnapﬁiFﬁ daiﬁg £9¥2§§?$?£%Lgshétgg&i&ﬁ%ebgsgggéggdugegn(at step
S2). Wth t t t s | ity . mt y
ol rgter g B akallivecl et gre pdbgs (o ol

S3). In addition, are produced

(at step ) coW%HtigﬁagtéﬂperCOIﬁ:éUégfcﬁtﬁé*%’%%ﬁ e UAdHRgd. The disc

substrate I's produce y the conpression no I nj ection

mol gi ng. m&?sﬁgs phes! hAA 18845 1 B FPAPEUN00pithErbhkCare Al Step S6, a
‘reflective filmand a protection filmare <coated. In the conventional disc

- product i onag reebREte By 1Botmbe! oh St PAERE EHa®inghe déteimiengdanpl e, shown
- In Fig. 2, laser light is irradiated to the reflective film(a mrror
o portion, +track pitch (for example, 1.6 pm). The lengths of pits
and lands are in the range from 3T to 11T where T
_CT, represents the minimum inversion interval. Laser light
», '
10 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.
._(2) - 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
- +




for exanple a land). In addition, information is addltlonally recorded at
step S7. Laser light is 20 irradiated on the reflective fI'{n Pﬁmﬁ@nd on
the reflective filmis heated (thermally recorded). As a égﬁ at ons
are traveled and the filmstructure and crystallization are varied. Thus,
"the reflectance of the portion decreases. As a result, after laser |ight
.25 is-irradiated on the land, the reflection of the laser [|ight becones

smal | . Thugpea desqhtt dat gt osﬁ&ﬁ@@ﬂ' , the lapdsad poRitionVilsh this
characteristics, the pit | April 20 l'ength can be varied so as to

record | nf gigmeldn. Ahi unthéfi paseerhhesr eblnedi ¥8 theénphstsnde of a
material that allows the réflectance thereof to be varied by, |aser

i rradi ati omwesiker €illm.a materi al whose 5 refl ectance increases by the
additional recording process. C'. I 10 In reality, the reflective filmis
made of an al um nunThel phoAdl @@siXy mwheterXisspaatkdaby ane el enment
selected froma group consisting of Ge, Ti, N, Si, Tb, Fe, and Ag. The
conpPosi ti oelegtaoplatingemaithgid.oyAsf &l nesgltel erecnetaltnastange of 5 <y
< 50 [atom c Alternatively, the reflective filmnay be also nade of an Ag
alloy f il dsAgroduced (@hessep S2)at Withsthensebabpaster) e@ted froma

‘group conS|st|ng of 15 Ge, Ti, N, S!'; Tb, Fe, and A . The conposition rate
7 . plurality of mothers are produced (at step $3). 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 mgthod, the light setting method, or the like.
At step S6, a reflective film and a protection film are
coated. In the conventional disc p:oduction 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_structﬁre 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 smail. Thus, a light detectér recognizes

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




20 of the Al alloy filmis selected in the range of 5 <z < 50 [atomc U.
The reflective filmcan be fornmed by for exanple the nagn%ﬁron]gﬁggtering |
et hod. For exanple, in the condition that the reflective iﬁﬂﬂ Al Ge |
alloy is fornmed with a thickness of 50 nm laser light Is irradiated from
a transparent substrate side or a protection filmside through an
objective lens, if the conposition rate of Ge is 20 [atom c % and the

oo cases TEHEEn (ol b (FafPed 3005l 081 £ob0ed AtorhdEABR S 00 fate of
Ge i-s 27. | G O ' ' | | 5CO0is i .
SR S apge VS e MR LLLLOOL it PONSLaRo | de W hAcEBILS Q0 15 10

the refl ectpCa Vb £Sthd rettlcPai@dN@erdde 860bL | PR edeBPr di Ny process
can be perforned for the reflective film Fig. 3 1s a schematic di agram

practi cal | yasdtesori&iidt PoBt Mo deor saddiddt@ialdly wigsg ding the UDI.  There
are two patterns depending on the preceding pattern. The two patterns are

