; e3e”za”W \]_Rn_4a6j aTaVc K DESCRI PTI ON DATA RECORDI NG MEDI UM DATA
“RECORDI NG METHOD, AND DATA RECORDI NG APPARATUS Technical Field 5 The
present invention relates to a data recording ne a data recor

met hod, and a data recording apparatus that are appllcablelmmummﬂmﬂmmmt
di sc of for exanple a read-only disc (ROM. Background Art ard
about conpact discs (CD), which have been wdely used, is refersasto as

conpact disc audio (CD DA) and baBEﬂCDhPTh@Ndescription of a standard

speci fication book call ed Redbook. Based on the specification, various
formats forDéEénﬁE§OBDlN@NME@IWQVeD@é@nF@K&ﬁ@ﬁﬂﬂiiﬁﬂﬁﬁﬁﬁ PO DATA CD
famly has been set forth. In_ the fol description, CD generally
refers to discs of various fo?ﬁ%?%DFNGIﬁﬁggRFﬁ UPhe CD family . A technol ogy
of which a |laser beamis 20 irradiated on a properly selected reflective
filmon a drechrdertnEiely the | engths of pits are varied has been

d. Thi f d ddi ti I
eoahding process. WK BHSFILE ARKSTOH 15 HE00T cEh Breh8 1of | cotive
fim for ZEXAMng b (gﬂsa[l{'fgaaéeg +OLOLIRL, O tHl | dRB! LT AGEaCAC di s

can be recor icatron rTnformation I's fecorded In the CD

format, a f t b I CD,
SHO SR8 Q o@é re erre hat 8fe %ﬁ@éﬂimofaan gpt¥seda In a

an error correctlon c to as Cross Interl eave Reed- Sol onpn

Code) is usgggcT@ysfoﬁManﬂ?.@ §U§@aasoﬂl§cd1ggntnéuyat|on information 5 is
recorded on a reflective film data that 1s additionally recorded is

det ect ed aspack@growmdamgtcorrected with the CRIC. In this case, original
data of which the additional recording process has not been perforned is
reato If the error tHele exttaasdsrd habeut ocompact discs (CD), which
have been widely used, is referred to as compact disc
audio (CD-DA) and based on the description of a
standard specification book called Redbook. Based on
the specification, various formats for 9xample CD-ROM
15 have been standardized and so-called CD family has been
set forth. In the following description, CD generally
refers to discs of various formats included in the CD
family.
A technology of which a laser beam is
20 irradiated on a properly selected reflective film on a
disc and thereby the lengths of pits are varied has
been proposed. This recording process is sometimes
referred to as additional recording process. When data
is additionally recorded on the reflective film, 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

TR
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10 correction performance of the CIRC takes place, the error cannot be
“torrected and data cannot be read. Alternatively, data that has been
additionally recorded cannot be read because an interpolating process is
performed. Thus, so far, the proposed additional 15 recording process has
been performed for only an area in which the error correction code encodi ng
process is not performed. Thus, the applicable range of the additional

recordi ng YPCESsS dp F&TIdL L&8 pdgsdPsure of the Invention 20 An obj ect

of the present 1Tnvention s to provide a data recording nedium a data
recording nethod, angp AR rHf WrHdY RRAAILEh Idbde atd Y@y agpl | cation
range of the additional recording process to be extended. 25 To sol ve the
foregoi ng pHtER (dio sy coerdrl daest Redd + So Poridii aCo@e pr il ngse@di um havi ng
areflective film a part of data in a recording area 2 being rewitten
by recordi rthukt avkesic adbetch véudh aaos edise Ddemelfioat tonleinborhatiefnl ecti ve
filmso that the data is not detected as an error when the data is decoded.
The %resentis mexgnrded ien a deeflectbveli i\, ndatddthiat iecording data on a
data recordi ng nmedium having a reflective film a part of data in a

recordi ng aaddltpiomliewecerdedyls detertrd das .arneBEed aReh an error
correction code to the reflective filmso that the data is not detected as
an error weerrertedwl il tle fREGed INTHOIH SOSR. iR MBh 9883 recor di ng
apparatus for recaording d n data recordi ng_nedi um havjn reflective
film a par?fcﬁh¥EHeFW% %&#EEg?ﬂg%gr%?%ﬁgb%ghﬁrgﬁﬁfft?iﬁ B?krgﬁg?ding dat a
encoded with 15 error_correctd c r |\ i that the
data i s notPHetTEIRY =% %%gté'rrocfrf %een%tq%eotrgat{%qi s(-ﬁ'IdAeeg:eeo(a eﬁ%ﬁ\cécl?r Ing to the
presgnt inv j t.a.d i 45, onal r d | eghbve filmso
thanS&when 2‘85%#1§&djé%2 ﬁ?%f%%%g%lé%% ?ﬁe{%%tgﬂi%s ﬁ%]tcgﬂeﬁjé%tééa gééan error.
Thus, Wen gdat & tddindaspdessr £86088Jantit HaBl €4KRGLCHEN £64A0ON code S
decoded, a problemof which rewitten data cannot be read does not take

pl ace. AccoxfiiéEnd ©ivéEy Pr&seat thay chas Obeesi ad@ithbnalby becdbded
additionally recorded in an area that has been encoded with an error
correcti on caitot the repd i bebdese angeintetpelatingi ppatesscbsdi ng process
can be extended. 3 Brief Description of Drawings Fig. 1 is a schematic

di agr am desperforxmed. r Shordi r|p fan erthemrapogedi@ddictinal convent i onal

CD. Fig. 2 is a schematic diagramdescribing a_5 disc roducing process
accb¥di ng teeeerdhmgdPrecessfnancbpeRsRArfPRYeft fOR. ORLY. 8B R¥®E schematic

di agram descri bing an additional reco ding grocess gccording to,the
enbodi ment H® ‘t’%‘%br*%%%n?rF%eﬁ?FBﬂ‘?t on code encoding process is

not performed. Thus, the applicable range of the
additional recording process 1s restricted.
Disclosure of the Invention

20 An object of the present invention is to
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.

25 To solve the foregoing problem, the present
invention is a data recording medium having a

reflective film, a part of data in a recording area



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 descri bing a recording format of the optical disc according to the
15 present invention. Fig. 6 is a block diagram showi ng an exanple of a