refgrred tefiedadncs Nicrease Py eelien-adlitional tdeopaingrn A will be
~described. Three nerging bits for exanpl e (000) are inserted
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



bet ween synbols. Wien the additional recording process is perf pl.TsTRWa
~data synbol of eight bits is for exanple (0x47) where Ox rggresggﬁ%
-hexadeci mal notation. 15 Fig. 3 shows,,a 14-bit pattern ( éBB 00100)
of which the eight bits have been nodul ated in accordance with the EFM
(eight to fourteen nodul ation) system A |laser beamw th which the

~addi ti-onal recording process is perforned is irradiated in a 20 hatched
area betwees ifhethaorpnge. fAsmasr eésuBt [mWhe kthkl eefanceantet he hatched area
decreases. After the additional recording process has been perforned, two
pits are cdeneeasdsahyg Teproluded Sbnomethpt trefhechince coaxjes hin14- bi t
pattern becones (00100100000000). 25 This is because when the 14-bit
pattern i ssEFl adeapderat e pddisigapddypepsding ergpessi £an(HR07). In
the case of the pattern B, the ner%ing i | April 2006 bits are (001). 1In
this case, PasEqFmad; ferpsheeratiectiwentalmaser beamis irradiated to the
hat ched area, eight_bits_can be varied,fron1é0x43% to (0x07). As described
‘abo¥e, a data synbol Ft9x4%)1%a3 sehgmat i, f{panaq f6§5£§§1# ere are many

pee, o Cakaeet Baha R mBbus AR Ly RRTI I orBefPhS B a0 o
1S irradia&ﬁgréQa%e”%%EoﬁaPQEELS”dEBeMHESB 88" 8nl25-BEER; hgCOr ded so as to
pattern. The two patterns are referred'fo as pattern A

and pattesn-B.

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

+ a data symbol of eight bits is for

is performed
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
' féO _ 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




vary the pit length. Thus, the types of data that can be additionally
-recorded are restricted. Next, the error correction code eagggiggo rocess
used, *for a CDwll be described. In a CD, as an error correc wnn'ggde
encodi ng system the CIRC that 15 dually performs an error correction code .
encodi ng process with a d code sequence (in the vertical direction) and a
C2 code sequence (in the diagonal direction). Data that has been encoded

5 o0 S1GBKo AT PR, SR SO B g ey of o 2

frame. Fig OoWs ' one’ frane o a struc ore the data

has been EyLAoduiaked pd¥en:savpi-gadataal soSeAR! RAL¥hEA 4Fehi 1S, as shown

in Fig. 4, one franme is conposed of data bits of 24 synbols that 25 are

equi val entgi ghei Ki63"BAR MWETerDéacsebmotokaf) etd) (oa09d)R (right) (one
synbol is eight bits of which 16 bits are divided by two), a Q parity of

four synbols, a 10 Ias ApsddriBb dbdrParatdard spmsoby(heds) €l a sub code
of one synbol. Data of one frane (also referred to as one EFM frane)

rechbrded obethewdittenstacotedTkd fImreigy iy typas dff dits in

accordance with the EFM nodul ation. In addition,.DC conponent suppression

bits-are atllat.canbbeoydditionabhy vynerdedaddediatihymiurie frane recorded
on the disc is _

' (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




conposed of: Frame sync 24 channel bits Data bits 14 24 = 336 channel bits
Sub code 14 channel bits Parities 14 8 = 112 channel bits g@nghg% bits 3
.34 = 102 channel bits Thus, the total numnber -of channel bit £P8 e frame
s 15 588 channel bits. In the EFM nodul ati ng system each synbol (eight
data bits) is converted into 14 channel bits. The mininumtinme width Tnin
of the EFM nodul ation (the tinme wdth of which the nunber of Os between is
of a 20 regopdiigySygt eblir Syhbolke ahidt al aast kotdUb¥alond symbodl is 0.87
Vin. The pit length equivalent to T is the mninumpit length. In

- addition, bDhtaeofebgengrames (adk®d pleXeeteldetveas bwe BFeCleTamie)l4 channe

bits. . Moreover, a frame sync pattern is added at the. 25 begi nning of the
frame. \Whemretchedpdr bad the diaendls converitedl framf edghtspidspdnttern is a
pattern of which 11T, 11T, and 2T are successive. Such a pattern does ii’
11 April 20@86bads ttakecpbzdance wtidhEEkenBfM mododatdloa. Thos, a frame
sync can be detected with.a special pattern. One. frame is conposed of a
tot& of 58dddkimnel DB compPhentf syppressdounbyitssare3sddead. 5 A group of

-such 98 franes is referred to as sub code frame (or sub code bl ock). The
sub code f Mgggover, a frame sync is added.

Thus, one frame recorded.on the disc is

composed of;

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

Parities 14 - 8
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 wi@th of which the number of 0s between 1s of a
520 _ recording system) is 3T. 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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is equivalent to 1/75 second of a reproducing time of a conventional CD.
Fig. 5 shows a sub code frane of which 98 franes are rearr ggdlﬁ 0(_‘Jghat
they are 10 successive in the vertical direction. A sub co 2 é?'oﬁe synbol .
of each frane includes one bit of each of eight channels Pto W As shown.
in Fig. 5 one sector is conposed of a period (98 franes) that conpletes a.
sub code. Sub codes of two beginning franes of 98 15 franes are sub code

- frame syncs SO and S1. Wen data 20 of _an optical_disc_is recorded on such

asda CDJ%?ﬁHi%%Féd@%a??aﬁ%st?9,§§5 BodRstiom i TRLe 5 FHYS of2 which sub |

codes are ¢o t tor. - Fig, .6 d Fi 7 bl d

show ng_ af#&mv;%%;aﬁé%ﬂ8§§Lﬁ§fs${asasé9m 3cRBPEhRb A FRhe OH8 RC syst em
s . : . . L vi ded ni

or ot of ghF BTt oL raoRBeF oAy ok g ReTLOr FoPuiantal WA I 0.2 A

WL2n+11, E§r5%§e£?%§gegégeise?ggg QH%S are denoted by A 25 whereas the

| ow order €rg are” denoted by B) are supplied to a two-synbo

del gy/ scramble circuyitgddup &Fedudprels dotand$ns Rkl 20 REN+2, ... are
del ayed 12 i | April 5%06‘%y two synbol s each. Even if all a sequence

~ becones  esERrchie AFkEnENCOHEEUB 2c0lié BROCk )T erM@ diud tdiRle FaGURNCE. The
two-synbol del ay/scranmble circuit 11 can scranble data so that the maxi mum
~ burst errois eguivalent to 1/75 second of a reproducing time of a
conventiohal Ch. Fig. 5 shows a sub code frame of
which 98 frames are rearranged so that they are
'}ﬁo 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. Sub codes of two beginning frames of 98

15 frames are sub code frame syncs S0 and S1. When data

of an optical disc is redorded on such as a CD-ROM disc,

98 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 bifs 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



- interpolation I'ength can be obtained. An output of the two-synbol
"~ delay/scranble circuit 11 is supplied to the C2 encoder 1@A§H§Z(%
.encoder 12 perforns an encodi ng process with (28, 24, 5) Reed-Solonon code
on G- (28) and generates a Q parity of fourr,synbols Ql2n, QL2n+1l, Ql2n+2,
‘and Q12n+3. An output of 28 synmbols of the C2 encoder 12 is supplied to
an interleave circuit 13. Wien a unit delay anmount is denoted by D, the
interl Savepg! ERY! qu‘lﬁolg' ¥gehdel BYeRMPHNE B1 t Dadey@ENce TpEGbhEFEL i C Series
such 15 as 0, D, 2D, .. , so that a first sequence of synbols is converted
into a secgpgogesiHeace &heouBkenbeaye cahr editbrpdidicepenses a burst error.
An output of the interleave circuit 13 is supplied to a.d encoder 14. The
C . encoder sd4udniea. 2fhé 3two-28ymix) L RbethtdcrambbedeivoulE 1P8ams a Cl
.code. The O encoder 14 generates a P parity of four synmbols P12n, P12n+1,
P12n+2, andcPaidble dhtankoi thatdtibeamesimum bucrkhtotrrbhy C code and the C2
code is 5. Thus, a two-synbol error can be corrected. A four-synbol error
25.5can beintespodatibenedendthi nanhbecabtaingd.t he position of an error
-synbol is known). An output of 32 synbols of the C encoder 14 13 11 Apri
2006 is supplied to AnopetByhbef teeatwersrmbel 18elayiseranbignbol del ay
circuit 15 makes adiagent synbol. s apart so. as to prevent an_error at the
‘boundary 091§9ﬁ55|§ f i§nfupplied to the C2 encoder 12, The C _