Cl RC encoder. Fig. 7 is a nore detailed bl ock di agram show ng the exanple
of the CIRC decoder. 20 Fig. 8 is a block diagram showi ng an exanple of a
Cl RC decoddveirng grewritsten nipy erelcornding ddbakentadednvibowangerhierexanpl e
of the CIRC decoder. Fig. 10 is a schematic di agram describing a 25 CIRC

i nterl eavi mpyreceien L. tQIﬁh@or$fh?@t%%ﬁeﬁhﬂFcS@|EbﬁﬁnﬁhﬂegéFFblng an
addi tional recording process according to 4 t he enbodi nent .of the present
i nventi on. ¥$gP°qzd¢§e%t%@h%%B§?CGHF%ﬁr%H?HeEE?|@?F@ 17 deardednal

recording process in the case the s a schematic

di agr am descri bi ng tﬁa‘e’acﬁf’f‘?"f?fhfali’} R%’u‘?’hglir%c‘iiga' ecf?l’ééJcIé%e_that t he
01 USSR £ AEoBudENg RIS, dh 1AL °PECh O Ro iEasgl 1 o0
R T T
area being rewritten by recording data encoded with an
error correction code to the reflective film so that
the data is not detected as an error when the data is
10 decoded.
The present invention is a recording
apparatus for recording data on a data recording medium
having a reflective film, a part of data in a recording
area belng rewritten by :ecording data gncoded with an
15 error correction code to the reflective film so that
the data is not detected as an error when the data is
decoded.
According to the present invention, data is
additionally recorded on a reflective film so that when
20 the date is decoded, the data is not detected as an
error. Thus, when data that has been encoded with an
error correction code is decoded, a problem of which
rewritten data cannot be read does not take place.
According to the present invention, since data can be
25 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.



15 Next, an ‘enbodi ment of which the present invention is applied to the
‘case that disc identification information (hereinafter referred to as UD)
is recorded on a disc shaped recording mediumw || be described. The UDI is
information that identifies 20 each disc. The UDH describes for exanple

di sc production conmpany nane, disc seller nane, production factory nane,
year of production, serial nunber, time information) and so forth.

According tg.itdie §E¥¥?t£dﬁ”ﬂﬂiﬂ¥hw£ addi tionally recorded information
is not 25 Iél}r?ite to the UD, but des%fsed information. The UDI is recorded

in such a manner thatriean 1bq & @G dhend A ERidrandladde Mgy £Hr a
conventional CD-ROMdrive. 5 First of all, for easy understanding, the

structure afectrditig tthne il £xenpicturdd i\ d | cdrevatelstondbdCDFig. 1 is
an enl arged view showing a part of a conventional CD. Concave portions that
are referred 5 to as Fdid.s 2ang laarsdshentsdtlardiagram tdegazidine al ternatel y
formed on tracks having a predetermned track pitch ( for exanple , 1. 6
E, i) . Thisdemudiuaingiprocess |agrrrding i to tar embelinenrin to 11T
where T represents the mninmuminversion interval. Laser light 10 is
i rradi at ed theomuerenteakn @R of the CD. The CD is conposed of a
transparent disc substrate 1 havisgg}a thi ckpness of 1.2 l{% a reflective

G

film2 coated thereofi%nd dSHroRgME¥S Hhagnaht Hh.2%s t he
flecti f 2 havi hi gh 15 flect i d. The CD i

read-onl y ALt $eREL dreCordthy  PRECeRR G0RRHIHT Fo Bh¥er the reflective

film2 i . i i d h fl i film2
iIm2 is coate I%‘#}E omﬂé)%ﬁ(%%atlfn‘;&gﬂ&g. on the reflective film

with the | aSer reference to Fig . 2, af low of the 20

proggetion process Ofpidie £ did lsdiefons | DMl G Bang @l 255 master

on ich photo resist, Which is a photosensitive material, is coated on a

gl ass substfadsrdsnd Ot Gtnesh OF das bl €alndDic aeserainghtottiné is turned
on/off in accordance with a record 25 signal is irradiated on the photo

resist fil preéiserst reEprditionmaster i s produced. A devel oping process is
performed for the photo resist filmis devel oped. Wen 6
Fig. 5 is a schematic diagram describing a
recording format of the optical disc according to the
15 present invention.
Fig. 6 is a block diagram showing an example
of a CIRC encoder.
Fig. 7 i1s a more detailed block diagram
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 interleaving process.

Figs. 11A to H are schematic diagrams

describing an additional recording process according to



the resi'st i's of positive type, the exposed portion is nelted. An uneven
‘pattern is formed on the photo resist film The photo resist naster is
plated by an 5 el ectroplating nethod. As a result, one netal master is
produced (at step S2). Wth the netal master, a plurality of nothers are
produced (at step S3). In addition, with the nother, a plurality of
stanpers are produced (at step S4). Wth the stanper, a disc 10 substrate
i s produced:heTrmnkpdimeniheF ke | RreseritcbVeyt ¥ conpr essi on nol di ng
met hod, the injection nolding nethod, the |ight settiQ? n%%rod, or the
like. At step S6, a fdfd-ecid V& 1@ |SRRERAE O rbtadRID AGFFIRARI Rt ed. In
the conventional disc production nethod,.a 15 | abel ]S pkl #ed on the CD.
In the exarffE tiMAh FeEHGRD PFALRTS | 1)n ?sc???ahvﬁté%ﬁ otPhe
reflective filén(ealﬁ rror portion, for exanple a land). In addition,

i nf or mati on*§% addi tionally recorded at step S7. Laser light is 20

irradiated on the refkliegct id];/f %I%\sﬁﬁ%ﬂp &g el S b Vg fEthAdN IS

heated (thermally recorde r , atons are traveled and the film

structure afyhf¥sidl | 1L@si @G Fryddés€din THNS  chbe tRateghanceref the
portion decreases. As a result, after laser light 25 is irradiated on the

| and) the rgd legdqon of the |aser |ight becones small. Thus, a |ight
detector recognizes the land as a pit. Wth this characteristics, the pit 7
| engt h can be vari ed mig.asl4 g e Wchend it crediagram niddesibhsg, thée
reflective filmis made of a material that allows the reflectance thereof
to be vari esiditics®l recoxiding oprodées einsthenoasei thavththe €IREf| ect ance
i ncreases by the additional recording process. In reality, the reflective
filhis nades oised. al uni num al l oy Al l oo-yXY where X is at |east one el enent

Fig. 15 is a schematic diagram describing the
additional recording process in the case that the CIRC
is used.

Best Modes for Carrying out the Inventiqn

15 Next, an embodiment of which the present
invention is applied to the case that disc
identification information (hereinafter referred to as
UDI) is recorded on a disc shaped recording medium will
be described. The UDI is information that identifies

20 each disc. The UDI describes for example disc
production company name, disc seller name, production
factory name, year of production, serial number, time
information, and so forth. According to the present
invention, the additionally 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.



selected froma group consisting of Ge, Ti, N, Si, Th, 10 Fe, and Ag. The
‘conposition rate y of the Al alloy filmis selected in the range of 5 <y <
50 [atomic ~]. Alternatively, the reflective filmmy be al so nade of an Ag
alloy filmAgloo ZYZ where Y is at |east one el enent selected froma group
consisting of 15 Ge, Ti, N, Si, Th, Fe, and Al. The conposition rate z of
the Al alloy filmis selected in the range of 5 <z < 50 [atomic ~]. The
reflective giddp G o1 f by HasrrEi®ide TRYNetFedtsPaIté£ri ng

nmet hod. For exanple, in the condition that the 20 reflective filmof A Ge
alloy is fieshtiddl alidd ckoresexamphd a1rgD lwabEl bé odéscsibedadi ated from a
transparent substrate side or a protection film side through an objective

| ens, if the conposi tFign rlatiss @n Enlard2@ [veitewrishowingnda tgert exior di ng
power is in the 25 range from6 to 7 [mMA, the refl ectance decreases by
around 6 ~.a |lcomwmitiorhdR i ofenichavieh@osdiessi tthat reatee nEfe@reads 27. 6
[atom ¢ ~] and the recording power 8 isinthe range from5 to 8 [ M\,

t he ¥ ef | ectthcas dekteaand Inds tthat BreiRrP1ihaa¥e?f e@%¥@nce varies in such
a manner, the additional recordin rocess can be perfor rref f(gr t he
reflective 3tiepnatedy formed Lo § J‘W’a‘bﬁa?‘n%’?%\%ﬂ%’é’? Be%escribing a
nmet hod for additionally recording the UDI. There are t att er.ns dependi ng
on the precdRly Dk EoFHRX ?)atjcengn)aTeTs’@f&rerné’&%%f[s pdg}s[ ern A and
pattern B. 10.Frs he t i | Sgli . merging bits
for exanpl ear(%oio’?néff e Ji'ens’ré)r?t']'(;algé lgsre%m%ﬁenérsé}ﬁnb%fsg g ‘tv%%fggﬁi tional

recording raeested & PN %6{Bthuf f9er eI olnolrobd tider Bt exarp! e

(0x47) wher'e represen ecimal notation. 15 Fi 3 shows a 14-bit

pati@rn (OGLOOLOOIPOIAN Sfonthikd Lder ed@Ptadé tSE hewe dpen nodul ated in

accordance wth the EFM (eight to fourteen nodul ation) system A |aser beam
wi th which the additimwlcy edrebnib DS a i trgrggarered dsserradiated in a
20 hatched area between the two pits. As a result, the reflectance of the
hat ched ar esultetr®ioses. hadfiney 4 hehibckhéesonaf I eZonmli ng pebtestinas been
performed, two pits are connected and reproduced as one pit. In this case,

t he 14-bit Hlne2 coabedretheOIn) 1@0d DAY tectian £1lm Beeaatedwhen t he

14-bit pattern is EFMlenodul ated, it is denodul ated as eight bits (0x07).
In the casetkgregr. p&s dhe gefiliectigieyifidm 2. one having 'a high

15 reflectance is used. The CD is a read-only disc.
However, as will be described later, after the
reflective film 2 is coated, information (UDI) is
recorded on the reflective 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 S1, a glass master on which photo resist, which is
a photosensitive material, is coated on a glass
substrate is rotated by a spindle motor. Laser light
that 1s 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 is

performed for the photo resist film is developed. When



9 bits are (001). In this case, as with the pattern A, when a | aser beam
‘is irradiated to the hatched area, eight bits can be varied from (0x47) to
(0x07). As described above, a data synmbol (0x47) can 5 be rewitten to
(0x07). There are nmany types of data that can be additionally recorded. A
data synbol (0x40) can be varied to (0x00). However, in the additional
recording process, laser is irradiated to a mrror portion in which data
has been r ety degkistt aks t@f Woskvive heypet tRegeRPoTedsPorhioRypEs of data
that can be additionally recorded are restricted. Next, the error

correcti on RHeedncdB HReYedc Sasteday isorformes o thse R G i bed. I1n a CD,
as an error correction code encoding system the CIRC that 15 dually
perforns anF®t+dk oM ection code encodi ng process with a Cl code sequence

(in the vertical diregction) ,and a code sequenc i he_di agonal

direction). Data thaﬁ%ﬁa? h %‘ff@%éd"ﬁﬂ% g’ns e?f%#e€o¢¥ ettion code is

EFM modul at in t i 2 r Rig. me of a

dat agrgt ruct eec%]f? rfﬁ%{%%flg%%}w%e 2\5{ aaa_rkgess%leée'n %ﬁiﬁn% g"gkgs_(fé]\e\hen audi o

data is san:?é ;%3&%%6( t&%@ss§ppv\mﬂﬁ Rife mfbtPNGnddHE i5 conmposed of
synbol s t hat

data bits o are equivalent to six sanple words of each

of L (left)pAnthR €y SPthotR@Es SYPOObré&usédhtabi seepfswhichinb bits are
di vi ded by %mn), a:%)pari?y ofsfourqg§nbgls, galo g P parity of four

synbol s, angadi sibn CofetRf tREemsY®S| . a el araliopeofr etemparsoareferred to
as one EFM frame) recorded on the disc is converted fromeight bits into 14

bits in accmrodunced Wit $btep EFA) nodmizh dhe Istaagairt,i @n,didC conponent
suppression bits are added. Mreover, a frane sync is added. Thus, one
frab@ recorswghistratéeisi prodyucdd. 19 @Bc 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 produqtion method, 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 film is heated (thermally recorded). As a
result, atoms are traveled and the 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



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 Merging
bits 3 ~ 34 = 102 channel bits Thus, the total nunber of channel bits of
one frame is 588 channel bits. In the EFM nodul ati ng system each synbol
(eight data bits) is converted into 14 channel bits. The mninmumtine wdth
Tm n of the EFM nodul ation (the tinme wdth of which the nunber of Os

bet ween i s 1fnAN & BFridEWo ids Ho ddword tidedghdt Bepi vaient to 3T is
0.87 dun. The pit length equivalent to Tis the mnimumpit length. In

addi tion, tdHiee dEde)] Nthd it et PreacRillb el svaradd vef ba anksernfal4 channel
bits. Modreover, a frame sync pattern is added at the beginning of the
frame. WhertHate giciowsl tdie ahefiledtdrides tlsefeof fo doe wambedalbyern is a
pattern of which 11T, 11T, and 2T are successive. Such a pattern does 11
not take pllacsen nixrtediERMorduTieren iisulae matieriala whaosee sync can be
detected with a special pattern. One frane_is conposed of a total of 588
charfmel bi tzef Igptanegeliorepref \PY sthe 3difional, FeermibiIsuch 98 frames
is referred to as sub code franme (or sub code block). The sub code frame is
equi val ent RXPAgSE: second of a reproducing time of a conventional CD. Fig