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 converfed 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



causing a two-synbol error. The Qparity is inverted 5 by an inverter.
Thus, even if data and parities become all zero, an error ,cap he ggtected.
The imterleave circuit 13 has a unit delay anpbunt D = 4 fram’ R j acent
synbols are apart by four franmes*, In the CIRC4 system the maxi num del ay
10 anmount is 27D (= 108 franes). The total interleave length is 109 franes.
Fig. 8 and Fig. 9 are block diagrans showng a flow of a decodi ng process.

The decodi i formed, . .in. the rey f th
encod ng. phacBeBbiida e RoanRciTingz. aptay' CErsRE A% oAferSherm 20
demodul at i ggei Feuit 1 i d : d iLeuit 21 Th
ol ay of darachs ik1ag BECLLET aonde8TaiARRh CExbont BRASK B8 ol e i

cancel | ed Enrhi i bn2 t | g e - synbol
del ay circﬁ%tEglpfgb%ﬁgp%Peérfégaa%lEggcgggﬁa?§¥n%% %88%8&? 0 Btﬁhe C

decoder 22ch§s8HBPhI eflol 8yAbEe- ektber,| ePNE §1 paHity28s Theefednterl eave
circuit 23 gives delay anpunts that vary in arithnetic series such 25 as

27D5 26D, byDananflverter?8 Byudpleven 85 detacandepatbeids! Bysomwy t he
interleave circuit 13. The de-interleave circuit 23 has a unit del ay
anount D 4ald %éréprah 8006xf canebe detected.

The interleave cifcuit‘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




"As shown in Fig. 10, the unit delay amount D is (D = 4). The total
interleave length is 109 (= 108 + 1) franes,.which is sliﬂp%jxlbﬁkger t han
-one sector. 5 The total interleave length. defines a correc £Bn
performance agai nst a burst error of which many pieces of data
sliccessivel y becone errors due to a fingerprint adhered on a disc, a
scratch thereon, and so forth. As the total. interleave length is |arge,
the correctiémes. performaa e.of the burst error is high. An output of the
de-interleave circuit 23 is supplied to a C2 decoder 24. The C2 decoder 24
performs a C2 code descoshewn piwcess. 10, otheouinbf ddlayyatohstobd the C2
decoder 24 is. supplied to a two 15 synbol del ay/ode-scranble circuit 25.
From the tiwm-(Bynmbé) . défthey thtak rhartmegve dian@s decloed dak@B of 24
synbols is obtained. An interpolation flag generating circuit 26 generates
an i nt erpotat) oframesg. whichrtorslighlyt hargerecthanponefseutere C decoder
22 and the C2 20 decoder. 24. Wth the interpolation flag, data that

rep? esent sThe pfal interleays| hergth deSines aheorrmetioRhe error
correction code encodin ﬂﬁaocess IS Perforned w th the O code sequence in

the verti RETERTRARGR2 shi 2 nPEREL SEEOHOf LA UARY t AE®GPEgonal
direction. 25 1n other words. -the error corre&tiog codﬁ.encoding process
is dually %érQQ#%mﬁﬂcﬁﬁﬁﬁ}ﬁ?ﬁﬁ PECURR TEeERt IRy bRt FohINgeHRF B 15 11