5 shows a sub code franme of s are rran ed.so th they are
10 succe55|ve in the l%qQ£ﬂ %ﬂr ?fiﬁE%ﬂ% eg%y%% ?ﬁof each

frane nclu bj f Fi
5, oneI sect e I% Y ff%"%érﬁ%% ﬁhﬁgﬁtg}g?%gtg}é% %‘?gé\@al gubI J
code. Sub cg Cé%ﬂ:£¥b qgl ‘ﬂ% Phg 98e 18e f rafresyr eggubpgode frame

syncs SO an at a tica dISC is recorded on such’as a

CD-RPM di SGpe 98{d HES ﬁ%é%%nﬁiﬂs@&)iotrh%taﬁes ¥ dfnithefamhixiopub codes are
conpl eted are one sector.
film is selected in the range of 5 < y < 50 [atomic %].
Alternatively, the reflective film may be
also made of an Ag alloy film Agje0-:Y: where Y is at
least one element selected from a group consisting of
15 Ge, Ti, Ni, 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 example the magnetron sputtering method.
For example, in the condition that the
20 reflective film of AlGe alloy 1is formed with a
thickness of 50 nm, laser light is lrradiated from a
transparent substrate side or a protection f£ilm 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 decreases by

around 6 $. In such a condition, if the composition

rate of Ge is 27.6 [atomic %] and the recording power



Fig.. 6 and Fig. 7 are block diagrans showing 20 a fl ow of an encodi ng
"process in accordance with the CIRC system 24 synbols of which one word of
an audio signal is divided into high order eight bits and | ow order eight
bits) (W2n, AL W2n, B, ..., W2n+12, A, W2n+11, B) (the high order eight
bits are denoted by A 25 whereas the | ow order eight bits are denoted by
B) are supplied to a two-synbol delay/scranble circuit 11. Even word data

L6n, Rén, Len+#n tenmange from Hetayd @l BR tIRF LgebaRe®each. Even if
Sequence. " ARCRRAS 61T 0t o) ber SINE S FATLEF tAREe RRITE Th a oo
that th i b t 5 int | at i | h i ped. A
out put o O v AR - oA Sl 3 for LN PESEREE Peh b8 T e &

encoder 12. The C2 encoder, 12 codi ng process with (28, 24, 5)
Reed- Sol on%e%%ﬁé“%‘i (R %%%l[%cg%g%{aéisﬁg' Q 10 parity of four synbols

q 2rg Q2n+l1l, d 2n+2,4 dﬁqi@"?'sﬁ{’bxﬁ%&%td ggénsym%c?il{,he C2 encoder
) e

12 is supplied to an’i ‘er eave circuit 1 en a‘unit ay amount is
denot ed by fgd pidy o4 | RéMeodi 611 dad Bt DHNEB1Feta¥oAaDNGt EnehabIvary in

arithnmetic series such 15 as 0, D, 2D, ..., so that a first sequence of
synbol s i s MHEwerdesl v Opdt EEENH ASPEn@tg . o hehé npeetedirgci rcuit 13

di sperses a burst error. An output of the interleave circuit 13 is supplied
to a Cl enguiieterddt. The Geepaidernk! arsesefer(r3 128,aH)pdRetsek 1504 onon code
on G- (28) as a Cl1 code. The Cl1 encoder 14 generates a P parity of four
synbol s Pl 2Zand Bp&tedrn B 2n+2, and P12+3. The m ni num di stance of each of
the Cl code and the C2 code is 5. Thus, a two-synbol error can be
cork@cted. A four-syfbidster ridre ZRtEerHA orbklirke pseciked(in the case
that the position of an error synbol is_known). An output of 32 synbols of
the Cl encdHEFGQANQB91n$sb%ﬁipf?%de¥ém%@%n69géhb6Fed%?§9rEPFcuit 15. The

onesynbol delay circuit 15 es jace synbal s apari. so as to prevent an
error at t%%%?ﬁﬂﬁ’?“%?f%y%? %ﬂ%‘ﬁfsﬂ?&% t%c? %rr?%?s.&The Q
arity is ipverte by ap i r Thus, J a arities becone
211 zgro, a se??%gogr%%gbegd%&é%t;eﬁmﬂ o2 e Fdht bledig #8¢ P

example (0x47) where 0x represents hexadecimal notation.

15 Fig. 3 shows a 14-bit pattern (00100100100100) of which
the eight bits have been modulated in accordance with
the EFM (eight to fourteen modulation) system.

A laser beam with which the additional
recording process is performed is irradiated in a

20 hatched area between the two pits. As a result, the
reflectance of the hatched area decreases. After the
additional recording process has been performed, two
plts are connected and reproduced as one pit. In this
case, the 14-bit pattern becomes (00100100000000).

25 This is because when the 14-bit pattern 1is EFM-
demodulated, it is demodulated as eight bits (0x07).

In the case of the pattern B, the merging



The .interleave circuit 13 has a unit delay amount D = 4 franes. Adjacent
‘synbols are apart by four franes. In the CIRC4 system the maxi num delay 10
anount' is 27D (= 108 franmes). The total interleave length is 109 franes.
Fig. 8 and Fig. 9 are block diagranms showing a fl ow of a decodi ng process.
The decoding process is perforned in the reverse order of the encoding
process. 15 Reproduced data that is output fromthe EFM denodul ating
circuit iswuldRd too® onensymiel cdslkqy asi katht tAk pHiedel @y, of data by
t he one-synbol delay circuit 15 on the encoding side is cancelled by the
circuit 21.whih A Ideaitbexim Ak simiadiatodd tthe tOne-lsyiddodd detesy, circuit 21
is supplied to a Cl decoder 22. An output of the Cl decoder 22 is supplied
to a dei nt eslgeveidig czarnt %3, vaitieedieEram e bl o r CA%?7 23 gi ves del ay
anounts that vary in arithnmetic series such 25 as 27D, 26D, ..., D, and O
to 28 synbols so as s cesarihad ahaves dyalse smbal ATl reant 13. The
de-interleave circuit 23 has a unit delay anount D = 4 14 frames . As

shovh in Fikg neyritfenma (BIAL) andtereDare Mmery Aypemet dafid i nterl eave
l ength is 109 (= 108 + 1)_ franmes, which i l'ight]y | arger .than one sector.
5 The totalthak SRR 3 ’i’rf"’t%#lr%ege%%%?‘f'ec% &‘?)éﬂersfygﬁ:}%ce agai nst a
burst error, of i ch ny_pieces, of successj vel y._becone errors due to
a fi ngerpri%qx%%ﬂe?aéhr%$ Y ’a’r%‘i,t% gg’?&a ch Oé"re?g\r%’ érrlldecg‘(? forth. As the

boral orr AR AR Kbl S d P rd 01180 Ol - DREIQEERNES &1 | he

burst error 1s de-interleave circulrt 23 is supplied

to a C2 de or%ortor2 H16AP0E kDAL BB £Lc&PdEq U6 08l NEo Pr OCess.
An out put of 24 sy&%ols of the C2 decoder 24 is supplied to a two 15 synbol

del py/ de- sGyawpl eneig ot Tterddth Fr ahdshe thed tgypeolofd@datid deracrertbl e circuit
25, decoded data of 24 synbols is obtained. An interpolation flag

gener ati ng e raddit LéngeEnerréeerded i aterpssatiored] ag with error flags that
are output fromthe Cl decoder 22 and the C2 20 decoder 24. Wth the
interpolation flag, &=t Hdte reoprassanarregtion gods éngeding at ed. Thus, in
the CIRC, the error correction code encodi ng process is performed with the
Cl code seqroress ek fart3 P wikbdRe feweribedn tife aLbod®® sequence in
t he di agonal direction. 25 In other words, the error correction code

encodi ng prAft RS GRIEFGSGLIRR R IR LRI TS LYt h@%r%@%ﬂt&"ﬁ%enti on, a

par{sof 15 dually performs an error correction code encoding

process with a Cl code sequence (in the vertical
direction) and a C2 code sequence (in the diagonal
direction). Data that has been encoded with an error
correction code is EFM-modulated in the unit of one
20 frame.
Fig. 4 shows one frame of a data structure 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 each of L (left)
and R (right) (one symbol is eight bits of which 16

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

10



data in'an area that has been encoded wth an error correction code is
‘rewitten so as to record desired data for exanple UDI. Figs. 11A to H show
an exanple of a data rewiting nmethod. However, for easy 5 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 tw synmbols (Oxba and Oxe2) shown in
Fig. 11B i sP geaieity coff foRE 8YRbelso andracfibnceddcofneddi fAMPPdecess has a
performance for correcting a one-synbol error. Binary nunbers o; rea

parity syniRata rehrerenfraney(abie eREeapred. teoRseQRQRpFEM tRePeAre parity
synbol s of the Reed- Sol onron_code, not val ye hat are. obtalne

cal cul at i oneee?r4ed + pR E??o?gﬁﬁriﬁc??ﬁﬁefgaé %ﬁeﬁd?ﬁahgrgéégsgn$éese si x
synbol s are, FF dul at ed. hown, i n,_Fi g nmb of eight bits
i's convertehfa$ﬁ€ga£$a??%?ﬁ£%?gi4wa§SFE%EFE%ﬁéb%§?§QE§é’noI‘added. In Fig.
11C,."1" re i j o] I pLt.Ll equence as an
unev%n patt%é%fggaﬁhe ig%ﬁ§§h§§ts%%é§r?ﬁgﬁ¥g.bi?ﬁ.h#&egggﬁﬁéd of which

"Is" are s LYE 1§ EPSmBCEYRd 9 8agk§. Whereas the period of which
"Cs" are s&%%ggi?ve'is tﬁe per?od of a Iana. 25 Next, as described with

reference to Fig. 3, flgs adshé i PRahe rEEO6HAEQ i OERSSdiscpesforned. In Fig.
11, as represented with boxes, two synbols are 16 rewitten. One synbol

i s original éomp®sd@) of YWhen the additional recording process is perforned
for the pit/land sequence shown in Fig. 11D, as shown in Fig. 11E the pit
| engt h becones | ong. Ritemme asym¢/| and28 sbgopatebihswn in Fig. 11E is
reproduced after the additional recording process has been perfornmed, data
of 1@ bits shown in Pata IMFtss reprdduced =THS6dattmmolell bifiss is

converted into eight bits on the reproducing side. All read data shown in
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 symbol

(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 1ls of a

20 recording system) is 3T. The pit length equivalent to
3T is 0.87 um. The pit length equivalent to T is the
minimum pit length. In addition, three merging pits
are placed between two blocks of 14 channel bits.
Moreover, a frame sync pattern is added at the

25 beginning of the frame. When the period of channel

bits is T, a frame sync pattern is a pattern of which

11T, 11T, and 2T are successive. Such a pattern does

11



10 Fig. '11Gis obtained. Thus, original data (0x40) is rewitten to (0x22).
"I'f only one synbol of six synbols of an error correction code sequence is
changed, when they are decoded, an error is detected and corrected. In
ot,her words, original data (0x40) is reproduced. In 15 this case, the
rewitten data (0x22) cannot be reproduced. Thus, in the exanple shown in
Fig. 11, a parity synbol (Oxe2) is changed to (0x01l) so that a data synbo

(0x22) thatadrasdieepahl tirpnald ereasdierh 20on Srud . datred e as an error
when the data is decoded. Wen six synbols (0x82, Oxef, 0x75, 0x22, Oxba,

and 0x01) tfiaimd notritdecsn ded alstpdiodd twibith hasseeinY epdttéam. arthea parity
synbol (0x01) are reproduced and decoded with an error correction code, no
error i s 2¥mhmeeciteedionposadart ritstalhoHad38 ychrgmmml sbinst hdhease t hat
data (0x22) is included, (Oxba) and(Ox01) have been obtai ned. Thus, as
shown i n Fifpamel frequeney 1is 7 3tz ¢ hat has been rewitten can be
reproduced. Next, the relation between data that is additionally recorded
and esired i nf or mat iPorgaaP efafich J8 fHanepelyarfemral th d3%e disc, an
area in 5 which data is additionajlgéfecorded is pre-defined with an

absol ute adtiLeds fiaMme (Qr $by code MlRgkhn ShsmIP FeuETFaR® ar ea.