Aprll 200@adhered.onﬂa disc, a scratch thereon, and so forth. 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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‘data in an area that has been encoded with an error correction code is
rewitten so as to record desired data for exanple UDI. Fgg ..é&ﬁmto H
.show an exanple of a data rewiting nethod. However, for éyn -
understanding, Figs. 11A to H show an error correction - code encodi ng
process sinpler than the CIRC. In other words, with data of four synbols
(0x82, Oxef, 0x75, and 0x40) shown in Fig. 11A, a parity of two synbols

(Oxba ((~~qapd eZh shayn tthhgﬁa 1LBni angRshakSEn HRi 8rebior GO

correction co%é encodi ng process S a per%ornance Por correcting a

one- synmbol cgih-RktiBnNdoeNyBbeesrqt tbBako B3N kbyravBkal gesgpeasent only
code exanples. For exanple, they are parity synbols of the Reed- Sol onon

code, not wvakeeFoihakamipdeObbai.nepidy. CBLE UtEH Oftsowfan 1&xamgLEr I OF
correction code encodi ng process. These six synbols are EFM nodul ated. As
shown in Fog. al#iGtacaekriyina meftheldghtHdiéser s feonwesyed into a pattern
of 14 bits. Merging bits are not added.. In Fig. 11C, "1" represents an
i nvér si on ahd2@s&andiely., Rigist./ ldAdteeushow an emromevemrpettienn on the
disc is-as shown in Fig. 11D. The period of which "is" are successive is
t he peri odcofleaepcpdingeprasesiesippleydtbanwihehCIRE: afe atRe®ssive is
‘the period of a land. 25 Next, as described with reference to Fig. 3, the
addi ti onal ¥PEESr dMA§hpAakas oLi Soper FEMRRS (AxRRg. Oxef, 9¥7PepABSented with
boxes, two _synbols are,
o " 0x40) shown-in Fig. 1lA, a parity of two symbols (0xba
_ 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 the error correction code encoding process.
These six symbols are EFM-modulated. As
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 which
"1s" 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 Fig. 3,

the additional recording process is performed. In Fig.

11, as represented with boxes, two symbols are
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~.in Fig. 11D, as shown in Fig. .11E, the pit | engt h becones

16 i 1 April 2006 rewitten. One synbol is originally (0x40). \Wen the
addi tional recording process is perforned for the pltllanijlI ﬁ ﬁaﬁ@ shown
ong en a
pit/land sequence shown in Flg 11E is reproduced after the additional
recording process has been perforned, data of 14 bits shown in Fig. 11F is
reproduced. The data of 14 bits is converted into eight bits on the

‘reproduci ngegi-detehl ! éx@dsﬂasalsmmri@m&lﬂ Fb#40 § 1 GrirerP it ned. Thus,

original data (0x40) is rewitten to (0x22) f only one synmbol of six
synbol s ohgante6hal ﬁeeaea&ngnp&ed@sseguep@@fbgm@haﬁggdthuhen they are
decoded, an error is detected and corrected. |In other words, original data

(0x40) is pepyodudedequendd khbﬁncaﬂeFlghellerabtshodat&n(@i@Z) cannot be
20 reproduced. Thus, in the exanple shown in Fig. 11, a parity synbol
(Oxe2) is thEpgeHet pitOkéhytbobekames ldaga skindwla (@kR2)amdat has been
additionally recorded is not detected as an error when the data is
decbded. Whaueste shownl in(Big2, 1tRefis oeP5odoged, abkbxy, thed OxA ) that
include a data synbol that has been rewitten and a parity s¥nbol (xA)
Care reprodﬁ@@étaﬁﬂaldﬁééeﬁélﬂﬂtHraﬁeéﬁrBﬁScB¢PBCP¢§ﬁ°€G&§ A8%8rror is 25

‘detected. In other words, as parity s¥nbols Iin the
' of 14 bits shown in Fig. 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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case that data (0x22) is included, (Oxba) and(Oxd ) have been obtai ned.
‘Thus, as shown in Fig. 11H, a data 17 11 April 2006 synbol been
rewitten can be reproduced. Next, the relation between daﬁa Fh
additionally recorded and desired information for exanple UD will be‘
déscribed. On the disc, an area.in 5 which data is additionally recorded
Is pre-defined with an absolute address or the like. Fig. 11 shows an

le of i Jey is defined as
or cdet or m Atbah: ot as Bids) PEPRAFCRACERICRe L OGPEPSRERRS 1 corded i n the
foregoi ng 10 exarrpl dst di fRET Bt at {0 Qe 3k S 4 OXALL - 1g’hus it can be

determned that when the data 1s reproduced, It has been rewitten. The

rewitten gadfe{ 2Ry "B¥chbededDhndalidsffed PAEbrmbeisaf £okn this case,
since the types of data that can be additionally recorded are 15

restrictedexampié ohffwLultséodesesibednnior Wins @isc daim. addwisin accor di ng
to the present invention, depending on whether or not known data has been
rewsitten, wibeh bisdtafis haddDtiosalkpreseotdeld Mepréoddéfinefiawibben
‘rewitten as an exanple shown in Fig. 11, it is determined to be "1". Wen
data has nan dsselutewrddtess or tkedblkem ddd+clbesli@és athen the area
shown in Figs. 11Ato H aré disposed Ntinmes, N bits can be additionally

- recorded. exampkeiey suwchraasappa. 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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dlai 1 April 2006 four parity symbols are added. Thus, if an

25 further repeated so as to nultiply record data. Next, the case that the
present inventionis applied to the CCRCw Il be descrlbefl1 éﬂlﬁéﬁ% Cl RC,
rror | arger
than five synbols takes place, it cannot.be deternlned. Using this
phenomenon, five data synbols are rewitten so that an error is not
corrected. Thus, 5 a data sequence that has been rewitten can be
r epr oducedgoWhepadi B¢ COGNDELST ac€saddisdperfiuspdifii 4h éfwor Reed- Sol onon
code, syndrones are calculated so as to determ ne whether or not. there is
an error. Taegewntiean 10ivé symbobsetskest hrasapeisiscahnohubber of parity:
synbols. In the CIRC, four syndronmes are cal cul ated. Wen all syndrones
are 0, it deteninednedsing tier @harwomenaes; ofive ol symbaken a parity
of four synbols is added, if data of five data synbols is rewitten, 15
al | syndr omes, rewbtbhen 0so Hohat can QFEAT alsyRaFoRervarted s T2yl at ed, any
nuneri c val ue cannot be substituted wth any numeric val ue. Val ues mnth

- whi2h any 9432 sewuerce bheftheedPasn F%@FFFEFBdcaﬁsbﬂescrlbed above, due
"to the restriction in 20 the additional recording process for data, any

data canneRPERIYFedten to any data. Thus, alternatives of data sequences

. are decided in rewr Iv}}iib| e c &atlons each of chh i or{lgi%é dat a and

en a eco ng process is performed wi

rewitten data.
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 a syndrome value

is calculéted, any numer;c value 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




- used. Each data synbol is dually encoded with these 5 two code sequences.

addition, alternatives of data sequences are decided in 25 consideration of
adj acent data. In consideration of these two conditions,'a}rget.fa2 quence
-that cean be rewitten and of which the syndrone of the re PPten 19 11
April 2006 data sequence becones 0 is decided; In the CIRC, as described
above, as error correction codes, two codes of C code and C2 code are