Data that i, ded in th i s defined d i ned data. Dat

(0x22) 't hat e DA S 1 orfa] T PR el 3 rF SRR P b1 T 0o BAmpl & 1
iff f : j j hat wh h

di fferent Jog_g)uéé{é%\,/g}ﬁ@t@o ( Oﬁ%).rg\'ll:ﬁt}‘?&%wé ta % he fetsrmded t hat en the

data is repr has’ beé ten rewitten data (0x22) may be

UDI data orga Jifrds tﬂl?n?ég -ard) tdUSrHfEa $6 NERat Nendypese of data that can

be additionally recorded are 15 restricted, it is difficult to record many

typeg of dajibcedBisve AGE HKE REEAOLEAE RIESEM on NV aNgu coirPEi ng on
whet her or not known data has been rewitten, one bit of the UDI is

repr esent ecbneViganbdl ot aedvts e raveéidden ése dblexefipéacisheofn i n Fi g.
11, it is determned to be "1". \Wen data has not been
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 recorded on such as a CD-ROM disc,
98 frames (2,352 bytes) that is a unit of which sub
codes are completed are one sector.
Fig. 6 and Fig. 7 are block diagrams showing
20 a flow of an encoding process in accordance with the
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, W1l2n, B, ..., Wl2n+l12, A,
W1l2n+11l, B) (the high order eight bits are denoted by A,
25 whereas the low order eight bits are denoted by B) are

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

Even word data Lén, Rén, Lé6én+2, Ré6én+2, ... are delayed

12



rewitten, it is determned to be "0". When the area shown in Figs. 11A to
'H are disposed Ntinmes, 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 present invention is applied to the CIRC will be described. In the
CIRC, 18 four parity synbols are added. Thus, if an error |arger than
five synbols takes place, it cannot be determ ned. Using this phenonenon,
five data dpnbioves symbolmveacten Fyemhdif alled @equenast ed. Thus, 5
a data sequence that has been rewitten can be reproduced. Wen a decodi ng
process is erdnrifed® 2 reneedeleet sol breah chieerkytent®ar e cal cul ated
so as to determ ne whether or not there is an error. The nunber 10 of
syndronmes iSeYRNGime THE FW@'ﬁXﬂﬁﬁl(ﬁéii¥4ﬁﬂf§ﬂﬂﬁﬁﬂ%irqq% G, four

syndronmes are cal cul at ed. V\heﬂl all syndrones are Q,GH_Oi s determ ned that

there i s nc&rFHie RETA? ythdhe %rﬁﬁ’f?{"ﬂ}"o&u’f-%ur sY%bol s is added, if
dat f fi dat nbol s, | i 1t.en, d b 0. Ho ,
a 350 syln\c/f'ﬁb‘fér@ f%telgnslér?%% \(gée%,gg oﬂ.@aﬁ}éd.syn rones becone wever

o)
when” a a 'S ca any nuneric val ue cannot be

substituted with any p[}yrgﬂdjﬂhgaadééethélagvgga Whbd WL £y Al 4ah 1€ can be

substituted are restricte scri be ove, due to the restriction in

20 the add%imﬂ r ££0{ i HighP1 PE@SEo f Ohe U8S dendbdefal 2, carwiche witten to
any dat a. é?ternatives of data sequences are decided in rewitable

conbi nat i ongn&sddlr of 2 Whé EFofifis Cdn GefleddURg appddess\Wwithe(28at24,In
addition, alternatives of data sequences are decided in 25 consideration of
adj acent dad p.Réed cSdBomet atode of GRet28) wandogenérabhes a data sequence
that can be rewitten and of which the syndrome of the rewitten 19 dat a
sequ@nce bepamisy Oof sfolexi sipubols @hanCl @L2nad. deieniBedanBoRd2nad.error
correction codes, tw codes of Cl code and C2 code are
An output of 28 symbols of the C2 encoder 12 is
supplied to an interleave circuit 13. When a unit
delay 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 symbols
is converted into a second sequence. The interleave
circuit 13 disperses a burst error.
An output of the interleave circuit 13 1s
supplied 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
P12n, P1l2n+l1, P12n+2, and P12+3. The minimum distance
of each of the Cl code 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



used. Each data synbol is dually encoded with these 5 two code sequences.
"Thus, a data sequence that has been rewitten is restored to the original
data sequence by the second error correction code. As a result, the
rewitten data cannot be read. Thus, it is necessary not to cause the two
code sequences to 10 correct an error. As described above, in the Cl RC of
which a parity of four synbols is added, when five synbols are rewitten

all syndrongs Valpiesi diecdea bndioyemssl ddibdy feiecsibps s ang raief i xed, it
is necessary to add five 15 synbols that satisfy the second error

correcti on sattsol Aenfe)irdsita Yewdkes Adacgent esymlkebs phpaet Shen one of
five synbols is placed at any position and the other four synbols are

pl aced i n aas aregprevent cn cepey tat i theduewhdaliy cofesipebehsn Heomr event ed.
20 Fig. 12 to Fig. 15 describe the positions of five data synbols to be
rewitten iGRUSINTCIREWE SYMYPL FRRKRT as Tt Shdardtdad s Havsediad ons of five
data synbols to be rewitten out of 24 synbols of_ input data. These five
dat & synbol &Y A WiRBieed TRYShe egét?elégd?;ac@d‘él RAIdIES BRRAP] he val ues
of five data synbols are properly sel ected 11 syndrone values that are
decoded wi ttt HEEXD cEUHee‘E%%'E %.b‘h%tﬁ%t%‘ﬁbv\s as 20 hatched areas the

positions of five dagl%ée?yﬁn%o%%egaﬁeancio% i Is:j’_q%%sof tmigzd%%?der. An

out put of the C2 enc eave y an interleave cli t and then

input to t odey . 1 9. ;i%!?:% %%rghﬁ:t T ositions of
fi \F;e dat a rs]'ﬁnrr“})o grlgn_ a‘% %%IE%E? s}‘? of\ﬁ&he 1 (31%3%5. An %Bﬁpgt of the C1
encoder i s sypp!#Rshd S, t he EEM HIRd4AtYs i OUe B iiten ke del ay

circuit. Fig. 15 shows as hatched areas the positions of five data 10
sympel s t hadmauret | 19U 71 O( 4 hepo &M amslsl) at ahe A tdHIOWhtidrdayre 14 and Fi g.
15, for each of five data synbols to be witten, four ClL parity synbols are
rewitten sreridit Bd116ynerames val ues becone 0 when they are decoded with
the Cl code. Finally, 25 synbols are rewitten by 15 the additional