" Thus, a da&gtaeggapﬁﬁcghggc ASs Beeld meWshLhen is restored to the original
y

data sequeénce e second error correction code. As a result, the

rewitten data cannogpbgnge@fre Thals, dbbctSbedCRESPE! YadObrigrcause the two
code sequences to 10 correct an error. As described above, in the ClIRC of

which a pabirt¥ceiohoubas¥ibeks t6aagdded, cvhesaéi ¥rasgpbebieance _
rewitten,,; all syndrone val ues beconme 0. However, when five synlxils.are

not - fi xed, uskdi.s Eaciesdaty dymbald 13 vbud DLy yermdded haitis athedey the second
error correction code (C code). As a result, divergence takes place. Wen
one5of fiveweypbdessequphaesd dthwsy padata are@rehdehethaot Heas f our synbol s
~are placed in an area in which a parity is added, divergence can be
prevent ed. b@énFirgwrikten Esgregtodedctpbtheherpgtnalodeataf five data
synbols to be rewitten in the CIRC. .Fig. 12 shows as hatched areas the

posi ti ons 8eapppeedhyathe second error correction code. As a ‘ -
- result, the-rewritfen 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

o <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



synbols to be rewitten out of 24 synbols of input data. These five data-
synbol s are. contained in the same C2 25 code sequence. V%ﬁpAthﬁHK%Iues of
five data synbols are properly selected, all syndrone val uesP¥rat ar e
decoded with the C2 code beconme 0. Fig. 13 shows as 20 | | April 2006

hat ched areas the positions of five data synmbols on an output side of the
C2 encoder. An output of the C2 encoder is interleaved by an interleave

circuit angatdieddi abshst endhpobiteR8U6E - £1PeFagta 14yhbens. 88 aat ched
areas.the positions of five data synbols on an output side of the C

encoder. Aputput psidefof heh&l cenendeders supplied to the EFM nodul at or

t hrough the one-synbol delay circuit. Fig. 15 shows as hatched areas the
- pasitions of five daim C8fpwsyntd| she G2 emeodempuis tintéelé&mkedooyl at or. As
shown in Fig. 14 and Fig. 15, for each of five data synbols to be
witten, fauriitepbeavy cimboeit and theeniinputsbo thatCil engodeFone val ues
becone 0 when they are decoded wth the O code. Finally, 25 synbols are
rewsitten E@g-JEﬁt$h9@ﬂda$ibﬂﬁphﬁéc@¥€@ﬁgtb¢oE@%%?iﬁvﬁh@égﬁlFﬁe pr esent

i nvention .has been shown and described with respect to_a best node

enbodi nentdatdcyERROLS t OR Ry | AUBRUENFLARt BB dtRG ¢hotRCOCUPFted® n the art

SRR AL R R o et R R A M
'thefSpiritmodulator through the one-symbol delay circuit. Fig.
I 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 C1 parity symbols are rewritten so
. that all syndrome values bécome 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 éhown
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 invéntion is not limited to an additional
recording process for a reflective £ilm. In addition,
25 the present invention can be applied to an additiénal
recording process. for a phase change film, a magneto-

optical recording film, and so forth. Moreover, the
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-~and scope of the present invention. For exanple, the present invention is
not limted to an additional recording process for a refI t|v é én1-
.addition, 25. the present invention can be applied to an a |43 f%?
recordi ng process for a phase change film a magneto- optical recording

~ fflm and so forth. Mdreover, the 21 | | April 2006 present invention can
- be applied to an nulti-session optical disc on which for exanple CD DA

f d d d . ded. i.nf
et o BrfBent TnPRNE18h Bhy BL BT EACRLISH: pdLILREHRRON | T Oq0r (e
video dat aaﬁgibai RiSEULE daidn £b Xéxg@fpie ep1p t%rmpﬁaeadaha gane

sof t war e, conput er prograns. tion, e present | nventi on can

be_app! i edchOoRbAr £6¥RER! BakaPYPsvirdesrand.a @/Dim&memﬁ clear fromthe
foregO|ng description, Cio according to the present invention, when an

addi ti onal re&6£86d1 BA- BhO_Q?%ichi aestor eRdrboara ¢assoas thpeb gata  has
been recorded, disc identification information or the |like can be recorded

in gn areaghbat shen heeaudnervptad widboadatar,06tdAlr edictarecddta,Si nce t he
15 additional recording process can be perforned with an error correction
code, the apgpti dabhe cempetet ghaphadddatanabamecepﬁtwgrpuoaads can be
-extended. 22 11 April 2006 CLAI M5 .
_ computer programs. In addition, the present invention
can be applied to for example a DVD video and a DVD-ROM.
As is clear from the foregoing description,
"<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 be performed'with an

error correction code, the applicable range of the

additional recording process can be extended.
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1. A data recording nmediumhaving a reflective film conprising a

- recording area having recorded thereon original data encoppﬂ_ﬂiﬁ @n error
-correction code and wherein the recording area further has recor ded
thereon 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. 2. The data recording nmediumas set forth in
claim1l1, wherein known data is recorded at a predeterm ned position of
the recording area, part of the kndwhPdiS being rewitten, desired

i nformati on being recorded dependi ng on whether the part of the known data

havi ng been rewditen. réeofuiad a el nthwEiod f afe flRGATAINY fdakg on a
data recording nediumhaving a reflective film conprising recording on a

recor di ngogh£8s Phé 95 NaLahangNeLAgdnWLL Rl e 8RN GRhRCH ¥FiGAde 1and
further recording on the recording area by rewiting additional” data

encoded wi{h %ﬁ%o%%&orw\%gﬁrﬁcéjs%r.C%%‘r?:r Q.. R éé%geoﬁlqdé:ithﬁg?_lﬁigatt%ei S not

detected” as an error e origina ata1s € data
"recording nethpod as set for inclaim23 11 April 2006 erei n_knqwn data

i s recorBRCHITRY prfét eFHF&iESr ptb%ﬁir@r?oorfdlet‘ﬁgtbgﬁpai \rq\gq]yarréeéi{rl&éf‘tg of the
known data being _rewitten, desired information being recorded depending
on whet ¥t eHephr dade tFREIRANVdEha ik i B§TBEeFIERGHtidn, cgde pso.

recordi ng apparatus for recording data on a data recordi ng medi um having a
refl ectivieati the coiditiigingg adata 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 reccrding area, parf 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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recording area having recorded thereon original data encoded wth an error
correction code and wherein the recording area further haqlr 5@@?
~thereon 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. 6. The data recording apparatus as set forth in
claim3, wherein known data is recorded at a predeterm ned position of
the recording area, part of the known data being rewitten, desired

information bERREEHRCOFUTE defRiRli b onFeEtster athe hamrese i@ ipssn dat a
havi ng been rewitten. 24  Abstract Wth data of four synbols (Fig.

11A), a pasityonfofwbheynbepsdirpgareap) PRstcpéathg. kKiowde dgiba bsyimigol s are |
EFM  nodul at ed. Each synbol of eight bits is converted into a pattern of 14
bits (FigewtlChen] ndesipiet! | anib segusntebbongedagroaiatl sdep&ndinglbn, two
synbols are rewitten. One synbol is (x40 . Wen an additional recording
process ¥Bepesfot@dodof &hethdi khdbandisesuenteng theepi tedngidn becones
long (Fig.. 11E). The reproduced 14-bit data is converted into eight bits
on the reproducing side. Thus, the original data (x40 is rewitten to
(Ox22) . A parity Is also changed so that the additionally recorded data

synbol 5. A recording apparatus 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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(x22) is'not detected as an error.

15

.‘-'

Abstract
- With data of four symbols (Fig. 11Aj), a
parity of two symbols (Fig. 11B) is created. These six
symbols are EFM-modulated. Each symbol of eight bits

is converted into a pattern of 14 bits (Fig. 11C). 1In

a pit/land sequence formed on a disc (Fig. 11D), two

symbols are rewritten. One symbol is (0x40). When an
additional :ecording process is performed for the
bit/land sequence, the pit length-becdmes long (Figf
11E). The reproduced'14-bit data is converted into

eight bits on the reproducing side. Thus, the original

data (0340)-13 rewritten to (0x22). A parity is also

changed so that the additionally recorded data symbol

(0x22) is not detécted as an error.
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