recordi ng process. ARipudh arke Bieschtarensimdlo rMingrarse nshemwimg and
described with respect to a best node enbodi nent thereof, it should be
under st ood dyflowsef skideeeding tpleoees$s ¢ hdhe leqasHabiRkPIRRF it i ous ot her
changes, 20 omi ssions, and additions in the formand detail thereof may be

made t her ei RE%H PHRRA {rpEhe | TRVeFIM PHEeE Pt i tRanERSROHRI oPT P18 Br esent
o0, Gl SRR SRR G0 Ol b M09, L0 20
e SR S Ao SRR Pt REEA 800 oRCRLD BEpRF 100 2
the 21 circuit 21. The delay of data by the one-symbol delay
circuit 15 on the encoding side is cancelled by the
circuit 21.
20 An output of 32 symbols of the one-symbol
delay circuit 21 is supplied to a Cl decoder 22. An
output of the Cl decoder 22 is supplied to a de-
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



present ‘i nvention can be applied to an nulti-session optical disc on which
‘for exanple CD-DA format data and CD-ROM fornat data are recorded. As

i nformation recorded on an optical disc, there are various types of 5 data
such as audi o data, video data, still picture data, text data, conputer
graphi c data, game software, and conputer prograns. In addition, the
present invention can be applied to for exanple a DVD video and a DVD- ROM
As is clearfHamifi+he foregoi ng description, 10 according to the present

i nvention, when an additional recordi prqcess is perforned for _a disc on
whi ch data has been PSSP gt SL9aehti R | FARATR O the 11 ke

can be recorded. in apea %E%%lh%% %%TgéyngQHégﬁsﬁgrl&y16¥er correction

code. Sincehe 15 Hddi tion récordi Ng process e performaoavvith an

error corregctdo ]%ﬁﬂ%; t i C g dit ko Lgcording
process can _ble) 2‘3( en eﬂ.%&wﬁﬁmgfﬂ %%]? eir‘gg%%gi?\%é rr%%%ﬁm having a
reflgctive fid Moth P ttOf1&fE 1dngeh c4OF thég aresrbsbgoriewitten by
recordi ng data encoded with an error 5 correction code to the reflective

filmso thgledfriiice | Sgdiis €64 eplPsh a6rodr €6F OFh YR MmaRe paédess decoded.
2. The data recording nediumas set forth in claim1l, wherein known data is

recorded atofa ddxravetassivelly fescim@nefotfediects danfingesprpatt of the
known data being rewitten) desired information being recorded dependi ng on
whet her t headlsstedfon he &iwon alaserateh Nghdeeon r camdtsenfoBthA de a
recording nmethod for recording data on 15 a data recordi ng medi um having a
reflective fhe Mjotabginterlerve length cbtorbange ar the beerpeethPitt en by

recordi ng data encoded with an error correction code to the reflective film
so ¥hat t hPeRiuwrnancRtokicthe tRyrss efrer rdf M@t he data is decoded. 20

4. The data recordi n%nrreotumopdutaso e%hef O(iet-hirlxtnerleave circuilt 23 is

supplied to a C2 decoder 24. The C2 decoder 24
performs a C2 code decoding process. An output of 24
symbols of the C2 decoder 24 is supplied to a two-

15 symbol delay/de-scramble circuit 25. Ffom the two-
symbol delay/de-scramble circuit 25, decoded data of 24
symbols is obtained. An interpolation flag generating
circuit 26 generates an interpolation flag with error
flags that are output from the Cl decoder 22 and the C2

20 decoder 24. With the interpolation flag, data that
represents an error 1s interpolated. Thus, in the CIRC,
the error correction code encoding process is performed
with the Cl1l 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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claiirm 3; wherein known data is recorded at a predeterm ned position of the
‘recording area, part of the known data being rewitten, desired infornmation
25 bei'ng recorded dependi ng on whether the part of the known data having
been rewritten. 5. A recording apparatus for recording data on a 23 dat a
recordi ng medium having a reflective film a part of data in a recording
area being rewitten by recording data encoded with an error correction
code to thelatef liactanvearfed nilssot thed bden derieoded noitidearocéedoms 5 an error
when the data is decoded. 6. The data recording apparatus as set forth in
claim 3, wwmstertdmwralis as scevaciotthnd 30 as predeeeond ndelsposdti on of the
recording area, part of 10 the known data being rewitten, desired

i nf or mat | orflade PR estAmRmke dE%)Teﬂleﬁ@Son lddettioeHl Shewh At e3aMME known dat a
havi ng been rewitten. 24 .A3

ALATLA of FﬂAifi“;éi1 Frwritozms A%e%%dr AHOWgVeI) £9Tpeasy AlF. AL. ALS
CA9. A 13.AL. A9 EY;

(}xshi d_z] dRderstd Il%] ] R A c%ﬁ%%] ] %ﬁ%aﬁ%ﬁf%ﬁf%%]‘ca] calcalc

e N e et e
I _h>

]~§:/?gj] ga[ V] c@&%;ca] cak] ca %%1 %Ia]%% lca %“é %Ja c(a }é% ca :é% ca ca ca?ca] cal] ca]c

a] ca] ca] calycal cald CaiP@] C#!parity of two symbols (0xba
L1t " #P#o#S] $S9BY 0/8/8/(%( (- (c(((}xsnid_Z]ca]ca] ca]ca]ca]ca]ca]cal

ca] ca] ca] Cdir?@]&?d@ﬁ]@?&vﬁa]ﬁahcﬁd cal1R] L8] ¢l €xd €€d calmals rmaafxxa] ca] cal cal
cal ( )@m))**+>+C+2,j , v--..JOt 0Oy001@ 1G2223?3t 3

4A41 614} xsnicbrijest o] cedda | aadadd og | pedoss £ dlau | & et capar¢eafen] ca] cal cal
ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 45T5555677! 7$7' 74707778
888! 999U : :correcting a one-symbol error. Binary numbers of real

; <<<<} xsni d_Z] ca] cal ca] ca] ca] ca] ca& ca] ca] ca) ca] ca] calca] cal]calca]ca]ca]calc
a] ca] ca] ca|RagEEy YAAAA B<C CCCCe

caU] cal] oa] VR a] CIBE: ]%‘]j g}cas}reaa Ca%‘:a]%ﬁ] b Blealgptheghon) o2l ool o2l
M NNOOOPPK RSJSSSS%I] TT

a] ca] ca] ca]%%i%‘a]’c‘% c‘é?ic‘a?%a £ 3]1% %%‘gz} G}‘ga% %%g%%g%gg%ca] ]Ugﬁ]ESlCJ?/] \0/31/\0/
2] Y ca) cA LA ]“%fly@%]% D g oS TR ea AL Gy caj ea) cal chi cal ¢
a] ca] ca ZzZ[ J [\\h]] ] 1-] e]@eqi-)j—f ?Jsa re EFM-modulated. As
bbbOcScc#dYddd} xsni d ca] ] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] calkahs al st £ql crlcal sadic advmpsn] o8] sadral viedeYeeeeS f ffgg

hxhsiijj | kl mmpp>ppqgqg#r[rr}xsnhc”Y] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] cdrdridd ad weg ca] pat cede £ al £ abteg caMeagialg Aided cate r / sssssss-

tgtttttduuu” vvvvw wEWwWX: X @GXWXXY;

y| wr mhc”Y] cedtadddda) da) Fdlasa]ldd].c d]ldajreainsserd] s drc djnseg o] @fa] ca] cal ca
] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca!;
yky29yz9z[ 22 74V} ¢ dduPhBALARGSAIMENEEX 38R uneven pattern on

T el e ke e el e e

&23{?& &%W(,lrgy% 7 &g%ﬁ& %ﬁ\%&g%%)pergog&opa pit, whereas the
AN eJilegd/%(l%la%%{‘?fb@ Aég‘%@sg@@ 10%R3. JAPYOE bk-a!! s3. #10%

()-sS, 10%
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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(10%r& () - &10%M& ()-ZuV5 |"10% & ()-TY 310% ()- 10 10

10! @: 10%&' () - 710%& ()-5 10%& ()- }[<uV5
sgf[low ()-g! AsE#10%& () -g° @109& ()-T'l > @10%& ()-TI"10%& ()-T!I1"109%& ()-T
Z <15
10@s10%& ()-!s, Y'10% "' & ()-& Is, Y'109%&' ()- &sP% 109B& ()-i! qsP% 109%& ()-if#
\10%&' ()- (dB5 10!
1098 () -! v ugMmiobjer: (One ByPq)) dssorggina by 104 ( hgni¢he
10} *, - . /wXMB7_10 10 10 _ ,
10@F s10%&: qqdlwsmho’ﬂmq DY REYFADIALR PGTFRERGE15988RPE) - 11 59! F" 109 (

)-/Ma?MB7 10 10! 10fy 10fy 109%& .
109 () -! 911?)%3! %&{’b 'i/bgv éﬁ‘iow&s (FPPYR AR BRI() - F

109& S109&: 9! 10% %&' V'dENB 10 1 Y,
10%&f§; Ob thq"q£%2§%§g %&P% ong. hen 0plt/land
5 sequence shown in Filg. 11E is reproduced after the

"additional recording process has been performed, data
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
10 Fig. 11G is obtained. Thus, original data (0x40) is
rewritten to (0x22). If only one symbol of six symbols
of an error correction code sequence is changed, when
they are decoded, an error is detected and corrected.
In other words, original data (0x40) is reproduced. 1In
15 this case, the rewritten data (0x22) caﬁnot be
reproduced.
Thus, in the example shown in Fig. 11, a
parity symbol (0Oxe2) is changed to (0x01) so that a
data symbol (0x22) that has been additionally recorded
20 is not detected as an error when the data is decoded.
When six symbols (0x82, Oxef, O0x75, 0x22, Oxba, and
0x01) that include a data symbol that has been
rewritten and a parity symbol (0x01) are reproduced and
decoded with an error correction code, no error 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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additionally recorded and desired information for
example UDI will be described. 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
example of such an area. Data that is recorded in the
area is defined as predetermined data. Data (0x22)
that has been additionally recorded in the foregoing
10 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 invention,

depending on whether or not known data has been

rewritten, one bit of the UDI is represented. When

20 data has been 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 to 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 present invention is

applied to the CIRC will be described. In the CIRC,
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5 a data sequence that has been rewritten can be

reproduced.

When a decoding process is performed with the
Reed-Solomon code, syndromes are calculated so as to
determine whether or not there is an error. The number

10 of syndromes is the same as the number of parity
symbols. In the CIRC, four syndromes are calculated.
When all syndromes are 0, it i1s determined that there
is no error. Logically, when a parity of four symbols
is added, if data of five data symbols 1s rewritten,

15 all syndromes become 0. However, when 5 syndrome value
1s calculated, any numeric value cannot be substituted
with any numeric value. 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, alternatives of
data sequences are decided in rewritable combinations
each of which i1s original data and rewritten data. 1In
addition, alternatives of data sequences are declded in

25 consideration of adjacent data. In consideration of
these two conditions, a data sequence that can be

rewritten and of which the syndrome of the rewritten
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cb@!{ " 1mx(qctrj&qu§s,ym'quesl(pf Cl code and C2 code are
used. Each data symbol is dually encoded with these
5 two code sequences. Thus, a data sequence that has
been rewritten is restored to the original data
sequence by the second error correction code. As a
result, the rewritten data cannot be read. Thus, it is
necessary not to cause the two code sequences to

10 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 symbols 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
parity is added, divergence can be prevented.

20 Fig. 12 to Fig. 15 describe the positions of
five data symbols to 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 symbols

are properly selected, all syndrome values that are

decoded with the C2 code become 0. Fig. 13 shows as
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modulator through the one-symbol delay circuit. Fig.
15 shows as hatched areas the positlions of five data

10 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 has 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 invention. For example, the
present inventlon is not limited to an additional
recording process for a reflective film. 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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text data, computer graphic data, game software, and
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,
10 according to the present invention, when an additional
recording process 1is 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 correction 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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"”“Q¢&'()l%%%fé%%&%ﬁ<cééé to the reflective film so that the data

is not detected as an error when the data is decoded.
2. The data recording medium as set forth in
claim 1,
wherein known data i1s recorded at a

10 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

15 a data recording medium having a reflecfive film, a
part of data in a recording area being rewritten by
recording data encoded with an error correction code to
the reflective film so that the data is not detected as
an error when the data is decoded.

20 4. The data recording method as set forth in
claim 3,

wherein known data is recorded at a

predetermined position of the recording area, part of
the known data being rewritten, desired information

25 being recorded depending on whether the part of the
known data having been rewritten.

5. A recording apparatus for recording data on a
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predetermined position of the recording area, part of
10 the known data being rewritten, desired information
being recorded depending on whether the part of the

known data having been rewritten.
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